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The study of drug resistance characteristics and molecular typing of Salmonella enteritidis in
Lanzhou City from 2019 to 2021
MAO Xue, ZHANG Lianmei, WANG Yuhong, WANG Yan, CHENG Hui, ZHANG Jijun,
DI Mengjie, LIU Lu

(Lanzhou Center for Disease Control and Prevention, Gansu Lanzhou 730030, China)

Abstract: Objective To provide scientific value for effective prevention of Salmonella infection and treatment, the drug
resistance spectrum and drug resistance characteristics of Salmonella enteritidis in Lanzhou was exploreed and a database of
some genotypes of Salmonella was established. Methods A total of 94 strains of Salmonella were isolated from foodborne
active surveillance in Lanzhou from 2019 to 2021 by serotyping and biochemical analysis. The drug resistance of 41 strains of
Salmonella enteritidis was detected by drug susceptibility testing and pulsed field gel electrophoresis. BioNumerics ( Version
7. 6) software was used to cluster the PFGE profiles of 41 strains of Salmonella enteritidis. Results A total of 94 strains of
Salmonella could be classified into 20 serotypes, with Salmonella enteritidis as the dominant serogroup, accounting for
43.62% (41/94). 41 strains of Salmonella enteritidis were generally resistant to quinolone nalidixic acid bacteria
(100.00%) , followed by up to 80.49% (33/41) resistance to penicillin ampicillin, the resistance rate to cefazolin was
39.02% (16/41) , and the resistance rates to ampicillin/sulbactam and tetracycline were 31. 71% (13/41). But the drug
resistance rates were all 0.00% to imipenem and cefoxitin. Twenty-six (63.41%) of the strains showed multi-drug
resistance, resulting in eighteen multi-drug resistance profiles. Lastly, A total of 19 bands were obtained by Xba |

digestion of 41 strains of Salmonella enteritidis, and the similarity between the bands was 74. 20%~100. 00%. The number
of strains contained in each band type was different, and the homology between strains of the same year was highly and
they have 100. 00% identical bands. Conclusion Salmonella serotypes in Lanzhou are diverse and PFGE band types are
complex, and its dominant serogroup Salmonella enteritidis is highly resistant and multi-drug resistant seriously.
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Z: Wl IR 5 52 5 % A 1fE 4L B3 2% (Clinical and
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PR 1 2 BCHT A 2R U4 D ) 3 24 ) SRR P K Y
14 Fhbt A &R A5 H & R I 2 NP (Ampicillin,
AMP) ; 3k 7835 . 3k 0 i BE (Ceftazidime,, CAZ) |3k 1@
WE 7 ( Cefotaxime , CTX) k274 T ( Cefoxitin, CFX) .
Sk BRI (Ceftazolin, CFZ) 5 B- P B /1 /B - P T 14z 410 1
FE AW - 2R V8 AR/EF B (Ampicillin-sulbactam,
AMS) ;W%%ﬁ%:ﬂEﬂffi%ﬁ‘j(Imipenem,IMP) |
W ZE 25 UL K (Tetracycline, TET) ; M i B A1 58 14
Wi W 2 2% BE MR (Nalidixic acid, NAL) ; ¥ 7§ 70 A&
( Ciprofloxacin, CIP) ; RN  AFHE R ( Chloramphenicol ,
CHL) ; @AM 2 . X KR E K (Gentamicin, GEN) ; K
WM G2 . B 27 B % (Azithromycin, AZM) ; 'R i 42
M . & J7 FH g B (Cotrimoxazole, SXT) o L K
BA B ATCC 25922 O o 45 1l , #4 IR BR Vg 2tk /K 25
1) G Ul B AT S SR E AR
1.2.3 PFGE%rF/4r#d

PFGE #AE 2 37 LA 28 £ YA i T A 5
Wb T AR J7 1 2R 4T, AYD TT I HO812 O Jot
PETA , PRI 14~18 h 15T &F 3 T L i 8 v ol 4 1
W, VL E 2 4. 0~4. 5, J1 SKG B IR 1 7 1A o
BN A MR T 54 °C e 160 r/min
LV % 357 K VA i B4 2 b, K VR 2 3 L TE 28 0
Ve 4 38, ] Xba 1 BRG0P N DIEE 37 “CREU) 40 3
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19 h, K& H 5, FH GelRed 4% % 44 & 30 min, FH
afi K it €5 25 min, ) ] GEL Doc XR+¥5E i 1A% AL %
4 K12, {#i F] BioNumerics (BN, Version 7. 6) E {4 Xt
& SRS HEAT RIS 1M o

