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Abstract: Objective  Study on the homology and mechanism of quinolones-resistance in Salmonella typhimurium (STM) in
Zhongshan community of Guangdong Province. Methods 78 strains of Salmonella typhimurium (the same strains from the
same patient were excluded) were isolated from March 2012 to December 2016 in Affiliated Sun Yat-sen Hospital of Sun
Yat-sen University. Antibiotic susceptibility testing for these isolates were performed by the agar dilution method. The PF-
GE was used to determine the existence of the same clone strains in Salmonella typhimurium strains. PCR and DNA se-
quencing were used to investigate the mutation in the quinolone resistance-determining regions (QRDRs) (include gyrA,
gyrB.parC and parE) and detected the plasmid-mediated quinolones-resistance genes qnr (gnrA.qnrB,qnrS.qnrD) and aac
(67)-Ib-cr. Results Totally 33 (42.3%) of 78 Salmonella typhimurium isolates were resistant to ciprofloxacin. 33 different
PFGE patterns were appeared among the selected strains with the genetic similarity under 90%. 29 isolates had a single mu-
tants in the ORDRs of gyrA,and 93. 1% (27/29) of these isolates had the position No. 83 mutations. The double mutant in
the QRDRs of gyrA were detected in both of four ciprfloxacin-resistant Salmonella typhimurium, with the additional one
mutation in parC in two of them carried the mutant in position No. 80. Qnr was not detected in all of the isolates, but aac-
(6”)-Ib-cr gene was detected in 15(19. 2% )isolates. Conclusion There was high quinolones-resistance in Salmonella typhi-
murium in Zhongshan Community infections. The single mutation in the QRDRs of gyrA and its containing aaac-(6’)-Ib-cr
were the key mechanism for the resistances.

Keywords: Salmonella typhimurium;homology analysis;quinolones;resistance mechanism

Ha A IR — W WL T SR Gt TR R P e e 5 R 4 i 27 4 [ A
BTG K T8 ARG B EO B, T A SR B R AL AL, BRARAY 8~9 ARl X

 EEE R 1985—), T AR, T L, 3T I IR R YT ST, E-mail : yanhaizhong. love@163. com,



64 BLACHG 96 PR 2 2 35

33 4 201847 H

J Mod Lab Med, Vol. 33,No. 4,July. 2018

YOI R IR () R R L % R B0 M L I TS
YOKEM BV RIEENE . IR &G E
15 iz B ANl ) ISk R . (B2,
HFHUE RN E A S 8000 1B Sk i %
B4 it 245 1 AN DB 4 e, JC R R A JFE VP T (STMD
VLA A L K i sk A 7R 2 STM A W A TS 1 B 4
S o S N T T| R N N O B () SE R iV E A )
STM FRATT AT LA £ 4 F s 3 B 2R 25 9, B Ok & ol
AERIR YT & S A A 7™ R 1 B e — B 4
SR 5 2 Bt e 30 2 3D 1) TRT X6 T e s 1 245 245 ) 1)
i 25 e AN W T, N B SCERRGE L VD T T
W H R STM 78 3 86 4th X EL 20 MY B0 0 7 T 25 25
Y KT 25, STM X s i i 28 25 Wy i 25 3 22 2
P T o A R T 24 2 5 X (QRDR) %5 [ 19 28 281 il
W R it 25 B ) qnr & aac (67)-Tb-cr Ay #EAFET,
AW E T 2012 ~ 2016 4F (7] o 1l 41 X Jak 4
STM X He ik 47 245 Py B gk B A ] U5 4 43 ) s
X TR 24 43 F HLEHEAT 2307« A 22 R I DR 1 1 B 3
PP R AT S R S %

1 #MBERHE

Lol w2 AR i KA R i R B
2012 4F 3 H ~2016 4 12 H B F A Fh 43 B 1Y
BGFEV T 78 Bk CHEBR [ — 9% AN & %48 W
o)., HMRTEME B VTIEK 2 COMPCT & 4 %
FEIFE 16s RNA QU ¥ #4755 UE . 2 B A5 o 1 W
ARV g AV T E 2 02 W s T R
W25 A BR2S JD FEAT B AR L3 2 o0 B R 4y 7
L2 EASAE WRUDE AN E EARY
BORED R kA 5 | Sk 6 g | B R R 2R
WE R ¥y 17 b [ 2 AR W R R BT 2 B 5
MH BEfg M 1) M il 5228 /)5 B PCR 4738357
Taq B N YIEE Xba | M Bln | ¥R W B W E 5% 4
W) AR (KGEE) 2 w5 7 i g AR T A T
Bow AT &8 3 MW % E L VTIEK 2
COMPCT I [ ¥ [ # B 3% /% ®]; ABI 9700 PCR
{XF cHEF MAPPER H ¥k % 43l 14 H 35 & ABI

