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Characteristics of Salmonella contamination, serotype distribution and drug
resistance in food sold in Zibo City, 2015—2024

WU Ying', WANG Xue-Mei', LIU Shun-Shuai', WANG Yin-Ping'", WU Yu-Ping',
XING Yan', WANG Qin', HOU Pei-Bin?, SUN Na”, PENG Zi-Xin®"

(1. Zibo Center for Disease Control and Prevention, Zibo 255026, China; 2. Shandong Center for Disease Control and
Prevention, Jinan 250014, China; 3. China National Center for Food Safety Risk Assessment, Beijing 100022, China)

ABSTRACT: Objective To investigate the contamination characteristics, serotype distribution and drug resistance
of Salmonella in food sold in Zibo City, Shandong Province. Methods According to the National food
contamination and hazardous factors risk monitoring manual, Shandong Province food contaminant and harmful
factor risk monitoring work manual and GB 4789.4—2016 Food microbiological examination-Salmonella inspection.
Isolation, identification and serotyping of Salmonella from 19 kinds of and 1812 food samples collected from 2015 to
2024. The antibiotic drug types were determined by referring to the recommendations of the Clinical and Laboratory
Standards Institute (CLSI), and the minimum inhibitory concentration (MIC) was measured using the micro broth
dilution method. Results A total of 131 strains of Salmonella were detected, with an overall detection rate of 7.23%
(131/1812). Among them, the detection rate of meat and meat products was the highest, reaching 21.02% (95/452),
followed by animal aquatic products at 13.96% (31/222). The detection rates were higher in summer and autumn,
which were 19.10% (68/356) and 17.48% (54/309) respectively, showing obvious seasonality, and the detection rate
in the circulation link (19.43%, 122/628) was significantly higher than that in the catering link (4.39%, 9/205). The
main dominant serotypes were Salmonella enteritidis (13.74%, 18/131), Salmonella indiana (8.40%, 11/131) and
Salmonella derby (6.11%, 8/131). There were differences in dominant serotypes among foods from different species:
Poultry-derived meat products were mainly dominated by Salmonella enteritidis (12.21%, 16/131), pork-derived meat
products were mainly dominated by Salmonella derby (5.34%, 7/131), and animal aquatic products were mainly
dominated by Salmonella ituri (3.82%, 5/131) and Salmonella aberdeen (3.82%, 5/131). The drug resistance analysis
results showed that the overall drug resistance rate of 131 Salmonella strains was 80.15% (105/131), and the
proportion of multi-drug resistance was 77.14% (81/105); the highest resistance rate was 67.18% (88/131) for
ampicillin, followed by tetracycline (63.36%, 83/131) and trimethoprim/sulfamethoxazole (51.15%, 67/131).
Conclusion Sal/monella contamination in Zibo City is mainly found in meat and meat products, with diverse
serotypes and severe drug resistance and multi-drug resistance. Regulatory authorities should strengthen the
supervision of meat products, animal based aquatic products, and related breeding processes, and remind consumers
to pay attention to food hygiene during the high incidence season of infection to prevent foodborne Salmonella
infections.
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1.1 #R USR5
L1l #&kiR

e IR CE G5 Y 3 B R XS W TR
W YAIC L 7R 48 £ s Y RN 3 IR 2 XU M T4 =0 DA
T RTRR M TAEF IR, eI 1T I X (B )RR
FomFESRadh . OKIaH A SR A P A
T 19 R i 1812 1y, A w A RUE MR, DI
PeAE AR AR 5, ST % B ke, WG fE A T
4 h IR BRI
1.1.2 AL 5K A

Vitek2 Compact 4= B 8l A= 91 % 8 & 4t (%
BioMrieux /A #)); autoflex speed LIN fifd: ¥y K470} [A] i
KB (EE G AT,

S ERK . DUBRER R SR SR IR . VAR R £ b
SRR . WERRR AN . AW 2 I IR R BAR (b
BT HR A A R ED); YD TT RE 2 W LT (P %
Statens seruminrtitut 2\ ]); 5% BT S B 25 R A [ 42
LR (KUY BRA T, LA R 800 i
1.2/ &

