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R & KRR R % ot 2h i) 1 K 6 2h 45 AEfe B R L. [ ik Y AR 402 W AR 2t 339 4RV 1T KK,
B #AT 14 & 28 A 25 4% 69 s AK47 B JRE (Minimum Inhibitory Concentration, MIC)R| ., 3t [ &f ff
3 KR 3 KA LN S FPat SR B AT B AR A E R A S AT, SExt AT Xba | B B
3% % JZ d 7K (Pulse Field Gel Electrophoresis, PFGE). [#5 %1 M 339 4RV 1T K T4t 234 % % &t
Bk, % EAHFIA 69.03%, if 3 FHBERLERETEF AL FEL(=0.117, P=0.943); VA
Flotdt 4-8 K meiEk % L, &t & EHAREA 56.93% (193/339); Ko 3 Ay ITKE
(199/234, 85.04%) F) B & 5-13 Ar 2h4h; B MR Ao AL X4 H o4k, 4B x40 4 o9 @t 25 38 4
AMP-AMS-NAI-STR-SUL (10 #k, 4.27%)# AMP-STR-TET-MIN-DOX-SUL (7 #&, 2.99%); &% %
BAAEA AR R A F R S EABINERARE, L2 EREEHHH 97.06% (66/68)F 100%
(11/11); 234 ¥ % A5 1T E A 162 A~ PFGE % &, A40E 4 44.2%-100%, E#A ZHES
AM; PFGE wAARR 9 E 4k, Hat2h £ R Andt2h it R — 2 A0F], PFGE w7 & RE 6B #k, Hatzhk
A Fedf 25350 T Ge40 R . (45 ) MR IE R RR D TTRE % T h N -Lin, (2t i o4, &
HEAAEZZHM, MEPFGE R ZHRES AN, HHBHRBELRAETEXFA ., HAR AR IEF
ETEOMRRAFTR—F R,

KEEIR: JITRE, $EMH, HHKE, WKt ex

Characteristics and molecular subtyping of multidrug resistant
Salmonella in Hangzhou
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Abstract: [Background] Sa/monella is one of the most important food-borne pathogens. Its multidrug
resistance has attracted more and more attention. [Objective] To analyze the antimicrobial-resistant
characteristics and molecular subtyping of multidrug resistant (MDR) Salmonella from clinical sources in
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Hangzhou, the present study was performed. [Methods] A total of 339 Salmonella isolates from clinical
sources were subjected to antimicrobial susceptibility testing and the minimum inhibitory concentration
(MIC) was determined. The MDR isolates, which show reduced susceptibility to at least 3 of the
14 antimicrobial categories tested, were analyzed the drug-resistant characteristics, serotype distribution, and
the molecular subtyping by pulsed field gel electrophoresis (PFGE). [Results] Among the 339 Salmonella
isolates, 234 MDR isolates were found and the MDR rate reached 69.03%. No significant difference was
observed in the MDR rate from 2017 to 2019 (*=0.117, P=0.943). Isolates resistant to 4—8 antimicrobial
categories were most common, accounting for 56.93% (193/339) of the total number of Salmonella
isolates. Most of the MDR isolates (199/234, 85.04%) showed resistance to 5—13 antimicrobial agents. The
resistance patterns of the MDR isolates were quite diverse, and the relatively dominant patterns were
AMP-AMS-NAL-STR-SUL (10, 4.27%) and AMP-STR-TET-MIN-DOX-SUL (7, 2.99%). The level of
MDR in Salmonella Derby and monophasic Salmonella Typhimurium was prominent, which MDR rate
was 100% (11/11) and 97.06% (66/68), respectively. The 234 MDR Salmonella isolates were subtyped into
162 molecular types by PFGE, with the similarity of 44.2%-100%. The PFGE profiles of the MDR
isolates showed high polymorphism and no predominant PFGE profile was found, except for serotype
Enteritidis and Typhimurium. For the isolates with identical PFGE profiles, their MDR patterns were either
identical or different. For those with different PFGE profiles, the MDR patterns may also be identical.
[Conclusion] High level of MDR was observed in Sa/monella from clinical sources in Hangzhou, with the
MDR patterns being quite diverse, and the PFGE profiles showed high polymorphism. The results showed
that the infection of MDR Salmonella in Hangzhou was mainly sporadic. However, the genomic
characteristics and the main food origin of MDR Sa/monella in Hangzhou need to be further studied.