K [ERERY/A i
1.3 F&k
1301 2GR el - bt A 25l a7 A R S

T BRI Hh o BT A L 2 B8 S T R RN S 565 25 s o
P4 (CLSD 2016 Rt A o {5 FH ARG I 70 171 B8 %) 4% 52 56
259 i MIC {8 JF 2 4 M100-s18 3C {4 1 a2 il J&
(S) A (D M 25 (R) . 298I E A ATCC
25922 il ATCC 27853,

1.3.2  Bkop e 5588 i Uk (PFGE) « 33 B i v 145
FAZE 25 STM M 4E 25 [ CDC #E#1% PulseNet 43

T3R5 5 Ll U xba T RR PR DI V0]
B e o /K DNA, fli | cHEF MAPPER Hi 3k {X 7€
0.5X TBE 2% W, i JE 14°C, L E N 6V/cm, £
J¥ 120 B Pk vb it (B2 5~20 s, L Pk R 19 h,
AR IEY N Ladder DNA, HL K7 B )5 it A
AR R G AT R UK KNS . B3% S A Fingerprinting
I35 A= 100 2R 2 4 20 A U0 171 181 Ak 18] DNA ) A AL
P,

1.3.3  MEVAHER 2 AH OCHE R A . PCR 47 1 Bk /i
S 253 A gnr (gqnrA, qnrB, qnrS, qnrD) Fl aac
(67)-Tb-cr, A 5§ 8 51 W) F1 52 I 4% 1F WL 2 2% 3C
WL 2 PCR # AR [F 43 3 B gyrA, gyrB,
parC Fl parE, 15 2 (1) FHAE 7= P53 2 w147 05, DU
b R 5 R AL € 1T B AR QRDR DNA J3 1 7
BLAST R gL kAT b xF $8 th 98 A48 467 550, 52 3 B H i
o5 | 9 RN 2% 1R DL 2 25 Sk

LA g A RS S HE Excel 3RA4& A

B,
2 HgR
2.1 AR BSRE WE1L,

x1 RGEDITEN S HRMERIMEE(X)

EE [E 2% %)
Edind 68 87.2
WERD R 33 42.3
SNSRI 33 42.3
pskzl Uy 33 42.3
LAz 8 10.3
S 11 14.1
bdieeaet 0 0.0
Dt 0 0.0

2.2 PFGE 257 33 FR e i 25 25 ) B €
W PFGE KA A UM A &, 2877 42 33 FlAs
Ry RS, R R UL 1,

2.3 QRDR % & A vk £ at 25 X RN Aem & R
ST 29 Bk STM gyrA 9 QRDR #5 & 4= ¥4~ T
R GEARFUT A 83 B 87 i A — A A LR 1 ok
AL LSS 83 B (TCC— TTC) ®AF H ¥, 4
93.1%(27/29) ; 4 ¥RWETHER &1 25 STM gyrA )
QRDR [Fi} & A2 83 F1 87 57 1Y W2 7% 5| 58 7§ 4>
IR EI(TCC>TTC Ml GAC>GGO) , I H K
H 2 ¥k STM parC 9 QRDR i 7778 B4 Bl & 5 %
A 80 L H R & A (AGC—>CGCO), 78
Bk STM FR4 A H qnr FEA L 15 Bk (19. 2 %) B #k
aac-(6°)-Tb-cr FHM: , G5 R L3 2.



PRI E 2 2E H33% B 4W 20184E7 H ] Mod Lab Med, Vol. 33,No. 4, July. 2018 65
Dice (%)
[ ] o0 o o [ ) [ )
w w M~ [==] o 1C)_
3R L = ) 525
512
Tl ' ) 573
* Pvisn gD * ] 560
. u-gl 28 E 544
. . _ 12 549
. e m112 516
Al 123 B 1 538
T YW W 524
" I 189 528
S Lad 562
e A ) 571
T Yeay w0 508
T @AY W 573
o, S35 506
T EAl B 525
- T 531
= 530
22 NIy W 563
A BT =T 541
3 & M 574
‘9T M 0 506
L L 8n A v i 555
= W as ! 511
= P 516
T m 569
L L 567
,eed: m 523
| 2R3 1100 528
' aswm 545
! HBL Y 564
B8 W 521
s = B3 534
B 1 33%MEEMEAYRGEDTEELXSNTE
x2 1By EE B (gyrA,gyrB, parC B parE) KR 45 m R 25 E E & 4 R
o gyrA, gyrB, parC J parE %724
(67)-Ib-
Ll gyrA parC gyrB parE m e .
23 Ser83—>Phe( TCC—>TTC) — — — — 10
1 Asp87—>Asn(GAC=AAC) — — — — —
3 Ser83—>Pro(TCC—CCC) — — — 2
1 Ser83—>Tyr(TCC>TAC) — — — — —
1 Asp87—>Gly(GAC~>GGO) — — — — —
) Ser83—>Phe( TCC—>TTC) Ser80—>Arg N N N )
Asp87—>Gly(GAC~>GGO) (AGC—>CGC)
) Ser83—>Phe( TCC—>TTC) N N - - !
Asp87—>Gly(GAC>GGC)
3G MR ARG IR IR L 2 MR 2R 2 E T ML T 2 R A 42, 30, U Bk T A