12,1 5 BEZRFFHA

WAl GB 4789.4—2016 (&AL BUEY SRS VIR
PR ) CE GRS Ts P W A 35 8 28 U ) T4 T
WY A CILAR A B W5 Y Fna o IR RURS: W 1A F 01 )
WEATVD TG TR A 56, R FH B R B4 100 X 43 88 s i v 1)
G HEAT I3 43 B8
122 A0k

FAMERGHEL, 2% RS L=k
é\(Clinical and Laboratory Standards Institute, CLSI)?&%E’J
Pk FAEC 10 K2 14 R s R IR AT i AR B e
(minimum inhibitory concentration, MIC)‘UWJfE, AFHREFVE
FR(ampicillin, AMP) , 27K PU#R/EF . 3H (ampicillin/sulbactam,
AMS) . F%)%% & (azithromycin, AZM) ., Skl (cefazolin,
CFZ). 3k fdE N5 (cefotaxime, CTX). k4 PY T (cefoxitin,
CFX) . =k 7 fli BE (ceftazidime, CAZ) . & %& &
(chloramphenicol, CHL). ¥ & (ciprofloxacin, CIP), %%
WE iR (nalidixicacid, NAL), K K% # (gentamicin, GEN), W
15 Rg (imipenem, IPM)., PU¥FZ (tetracycline, TET), H4&
= G R /i e H PRE e (trimethoprim/sulfamethoxazole, SXT),

[RIBT LA KGR A T ATCC25922 YRR B#HEtk. *F 3 K&
DL A i 25 i B iR 2 X MDR T A%

1.3 #HIEAIE

N Excel 2013 XPHHEEA786 #4347, i SPSS
27.0 AR B SLHEAT RO kg, DA P<0.05 M 2ERASE
P38 X, R Rstudio (v4.3.2)% 204 AR AT 7T 4
T 2

2 HR55H

21 ARMERRPITKEREIE

19 Firgr it r b ] PR EVAKS: 2% R 7.23% (131/1812),
Fo5 g BT AERTET G SR SRR B A
FEM K R R A R A L (21.02%, 95/452), H
YR BN = 0 (13.96%, 31/222), 3 FiEs ke #4825 5
B #E X (=29.061, P<0.001), $EHLFE 1,

x1 TRMENTESEERFITIRERDIER
Table 1 Detection of Salmonella in different types of major
contaminated foods

K 2R /%

i

KT shPEK = b TR % A ]
2015 - 30.00 (9/30)  30.00 (18/60)
2016 - 18.89 (17/90)  30.00 (9/30)
2017 - - 3.33 (1/30)
2018 - 0.00 (0/20) 0.00 (0/20)
2019 0.00 (0/20) 10.00 (6/60)
2020 15.00 (3/20) 16.18 (11/68)
2021 0.00 (0/32) 0.00 (0/10)  29.03 (18/62)
2022 227 (1/44) 0.00 (0/20)  25.71 (18/70)
2023 3.45 (1/29) 15.63 (532)  18.75 (6/32)
2024 0.00 (0/14) 0.00 (020)  40.00 (8/20)
At 3.14(5/159)  13.96 (31/222) (9251/1)522)