Keywords: Salmonella, multidrug resistance (MDR), antimicrobial susceptibility testing, pulse field gel
electrophoresis (PFGE)
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Compact 4 IS HCEMMERSE, L4 BRI
42 SSIVOT I PR IL R0 S I

g, FIFMEAGRBREIE 14 28 28 FhbiiEsy
YIXHUP T ] EC TR 9 e A TRV FE (Minimun. Inhibitory

1.4 Z580RKLE Concentration, MIC), Zy¥Fp2 Rk EEILE 1,
1 1 B0 B IR 0 R AT RN 2 0k 292800 3 18 Magiorakos S4RiED, i 24 2 ]
F1 AYRKEARAY
Table 1 Drugs used in the antimicrobial susceptibility testing
AT 25125 2 2K WRPEE MIC #7 &5
Category No. Antimicrobial category  Antimicrobial agent Concentration range (ng/mL) MIC breakpoint (pg/mL)
L1* HRERA ZER Ampicillin, AMP 2-64 >32
Penicillin
1.2 TR IEAHD R AR AR-ET 2/1-64/32 >32/16
Penicillin+f-lactamase ~ Ampicillin-sulbactam, AMS
inhibitor 0] B P AR/ T 7 A iR 2/1-64/32 >32/16
Amoxicillin-clavulanate, AMC
1.3 —. TAUKHEERYE KMk Cefazolin, CFZ 0.5-16 >8
1st and 2nd generation
cephalosporin
14 = WAKHEEE KK Cefotaxime, CTX 02578 >4
3rd and 4th generation SkffthE Ceftazidime, CAZ 0.5-16 >16
cephalosporin SKAnER5 Cefepime, FEP 0.25-16 >16
L5 SEE RS kAP T Cefoxitin, CFX 2-64 >32
Cephamycin
1.6 FHERER W 55 Imipenem, IMI 0.25-8 >4
Carbapenem %E i%ﬁ Meropenem, MEM 0.06—4 >4
1.7 AR B-PEERE S Z MR Aztreonam, AZM 1-32 >16
Monobactam
2. MR ARSI IRZE  ZE0ERR Nalidixic acid, NAL 2-64 >32
Quinolone and YL E Ciprofloxacin, CIP 0.03-32 >1
fiEoroginolcne IEAHE I A Levofloxacin, LEV  0.12-8 22
KV A Gemifloxacin, GEM  0.015-16 >1
3. KIS Fn[ %575 % Azithromycin, AZI 2-64 >32
Macrolide
4. R 4R & Streptomycin, STR 4-32 >32
Aminoglycoside PSR EEZE Gentamicin, GEN 1-32 >16
RIAFEZE Kanamycin, KAN 8-64 >64
Fr kR A Amikacin, AMI 4-128 >64
5. U7 S PUFRZ Tetracycline, TET 1-32 >16
Tetracycline ZPHE Doxycycline, DOX 0.5-16 >16
KiFEHE Minocycline, MIN 1-32 >16
RN EEZS Phenicol A% Z Chloramphenicol, CHL ~ 264 >32
IR AR FE ST 27 EEM 0.25/4.75-8/152 >4/76
Folate pathway Trimethoprim-sulfamethoxazole,
antagonist SXT
ik Jigg B 6 SR ml - Sulfisoxazole, 32—512 >512
SUL
8. SRk Z K 2 B Polymyxin B, POL  0.5-16 >8
Lipopeptide Z KW E E Colistin, COL 0.5-16 >4