5YRYT AR R g N ZEAE I R A Bl e Y
HA T DR B S AR s iR 2R K iz il
AR 5 € V0 T B8 W P2 R 250 5 5 T IR
PRI L B 1 V0 1) PR T 245 2 %) A A% 436 R E L 7 Bl &2
T 0 T TR 0 B U M A B R e R At R
BT AT U1 56 1 AT I i B

ARBFFE K L. 78 1) STM Xk s 75 il 2 245 4y 14 Tif

W25 = RSk A LR A R . B R
B FE VD 1] T R IR STM X s 345 B 255 24 Wy Tt 24 1%
DUAFAE 25 B AN TR] 0 M ek 22 S5 . AR 40 5% e A 0
F14 FH S 48, 8 b 1l X 2012 4 DA 38 A AR A o
SyE Y 28 Bk STM #4725 UK 560, 25 5 & B4
TNV 5L BT 25 3 58 a8 5096 5 [A) i R 4 g ST
WAHE T ) M 7E 2014 ~2015 4F U 42 B A4 44 Bk



66 HAKREFIRE $33% H4W 201847 A

J Mod Lab Med, Vol. 33,No. 4,July. 2018

BTG KR STM XA PI v 5L 0 AN BUREE g 29. 5%,
JIr L STM X B8 0 2 it 24 ¥ B¢ L 58] 22 55 7 fig
T2 A Ay s s I 2 24 ) T AR AR W R R N R A 5 5
e AP o A AN () 3 Y
Py 5 28 36 B A BB 1D A M A AN ) e i R
T AR L R P A R R AR SC PRFGE 23 By b & 1L 33
tk STM [ PFGE BRI A i R Z KR A
[F]— T B TR AR . AR B STM Rt /e Z R tE . X 5
e U AT 5 4 SR AR A RS HEBR 4 S T RE &
FIE STM T 25 ¥ 1Y Jay #8758 . 1 s A 2 25 )
i A DNA e (gyrA A1 gyrB) sl b 57 14 iy
(parC Fl parE)JE B = JoH% s Z & WM 2 e ]
SERIE S R A U S DL B TR BE IE 3 1Y & 4%
FHI D RE » e A TR FE T
o3 MR SEE F ST FRAT TR B L b Ll A X 53 2 3
9 STM i 24 bk fic i UL Y 28 248 72 gyr A |5 83 &Y
87 S TR BARAL . MK 2 DS T [R5
EGE AR, STM 823 & A W b B g T 2450 . — L
DA s gyr A By 5 58 78 Bl I h 78 g 1 45 I 2 T 245 o
=B B A T 25 AL o S, AR RS
B AR EDIIE 73X — . 33 FF PH 4 it 24 18 ik 4B ] i
T gyrA WA, I H EZERTES 83 &
W HA 4 BRI L [ i BLES 83 AN 87 5 i
TR 5 AR o 2 ARG A parC BFRLSEAE
H5EMEIIFGE KA M E . aac-(67)-Ib-cr
DR TE 56 [ A FE 00 1T 0 v R S+ 3 IR (0. 400D
BRI WS R R BZ I gnr FEH YA 7E . (H
J& aac-(67)-Tb-cr K& A 0y PH PE &5 i 2 4 & 38
(19.2%) . #ERIAHE , 221 BR T2 ILBHIETS
BB BRI RV TTHEAUA 1. 82609 qnr JE [N
PEL M aac-(67)-Tb-cr L Ky 8. 1% . MIHEC A X
MR 38 aac-(67)-Th-cr J& X Y #5 417 A1 5| R i 148 iy
T 28 25000 171 1T 00 5 B P A% 96 A A — o O OB
B2 W TR LR STM X s i I 2 24 4 1
i 245 P E IR B T R BE 55 A & RAR 5G] i B
oA H 2D R I PR T 212 W, DA™ R S
TEFEAH BT A= R L AMcdr T 245 T 19 33 97 4 ) A
e ¢
(1] SCHWIBE, wh3Exy 45 T3, 48, 2013~ 2014 4F PRI 77
5P 1 5 27 0 T RIE 50 [T BRARKG 30 B 2 A i
2016,31(3):143-146,149.
Wen MM, Han ML, Li WN,et al. Etiology of diarrhe-
al disease years in Shenzhen from 2013 to 2014[J]. ]
Mod Lab Med,2016,31(3):143-146,149.
[2] Lu Y,Zhao H,Liu Y,et al. Characterization of quin-
olone resistance in Salmonella enterica serovar Indiana
from chickens in China[ ] ]. Poultry Science, 2015, 94
(3):454-460.