e -FORIEAE BE R A KA
22 FESERAEGEARFEVMARRERTID]
KRERHIFER

WITIRETG P F PR | B, WAF 1 Ak
) 18.35% (122/665); HUKEHZ(11.59%, 8/69), Ali]Z:
K R A A Geit T X (*=20.839, P<0.001), 7EA[A]
KAEFRAT, WEIR TR 2K (19.43%, 122/628)F B i T4
TRER AT (4.39%, 9/205), 72 5 A 4832 B X (7=26.366,
P<0.001); 5% F 2 PAER A T35 (21.72%) . fEF )5/
FAENE(19.23%) ., BT (14.72%)FI4RE /6 JE (12.00%), ¥
L 1,
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e (8/131) FLrb AT U ) S R 48 LT 780 ol A V0T T R (12.21%,
- I 16/13 1) FIENES 20V FR B (7.63%, 10/131), 35 TR A6 A AR
% an I35 TR A R BV T FC (5.34%, 7/13 1)L AR V0 T FR
7 - (4.58%, 6/131); BT S AEFL IR A P B VDT T FR B
2 — WUSATEE N
«;ﬁ_a (3.82%, 5/131)HIFTA T V01 1 FC(3.82%, 5/131). BRILE 2.
i s £2 BRABISTSIIREREER
/ ’ | Table 2 Detection of Salmonella in meat and meat products
7 e wp BRI mx
p - & R
= IPME 1 50 2.00
] em i ARG 3 82 3.66 ,
2 B o THRTR A 52 sq77 X 6112
B - P<0.001
VE: SRS PR LR SRR R VD 1T R M AR, SRR T A5 *f@ 27 89 3034
BEI 0] EG PR th G R EEE el 179 3408
B 1 FE5 R MR AR R A EEREEA T T G IR 3 55 545
o s ENEEZER A9 2 33 6.06  4?=15.940
Fig.1 Detection of Salmonella in main contaminated foods in B3l T2l 26 115 22.61 P=0.001

different seasons and different sampling periods

23 ARAHE®E. S KERPIPTTIRESE S
1H5R

TR R PR R A PR e O R TR, K RO
34.08% (61/179); HK WAEZB N, fti2Hh 30.34% (27/89);
Al PR o] A SR AR, AN [ PR o DA 2R 2 R S
L (*=56.112, P<0.001) . A [F) R J6 PO il i b, &5
FE S 2RI 15 (25.70%,  64/249); HUCHIEIRFE S, &
R 22.61% (26/115) AN[EHFD Al T DA H 2R 25 538 Gt t
27 L (*=15.940, P=0.001), P WF 2.

S K S IR IK T TR HE R (21.05%, 20/95) 3
5 T 5 (8.66%, 11/127) (=6.946, P=0.008), A[FIfFEHRR
AT, =i 2(19.35%, 18/93) 5 Tukif/
BV (10.08%, 13/129) (=3.871, P=0.049), Zh¥tKi i
BFhfaZE . RS YIZEAE S22, K R R sk
(23.40%, 11/47), HURSEHRAESIPI(12.00%, 9/75)FIa25(11.00%,
11/100), 22550243 X (F=4.458, P=0.108), WL 3.
24 PITREMER

ol 131 BRVPTTIRE Y, I S S A s K ™
phdE E A ORI, SHAHA 74.81% (98/13D)F1 21.37%
(28/131), 131 BRIPT IR E ST RS E T 47 RIS R, JEmT
AR RIPT IR . EREE ANVl T QTR RS R LV TG
B, A 13.74% (18/131). 8.40% (11/131)F1 6.11%

ol 64 249 25.70
e FORE ARG . M RS RS

25 MWHERDH

Fic B8 CLSI B ARHE, 131 BRI TEREXT 14 FhbiE &
BT 25 SR TR R R 7K, A 105 AR H BUR (R RE BE A iR 24,
MUATHZEH Ny 80.15% (105/131), 1A 3 Fh2h ¥ 2h % 4e
20%LAT o 253 EHT =L 2 AMP (67.18%, 88/131),
TET (63.36%, 83/131)F1 SXT (51.15%, 67/131), HkH
CHL (48.85%, 64/131) . AMS (38.17%, 50/131) . NAL
(35.88%, 47/131)F1 GEN (30.53%, 40/131)., H A[RI#HHlsk
TRy B RRTR 25 RS ARIE], B AMP, TET Fll SXT 4h, &N
PANAL. CHL. CTX fif25h 3, A& WLL CHL. GEN ffif
25, SYEAT R L AMS . AZM T2 0 3, Ti2j3%
SR SRR L (P<0.05), FEWLE 4,
2.6 NEEKEZEMHIE

105 BRI 25T TG AT 81 #kHEA MDR PE(5
77.14%, 81/105), I 52 FhZ EH 2451, JLHisZ 4 gl
Y1 e (19.75%, 16/81), HiCh 6 Fi( i H 14.81%, 12/81)
F12 B HE 12.35%, 10/81), HAT 2 BRVMITTEREXS 14 Rz
W2y, PEULIE 3. AMP-CHL-TET-SXT M 253 itk B £ (i
It 9.88%, 8/81), H:¥k & AMP-AMS-AZM-CFZ-CTX-CAZ-
CHL-CIP-GEN-NAL-TET-SXT, (5t 8.64% (7/81). % 5 H71
HT EER 13 P2 Em 2,