e *L1-1.7 2] I3k B- N R

Note: Drugs of category 1.1—1.7 can be classified as B-lactams
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TEOCTEDLE 1o f B L AT VT TR XS AMP SUL
DOX. TET. STR. AMS %§ 6 Pz Wiy 248 KT
50%, Xf NAL, CHL, SXT., MIN. CFZ % 5 fjizy
VI 25578 50%—25%2 8], X HAY 17 F2in
it 253 T 20%; AR AN 5 2 15 5 (MEM)fi 24
MRk, 2017, 2018 434K A BIXTFK R B (AMI)
M 25 TRIAR , 2019 4F &30 2 R FK < A (AMIDAY
[k
2.2 MDRPIREHIMZAER S AL 5
TERRNY 339 BRVDI IR EEHY, Xt 14 26 28 FidiiA
I RTHZS R 62 #R(18.29%), Tt 1 258k
2 ZEZEMIA AT 21 KR(6.19%)F11 22 #£(6.49%), i
3 258 3 250 Y MDR 4L 234 #£(69.03%). TE
234 #k MDR Y[ TIGEH, LA 4-8 K2R HtkZE
UL, o, T4 2609 33 bk, T S 25AY 45 Bk, Tif 6 28
()37 Bk, it 72500 54 ¥k, Tif 8 25 24 Bk, At i
AR 56.93% (193/339), i MDR Y 82.48%
(193/234) (HAMI<11 #k). 2017-2019 4/ MDR

12.98
6 12.09 1032
10.91 8-858.267.67

4.724.42
2'361.18 0.59
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SOFECEIPLEFTEOE ST TS TP FE P A

E1 SIREXZSMAYRIT R

Figure 1 Resistance rate of Salmonella to different antimicrobiol agents
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KN 67.53% (52/77).69.83% (81/116)F1 69.18%
(101/146), 2G4 X (7=0.117, P=0.943).

234 & MDR 01 BT 24528 53853 41 F
M2t Horh L 1-2-4-5-6-7 (28 #E) . 1-4-5-7 (27 #£) .
1-2-4-7-8 (23 ¥k) Mz 1-4-5-6-7, 1-5-6-7 . 1-2-3-4-5-6-7
(4% 16 BRI, AT 53.85% (126/234)
ET I RENAYZAE LR 1, B2
B, R 1117 280900 B-INMEIE SR A T4E 1) s Tk
(AT 2438 BT, AR RSB T 25 384 7 Fl, 4
W4 AMP-AMS-NAL-STR-SUL (10 #k, J& 1-2-4-7
it 25#55) . AMP-STR-TET-MIN-DOX-SUL (7 ¥k,
J& 1-4-5-7 #iz() . AMP-CFZ-AMS-AMC-NAL-STR-
SUL-COL Fil AMP-AMS-NAL-STR-SUL-COL (%% 6
R, Y& 1-2-4-7-8 #X), IS AMP-CFZ-AMS-
NAL-STR-SUL-COL-POL (5 £k, J& 1-2-4-7-8 #&:X)
AMP-TET-MIN-DOX-CHL-SXT-SUL (5 %, J&
1-5-6-7 #i)H1 AMP-AMS-STR-TET-MIN-DOX-
SUL (5 #k, J@ 1-4-5-7 #=), &G 18.80%
(44/234), HAt 24558 I BRARECN<3 Bk

234 Bk MDR 01 ] IR A FZI 25 Fh £t 7o 20 Fh
B it 2R B N 323 FhCR ILIRIEF TR 19 Fh2h
YRRy, HA LLERRT 5—-13 Fhehy i witk s
%2, 15 85.04% (199/234); #BArE kKRR 20 £

