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ABSTRACT: Objective

consumers of Campylobacter in fresh poultry meat in Beijing, and evaluate its public health significance within the food

To investigate the contamination level, antimicrobial resistance patterns and health risks to
safety context. Methods A total of 738 fresh poultry meat samples were collected from farmers’ markets and
supermarkets in Beijing between 2021 and 2023. Campylobacter was isolated using a membrane filtration-based method
and identified by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry. The minimum inhibitory
concentrations (MICs) of 11 kinds of commonly used antimicrobial agents were determined using the agar dilution
method, and the drug resistance characteristics were analyzed. Based on residents’ poultry meat consumption behavior,
Campylobacter contamination data and relevant literature parameters, a quantitative microbial risk assessment model
was constructed to estimate the infection risk of the population and conduct sensitivity analysis. Results The overall
isolation rate of Campylobacter was 43.63%, with a higher detection rate in samples collected from farmers’ markets
than those from supermarkets. A total of 343 Campylobacter strains were isolated in this study. Severe antimicrobial
resistance to fluoroquinolones and tetracyclines, as well as a high multidrug resistance rate, were observed among the
isolates. Specifically, the multidrug resistance rate of Campylobacter coli reached 87.83%. Risk assessment indicated
that the probability of Campylobacter infection per consumption of fresh poultry meat among residents in Beijing was
4.16x107°, leading to approximately 72073 annual infection cases, with a considerable proportion attributed to
multi-drug resistance strains. Sensitivity analysis identified cross-contamination behaviors, such as failure to wash hands
or replace cutting boards, were major risk factors. Conclusion Fresh poultry meat in Beijing is heavily contaminated
with Campylobacter, and antimicrobial resistance pose a prominent problem. It is necessary to strengthen microbial
control throughout the poultry meat supply chain, standardize the application of antibiotics, raise residents’ awareness of

food safety, and prevent and control cross-contamination, so as to reduce the incidence of foodborne diseases.
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BB, TER ST AW L RE S, RN SR B HORE &
AHERE 3 o B KRN ARE S KA & B8, FHid ke
inAE B, SRR (4~7 °C)is LI T AT BRI . 4y
RARGESIRI, A E T 4~7 C AL (AR A
FERDFET 24 h RGN i R & I e B IR b
TR TR T il oLy 2022 AFHp [ B SR 5 Rk ol
TR, AR 2022 4EJE U GE 4R %

25 G A ) B (PR AR | BRI TR R AT
5 il P B NG SRR 5 AR B0 B VR B (minimum  inhibitory
concentrations, MIC)KINERF & . s 8- (E 5 P ANE
BHEYBHEAT IR A |l); JCH B A4S (E S Y H AR
RN FD); BHMEHF MOEAR . Karmali AR (35 EZERBR KAt /REL
SN
1.2 UBEE5EF

1300 Series A2 A %)% 44 (3% E Thermo Fisher
Scientific 2> #]); DW-86L728 #AKIE /KA (F SV R4
PR/ 7l); MIR-280 41 TR 35 5% 46 (H & SANYO /A #l);
DensiCHEK Plus # [C i 4 (¥ E bioMérieux 723 #));
MALDI-TOF MS 5 [ 4 Bh 38O A W i @A 7B ) S % (7
E Bruker 2A#]); MilliQ Advantage A10 4l /K{X (3 E
Millipore 2 H]); BagMixer 400 )i #% (7% [ Interscience 2
r]); Research Plus # ¥ #s (1&[E Eppendorf 2 Fl)
1.3 LWHE
131 Bwis &3k

i PR 2o 25 AT AR I o 25 i A
AR SR AR S, AL 5 min,
B B RS e &, T A 785048 5 min, SR H%
2 mL 28 phE [ R B 28] & SRR Y 4 mL S TR,
T PRI 2 B Al R R T T A . AR K R
TE 42 °CIHITR A IREE(5% O, 10% CO, Al 85% Ny)Hh #5577
48 ho W SR AL A SRR (FLAE 0.45 pm) 43 BHE HO
MM FAR A Karmali “PAR b, S8R5 2EUEHE %0 300 pL Y34
WV, #k 45 min S8 R URRE, KPR LE SO AR BT
42 °CH;3% 48 h )i, PRkt 5 Aol 22 il B AY B 7R
(UnSRAFAEDF S AW, WPIE A wY), il AT
R TS
132 THRAAHKER

