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(1. A K 7= b 22 HF U BE R VLK =B T AT, AR k30 v FH 25 W B ) B s B =2
JTHRE KRB ARE AL, R 510380;
2. LR S m R, L 201306)

BE: W TR AR E-2 L4657 TAEREES T RAE IR LN 4B,
NI FRENTRAE-LEFEIREERE. . WFEARHE RPN LRE
3174k, BAME - FEHEZ N E L2200 GG K, PCRY MIXELTEmBmA
Hintl, oW HEEHGMEFEM. EREW, SITHRAI LN E 208 24w 25 12 2 F
—, RTWAR. BB FAEE. BRI 2 FH ARG intd1g4 H F X 15.77%,
BRABERNESTREEETHHE. BATHHEEAN R I2H GO m G x 8%
mTHAMRE, EXANSEMY; SOMNRELTERMEIMMHEXEL, 8T &
R A LW 2 WaadAl. aadA2. aac6- [+ aacA4, W A X vt 2 2 HdrfAl.
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ERTARAMAGEIN N ESTHHBLXRAE TN FEAFE. #HEX. 4F
FRENWARE, ARBNECTHRESHAFN S ERAT L. AX LW,
IXEGTAA T AHER-BECHFBEEATARARELLRE, HNTHE A S M
NEGHT Y. AR EFREG-EREGFBAEATAFTR G HHNF AL, bk
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FERGHEORFS, AR X & A I s 25 W&, 7]
#5347 22 B0 A W) 28 78 () T 245 356 DA o 4 T ot o 3R
AR AU L R, DT 2045 X6 5t 26 285 4y 1) Tif
k. BET, 24 E AL X E A A AR IR (B2
N . K& AL ROKIREE S5 R & R
I 380 545 4 B - 1 2 FE I 25 SR
] A XI5 7K A il R A 43 B S B B Y
AT AT AR B,
JTRBROK IR R, R AR
B[R FK M ZhiMHEE(Cirrhina mrigola)]33
BRI FEX AT, B BORIK P SR
FH BB R 25 90 S 1 3k G b T 7K I 85 3 B — X 11
o, (A SR KOS IR R B 218 0 R
R, I AR AR 55 P 5 A T 24 T R T 24 2
DL A4 Ik B 7 i P o 7K 7™ 5 B 240 T o I T 245 7 e
() 1 IS ACIG 0 T 508 B 96 B A, IS A AE T
PR R XU, BB B K IR 5 T 2 NS
YA, AW RER -0 E G R AT A
[F) f R ) OB B TR, I 3 R PR X A ] 2R e
T 25 W W B /N 0 B R BE (minimal inhibitory
concentration, MIC), T ff H i 251% 0 5 E A
M #e 5 S 25 B G s ol , s hr s
GFHZEMAZ R, HK7FHREE
PR FH 258 FoK ™ i 2 4 IR 43 A B R4 41

1 M5 TR

L1 HmERERERBTBIESF

ARSI RESL T 20144510 H R A A& Bh il
3N FEER T2 N R G -0 2 G 325 Y . B
WEREI105% 0, B Ak R AR A S N IE 4 412420
gl A 200 mL 1% F1 R /KB THA4T4E 44T,
LS B 5 BT WORR B B U IR A T RS(Rimler-
Shotts)}5 ## 3, 30 CHEIREIE IR R, Phik3 ~ 54
FRAE ATV e PP TRS BE R B alifb 15 9%, 4R
Rl % 5E ,, SREMEE T-20 CIFEEH . b
TEHUSANSRAK AL, B R AK AT SRR 25 2R 4 10 5%
FMZK 10~ 15 em Zb7KAR2 L, SR 5 FH K AR 3k
WHLL mL, BREERRREGIRAT TRS Bigi3k, H4:
PR B s R Lo B ROK SR 4 B K
20 g, JINA200 mL 1% A RKEBRAAST, JH4t
B B IR b BB ER0kE, HX
WA FEEOEALT], B A EE AR & T
TCRBRIE R oK, RS R B AR L. A