#=3 HPKERFIPTIIRERLIER

Table 3 Detection of Salmonella in animal aquatic products

TRK )™ i R R A3 B/ AG N 47 %50

T b (G H 173 /46 D0 43 50

2551 N - s S - — K 2R /%
% AR ° R’ BN WARBY ° et ’
VKEE /A T 0/16 - 4/15 6/38 1/38 2/22 10.08 (13/129)
157 b 5/45 7/12 4/7 0/1 1/25 1/3 19.35 (18/93)

T o B A REIAR) . WoERds . M, . L), KRRG M, M%) b FruRaimrRmEd. FoRTIdE.
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Fig.2 Distribution of serotypes of 131 Salmonella strains
4 131 BRDTIRE 14 MITE EMAHER
Table 4 Antimicrobial resistance patterns of 131 Salmonella strains to 14 kinds of antibiotics
M 25 2%/%
BiA: 225 PiA: Z R - -
EER HEER SR A1
BT AMP 67.24 (39/58) 66.00 (33/50) 69.57 (16/23) 67.18 (88/131)
AMS 43.10 (25/58) 24.00 (12/50) 56.52 (13/23) 38.17 (50/131)
KIR N AZM 24.14 (14/58) 16.00 (8/50) 52.17 (12/23) 25.95 (35/131)
CFZ 43.10 (25/58) 14.00 (7/50) 13.04 (3/23) 26.72 (35/131)
S CTX 44 .83 (26/58) 6.00 (3/50) 13.04 (3/23) 24.43 (32/131)
CFX 3.45 (2/58) 2.00 (1/50) 13.04 (3/23) 5.34 (7/131)
CAZ 29.31 (17/58) 4.00 (2/50) 13.04 (3/23) 16.79 (22/131)
E] e CHL 48.28 (28/58) 62.00 (31/50) 21.74 (5/23) 48.85 (64/131)
N CIP 32.76 (19/58) 18.00 (9/50) 21.74 (5/23) 25.19 (40/131)
S TR AR 2
M PR A T B NAL 53.45 (31/58) 18.00 (9/50) 30.43 (7/23) 35.88 (47/131)
IR GEN 37.93 (22/58) 32.00 (16/50) 8.70 (2/23) 30.53 (40/131)
WeHE R IPM 1.72 (1/58) 0.00 (0/50) 435 (1/23) 1.53 (2/131)
U IR 22K TET 56.90 (33/58) 68.00 (34/50) 69.57 (16/23) 63.36 (83/131)
IR A P ] 591 SXT 43.10 (25/58) 56.00 (28/50) 60.87 (14/23) 51.15 (67/131)
25 %5 81# MDR D IKEEEMZHIL
20 1975 Table 5 Primary resistance profiles of 81 MDR Salmonella strains
ifif 245 3 BIFREU/ME MDR (5 H/%
S I5 AMP-CHL-TET-SXT 8 9.88
)
710 AMP-AMS-AZM-CFZ-CTX-CAZCAL- <o
CIP-GEN-NAL-TET-SXT )
50 AMP-AMS-NAL 4 4.94
AMP-AMS-AZM-TET-SXT 4 4.94
0
3 4 5 6 7 8 9 10 11 12 14 AMP-TET-SXT 3 3.70
EATE i AMP-AMS-NAL-TET 2 2.47
13 81 #k MDR b1 [CHT 251550 AMP-AMS-TET-SXT 2 2.47
AMP-AMS-CFZ-NAL 2 2.47