2 H#HER
2.1 VBT Y RO AT A R AE
2.1.1  ANBEO i

2019—2021 4 B IR0 A8 3 2L 43 25 3] 94 bk
W, b B 62 A, 65.96%; &t 32 A,
34.04% , B Ttk BIRMEY T 7645 R 1R B
Yo #0451 95 1) b B2 4l LR g WA,
65.96% (62/94) , H Ik Ky 19~59 % 5 ] 5 24. 47%
(23/94),60 % LA b ) NEE D 15 3.19%(3/94),
W 1,

1 2019—2021 4% 22 M i & IR0 = 8h W T V5 50
IR B K531 (n=94)
Table 1  Detection and distribution of Salmonella strains in

active surveillance of foodborne diseases in Lanzhou from 2019

to 2021(n=94)

TEOIFEVD T 3 bk, R T8 2 LA A DL, 38 Uk
LRk, IR 2.
F2 94 RRIE I IR B S R D T T LT R
Table 2 Serotypes of 94 Salmonella strains collected from

diarrheal patients from sentinel hospitals

1ML 7 75 [k /%
7530 41 43.62
ERGESUANE:| 25 26.60
W AV T 5 5.32
ARV 4 4.26
ESANE:) 3 3.19
S WV T 2 2.13
JICIHEZ2 A0 V0 T B 1 1.06
& ITHE 1 1.06
M va v T 1 1.06
A=V TTE 1 1.06
PRV TR 1 1.06
BFFUITH 1 1.06
FERBUTTE 1 1.06
oAl 1 1.06
IR T 1 1.06
pEEUALINE: ] 1 1.06
AT 1 1.06
BERTEYIE 1 1.06
[ 53 4 70 1] B 1 1.06
AW EV T 1 1.06

4y PR AL s H /%
Ay
2019 39 41.49
2020 32 34.04
2021 23 24.47
PE 5
B 62 65.96
egi 32 34.04
RS/ Y
<6 62 65.96
7~18 6 6.38
19~59 23 24.47
>60 3 3.19
Z
- 0 0.00
B oFE 26 27.66
o = 44 46.81
EHLEDSS 24 25.53

2.1.2  }a] By A

T T B AN FE 5 — 38 = RS DU FEAG A —
FRERK M, HAAE M 20,82 5=
T T — DU R, Rk R 5D A R g R
L1
2.2 BT I A

X 94 BRVD TR HEAT L5 2% 43 2, 2L 53 )& 20 F
M %, %) B.C1.C2.D . E1 #£% 6 NRE, UL B BF
AR, A RV TR LS R o5
43.62%(41/94) , IR R A FEV T L 5 26. 60%
(25/94) , BRI W3R AN PO T8 AR T, 6

2.3 RWTIE L AR

XF A1 BRI RV TT R AT 14 R A R BURE
I, 25 R R 41 BRI A U0 1T TR R — R M 1 i 2
NAL 3 3 it 25 , i 25 % 4 100. 00% , Xt CFX DL K&
IMP 4= F fURK Tif 26558 35 8 0. 00% . 5 NAL 9 i ffif
YA, 41 BRI R U T B XS = AR T R 2 CIp
i} 25 A%, AL 2. 44% (1/41) B AL T A #4 L 5]
B 73.17% (30/41) 5 FLR X% & R K
AMP it 25 58 75 35 80. 49% (33/41) ; %t 3k 1 25 Tiif 25
AR WK N CFZ(39.02%, 16/41) . CTX (7.32%, 3/
41) .CAZ(4.88%,2/41) ;% AMS F1 TET BT 25 %1y
31 71%(13/41) s RN EEZE CHL TH 2558 9. 76%
(4/41) ;41 BRI R YD TTRE i A 1R B8 X 2 0 1
25 GEN. K NTEISE AZM T 25 , it 25 R K 2. 44%,
LR 3
2.4 R TIE T 2515

41 BRI R YD T TR 14 P R4 T 18 Fif
it 245 5% , M 25 3 fe 22 th 7 R bR Z AR, ok
AMP-AMS-CHL-CFZ-NAL-SXT-TET ., AMP-AZM-CFZ-
CIP-GEN-NAL-TET; 41 # 8 R U0 11 18 2 /D X —Fp 4t
A 2, AL 2598 ) NAL AMP-NAL, (5 [t 3
H17.07%(7/41) , ok j& AMP-AMS-CFZ-NAL [if 2
W% (6/41, 14.63%) . AMP-NAL-TET (4/41,9.75%) .
AMP-CFZ-NAL(3/41,7.32%) , WL 3 4.
2.5 RPITMZEm 45T

£ T i 24§ (Multi-drug resistance, MDR) , BRI X 3 2§
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Table 3 Results of susceptibility test of 41 S.enteritidis strains to 14 kinds of antibiotics
, . WRREL/ %
Bidll R
RAERR REREH CED (D HUE(S)
BEEL AMP 33(80.49) 0(0.00) 8(19.51)
CAZ 2(4.88) 2(4.88) 37(90.24)

