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ABSTRACT: Objective To understand the contamination distribution and drug resistance of Enterobacteriaceae
bacteria in 3 types of food in Handan Area, and to build a contamination database of foodborne Enterobacteriaceae.
Methods Food and drug substances, food for special diet, nuts and seeds and their processed products were
collected in Handan City from 2023 to 2024. Enterobacteriaceae were isolated and identified by matrix-assisted laser
desorption/ionization-time of flight-mass spectrometry, and quantitative count and drug sensitivity test of
Enterobacteriaceae were performed. Results Among 196 food samples, 22 samples were positive for
Enterobacteriaceae, positive rate 11.2%. The detection rate of Enterobacteriaceae in bulk food was 20.0% higher than
6.3% in pre-packaged food, and the difference was statistically significant (3*=8.415, P<0.05). The total
contamination of Enterobacteriaceae ranged from 1.00—4.67 lg CFU/g. The 31 strains of Enterobacteriaceae were
identified in 22 positive foods, including 17 kinds of bacteria from 9 genera. In the drug susceptibility test of 15 kinds
of antibiotics, 32.26% of Enterobacteriaceae bacteria were drug-resistant strains, and the resistance rates of ampicillin
(25.81%) and ceftazidime (12.90%) were relatively high, while the resistance rates of chloramphenicol,compound
sulfamethoxazole tablets, colistin, cefotaxime, ampicillin/sulbactam and tetracycline were relatively low (all
resistance rates < 10.00%). The sensitivity to ertapenem, meropenem, ceftazidime/avibactam, tigacycline,
ciprofloxacin, nalidixic acid and amikacin was 100.00%. One strain of Leclercia adecarboxylata was detected in bulk
jujube, which was resistant to the most types of antibiotics. Conclusion There is a certain degree of Enterobacteriae
bacteria contamination in food in Handan Area, and the contamination rate of bulk food is significantly higher than
that of pre-packaged food. A wide variety of Enterobacteriae bacteria are detected, and the drug resistance of different
bacteria is significantly different. Targeted monitoring should be further strengthened to prevent and control
foodborne diseases.
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Fig.1

E RIMATHAE VRBGA (a)fil NA (b) F-H L T TEIES

Colony morphology of Enterobacter hormaechei
on VRBGA (a) and NA (b) plates
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()N [ A J3 IS () 28 310 6 it b B BT R A 225 5

2023 AEEMT A EES H R 11.0% (16/146),
2024 AR TP AATRRMG RN 12.0% (6/50), AS[RI4EEE
(AT RS H R0 M 22 R (=0.041, P>0.05). AN[d]
JE BB S B 2R R R AR, N 15.0% (17/113),
17 Gy PAYE 259 A FE B2 0 7 0 . LA 3 00y A 2 4
AN 2 0y SOy RERL LG MAR T L . RIS
A R BRI G H 0 B v 22 U 0Y(P=0.070).. A
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Table 1 Detection rates of Enterobacteriaceae in different
food categories
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A W 4t

SR b, s S TR 43 A1 A A R IR 5 R Y A5 AN FR Y
T AT R S R, O 17.3% (14/81); FHRZEF)
JE/ZEAETE 11.1% BR27)FIME 7.1% (3/42), AN RAEH A2
UL PR RO 0 B 22 R T(P=0.351), A
[ RAY: s 2SR £ 5 P A AT B RHAS H o I3 2.
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Table 2 Detection rates of Enterobacteriaceae in food from
different sampling sites

KA R FEGRIET BHMEOY B 46 /%
BYUMMESIAT UGS 4 0 0
fEFI G /R 5 27 3 11.1
5] 81 14 17.3
TEIRY KA 41 2 49
W J5 42 3 7.1
iUkl 2iva 1 0 0

HCE A P AT B RMG HE R 20.0% (14/70), Hifu2%E
BETPIFERG N 6.3% (8/126). MR RHE B
£ P A 1 P ARG R A 2
F(/=8.415, P<0.05).
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2023—2024 4R AE B A FE R IETT 196 03, AT BERHH
FE R RIEELE 1.00~4.67 1g CFU/g Z ], Hisy& 3%
3o T YLAE DR B SRR L SR IEFERFEI IR 4y, & dh
FF PR R (1475 Yot AE AN S 31 L R TR A R R SRAR i i) 22

el FEA 5L FHPEG L K 2/%

YR 113 17 15.0 8] JC i M 22 57 (P>0.05), Hip 285 Fa 25 i s Y it
f[%%y*ﬂ%ﬁ)ﬂgﬂj 42 1 24 %%?%ﬁ%é@(?%%, %ﬂﬁﬁﬁ%%?ﬂﬁ?ﬁ%ﬁ%%
5 R R I T YL R R T, TR T AT G AR B AR SRR [R]