Fig.3 Drug resistance status of 81 MDR Salmonella strains
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1 2 3 FIPREUPR MDR (7 H/% RO IR, St 5 [ g 20 YD ] EC TR 25 5 e
AMP-AMS-AZM-NAL-TET-SXT 2 247 (25— 320, Jg e T K2 251 AR O 3t
AMP-AMS-CHL-GEN-TET-SXT 2 2.47 P o o " i A
AMPAZM-CHL-GENTET-SXT 5 YT '&@&Q$EﬁﬁW1m4%m%EM@§%MDR&,ﬂﬁm
CHL-CIP-TET-SXT BT UT TR MDR 0% 240 SR, BN, BN
AMP-AMS-AZM-CFZ-CTX-CFX-CAZ- 2 2.47

CHL-CIP-GEN-IPM-NAL-TET-SXT

3 W i

IR R AT AR AR A i 3t
B, FREEEMEER A N2 = R TRE
B E R, FEFERE M TR TTREE RS
RO RIS SR R, 2015—2024 AR TR RS
Y FRORIET P A NS A . DORFEZT AR
FERTORE, WIREIS R EEET R . §ZE, HERET
& HZE, X SR E R IR R & R AT,
BB B2 NS PR W ANV s v STy = o ¥ €7 N VI TR LB RN
2%, LIRS LA & 8ol B, fAEER S 58 X5
e RUBS, BRI TR R ) B A

VIR M AL 2%, FRE %5 ) 290 AR
AT HGE, SRR IV R MR PR % & T4
FE/RIGFEVDT RN, R BP9 AT S 3k
SEYIECHE, DI RIPTTICE . RAOGFEDTTIRE . 8K 5y
P EC AN B LD R T e UL Mo 48 SR 6 o,
RGN A 2ok, LM E 47 Fhmis Ry, K R E AT =07
WA AR UDT TR TE | ENER-LEgvb 1] FC I AR BLVD 1T R TA,
FELEILAA S R G R 3 o SR AR U 4 B AR A A
THRIR G, BRI S LA A Vb 1 BRI EN R L Vb ] R
Bk SR AT AP R Sy 1] TR A AR YD T T IR R
F, SRR DA BLUD 1T R A BTAS T YD TR A
Fo X HABBEE L MU bl R A O R X
Crrpgt T, ARSI SR U il — %, et it
T HAFR A4 Oy i X g i Ar 22 75224, (A5 R EFE
BEhY R T I R A A — B2 YT
A I 975 0 0 A A7 e MU sUR s ORI 22 5. RV T TG
PR AT BTG YL R R, Y5 e 990 R K Ak ) PR R G 4y
M I 5230 d 4 FE DR AL e 1 — A9

I EG RN A M E SRR, 131 BRUDTTEC XS 14 Fh
R R TI 2533k 80.15%, 1Y 3 Fl 24t 245 =% T
20%, PRSIV R B 258 8 0 Ik, HEW S
BB P YA T2 B (IR YT 2 S T
PEVR ) 25 B AR S&——— K H 100 2 40 3k 36 T el T it 25
PREE BT 5 & il i & 427, T 25 Bk T3 ok e Rt
W E NS, KOS LA A U R o TR 24 R i
AMP (67.18%). TET (63.36%) 5 HI 4% W /5 Jiig F 202 nafs
(51.15%), ¥k 3 8 75 5H A% 50 1 AR LA B I 251,
RZYIRGTRE TR SR, WU T R B b

SRR SRR VD 1] R T 32 2907 e — RE 2252,
XSRS AR FRF AL ST 25 W) I G r B ARG, 24
PR R 053 A ST RIS TR AR 25 F5E 11 2 5500,

4 % B

TV R TS S L A il s RS K™ ok
E, BAESATG RS, 53 EEEPTEEKE R T
G AR BT . YT TR ML R LU R V0T TR 3
HXS p-INIBEIEISRT TET JETAE R 25/ 8 JRFISR A
VR T SN P2 b RSP KT B WA, R e
PR A SR, S M S E PR AR R TR A, B
A5G RN B, TEI G R T R T,
PR R UV 1T FRESe  ATTE TR I V] RS
YERATHHE | 24 5 MDR BUR, A B IRVEVD ] FREA I 24
IR ZR B R P it T RR R, o IRIR S T2 . &K
PRI 2 E AR T 2% IR SR A i 25 R A,
HE—2L W RAYD T R A I 25 L] 5 A R AL
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