%2 MDR PIIREMMFEERSH
Table 2 Serotype distribution of MDR Salmonella

FR2G¥(7 ¥k, 5 2.99%), HAURZY) £ 5 2k
W B, ZHRAE E. XD K . R Ak
A
2.3 MDRFTIREMER S

234 tk MDR VDI TIRE ALy 25 Fhmig Ay, H
HRAREOR T 10 BRI IMGE I 6 Fl, G311 85.47%
(200/234), #IML7HAIAY MDR B ELE 2, TN
28 B A8 R LI Y AR OR R 10 JE AR AR
(1,4,[5],12:1:-), H: MDR 24535128 100% (11/11)F]
97.06% (66/68).
2.4 MDR ¥$I1IKEH PFGE 73 EIZER

234 ¥k MDR P JERF4: PFGE 437, Horp 11 #%
DNA A, JRASTEMW LIRS 1 223 BRI, JE0h
162 ' PFGE #7184, AN 44.2%-100%, Hrh
21 FVFELA 1 BRLL L BERR, W 0 6 Fhmig R 82 b
B, R (1) ROGGZEMERE 3 Flar i, 4351
A 8. 3 M2 BRIET; (2) RULZFERARSRTPRY 7 Ry Y
FUCFUMTERIY 3 iy, 245 2 BRI (3) B4R
S M IERIAAT 1 a4 2 BRTRT s (4) MR LT
R 4 Fpar B, 43504 13, 11, 9 F1 8 #kEd, A
2 P U 2 ¥k . PFGE 3 BIZE R IR, A
MER A E VR, H PFGE R R A AU, 45103 Y
HIFE AL 9 70.6%—100%; HFE) PFGE i %!

I35 7 AR MDR [ (#£) MDR %
Serotype Number of strains Number of MDR strains MDR rate (%)
5/K 5. Derby 11 11 100

S0 S BAH A o 68 66 97.06
Monophasic variant of Typhimurium

1£%% London 23 19 82.61

' 7% Rissen 15 12 80.00
F{/79€ Typhimurium 37 29 78.38
J%4% Enteritidis 82 63 76.83
HAth Other 103 34 33.01
411 Total 339 234 69.03
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BRI, BRI RMBGEME RSN, Hahm AR 2 7 DAL 2 BREEAHIE], E A 3 Ak
HRU DR R A AR A PFGE WY, #4578 S AHIR, Q wr ALY 8 #EE A1 A IRl A A TR 5
2 HAT 2 BRTR, R E L R, PFGE iy BRUN[RI A Bk, LT 245 20 51 g 245 33 o ]

VIR ZE MG B PFGE A RIRIZGHEE Ry GEAHMEI(E 2 FL G W BRI AR , LT 24535 AH [R]) 5
Bil(E 2), 29 # MDR RUGFET JREI N 19 F FEBFRIFIHLIX oA b, Y9 CH B &M, E A5
PFGE 48, AME N 72.2%-100%, Z5HR 5w, Q 7 BUTE R A 43 B I (BB 4 T 20172019 iX 3 4>
PFGE 7 BUAH R B bR, L2528 3R 2535 A —  4E4

Strain  Source Number of
PFGE-Xba 1 PFGE-Xba 1 No.  county resistant Resistant categories PFGE
80 90 100 agents 1 2345678 type

82.4
76.6

A
B
C

19-012 Downtown 11
19-067 Downtown 10
19-069 Yuhang 12
18-156 Chun’an
18-157 Chun’an 6
17-070 Xihu 8
18-050 Downtown 10
19-004 Xiacheng 10
18-154 Chun’an 7
17-030 Downtown 7
17-050 Yuhang 9
6
8

N

fes)

73.9]

19-060 Xihu
19-110 Chun’an
18-056 Downtown 12
19-080 Xiacheng 7
19-118 Gongshu 8
19-019 Jiande 9
19-029 Tonglu 7
18-061 Downtown 9
19-091 Xihu 6
19-078 Downtown 6
18-178 Fuyang 5
5
6
6
8
6
5
7