[3] Yuan J,Guo W. Mechanisms of resistance to quinolo-
nes in Salmonella Typhimurium from patients with
infectious diarrhea[ J]. Microbiology & Immunology,
2017,61(3/4):138-143.

[4] Macias-farrera GP,De Oca Jiménez RM, Varela-Guer-
rero J,et al. Antibiotics susceptibility of quinolones a-
gainst Salmonella spp. strains isolated and molecular-
ly sequenced for gyrA gene[]]. Microb Pathog,2018,
114:286-290.

[5] Liu L,Zhao XW,Song YM,et al. Difference in resist-
ance to Salmonella enteritidis infection among allelic
variants of TLR4(903,1 832) in SPF chickens[]].
Journal of Applied Genetics,2016,57(3) :389-396.

[6] Ribot EM,Fair MA, Gautom R.et al. Standardization
of pulsed-field gel electrophoresis protocols for the
subtyping of Escherichia coli O157:H7, Salmonella,
and Shigella for PulseNet[ ]]. Foodborne Pathog Dis.,
2006,3(1) :59-67.

[7] Robicsek A,Strahilevitz J,Sahm DF,et al. qnr preva-
lence in ceftazidime-resistant enterobacteriaceae iso-
lates from the United States[ ] ]. Antimicrob Agents
Chemother,2006,50(8) :2872-2874.

[8] Park CH,Robicsek A,Jacoby GA,et al. Prevalence in
the United States of aac(6’)-Ib-cr encoding a cipro-
floxacin-modifying enzyme [ ] ]. Antimicrob Agents
Chemother,2006,50(11) :3953-3955.

[9] Giraud E.Brisabois A, Martel JL, et al. Comparative
studies of mutations in animal isolates and experimen-
tal in vitro and in vivoselected mutants of Salmonella
spp. suggest a counterselection of highly fluoroquin-
olone-resistant stmins in the field[J]. Antimicmb A-
gents Chemother,1999.43(16):2131-2137.

[10]  BRHals, G5t DR 01, 46, ) R 48 O LT B3 € v

T 4 F 53 B Je 2 T 25 43 L. vh A8 AT 5 2%
Z35,2014,35(9) :1079-1080.
Luo YT, Liang JT,Chen AZ.et al. Study on the sta-
tus of multi-drug resistance and molecular character-
istics of Salmonella typhimurium in Foshan city,
Guangdong [ J]. Chinese Journal of Epidemiology,
2014,35(9) :1079-1080.

(11] FR4EECHE B R, % B ED w07 40 2

Tt 25 P F s (7). B BRR 3 BB 2% 2 i, 2016, 37
(12):1601-1603.
Cheng ZM, Lan K, Bo CY, et al. Characteristics of
molecular typing and drug resistance for Salmonella
typhimurium ] ]. International Journal of Laborato-
ry Medicine,2016,37(12):1601-1603.

[12] . 7R B2V TR 0958 F AT = 05T
(D10 77 BB, 20141 1-133.

Huang YH. Molecular epidemiological study on Sal-
monella typhimurium strains in Guangdong province

[DJ. Guangzhou:Southern (TF# 69 W)



(3% 66 7 ) Medical University,2014;1-133.

(18] £ Ah. 8B IR o5 BRI ITE 24 )L
IR 2 5L R K 3y BRI g L) . v B A AR
:,2016,28(5) :567-575.

Wang W, Hu YJ.Xu J.et al. Analysis of antibiotic

resistance genes and virulence genes in Salmonella

typhimurium isolated from fecal samples of children
under 5 year old by whole genome sequencing[]].
Chinese Journal of Food Hygiene, 2016,28(5):567-
575.
s B #3:2018-03-30
& H#A:2018-06-29