IR S R A A B B3I TRR SRR, 43 S
KR THENLI 1ZEME(18KkK) . BLAA(Crenopharyngodon
idella) sl 42 B INH7 8% (1274K) .t I8 7K (944K ) Fn it
PEIRTE(T8%K) . KIm¥E S W (Escherichia coli) ATCC
25922 fAR RO R B 2 e 2 BRI 2 B

1.2 EHREE

MR 2% PR 0 MR L SE I A5 0, B
B5 TR OB R SR, T R A IR AN &
(Omega, I [ B 43 E 47 $2 BORD 01k 240 B 3 A
HDNA. R 4EBorrellZ " YanezZ£ 5y 43 5l &
A 16S rRNAJE [K 7 51 Fll gyrBIE I 7 51 9 34 51 4,
Iy S BEFTPCRY 8, PCRy™ 1y 28 Byt i W U6 Mz ol ik
R I 3% T M 38 3 A ) B AR A RN R AT 3k
FEAIN A, 8 07 25 5 AL NCBIfY Blastfi 2%
R Gt AT 8 R IR A3 o

1.3 HEHRAYERMENE

2 UM I SR I i AR RS, S IR
55 [ [ SR PR 52 96 25 b 1 4k 2% 51 23 (Clinical and
Laboratory Standards Institute, CLSIYfp#E!®" 7] Kt
S B KR 2 MUK, R R R A R
ATCC259224F 4y Jo# TA #k o BT K 2080 1%
BUR 259, AL B e B FLRG 8R) - it e 1) R AR
WENE (SMM) . i e R mE g /O e
(SM2/TMP) ., ik iz 1% e /H 48 W (SD/TMP) | fif§
Jie F M AR /A S BE (SXT); IR K. 2
(TE). ZVPHHE(DO); MiFHIZE: ZEEfR(NA).
WY 2 (NOR), Binvh 2 (ENR), BNV A
(CIP); &M WERWN)., KKEHEZX
(CN)., PR+ R (AK). BEFE(S); PR
R TUM(AMP), L FEBENS (CTX); M f 2k
H A 2 (THD) . FRJE % (FFC). A& E(C); Wk
WS R PR (F) o [ B35 TG 24 G 1 B 1 ot FR
MIEZH E YR TR A LR
FEFI1 < 10° CFU/mLIY B 100 pL, & T35 CH;
Fpih R E R SR 16~ 24 h, BUH WRELSEH X HE
A A K R, DLP IR UL 2 B % 40 1 40
PRI AE I i M1 24 4 ik B AR A i 24 0 6 B T
FIMIC., MRIEMICEE IR, Feit & bk X £ 259 1)
MIC 5 52 MIC (3 31 52 41 1 50% B2 90% 5 56 T kA
AN R ALY/ S

14 EBETF-EEASDH
i Jacobs % VIR 7 ik % T I A BUA 6 5
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40 %

Yy, IS PCRY Hhintl . sull FlgacEA1XE K K ]
X (G £, PCRy™ kAT B s HHEE I H UK A
W, X F R — AR PCR™ Y, Saifbjm k3
N 38 B A W e AR A BN F R AT DR 0
X FHAT 2 54 BPCRZ Y, R FH I [l G571
& (Omega, &) %F 4 4% 554 HE A7 U)K 1A
W, Y 5 pEAZY-T1 i Bk b m 44
EYEARAGRAE, Jea)EE:, HBREZS
RIS, PRECPAPESTRE, 267 M S HR
ARRA G AT EF A E , IRy 455 E AL

ZENCBIBlasth; R R G175 550 [FIEYE 4 o
2 R 54T

21 HEFBLEEER

31THR AP TR 3 - 2 8 F, 43
W 4 G B T (A veronii)(1788K) . K B/ A i
W (4. caviae)(481k) . T ik T HL TR (A. jandaei)(36
BR) . IR AN A B (A, sobria)(29Fk) . TE KR
MITR (A. hydrophila)(23#k). A. simiae(24k )L S &7
AR PR (A. schubertii) (18R,

R 1 MRS EEX 20 AN ARUARIEES FREESAMER A FE LR

Tab.1 Susceptibility of 317 isolates to 20 antimicrobial agents and comparison of

resistance to positive and negative strains of class [ integron

47 /(mg/L) BEATAYE  BARHIT

break Offl . [BEST 7S¢ MICso MICo (fZi%/%) (WZi%/%) R PfH
i) P (M 25 2/%) integron integron
drug Uk 25 resiétance isolates posi'tive neg'c.ltive .

