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(doxycycline, Dox) . ## 9 ¥ & (norfloxacin, Nor) Fl
EE WY B (levofloxacin, Lev) #) 5 Sigma 2\ & 72
i 250 o BF1087 .1D9891,N9890 H1 28266,
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drophila ) Ah640, Ah541 1 Ah28. B #4355 (1)
i [) b e R FA g PR LR 1.

x 1 HiIXEKAKIE
Table 1  Strains for test
GRS Wi 4 15 [ K STEAE
Strain Collection time Source Organ
A6 B ill £ ¥ JIE
Ah541 2009-05-0
ot 009-05-06 Xinzhou, Hubei Crucian liver
_ WL LB il 11 I
Ah640 2009-05-08
! ? Honghu., Hubei Crucian spleen
AL 37 Y f I
ALZS 2009-03-10 WAL 1 8 JFF JE

Xinzhou, Hubei

Silver carp liver

1.3 EKE MIC MilllZE

R H AR 2R YT V5 28 S AR RS IR S IR
/NS B TR AT . K A5 AT T 24 W 43 i)
JH 3 F VS VA A S O T A R K HEAT A% LU AR BE
SRJE FH CTA MH R A 35 5% 508 45 Wk B2 1) 245 W s
10 8 A 1~20 28 h A 3R (3. 0 mL) Y 254
WL F] 100~0. 000 2 pg/mL, [ 55 21 4
A KB MH R 595 3.0 mL, ) 1~21 3%
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oA 0.1 mL W B 1.2 X 10" cfu/mL 1Y
A. hydrophilaf # &K . 1~20 iR o 25 ¥ 1k B 4y
R 100,50,25,12. 5.6. 25.3. 13.1. 56,0. 78.,0. 39,
0.2.0.1.0.05,0. 025,0. 012 5,0. 006 25.,0.003 2,
0.001 6,0.000 8.,0.000 4 A1 0.000 2 pg/ml.,55 21 3
T R BEE X R[] IS 15 8 6 1 24 W vk B R 25 A8
A, hydrophila B 1~20 & R W a5 FXT R4,
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JE BRI A2 25 W 1 /N30 TR R FE (MO, B R i 6 24
Wik 2 40 AT b B MIC 25 5 ICH 210
14 RNEREAYFSHARTHE

Z W Ttzhak 2557 (10 J7 ¥, BOR AW B8 & B (1/2
MIC) 48 v i 4 8 T AR AR B B R, T KR AR
FRER KB BN 1. 2 X107 efu/mL % B2, W HRO. 1
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e MIC=4 £515 501 MIC W7 i 255
156 MARTEMNEAEEMEMERETRNZTX

BHI [E AR 32 55 1,28 “CHE 3% 24 h, PR B T V& 4%
AR 3705 I X R R 2 PU A R AR R U R
R TP B 00 38 U 24 M . e AR S0 1. 37 5 vk
N EAUEYS S RO POE=N U EZS N7 5 R0 u il
Fe D B A8 ST 251
1.6 RTHEMHENZERESE

2 Walsh 5571 05 35 6 it 25 0 42 b AN &
251 BHI [ 57 5,28 “CHE 5% 24 by 14K,
HELEALAR 10 W #4301, 37 95 820 0 I E 46 5
FRFNEE 10 409 MIC . LA W7 Tiif 24 1 9 B e
1.7 MHENREEEHAR

W55 7 AR 245 B B A TR & 25 ) BHI A
Rige e, 28 C 153 24 h )5 .4 ‘CAR-AF 10 d.20 d I
30 d JE o AT MH ARG R 56 AR 301, 37
JrikE MIC,

2 ZER55MH

A B R X U IR 3R A0 S e B R A B R

HEARZEH X 3 Bk AL hydrophila (i MIC I 5E 4%
RUWNEK 2 fron, 3R 2 ATALBR T Ah28 XF#: 2 Y
WERNPNE .3 R A, hydrophila BRI ARBFSE
1Y 4 FP 24, ] B 950w 1 R 2 24 ) 1 41 T AR L
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it 24 IR Yom, JoH R 22 AR B MR fE ), MIC
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Table 2 Susceptibity of Aeromonas hydrophila to tetracyclines and fluoroquinolones
HHE Y W K 2O M T Y MIC/ (pg/mL) MIC of Aeromonas hydrophila HUBRAEZE R Result
Antibacterial Ah541 Ah640 Ah28 Ah541 Ah640 Ah28
I E Tetracycline 3. 130 1. 560 6. 250 S S 1
M LV E Doxycycline 1. 560 1. 560 3. 130 S S S
IR B Norfloxacin 0. 780 0. 100 0. 390 S S S
Ze I 2 Levofloxacin 0. 025 0. 002 0. 100 S S S

1) S: 5% Sensitive; I. 14 Intermediate.