72.2 918

T O ZZ O R =—=~IT Q™™

17-051 Xiaoshan
17-023  Xiacheng
18-104 Xihu
19-051 Jianggan

89.5

19-058 Chun’an
17-013  Tonglu
17-001 Downtown

El2 MDR R{A%FDITKER PFGE HEMZHELER

Figure 2 PFGE typing and antimicrobiol resistance of MDR Salmonella Typhimurium

T ARG S A RTPIALECT  BRR M B ARG s 2SI har ORI 2y, B PrRER 22 ie W3k 1

Note: The first two digits of the strain number indicate the year of strain isolation; The resistant antimicrobial categories are shown in green,
and the categories represented by the numbers are shown in table 1
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3 WE%i

ZEMH 2RI 3 2688 3 2800 FHiEZ
Yy, (BRI R ARG — D 2 JL%
WL B2 E SN R Z R B LG A [ 2l 4h
58425 BT Y HA T 251k, XT3 ZR(ana
PEHF2E . 20 R . B-NIEIEZE) s 3 KDL EHIE )
[ei] S 5 245 P J5 7 b 2 T i 245 7™ ; Mlagiorakos 45
¥ B-NEIE R0 N R R B R ISR
A — SRR . SRR SkE R
PR B-INEREZE | kT B EAE T 8, ArilfE N —
Fph Sy 2 AT ED . R R SCRR > B T
GIHT, AWERACR 3 PRISFETEZE S, Lt 24535 530
5§ AMP-AMS-AMC-CFZ-NAL , AMP-CFZ-CTX-CAZ-
FEP-AZM-NAL F1 AMP-CFZ-CTX-CAZ-AZM-TET-
MIN-DOX, Y[Rl 22 B-NmEEZR25Fn 1 28
HAZ5Y). RS PR BRGNS g SR, A
I Magiorakos ZEPHRIE 1244325347 MDR #k
HNE . Z5RRY], 45 MDR VTR, [F]
ISR B- NI S oAt Z2 2K 5T R 259, (/D% MDR
(3/234, 1.28%)iM 22 B-NEEIEIEZY), D
it oAb 24540

AW BN, VT TR ZCR PR,
LM | B8R | MR RS LSBT 25 2y
i, BT 50% (K 1) MHRIKSE . KRR
KB B- N IR S 25 5 ke, o B A AR &
BT ER . MRV ER = SR, Hi
BN 7.67%. 12.09% 1% 10.91% CLHIBERT) .
4.72% CGRALBE) A 8.26% (ChALALAG), 5 FE N HA
B O, H TR S X M X A R
TR A f0 247 P AR AR e S e ©) | H: mIC
PEAE S H>64 pg/mL F1>512 pg/mL, #R8i% 2 Fh
Y EATE TV TR A BIIGARSRIT o 1 ARIRIBS it
23 P R A FE A AR R VDT T EC TR (1,4,[5],12:6:-)
U ZHER B, ZRW R E. LD B . W
BAFIBR R LA 5 Fhegnfgusk. AR R 15 fk
XTZREZ B Mif2h. 56 PRXTZ K ER E M 25014

B, B TR — T mer-1 SERIEAT I L,
DABH BTN M X 35T mer-1 LD AT 2205 T & v
FIRERATIESL, F5 R X7 Hegst 1,

ARG EEFRI, AT M X AR IRV ] P
MDR H 48585, ik 69.03%, 5[ A HAh X
KA b HCIE B EE (40 0 41.90% F
21.1%) O AR 2280 K, BRAFAEHLIX 22 3 0h, i
Al RE S HOAT BT 25 A SR A O, iR
2 ANHB X HRAE A9 4> BRSNS 14 FiFD 16 FhETE 259
(RIS 24155 B0, A BIFSE U2 X6 28 Fh 2y kAT T MIC
D o 234 tk MDR &, $%&1f 25285045, AR B
4-8 YIRS Z L, AT 82.48% (193/234);
P 25RE sy, LARIE I 513 Rh2iir stk £,
i 85.04% (199/234); BERRMI 253500, 2 WL
iif 25 3% 5 AMP-AMS-NAL-STR-SUL (10 #k) Al
AMP-STR-TET-MIN-DOX-SUL (7 #%), Z+%1¥ &
4.27%F1 2.99%., T iREE T, U H DX I AR U
MDR VDI IR 25 R B 2 Z A