. . (resistance rates/%)/(mg/L) (resistance  (resistance ¥ P-value
sensitive resistant
rates/%) rates/%)

T e ] B AR5 e SMML - <256 >512 197(62.15%) 512 >512 49(98.00%)  148(55.43%) 30.656 0.000%*
i iz PP DR A / P42 S g
{;’XH? PRI/ R E <2/38 >4/76 58(18.3%) <9.5/0.5 9.5/0.5 48(96.00%)  10(3.74%) 233.635 0.000%*
T . R [ o
Tl — g/ R AR E B B <2505 51 - B B B
SM2/TMP
AL Flo 135 1 J R e
RN/ DR _ - - 2505 51 - - - -
SD/TMP
Z P % DO <4 >16 15(4.74%) 1 8 9(18.00%) 6(2.24%) 19.82 0.000%*
VUL 2 TE <4 >16 9(2.84%) <0.5 8 8(16.00%) 1(0.37%) 31.825 0.000%*
ZEEFR NA <8 >32 171(53.95%) >128 >128 46(92.00%) 125(46.82%) 32.811 0.000%*
WA CIP <1 >4 14(4.42%) 0.06 0.5 13(26.00%)  1(0.37%) 59.581 0.000%*
9D 2 NOR <4 >16 11(3.48%) 0.12 2 10(20.00%)  1(0.37%) 42.743 0.000%*
Rixvb B ENR <0.5 >4 3(0.95%) 0.06 0.5 3(6.00%) 0 10.406 0.001%*
HEEN <4 >16 4(1.27%) <1 2 4(8.00%) 0 15.688 0.000%*
JRKEH CN <4 >16 1(0.32%) 0.5 2 1(2.00%) 0 0.885 0.147
Bk 2 AK <16 >64 0 1 2 0 0
HERS - - - 4 16 - - - -
RV AMP <8 >32 307(96.85%) >128 >128 48(96.00%) 259(97.00%) 0.000 0.987
SLTEMERT CTX <8 >64 11(3.48%) 0.06 0.25 11(22.00%) 0 54.461 0.000%*
AEHRC <32 >32 26(8.21%) <2 16 22(44.00%)  4(1.50%) 95.473 0.000%*
AR Je % FFC <2 >8 43(13.57%) <1 32 31(62.00%)  12(4.49%) 113.925 0.000%*
% & THI - - - <2 >32 - - - -
IR % (K] F <32 >128 0 <4 <4 0 0

T —AORRHE — RN A CRE R E EP ECRE L BE R SR AR R AECLSIT A M SRR 2 e bRl s ** RoRZ R 2 (P < 0.01)
Notes: —represented for no interpretive criteria provided for sulphamethazine/trimethoprim, sulfadiazine/ trimethoprim, streptomycin and thiamphenicol

in CLSI; ** represented for significant differences(P < 0.01)
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22 SEERMAMS T

3174k A2 33X B Wk X 20 0 T8 25 9 1) SO M
AR —F), Hh & Rrmmm 2R m, N
96.85%, 5 BB TR N 20 PH AR OR SR 245 47 G 5
Xof T g 1) P SR e L ZERE R TP EET 25, Al
62.15%H1153.95%, XTI IS . LR
PUBRZE IS | MR mE2E | it il P W / PR A0S 0
Sk A6 Ji A BURR, BIE20% AT, BT TR R X
IV M 22 PR RTTBIT OK & 2 5 4 R
23 EEMERENREMRAMEE

X} 3170k Z A B bR PCRY 8 125 3 & 7 4 il
W intdl, 458G 15.77%(50/317)F kg4 T
intTVFER o HCAR ) o U550 I B A 38 514G 1
R, R RN R R R R ER S R Gt I K IS
) (R2),

Fb 5 A F BH PR B RR AL A 1 BRI TR AR
R, BB T B TR T O e S L e Y e/
ARNE . DUIREE . FUEHENZE . HER . bt
BE . S AIVE NG A I 25 2 1 LR A B
(P<0.01)(F1).