22 MiIXEHRIORRLMEEER LN HE
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3Bk A. hydrophila %3t # 2 9 I TEW A Lk
25 ) 1 8 3R b AR RS IR L TR R T 24 M AR Ak 1 1 T
Wk 3 R, 3 BRIATE & 2 i R A AR R 9 s . 3
AT IR BT 25, b v R S A AL hy-
drophila B 25 48 75 2 2 4 5 08 B2 AR K, 348 i
100 i s Ah640 Ji AR B X 22 480 98 v B e BUEK (] I HE
MIC #2 = i B K M 0. 002 pg/mL EFHEI12.5
pg/mL.MIC ETFF 7 997 £, IR KX Al hy-
drophila JFACT Y MIC {H b v 185 i 25 41 ey (5 i

2 M AT R B IR LA/ (8~ 32 %)
23 MARTENABEIEMEMMAERNZTR
it 25

A. hydrophila %F 58 ¥ b7 B 2 F1 DU 2R 2 28 09 58
ST 24 LA 4 R 5. N A ARV R 10
FRZE7E Bk (Lev-MIC, ) X [R] 2 560 s 5 Bl 2 A 375 s
Vb R A AR [R) 28 245 52 ST 245, ] I 0k AS [] 28 1 I 26 3%
K AYBAFAEA ] T2 BE 1) 28 STt 245 5 8 Tf $h R 22 74
FHREME 10 1R % 2k (Dox-MIC,, ) ¥ 5 R IU 3
F RS BRSO VD R A A A R TR AR Y ) 2
25 N FIAS [R) 28 245 495 0] 14 38 ST 245
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Table 3 Development of drug-resistance of Aeromonas hydrophila to tetracyclines and fluoroquinolones
B 25 T B FAGARRBCT 19 B /N VR B/ (ng/mL) MIC of sequential subcultures I T %%
Antibacterial Strain 1 2 3 4 5 6 7 8 9 10 Multiple
. Ah541 3.13 12.50 12.50 12.50 12.50 12.50 25.00 50. 00 50. 00 50. 00 16
BN AU S -
. Ah640 1. 56 1.56 1.56 3.13 12.50 12. 50 12.50 50. 00 50. 00 50. 00 32
Tetracycline
Ah28 6.25 6.25 12. 50 12. 50 12.50 12. 50 12. 50 25.00 50. 00 50. 00 8
. Ah541 1. 56 6.25 12. 50 25.00 25.00 12.50 50. 00 50. 00 50. 00 50. 00 32
ENCEAUEITS ) _ _ _ _ )
. Ah640 1. 56 1. 56 3.13 6. 25 6.25 12. 50 25.00 50. 00 50. 00 50. 00 32
Doxycycline
Ah28 3.13 3.13 25.00 25.00 50. 00 100,00 100.00 100.00 100.00 100. 00 32
g Ah541 0.78 6.25 25.00 25.00 25.00 50. 00 100.00 100.00 200. 00 200. 00 256
Tl 5
WO /I: Ah640 0. 10 0. 20 6.25 25.00 50.00 100.00 100.00 100.00 200.00 200. 00 2 000
Norfloxacin
Ah28 0. 39 1.56 3.13 3.13 12.50 12.50 12.50 25.00  200.00 200. 00 513
N Ah541 0.025 0. 100 0. 390 0. 780 0. 780 0. 780 1. 560 3.130 12.500 25.000 1 000
ZEERY B - -
K Ah640 0.002 0.025 0.100 0. 200 0. 390 0. 780 1.560 1. 560 6.250 12.500 7997
Levofloxacin
Ah28 0. 100 0. 200 0. 390 0. 390 0. 390 0. 390 0. 780 0. 780 3.130 12.500 125

1) _EFHAEE = MICio6/MICi 6 (MICq6 : 25 1 481 MIC, MICio6: 58 10 {0 MIC) Multiple=MICio6/MIC; 6 (MICig : The MIC of the
first generation. MIC;oi : The MIC of the tenth generations). F &[] The same as below.