HE H 3% [ I R A 52 56 % AR HE PR £ (Clinical and
Laboratory Standards, CLSDfE##FIZAGH Bk, (A4 HH
PBUIE R BEE MICs AR50 0 5 25 il iR A9 MIC, 4G
MR LI TR . PSR 2R, AP E . KK
TR, HER. AER. BOREE. UHER. BREEM
TR . 2 E ATCC 33560 15 4 B H bk

FAREFP A BRI B 04 T4 B AR 2 1 25 Bl B ATCC
33560 1H 7% 3~4 1>, BIFT 3 mL W BR T, 7R,

WG PR LI 5 T AT R 43 0 o8 P 22 B L e S0 PR
HeRE R E] 0.5 F R, BF 0.5 22 FCAAN ) Bl 2 TR JC il
FORIEAT 10 f5FR BRI 100 pL 19 0.5 22 FC A 19 B 3]
900 uL A BEER K, FEAMEAT), IS il A A e K 2
N 10* CFU/mL ., H4H B B TEAG BB A TG TR InRE A, (i
FH 8 AL TARHE 3 WL BV s I 0 25 SO FRARAR I (1 B I,
B3 wL A TG B s BN B %o RRFLAE M JC R 8 3R e B, 35
AR, K OO S AR D, 42 °C K5 FE 24 h
5 37 °C {557 48 h, BURZGMOT IR, IR ER 2 B |45
AL T A KA R 1 g2 it xRS, in
JCHEBIER K B R AL E AT A A I, T bk
R iR A K (i FHSE T P20 24 1 W R G T 25
YT R E bR e, Horh 2 s i B I 2T s (B Ry 2155
E(=8 pg/mL)  FFFEE(=0.5 pg/mL) | ZEERR(=32 pg/mL).
RNV R (=1 pg/mL). KKEE(=4 pg/mL)., 5% (=
16 pg/mL) . A Z (=32 pg/mL). FAER% (=8 pg/mL).
DU ZE (=2 pg/mL) . FFIHEE (=8 pg/mL)F M EE (=
8 pg/mL), &S AT 25T S : 2185 (=16 pg/mL).
FI#3 85 2 (=1 pg/mL) . Z5EMR (=32 pg/mL) . RV A (=
1 pg/mL), KKEZR(=4 pg/ml), 5EEE(=16 ng/mL). &
(=32 pg/mL) KB F (=8 pg/mL) WU (=4 ng/mL).,
RHAETER (=8 pg/mL)F M EZE (=2 pg/mL). ¥ 3 2R L)
U2 2 e Sk 2 E i 2 .
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G PREFR R AR R AN A . B SR F L TR ST
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SR RIS, ARAESBOR I MEAEE R b 16 4% .+
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2.1 BAPEEITRKF

2021—2023 FHREBF R 738 . M 322 FFE
FRAT B, B RN 43.63%, FERE T HORAEAYRE
A RO 40.20% (244/607), R TFLEAR TR 4RI FE
fh 59.54% (78/131), MBI L&, 2021 4k & hem, h
49.48% (144/291), 2023 4E ¥ R & K, H 39.15%
(83/212), 5 4 kil R, S 53.89% (97/180), £ 1
ZERE R R, M 35.95% (55/153), PEMLE 1.