. CTX 3(7.32) 0(0.00) 38(92.68)
N >
A% CFX 0(0.00) 0(0.00) 41(100.00)

CFZ 16(39.02) 13(31.71) 12(29.27)

B-PN BB / B - N Bk e it 770 2 A AMS 13(31.71) 10(24.39) 18(43.90)

BRI IMP 0(0.00) 2(4.88) 39(95.12)
DU 3F 2% 2 TET 13(31.71) 0(0.00) 28(68.29)

. o NAL 41(100.00) 0(0.00) 0(0.00)

i il L= i ﬁé{e
Sl Al cIpP 1(2.44) 30(73.17) 10(24.39)
RN CHL 4(9.76) 2(4.88) 35(85.36)
AN R GEN 1(2.44) 0(0.00) 40(97.56)
I i 3k A 40 i 51 SXT 5(12.20) 0(0.00) 36(87.80)
KA P TR AZM 1(2.44) 0(0.00) 40(97.56)
T4 AR A EBEETE BE MRV TR 14 F 2.6 418 R TTHE PRGE $8 4t K 1%

YA T 24 3% 53 A
Table 4  Distribution of drug resistance spectrum of 41

S.enteritidis strains

Tt 25 7 S it 2% 3% B/ B 5 /%
1 NAL 7 17.07
AMP-NAL 7 17.07
2 AMS-NAL 1 2.44
AMP-CFZ-NAL 3 7.32
AMP-CTX-NAL 1 2.44
3 AMP-NAL-TET 4 9.75
AMP-AMS-NAL 1 2.44
AMP-NAL-SXT 1 2.44
AMP-CFZ-NAL-TET 1 2.44
4 AMP-AMS-CFZ-NAL 6 14.63
AMP-AMS-NAL-TET 1 2.44
AMP-CHL-NAL-SXT-TET 1 2.44
5 AMP-AMS-CFZ-NAL-TET 1 2.44
AMP-CFZ-CTX-CAZ-NAL 1 2.44
6 AMP-AMS-CAZ-NAL-SXT-TET 1 2.44
AMP-CHL-CFZ-CTX-NAL-TET 1 2.44
7 AMP-AMS-CHL-CFZ-NAL-SXT-TET 2 4.88
AMP-AZM-CFZ-CIP-GEN-NAL-TET 1 2.44

K3 UL EhiA R 2. 41 BRI TTE X 14 F
PuA R TRRIRE N 2 EN 25, £ Eilf 25
TR IR ,63.41%(26/41) W RIPITTHE =4 T
Z w25, Horp R A 3 2SS HT AR 2R AT 24 B AR A
%, H N 24.39%(10/41) , R 2T 4 28904
EHIHEREC 8 ¥R(19.51%) T 5 2881 7 241k %
3 4R(T7.32%) e e 2T 6 P AE EHHRECH 2t
(4.88%)

5 AVKR RS A A R B RS R B R U T 2

5t

Table 5 Multidrug resistance analysis of 41 S.enteritidis strains
it 245 i JE 51 i 245 Ak A0/ Bk i L/ %

3 11 26.83

4 8 19.51

5 3 7.32

6 2 4.88

7 2 4.88

41 R RV 1Bl i Xba T BEYIALFRFS 19 Fb
iR 45 R 2 TA] B A BLEE R 74, 20%~100. 00% ,
2l BT AL & B TR EOR [A], —Fpali B 2 6 Bk
WL D L RRTE . BR 2 R Rk AR B AL LAY 39 BRI
A7 R AT 4ok 2 K2 K R IS R U M ok
85.30% , 75 KB FAHE ARy ok A A [ Wi =
(ARSI I 7 S 3 S A N 1 I S <l 7 N
100. 00% AH [ 1+ B4 %, v] A 342k A W) — 50 f&
L LA 1,

3 i

H R PR ] I 3 ol RNE S5 ) K 7/ 781 e el
N RO AT R i s B
TR R o U 1T B A AS [ ) AN T AR B A TR
Z A P AR RGeS R Bon L, VD T B 5 R
YR E Tk, B S R RY R LGN 1. 94:
1; H 76 B4 LB B e e 2 fe fmi L o 65.96% (62/
94) , 7E At AR % B th A7 YL S54RI B A IR
] o 3 5 R S I A O R Y 7 M T AR AR X VD 1T
(M FAT FRAE 2L, VT B R R IR LN £
A3 BT R A U0 1T B R T B 4l L S AR B AR
Wi, /b i B0 B R AT AR R Ry, L AL B
G 28 it B AN Ak 4, AN TR A% 1 AE L3 R e SR
NBER By & o i BRI R T otk RS
B A Bk S B O, 7E TS G 3R T 5 M T Rz Y
KB, AR RER P ITREAES = =56
DU 25 g 35 4 AS [ 2 A0 JRR g, Rk 2 oA JR e e e 30T
33X 55 b S TS IX R VS 9 B8 v v 1) TR Rk e Y e ]
AT R S R S — FE R e, ]
REJE 20 — ZE B R E A BRI , 2 3 75 5 o0 o Wi ) )
AT
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Figure 1