T 4 ! o8 55 R B O BRI T e AT T T L 4

At 196 22 11.2 D ESS:
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Table 3 Contamination of Enterobacteriaceae in food
B Wkt wi R4/ (1g CFU/g)
I/ME B RAE SRR R 22
foEiit7/ )i 1.00 4.67 2.86+0.99
an e R RE A A — — 1.00

1R IR A28 e I T 1.60 426 2.35+1.27

{5 T /25 45 1.93 4.26 3.14+1.17

o i 1.00 4.34 2.30+0.95

Frih kiR RFA T 2.70 4.67 3.69+1.40
P ik 2.32 4.58 3.66+1.19

B—FE — — 4.26
P %Eéﬁ 1.00 4.67 2.75+1.27
W= 1.00 434 2.61£1.13
EALES: S 2.30 2.70 2.50+0.28
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Fig.2 Proportion of Enterobacteriaceae bacteria detected in food (a) and abundance detected in different types of food (b)
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Table 4 Results of drug susceptibility test of 31 strains of
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231 @HRELER Enterobacteriaceae
X 43 B S8 Y 31 ARIGAT RRHH B R T 15 FhbiAE R PR BUEEAR 2SR 2 ER%
2GR IE S8, SR R 32.26% (103D AT E AERK CHL 2 2 6.45
B AT 250k, Xt AMP I CAZ A HIXF 5 w5 i 24 MRS SXT 3 0 9.68
P, T 25543 51 25.81%H1 12.90%; [fi%f ETP .MEM .CZA BRI coL L 0 3.23
TGC. CIP, NAL il AMK (U 100.00%. AT GBS 1&3\)4 g (1) g
FHTEI 2515 DL IR 4. . CTX 2 0 6.45
232 @thiEsiE - CAZ 4 0 12.90
it 258 M7 %, 9.68% (ADIMBEMHZ R p-mamie s & si%ﬁ g 2 6045
3 F S 3 FhLL BT R ZY), Hepod 3 R i a4 , TCY 0 0 323
e . . PUFRE LK
2 Bk, S AT A R SR AT . X 6 FPiA: TGC 0 0 0
e EE R/ MR 515 LTI (O LA E A € AR A NV : . :
EF’KQ\H:II)O 31 HE%‘:/H\:F/_:E 9 ﬁfﬁ‘j%iﬁ, %%ET%QW%%, é&i{;{%ﬁ:% AMK 0 0 0
JAT BB T BRI 251 L3R 5. FRRRK AMP 8 5 25.81
#5 31 HEBITENAENTZEIE
Table 5 Drug resistance spectrum of 31 strains of Enterobacteriaceae
ifif 24547 1L RN it 24 % T REL L Ail/%
7 KA FF i (Enterobacter hormaechei) AMP 5 6.45
PR 24 v B W1 & (Cronobacter spp.) ‘
BT EC 7 4T B8 (Enterobacter asburiae) COL 1 3.23
BA Y4 i3 #F 1 (Enterobacter cloacae) AMP-SAM 1 3.23
WG E%EEH%\JT?%%(Enterobacter ludwigii) CHL-AMP 1 3.23
S HAZ 1 (Pantoea agglomerans) SXT-AMP
Ay——— 2 6.45
W AZ B (Pantoea agglomerans) CTX-CAZ
7 KA FF 1 (Enterobacter hormaechei) CHL-CAZ-AMP 1 3.23
Z i 2 Jili 4 v AR T i (Klebsiella pneumoniae) SXT-CAZ-AMP 1 3.23
AR R i v FQ TR (Leckercia adecarboxylata) SXT-CTX-CAZ-TCY-AMP-SAM 1 3.23
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6.3%, XAl g2 T HCE MG T A Y, BREEEINR
S5 v S A] K 7S B Bl s e SR P X R kT
(R e el s R o SR T AN G U i < N S 4
1.00~4.67 1g CFU/g, T if55G it X BRI & BE U] RS T s A
B 1975 Yt 1.30~6.86 1g CFU/g™, 53¢ 5 £ bl 2 K HoAk:
PN T ARG —E KR BRI R ARG Yt
o T IR SR RRIR I & FH A b, PTRESE th TR L T
TN CHEE SRS R, &iRiE R R TS5
st TR | R E/Z 6 R ST B T AR S T A
XEEMAAL . PARDE 2 | B E L2 R T3,
S RS YRk B AR PSR X DR 2 T 11
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T B DR IR S 33 o A T T e R B . AN YR i
FERRCRAE . SCBG SR . B S A B T B LA 3
KA PR RS YRR, AN T PR X A
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B Alh B DA AR AR S PR RE S R