F4 WMESRDPERRIIMORZRMERIEMENZXME

Table 4 Cross-resistance of levofloxacin-resistant strains to tetracyclines and fluoroquinolones

pg/mL

itk Ah541 Strain Ah541

R Ah640 Strain Ah640

itk Ah28 Strain Ah28

VLR 259 N - ; - ; . ; " - X N "
Antibacterial Mt 2235 10 A4 LR JEA 255 10 4K LR JEAR 255 10 4K TR
MIC¢ Lev-MIC i Muh’iplc MIC,¢ Lev-MICyoi Multiplc MIC,¢ Lev-MICyo6 Multiplc
S L 1y
lﬁﬂ(/i 0.78 25.0 32 0. 10 12.5 125 0.39 12.5 32
Norfloxacin
E=N7 22
mﬁﬁzmﬂ%i 3.13 25.0 8 1.56 25.0 16 6.25 50.0 8
Tetracycline
Eh it &2 =3
m@x/ﬁﬁ? 1. 56 50.0 32 1.56 200.0 128 3.13 200. 0 64
Doxycycline
x5 MEARERBEHKRIMWIRREMBMEFENEN L XM Z
Table 5 Cross-resistance of doxycycline-resistant strains to tetracyclines and fluoroquinolones png/mL

T #k Ah541 Strain Ah541

itk Ah640 Strain Ah640

itk Ah28 Strain Ah28

BeH 25 A \ — e \ — = —
Antibacterial JEAR 24101 I A% JEAR Z 5 10 18 [ TH 5 5k JEAR £ 55 10 18 b T £
MIC](; DOXfMIC]m; Multi}’)le MIC1(; T)OXfMICm(; Multiple MIC1(; T)OX*MICN)(; Multiple
LR S
B T,% 3.130 50. 00 16 1. 560 50. 00 32 6. 25 100. 00 16
Tetracycline
S A=l
WE;EU/EEA 0. 780 1.56 2 0. 100 1. 56 16 0. 39 1.56 4
Norfloxacin
SR R
ERRDE 0.025 0.78 31 0.002 0.78 499 0.10 1.56 16

Levofloxacin
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25y rf A 10 AR5 AR5 I T 25 B AE AN & 250 1
BHI - #i i 4% 10 R i 25k e s R % 6, 5
5510 fRZBASKE (0 d) AH Eb L 28 0 ARG 2R AR AR T AR
w0 PR 3R 2T 24 T ) U PR A I AR R L E 5 d R
TRER 1/2.78 10 d BT RER] 1/4, H5E 2 AR
W (MIC, ) FHEE,5.10 d RS MIC 1.

T 28 5% R R T 24 M AR R R E (B2 S D B
Ah640 TRER] 1/2),
25 WMHEWREFFEAR

55 7 AR 25 18 (0 D4 °C UK PR-AF o 19 25 0 5
ZERWFE 7,A. hydrophila 4 ‘CAEAF 10 A1 20 d Tit
VAR R E BARAE 30 d it 25 M A A [R) 7 A
TR TREE 1/2~1/4,
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Table 6 Resistance stability test of resistant bacteria pg/mL

T bk IR VYR ZE Tetracycline M £ 15 % Doxycycline Wi b B Norfloxacin LAY B Levofloxacin
Strain 0d 5d 10 d 0d 5d 10 d 0d 5d 10 d 0d 5d 10 d

Ah541 50 25 12.5 50 50 25 200 200 200 25 25 25
Ah640 50 25 25 50 25 25 200 200 200 12.5 6.25 6.25
Ah28 50 13 12.5 100 50 25 200 200 200 12.5 12.5 12.5
x7 WMHBE A CKBEREENHGEIARE

Table 7 Antimicrobial susceptibility test of resistant bacteria stored at 4 ‘C pg/mL

H bk HFRIUIRZE Tetracycline R £ 1 X £ Doxycycline % VP 2 Norfloxacin FE AU Levofloxacin

Strain 0d 10d 20d 30 d 0d 10d 20d 30 d 0d 10d 20d 30 d 0d 10d 20d 30 d

Ah541 25.0 25.0 12.5 6.3 50 25 25 25 100 100 100 50 1.56 1.56 1.56 0.78

Ah640 12.5 12.5 12.5 6.3 25 25 25 25 100 100 100 50 1.56 1.56 0.78 0. 39

Ah28 12.5 12.5 12.5 6.3 100 50 50 50 12.5 12.5 12.5 6.3 0.78 0.78 0.39 0. 39
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3 it 2735 TN A A TR T A I S P T 24 AL o R R A
g E
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SRCTVO R R K Y, (R 20 IR R (1/2
MIC) (175 5 J5  J80 IV T IR 28 245 400 2H T R T 245 3575
R R R AR s I 75 A A0 2R O B O TR ok R A
R 25 W) RS ) 5 400 T A T 2 L R R K
FrhH b 2 I 7 AR el A R O BT TR 2 W AR S
00 R R4 Ml 7 A T 24 4 T AT A L R
TR 2 T DU I O S A 24 B B SR X O B R
S T R M ) 288 AT AR I 32 3 O B R 2R ORI
J7 o