oI BR BR A5 F R A, s R AR £, H R E
S B I R Ik 322 R BRI 9 X 4y i A5 E I Y
94 RV IT B HEAT M0V AU %, JLARF] 20 Bl v A
FE i R VD T B 2 22 T v 1) TR U e 1 AR A v
5 43.62% , HJE AL FEVD T TR R b ]
PRAF o RAF ST ERE T 2 50 AR R A FR A Oy e
X (UG 50 SCIX BT ) B R U T B R AT
ST R FE VD TR . WYL IR A DA RS FE DT
BRI A7 D00 A0 0 7 2020 B U D B A Il B A AE AR

Cluster analysis of 41 S.enteritidis

—E M B 25

Bl 5 B AE R A T2 A A0 B T 2 1)
EERCEMNERMBZ —, AU 8RN, 41tk R
VT R — A0 M B 2E NAL 230 24, X358 — g
WS CIP A TH 25 Ry 2. 44% , (BA7 T 4 19 He 4]
B, 73.17%, 4 J5 ¥ B U O I A 10 1T X
CIP (i 24 15 B, G0 7E — R B b 028 I R 24
AHFIE 41 KRB R VP TTHE X NAL Al AMP () & if 25
M5 HEAWT TG R YD 1T R 25 RRAE 2R 1Y X AT
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fie 5 H AT R IG 7 0 T R i 25 8 G
SYTIRE " I R0 T T3 A NAL it 25 F B 3 A L
22PN B 46 VP T TR 4T NAL T 25473 [H ™ &, 4 J5 47 5
I W D0 AS RE AA R L [ B A 5 B R VD T B 6
AMP ) 55 T 25 56 5 VL0548 LB 1y W il 25 2R —
O, ARG AL BRI R ID TR 14 PR R
e AT 18 R 2 %, O FmT 25 3% S NAL AN
AMP-NAL, 5 43 2% 11 i R VW 1) B 0 3 221t 25 3%
AMP-AMS-CFZ-NAL-CT-STR A [6", J & b1 T8
AN [7) i 358 FL T 245 47 — o 19 22 53X 0T B 5 AN [R) i
BRI R A 245 ST 1A 5 . AR 45 R BoR, M
RIITWHZ EM 25", ZHM 24K 63.41%, &
FILARA VT 1) 2 i 253 (44. 23%) >, VT
A 22 T 1 245 1 0 ™ i, AT Re 5 3R R 08 O bR 4l
T A R A oG, v B W B e i BT
Ko NPT 25 B Ak o DG, s Vb 1] B A 2 1
W, P WP R ) 2 A R AN Z A ),

PFGE 1E R ¥ 188 43 F o0 BB AR o 3 6 F
Sy F IR DR M L X A % AR . 43 B PFGE
BG4 MR R U TTEE AT 402 19 Bl B, 138 B
22PN T 5 U 1T TR AR AE — 2 1Y 35 2 A T RO TR
JTz . TR BR ] B AR AL R 74, 20%~100. 00% , £
AT S RO ), —Fpar Bl i 2 6 B
W o DB ] 53 A S & [R]— 4F 453 B8 Bk ] A 45 e 11 [
J5E L 100. 00% A1 6] (14 47 BLEE 22, w] RE R H [A] — 5e
B E X 5 BK 0 2 AR T IL T A UD T T R A R
FEARL, 22 W o R 00 1] 1 3R 2 43 UL B ) 43 A b A7 E
—E M REM M. BR 2 MRERIR A RLAL KAy 39
PR A B RT3 2 RO T R 3R 2 1 (] 5 v 3k
85.30% , VLB 2= M i i RUD 1T 2 Wik, iX 53
] HL Al T 41 T8 B i 96 VD 1D B 43 R SR AR A

2 LTIk, A 2019—2021 4F DA 22 M 17 £ P51
= gl W I ) v o S AR B 41 BRI RV T TR R AT
fif 25 1 LA X PFGE R4t 2 W, v 177 147 35 ik it 24
HEZEm ML E, HILH BG4 A —
14 35 1% Z2 R 1, R 1 — 25 in a vb 1) B Y S sl
BEHIPUERM T Z @A

5% 3Lk
U0 2. 35 MO TS s 91 A rb b 17 0T T B i 35 280 J% 9 103
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