24 BETF-EFASNWER

SOMREEA T RHME R AR T, LA 10FP R &
MEFNEEAe, FEH &R0 R BER/NAT750 ~ 3 000
(£3). AT rh ¥y ny 3k N & 3 2 DA & S hk
W MWaadA. aac6- 11, T H AR BE AT drfa

drfBVA KTt B R R W catB N F o P BEIE ST 2
N blagxa-10Mblagx sy 32 B A6 IR M B h
Kt o R A 5 R e 5 R 2SN 2y (plasmid-
mediated quinolone resistance, PMQR)3E [H aac(6')-
Ib-cr EZAE AP TP EEE S TR

3 iR

31 SEEEmRANESH
V19975 28 45 b v UK 35 5 v il A
AT SR VOFN, A $5 A fi 1) B 418 IO Ll
P D /PP S I L e s AR L
JemguE/HAAERE . ZHHRER . BRIV E . BiE
WE . iER. WAREMHENER., ALK

®2 TRRFSBEMESBHEEESTRUER
Tab. 2 Distribution of integron-positive

Aeromonas from different origins

WERRIE B EREUSR DEES TR R %)
origins no. of isolates no. (percentage) of integron
4 fish 127 26(20.5%)
LR 94 12(12.8%)
pond water
\‘{» N
I 78 6(7.7%)
sediment
4
i 18 6(33.3%)
pig feces
&t total 317 50(15.8%)

RI SMKESTFHRMEERZEIRBREERERRERFHSHIERL

Tab.3 Characterization and distribution of gene cassettes arrays in 50 integron-positive isolates from different origins

FER G2 F R G GenBank %3 5 SERE o WK HIE RV LIRS
types of gene cassettes gene cassette arrays GenBank accession no. strains fish pond water sediment pig feces
A dfr417 KR067581 7 3 4
B dfrA12-orfF-aadA2 KR067578 6 3 2 1
C dfrB4-catB3-aadAl KR067582 6 4 2
D catB8 KR067580 5 2 2 1
E aac(6')-Ib-cr - arr-3 KR868994 5 5
F aac6-11-blagxa-catB3 KR067583 3 1 2
G aar2-aacA4-drfAl-orfC  KR067585 1 1
H aac(6')-Ib-cr KR868995 1 1
1 dfr415 KR868993 1 1
] dfrBA-catB3-blagx a1~ KRO067584 | 1
aadAl
K Gk S 14 7 2 2 3
&1 total 50 26 12 6 6
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DA K 7= I3 58 AL HEE R 10Fh 258, BR T
itk iz (B HH A s g Ry v SRR B 245 40, AR LA
(Tt 25 B FE20% L0 T, i KR4 25 Wy #h B A
RAFMI7r k. Bt , 20 85 AR bR T X Bl oKk
R B R g 2 DR ST A BB AN, X LAY 18I K 2y
Y (L35 3 o 7 09 285 ) Y A D 21 A Tt 24 TR
RAEAE ; 3% SUR 245 14 30 B 58 R T RE S 22 5 IHi
M) 5B —, JKPFRIE A P IE 25 W) 617 20 TR
TR, T e AN B 25 A ) R
B, EEAFRMEAT, FEEME . HELE
Rt B HE A, R E TP PR 2
S0 E R AR R, RO R Y 24
DA AL AT B T K R A YE DT 75 T R AR 4 it
2 B, FREAKERSINRABME, HiEd
% B8 1) PL TR 24 W RN T 2 Bt T fE E A 5 BE K
&, T IE SR KR B R S 22 HE R
R, Wi 2 AL R PR AL T R A