Ttzhak 2551 38 Bacillus anthracis % g i i
6 [) 28 25y N A7 AE 38 ST 255 X 22 P9 3R 3R 7= A
28 ST 24, [ B 22 V4 A 2% 24 B %) M 5 I 288 AN A7
TEAE U 24 . ASBIEGE 3RAT 1Y e T 70 S V0 it 8 78 ok
Xof U U R A A () 286 24 A2 ST 24, [W) i % 7 26 3% 26
L AFAE AN R R L 18 A [) 2 24 1 ) 52 St 24 5 345 &
i 245 P Z2 VG 0 3R 52 78 bk 0 R R DU B4 2% L v UV AL R
7o SR BARAFAEAN [ R B 0 52 ST 24 . 3% 5 R E
W EEOI G S R — B, X KGR E AL hydrophila 1]
REXS 3% 2 2825 Wy A7 AE 3L W] i JBE2 B Pk 8 2 ) &
Bl RS R S R TR 24 L] L DT 7 A 22 ER 24 A

20 TR Y TR 24 1 3 D 3 A TR 24 1 R IR 3t A% T 24
16 S i Y TN S VAN L LI N T R NN e
B PR A5 T st A% A 0 G (0 R B PR 9 2 AL 1 |
R, AT TR Y ER EE 2 Y i 25 B H AT O 2
A B8t £ PR 0 R T 24 P TR A S T 250
ZEFAEYN AL hydrophila Tt 25k doks D0 5] 1 #E it
PO PR 2R A e 1 AT A B AL ) ROBORL, & B X
PUPR R A BT AT B DU SR R R P i & & — 28

I 5 ORI . HLAE PR Al A S 9 38 4 3R 5 %
24 ) {20 B Y BORLAR AR L 3T AR Ok R L TR 22
PEAFT B A7 76 3 i JBORE A 5 A v 34 B 2 24 Tt 25 B
4%, Robicsek 81 % By BTRL #5745 19 1 4> 4 5k
B T i 8 il 1 74 S DR AT ol 30 DN 00 2 B v SR TP
BRI OB, = EUA O I VD B K R T
BT 250 B TF . A58 AR AT Y i i 24 T TR AN
5B A% 10 AU . 98 T IR 288 2H R DY 3R 3R 2R
AT 25 PR PR B RS VB 1T R 25 R AR B AT
AL AR E P RO 24 1 R B T R R ol AR 8 AL AR E
PEir 25 ML 20, AR 222 F WP T A B 25 1w = e 22
1 24 ) B IL A A R S I e 3 5 I A A gl
SRS R G A1 2 B B A B e T IR 2 pE R
St ML Hl T8 O ML 2 3 AR AR G0 iy g S5 B A%
B R AR R

VFZ S E ], IR 2 0 1AM B A R
G SRR AE R ST B i 22 0 A I B
BE w7 YA IT A AL TR A B BE . T 25T 1 28R
J7 I RO R, 3SR R 245 T ) 8 R A R A 3
) H AR 2 AT st . B RS R B 25 K
o ¥ 5 5 O e L 24 e 1 5 L A e AR
RORAA G 22 TR 25 Bk 6 24 /iR AT T bk B AT B 4 1Y
SBECRYAEI o FR TiRd 245 T 75 DR A7 3 i v o e 2B Tt
ZYPEIE I DT R W Tins 24 T A 28050 1R 2R 1R 22 B
A R HC 2 T 245 A 8 v F O i A — E Y TR X
/NS AR A BT 24 A DR A o R R T 24 1 2
Wi o B B FAOK- . AR SCHTSE T 1 25 i AE
4 CORAFAN RIS ] A4 it 245 P8 4k L 4 BRI 25 1 4 °C
RAF 20 d T 25 PE AR 35 AL (EZ 30 d W 25 P4 Br
ek 3K B 7 FATT A T 5 VT R 5 P B R AT 240 T T 24 1P £



Bl

FRE A WK RN R X I B R S 0 e VA T 2 25 ) 14 T 2 1 T 93

FF 2R AFOIR ST AT 24 AN 78 B IR A 4 A 38 b D

(1]

2]

(3]

[4]

(5]

(6]

(7]

(8]

& £ X #

AR FRIE 0 0 [ Y 24 1 | T 25 BORL K LA 25 4 1
FHEIAEFE D] BB H R 24 B K A AR M BF 58T . 1998,
BB 99 B Bk B A 1T Sk 7 40 T P D0 I A TR T 8 4 T
HORABEFEL) . A el K24, 2010,29(3) : 341-345.
AR P . B/NRE R E oM e Jr ek [1]. e
JT6.1975,23(8) : 1-2.