LA, BRI BOW AR Y T B B P R B EE
FAFANGE B R TTHUR, W4 AT S g Ry >k
THRMGEE, BRI LSRG Wk, e
PRSI TV RS B0 I 22 1, R0 ORI, R Mm%
S ERBIEENIEM. ) MALDI-TOF MS FiE7ER
s PR LV 1) 5 B RN 2 22 BRI T2 A
AJ N o 3208 GB 4789.41—2016 & T & Sl i Al iy
TRV A A B A T 2 PR (ks | AUl S 50 AN 4
REESZE, i MALDI-TOF MS %5 WA 12 Rk 40 18 45k
BHX 2524 10 min; BRULLASD, 4 #i%iE 7R MALDI-TOF MS
5 5 T AR 2 R B A0 TR T B 99.8% 8 /KT~ L 98.2%Fl 7K
- H 5 A I . DNA I % 25 R — 5, X kW

MALDI-TOF MS 7 K MU 5 1 S05s i Al Jy 24 &
BOPERERATE . ARBESE R 196 36 SRR Sh FP L0 B 4 5
3R FF RN, f045 9 N8 17 0, HLE PR sE18
AN 38 ANRI/D, e T e DX R e T P B i A
FhE, 17 FhAHTEBCA W] AR TERD, N TR] T e DX R
H il 4% v B A R AR Y A T I 3 BT, 130 P S S X
B AT TR AR S HUR I RA TRAE . H T & Rl 4012 TR
J& i s, R 38.71%, HUCHIBFEE & 25.81%; 1A
il 23 1 I B 1 HE 25.81%, HON 28 IRIBFFE 12.90%.
A ST B2 B R R T R 2GR, SCEkiRIE 2
RO ot B PTRE Z HR AN, 2R
FAAET 3 JKARFIAE ) 2RI, o e ml B2 T
L2 B SRR BR 15 Y i LS L, 4, B S
TR A LB, A AR A S s AR Y, e R AR
17 B A0 206 2 v 22 AT e A R TR I T

Y B R B S ™ B AL X R (i 25 AT,
T RER A i B P RERE T 2 3 D8 A58 = AP, HEG, Xt
TRIRH A Tt 24 BF 9 =5 2408 H o 6 I R A5 5 s S O 1 271,
T IR B it o S AT AR 1 P i 24 1 W B T ARk I
THERMEERE M, MR e R Ed ey
i, R ERGFEB 2R, BB
BEBECR AT RN TG B . R 5w 2 R R S5 A
FEXFGE, WrLA, Xt o R 24 17 250 i 0 7 R K
AWFFEIN 15 FhZGY 00T 2525 5 0T 75 H TSR 1t X 2 o R A
SEAFTENAFT AR 2515 00 A B9 31 MREZ AT R N R
15 BRAFEM s g o, Hdhh 3 B ZHEMZ R
Wk B FE R 2 B MR AMP i 25 R 5, HRE CAZ,
PR R RIS 3 A AL B R IR o B MR A R0 A8
%, MRS BB BB R, Skl
B A BOVER ST I PR 43 1 11l T BB 4 B Tt 245 92 495 0 AR KA
[, 3156 BH A YR PR 5 I R S T 2 I AP R 22 5. A
R W 0 245 SR IS () R S 1 B A TR R T 22 i 247 40 1 it 245 44
FEERE R, D, 78 SEBRIG R T AF o 75 ZEAR s A 1
AR AR, RaesBHZY . MR 2 e
PR TTREAI T 253 F 2 blarem . blagyy M blacrxn, H9
T - BEREERE K i B R R AL BWRA R LIAR, F
AN T 2 o 20 PR 25 1 5 P R A S, A I 2 TR
1) B W B R 00 TR 7 PR PR 2 PR el ok B2 . G IE A 1
FEIRIE RS it 24 3 DR A D KA AR C . R & A
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