VO] DR TAT A T 245 1 5 A A 5 o 7 8 531 4%
IS R TE B A R (1,4, 5], 12:0:-) 2 i B
FEIMIFRL(L4,[5],12::2) bk, (HPIETEdA e
PRI . TR EGESE it e 22 R, A, R
196 Jo HoBARAS R MDR 224351y 78.38% Fl
97.06%, K625 74 G iT2# 7 X (Fisher #f VIR
2, P=0.007). ABRER TR, BULFERAZR
(1,4,[50,12:4:-) i f /R B 1l 375 Y MDR B{ 4 ™ &,
97.06% (66/68)1 L7 FE FALAH LRI MDR B, 11 B
TR BT TG MDR 1. I 2 i g 7 1k
P SE MDR BURH Ry € iy i i 10, (B4R
AN T, R s iR g fE b T LA 259
FPFNFI AR, SZmvbl R MDR #&A4K45
FILAR (1 e P R 31 R U5 X s Al 2 4%
FAR i R SRV EC T A L3 A
5 FORE A0 FERg g AR, R LAY
IMERE FAGFE . 1,4,[5],12:0:-, fE/REL . B EELAS
F2, Su S B TE A AR (L4,[5],12:1:-) 70
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T3 IR B 37 7R 43 ) o FR R IR VD T IR TR Y 53.9%
(56/104)F1 7.69% (8/104), H: MDR 1% 100%",
AR R ESEW G . T TIRE & IR E0R
W, HRGYE 5. EREEME A, B
i DX ARG YA B A9 € FRAH AR (1,4, [5],12:4:-) /R
FLVDT TG 1) =5 MDR 2R AT 58575 1A K H 1 i 17
T UIMISE, A UNESA fF T — 2ot .

PFGE Rz R N, MFEMER ARk, H
PFGE 7 RIRAE R ; 234 PREZEM 57| K F It
5374 162 4~ PFGE 4784, FLIEEN 44.2%-100%,
HAR R SR 2 A8 s BRI 28 R0 R0 € I B AFAE
BARFAT RSN, HAth i 375 B E B R ] ELAT AH [
(%) PFGE 55 , PRI AR VD17 R TR ) 356 PR ) 5 A
fIYE, PFGE JiExt HArHE 1A B, RIJCiA A
PEETRR, HASEUR RS duR g kY, R AHE
FEH AR M T B AFAERL A Y, (AR AT BEFFA
FEAERATAR G . FROTFEIMIE Y E 27 BUAY 3 BRI
QA 8 BRI, #5408 HANRAEy, HEI AT REfF
TEH A5 R R 46 . 454G PFGE 2384
ORISR, R PFGE A BUAH R B ke, L
25T 25 A —E A [F] s PFGE A5 BUAN[A] Y T
PR, L 2528 RN 2535 T REAR TR . H iR
TP TR 1Y PFGE 5] 5 it 245338 AN A A8 ™ 4% 1Y
XHRESEFR, FLAAREPO AT, X ATt A
PFGE W5y HF 1A BRATE, RV 24 35 KR SOk i) 28
ASATE PFGE [WEEVIN 5 F, dWrlRe R E P
MDR Vb TR #E AN SG A T i 245 25 D8] s oo
AR, T B FEANAR N AR LT REASR], (H
ZWYUNESE, AR TE—25E. R, FERTER
HLIX A0 F 234 ¥k MDR @#JCHH B3RV, Fikss
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