/NG R B, AR L KRR R X R Z T R W
i 25 P 3 A 5 R BRAFIE LT ], RIL K= %0 H AR IR,
2009,6(1) :42-46.

BROOK L,ELLIOTT T B,PRYOR [l H I,et al. In vitro re-
sistance of Bacillus anthracis Sterne to doxycycline, macrolides
and quinolones[ ] ]. International Journal of Antimicrobial A-
gents,2001,18:559-562.

TG 7 AR LN TR M B 24 RO 4 R BE AR 1 2 S B BIE S
(DI BT BT B 434, 2007 :43-44.

WALSH S, MAILLAR D,RUSSELL A D,et al. Development
of bacterial resistance to several biocides and effects on antibi-
otic susceptibility[ J]. Journal of Hospital Infection,2003,55:
98-107.

PALLARES R,FENOLL A.LINARES J. The epidemiology of
antibiotic resistance in Streptococcus pneumoniae and the clini-
cal relevance of resistance to cephalosporins, macrolides and

quinolones[ J]. International Journal of Antimicrobial Agents,

9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

2003,22:15-24.

AT L SIS BH A T 4. D 3 58 15 % B ) 48 3R T X 9 v A
Jatif 25 P ST ], A B e ik Y A 24 75,1999, 9(4) : 199-201.,

SEURH L BB R AN TR T 25 M O LRI L. sh B 2 kR
2003,24(4);: 6-11.

WRARZS. DU 259 5 A0 T 25 ML M) b - AR AR B TR A 1Y B
#.2001:1-17.

SIS IR 2 BT 2 F ST R R L. b B bR Rk
1999, 24 (K4 ) 2 41-44.

JACOBY G A. Mechanisms of resistance to quinolone [J]. Clin
Infect Dis,2005,41(Suppl 2):120-126.

ROBICSEK A,STRAHILEVITZ J,JACOBY G A,et al. Fluo-
roquinolone modifying enzyme:a new adaptation of a common
aminoglycoside acetyltransferase[ J ]. Nat Med, 2006, 12 (1)
83-88.

DELCOUR H. Outer membrane permeability and antibiotic re-
sistance[ ] ]. Biochimica et Biophysica Acta, 2009, 1794 808-
816.

AL PROR e, 3B, 45 0B K B0 T 3 A IR 1 % R
088 0 1Y) 7 88 B 4P R 5 L) 0. K A 2E 2 4, 2005, 29 (3) ; 285-
290.

BUW AR, TR AT, B B . o AR B g K T B I T O e 2
(LPS) (s e N2 (). A gl K24 2% 4. 2007, 26 (2) : 228-
232.

T B SO KB A T 2 K M KT TR R B0 T T e g M
L. A i 2% 2% 35, 2006, 19(4) £ 340-343.

In vitro study on drug-resistance characteristics of

Aeromonas hydrophila to tetracyclines and fluoroquinolones

WANG Mei-zhen CHEN Chang-fu

LIU Zhen-xing TAN Jing-jing GAO Yu

LI Ge-lei

College of Fisheries s Huazhong Agricultural University sWuhan 430070,China

Abstract

The aims of this study were to investigate the development, stability,cross-resistance and

preservation of Aeromonas hydrophila resistance to tetracyclines and fluoroquinolones. A. hydrophi-

lawas grown at 28 ‘C for 72 h and used it to test for the development of resistance after 9 sequential sub-

cultures in sub-inhibitory concentrations of two tetracyclines(doxycycline and tetracycline) and two fluo-

roquinolones (norfloxacin and levofloxacin). After 9 subcultures the minimal inhibitory concentrations

(MIC) to tetracyclines were 8-32 times greater than the initial values, MIC values to fluoroquinolones

were 125-7 997 times greater than the initial values,and drug-resistance were stable. The doxycycline-re-

sistant isolate was resistant to tetracycline and fluoroquinolones, and the levofloxacin-resistant isolate

was resistant to tetracyclines and norfloxacin. The drug-resistance stability test indicated that long-term

storage of the bacteria at 4 “C could reduce their resistance to antimicrobials.

Key words

drug-resistance stability; cross-resistance; preservation

Aeromonas hydrophila ; tetracyclines; fluoroquinolones; drug-resistance development;
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