BRI E RS A T 189 ¥k, &g
153 ¥k, RS 25 i 8 (Campylobacter lari) 1 ¥k, 7E 322 4N
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Table 1 Contamination situation of Campylobacter in fresh
poultry meat in Beijing

25 R BIPERIE K%
ke ] 607 244 40.20
Mo KRAT 131 78 59.54
2021 4F 291 144 49.48
,i Ei 2022 4F 235 95 40.43
2023 4F 212 83 39.15
1B 153 55 35.95
TR 52 B 191 71 37.17
FIE 3B 214 99 46.26
o5 4 B 180 97 53.89
At 738 322 43.63

22 BRPEHEMZAMN

AR, SR BT S0 e e R D PR R T 2 7
25 1S i R 2 E R RN R I U L AT 245 6K 98.69%, X Y
HEMMW 25N 96.08%, H L EMZHHRN 54.90%
(84/153)(F 2). &5MH7S HHEIXIZENERR, MNTD EFITNIRE
T 25 58435110 98.41% . 100.00%H1 95.24%., 441725 it i
ML PAER. BRER., KRER. MERM
MREE R AT 25 R 60%, HASIRTR 25 54525 i 25 il 1
W 2) S5 A Z E 2 O EREA AL, HE
EIHZGR Ny 87.83% (166/189), 3 HA 38.10%K%5 15725 #H
TR R AT T R 25 BT 2 . Ak, Ay RN 1 kR
IR 258y TR T A 2 B R R, L MIC e ZTEE RN
T 0.5, FIEEE/NT 0.5, ZE50E/R 16, ARV E 8, KK
WR2 HEHE 4, AHER 2. FOERE 1, UKE 1, #
FIEEE 2. WM ZE/NT 025,
23 FZEITH
231 RAEFTEREAGHEREAME

o E R A RS BRI S R B R, LT R
REHE R LR 79.65%, ~F-37H S 45K
99.28 WK/AE, YRR 2 K, ERRE RN 103.25 go
232 REZIHEABTTHHARKRESAMRE

TR R Beta 701 TE XAl A & P8 v il 187 1
TGYeRATEN: . 3K Beta(s+1,n-s+1), HA n TR
JEEREL, s FORPEMEREN B, B Beta(323,417), M FATH

i R AR SR AL A8 125 T R R A i, RS S Rt
TSGR T 27 o S0 AT P4 I 3K 5 38 i ) R B 5
AL AR S A RS i R AR AR, RN % B 2 P
SR ZE, WNELEE | K AR R pHP®) . 32 iR Rl S
IR AL 5T A 5 — i 5 2

®2 HEWPTHEHHZBRER
Table 2 Antimicrobial susceptibility test results of Campylobacter
in fresh poultry meat

T 24 TR R AR (1 24 5%/ %)
E/WAEE 3 23 R P X
- 25 7S R
LR 13 (8.50) 124 (65.61)  <0.0001  114.8565
A E R 14 (9.15) 133(70.37)  <0.0001  129.3048
ZEMERR 151 (98.69)  186(98.41)  1.0000  0.0461
WHUAE  151(98.69) 189 (100.00)  0.1994 2.4851
RARBEZ  30(19.61) 140 (74.07)  <0.0001  100.3360
HHR 18 (11.76) 130 (68.78)  <0.0001  111.9813
AER 14 (9.15) 54 (28.57)  <0.0001  20.2419
EAEE  66(43.14)  80(42.33)  0.9127 0.0227
PUFRZ 147 (96.08) 180 (95.24)  0.7948  0.1424
FREE  17(11.11)  130(68.78)  <0.0001  114.7511
TR 34(2222) 124(65.61)  <0.0001  64.0337
ZEMZ 84 (54.90) 166 (87.83)  <0.0001  46.6231

)2 Sk A — A, RBE G A7 ) AR 5 2 2 S il P 7
ANTFRIE « KOG pH T AEREN . MRS E NN
T A 5 RO & AR AR AT IR 114 d B,
6~24 h 3K, 0~6 h % o [FIHFEAS Y i 0. 75 % A &
FB, DA o R K A R ) ) 2 A TG S B
LN EREBONATE /). T, BRI TR
FE ) S AL (R P B S BRI AE BN E RN 6 W
FRER . — B AR N B A IO R L
WA, BRHLIEE S EE T 70 °C, A HUE AT Rl A K
AEME. BASHEEIELE 3,