TR 55 58 v AR R T 24 PR 2 N AR AR 25
HREMM N Z —, LHAEEE -G FFMHK
KT, gt 25009 ) Bt R 25 Z 40, ShahZg!
WG FRF G £, St K RNt 8 IR U 4 1) £
FhAN T & I8 4% AN A i Z H M 2451 . SudFP A
IR A 25 IR 5 43 B 0 203 kK I T R
B, 37.9%0Y A fk 25 /0 Xt 120G I 25 9 vh i 780 L
bt 2y, BEFEBT, SR KRS Ok
SN EIEZS AN E S e/ (L 3 LS
BT i 24 5 D AR AN (W) R VR TR R 2 (8] A% 4K i AT
fetE . AR AT IR R AT R4 ES
B 3 53 B 1 PR M TR L A F o LR AT SR 4 G
RAHT, RIORIE TR —FREG IR . AR
TR 358 U A B A7 A AR ) 3 AH 0L T3 19 0 5 6
LW G K™ % 58 P15 A AT R 58 T 1 24 B8 AR M
BB WK AT,
32 SREEESFOW

AT RS TR R IME R, E 40
KA KT 3 R e A% RN 7 A 22 E T 2 AL A A 32 2R
Wi, BT, BEFEZMEZ AR ES
HRA A X TR, 2 E SO b X Al
EEAFSRIEEIERA . RE . AU RKIF
2 A )R i R R ]SS R A R E 9 K
PR R RS TR R 3R,
I, I, NEEEEG T, DEREASFRE, L
FAE15% ~ 50%4>51 ChangE P48 & & R OK
. BRORPREIRES THRAEER
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18.0%, IABE UE LA TR 2R 38 A F IO K H 23R 35 h
RF Wi, 29°820%7% 41012 AR B
L Bl R R R (R R R I A R R TR
FEABE IR A MRS PR E RS AR N
FH20.5%, T2 AR D PR 0 3 525 14 28 Bk
WE KM P IR RS 53,57 %R R .
T 40 B TR R SR R T oK e 1Y 3R 5 B ) R K R
e, DRI R G 1 S ARG HE 230 AR X At SRR A
HEEAR .
CAR A, EEEE W 2 Fh IR
W 2 2 N &, Waad. aac. str. dfr. bla.
catflarrE RS, FEA SR ERE TR HE
URRE . B-INBERGZE | S R R AR T 45 25 W i
2SI AR g R AT A £ 53 S 1Y g K AR
JWE RS N G ZE aadd . dfr Al catBR
iR o ARSI ARG B 16Fh I 25 B N &, LA
aadA . dfrA. dfrBMlcatBA & WK G L T
69.4%(25/36), 7314k, T AR T 24 2 N &
[ 2% 5 FH 1 TR 3 3R 30 4 BT 0 1 9 X BE RS R
A RIE . S8 RGN0 4R, BIkkK
B, BAFHEREKRKZX3KLL 25 mt 2],
178 4 I3 AR AS TR 2 245 W s SRR ol IR o
DB 5 B A7 76 55 A TR 1 22 ST 24 %% VDA G o
ARSI Aok AR B AR S T rh A
T PMQRZE K aac(6")-1b-crFt- 3¢ B H X 5 M v Bl 25
fif 25, oA SER B W aac(6")-1b-cr5 R 48 - 1id 2
FeH arr-341 8 T 3R & /5, %1455 Marti g
FET UL T 4 B 0 <050 B TR R G - 485 1 [ 81 A
L, HJE e Marti%F el 1 RS H D T blagya.
MlcatB33: N o aac6(6")-Ib-crks K & —F iy 5 R 15
WA O AL R R 0 R R AR, e
T 48 TR % 0 T 1D AL R VD B UM AR
SURTEGIR RSO S NV I i [[F e R 9 e i
i 251 aac6(6")-1b-cr3E N # i T &1, FF
i A i 2 R AR AN [F) 4 R 2 8] AT 2 AR
B H AT WL, RS T 2 5 R e 2 S SO
HRBME I, RS & HORK 5580 b
A HPTR YA G, TEVUTRE 25 k£
T, A FAWEL, AR 25,
i P RIS N U 25 W I BREE, JF AT R N &
TEAS R B A SR AL 1 R I A7 P
BEFMBXT, BEFN 252 H K
AL 4 T LA BG 245 14 AE A [ A YR TR AR ] B
R WO KB, Bk, kT am 2 E
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i 245 P8 07 A, 7 2 A B2 G R A S A
5243 IR A X B A A e o £ Ak B
FEHEA UL o B0 0 25 R 08 T 25 4 o 2 sk
AR 250 R Tk 2 — o AN, BB
TR & & -0 5 5 IR AR T A0 it 24 1k A2 4 AL
HIWETE, XK= IR 5 A 2 . BH IR i 24 1 1
P, EEEX AR DA FH A A & HEAR
e
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Prevalence and characterization of class [ integron in
Aeromonas from pig-fish integrated farm