233 TWMARLFTEAHEE

TG YA A FEAN BN 4B B B A A fE R TR 3
S AG YR BEL—Eh 2 B8 S 5 YL LR T RETE;
2 B AN P BB G . AT S IR Xu 202023 4
AR 4 X8 PR 25l TR BT 5 PN 38 ST YR, 25 AR T R A 4
T, AbT A A RSl R e 5 TS Y TR AR, Ak
WA BB, BESEE L 3,
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Table 3 Parameters for quantitative risk assessment model of Campylobacter in fresh poultry meat
E 214 SRk {E /AR A 5K AL EZ BTN
FERTER S i
PO . Beta (323,417 i
ik h % e (2341 i
BHAEAE 2 i B )
NO ‘i il RiskCumul (0.7,2.767,{0.7,1.768,2.767},{0.1,0.5,0.9}) lg CFU/g [27]
15 3KF
t_trans iz s ] RiskPert (0.5,2,3) h [28]
Temp_t B RiskPert (-9.3,16.6,38.3) °C [28]
t_homel FHETE] 1 RiskUniform (0,6) h [30]
t_home2 LT ] 2 RiskUniform (6,24) h [30]
t home3 e Ta] 3 RiskUniform (24,336) h [30]
Temp_c it RiskPert (-9.3,16.6,38.3) °C [30]
REETEENE N )
P_AC o RiskPert (0.01,0.02,0.05) [30]
, LA RN T R AR (1 : .
Time_Prot i} ] RiskPert (0.5,1,1.5) min [30]
ST R R
Temp_Pro * inm@%%m RiskPert (60,64,65) °C [30]
PRIESY e
D_Prot b e 10/(-0.96-(Temp_Pro-70)/12.3) AFFE . [26]
5 [0.04673x {Temp_t-(Temp_t-6)EXP(—2.026t_trans)-31.96}]*xt_trans+[
LGR I e 0.04673x{Temp_c-(Temp_c—6)EXP{-2.026(t_homel+t home2+ lg CFU/g/h  A{f7T. [26]
N t home3)}-31.96}]°x(t_homel+t home2+t home3)
T T 5
N1 ’ H”%ﬁf e IF (Temp_c<31.96,NO,NO+LGR) lg CFU/g [26]
TS B S e
N2 ’ ”%12?[ - MAX (N1-Time_Prot/D_Prot,~6) lg CFU/g [26]
WEE S NIRRT .
p_WH B} RiskDiscrete ({0,1},{249,1}) [26]
iR
. cn i AR A FT RiskLognorm [0.15555,1.0547,RiskShift [26]
- (A 336 2% (0.00058696),Risk Truncate (0,1)]
5 1 B T 22 A 11 i .
t HS e RiskLevy [-0.0003382,0.0019097,RiskTruncate (0,1)] [6]
i 2%
SEFE A AR
P CB o RiskB 11i (0.014 26
- B3 T tskBemoull: (0.014) [26]
. CB BEAEBHEIZR  RiskLognorm [0.0064271,0.28575,RiskShift (0.00000124688), [26]
- MBS ] A% i % RiskTruncate (0,1)]
L CS A SRS T RiskExpon [0.12217,RiskShift (-0.00041787), 26]
- B A 1L % RiskTruncate (0,1)]
X5 YL kA I A
N3 i (p_WHxt_CHxt_HS+p_CBxt_CBxt_CS)xN0 lg CFU/g [30]
H
C BB o i RiskPert (30,103,500) g BN
BUH B NS
P_ill , 1-[1+Cx(N2+N3)/7.59)] ¢4 AWFFE. [30
= R [1+CN2HN3)7.59)] e B0

2.4 BS4FERIA

2.4.1

T R R M FAE
FHLHS Jrigk, it 10000 vk T 9% B 25 P sk
Yo iy R RURS: O MRS 0 A . S5 R BR, AT TR AR R
85 A A 25 TR O ER O 4.16%10°°,