FENG Yongyong"’, JIANG Lan', DENG Yuting"", TAN Aiping', ZHANG Ruiquan', LUO Li'

(1. Key Laboratory of Fishery Drug Development, Ministry of Agriculture, Pearl River Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Guangzhou 510380, China;
2. Academy of Fishery and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Aeromonas is regarded as an important pathogen of freshwater animals. However, little is known about
genetics of antimicrobial resistance in Aeromonas sp. in Chinese aquaculture. The aim of this study was to
investigate the presence of class [ integron and characterize multidrug-resistant Aermonas sp. isolated from
integrated farms. Three hundred and seventeen Aeromonas strains were isolated from pig feces, fish, pond water
and sediments. These samples were collected from 5 pig-fish integrated farms in Foshan and Zhaoqing of
Guangdong province. All strains were evaluated for resistance to 20 antimicrobials of 7 classes by two fold
dilution method. Genomic DNA was extracted with the Omega DNA mini kit. All the isolates were screened for
the presence of intl1. All the intI1-positive strains were also amplified sull, gacE1 fragment and gene cassette
region by PCR. Gene cassettes arrays were analyzed by BLAST. Percentages of isolates resistant to 20
antimicrobials were variable. Resistance was most prevalent for ampicillin, sulfamonomethoxine and nalidixic
acid. Among 317 Aeromonas isolates, 50 (15.77%) isolates were positive for int/1. The incidence of class
lintegron was more prevalent in Aeromonas from fish and pig than that from environmental sources. Comparing
the resistance phenotypes represented in integron-positive and integron-negative strains, the results showed that the
resistance rates of trimethoprim/sulfamethoxazole, doxycycline, enrofloxacin, neomycin and florfenicol among
integron-positive isolates are higher than those from integron-negative strains. All of the integron-positive strains
were resistant to more than three classes of agents. There werel6 different gene cassettes encoding resistance to
aminoglycosides (aadAl, aadA2, aac6-, aacA4), trimethoprim (drfA1l, dfrA12, dfrA15, dfrA17, dfrB4), B-
lactams(blapxa-10> blagxa-21), chloramphenicl (catB3, catB8), rifampicin (arr-2, arr-3) and plasmid-mediated
quinolone resistance (PMQR) gene aac(6')-1b-cr. Most of the integron-positive isolates carrying gene cassettes
mentioned above corresponded to the resistance profile of antimicrobial agents such as trimethoprim, streptomycin,
chloramphenicol. It indicated that there was a close relationship between class [ integron and multi-drug
resistance in Aderomonas isolates. It is concluded that class I integron mediated multi-drug resistance was wide
spread in Aeromans from different origins of pig-fish integrated farms. Further study on resistance mechanism

should be undertaken so as to provide a basis for rational usage of antimicrobial agents in Chinese aquaculture.
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