W 2R EEVPAL B 5 500 - S O RS Ay, THEL

A i 8 PR S A TR 1 R AU . b TN TR 2188.60 7
ABY s A R B, dbsniE RE S A

HFRLLBIA 79.65%, NIVEFEMZTE NN 1743.22 TT A,
T g A 329 Bil/10 7, b st T BRAE (R i 65 P IR e s
i T T SO R A BCTRER 72073 451, Ferh gk g s i i g
NEL 42307 1, Z 2545 5 ih i s e A5k 37158 44,
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O A3 BT 2 KU AL ) A 8 o T T oA T
AR v = A () 45 AR 1 SO AR R 25 SR, LIRS
REAR XU ()78 2048 il 165 i 2 32 ] Spearman S8 4% AH 4y
B, 48 REORH St HE 7 2B U A 5C e 8 KUETTE, T 2R A~
DR PR 2% Xl i ) 4 SR A i (W s i B R, A 56 R BFE-1(5¢
A 1(GERIEMHSO)ZE, B 1 BREhaRhy
Hh AT BRI S R AR 5 2 (W] ) Spearman 5 S AHIC /31T -
SN, AhIA B P S S SR AR S T A R A A
B PG UE T I BE R B KU A AH DGR, B & Al
MR HAT G T4 3 L (P<0.0001). FRZERELR, 5875
AT g S e 2 1A v s oty o o XURS: Y i R 2R, o
FHIE Ve T 0 B 1) B 5 AR K T HL A R TR IR 1) S
R

P CBt
 WHt
Cr 0-0.02

Temp Pror 1
. Temp_t} 10.01
i) t HS+ 10.01
) POt 1-0.01

t transt  1-0.01
& Time Protf  10.01

= thomell  10.01
K t CBF  10.01

NO+  1-0.01
Temp ct 10
t home2 - 10
t CHt |0
t CSr o
-0.1 0 0.1 02 03 04 05 0.6 0.7 0.8 09

Spearman&§ L AHE R AL

B USRS

Fig.l Sensitive analysis
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T2 = XU ITAL T AR v, R e Pk E R TR
SRR . B R LA TSI AR A5 55 O 1T . AR SE A,
FBA AR S B (AN Hh BRI ARTE Gk | 38 SUT5 YR J ke
R AR IR T O R FRSCHR, P RE S AR L X SEBR 1 0 A7 42
—EZES . WA, BT ARG B R, B
V5 L R I SCRRERCHE R AR, Stk T AR A SR Y
At

AR S RIBHEN(10000 TRIEFO)XF S B

SETEREATA R M, TR i1 45 R LAABE A A1 T 2 A 3

T — R e B2 b Sz e 1 AN 5 X XU A it . [)
I, 3 e AR A AT TR ) X TR 48 R A A ) K e S
BN P TR R B 3 S AR T B R), RN I R
SR M XL, 1) R U

ST R, AR 5 2o A 25 A S AR DL 70 A X
AHEVESERT T HIAEA,, B E—E R R . AR

FERLE G A AT A R o — P A S RO, AR RX
IR DA 2 2R 10 1A P A T S

3 WHit5ER

AR ZE 0T A S T 6 PR e i A S Y B AT T
B 3 AERRE I, HORAE 738 HRRESh B A M. WF
FALSFE RN 343 RSHA D, @ T EBEhE . 45
5 A A S A P X A B TR Y A B A B 43.63%,
o TR [ — e A A 2 P2, T RE SR T g
T K, B R BN, RETIN 0 E R 85
TR, X -G RE S R A T A RS 0, HAE
Sy, AR IR G 1 S X5 Yy, H AR KA
AR, B 752 RN YR P 2w g 1R
2 P i R L R A T 25 B s il B ok 8 T P R I A R
FBSL A I AR 8 A P 43 O 285 M 7 T T S i g s i S
M (189vs153), #— LR TH BT MEEZT A S
Tk, ok, RZUFEIEH, HER P HE S
BRI B AL TR A0, Ik, AR Rk T s T
J IRUBS A o

RS J2 TR, 5" pY A X 960 s 75 ) 288 A0 10 B 3% R R o ™
AT 250 . 25 s i P 25 i i A0 2 T 0 L PO T 24 3 1
ik 98.69%, Xif DUIFZK (Y 2534 96.08%, 25 %25 il 1 U] 4
4 98.41%. 100.00%7F1 95.24%., MeAb, %5825 X 4L
HE. WEHEHER. BREE. IKKER . SEHE Ao
FITH 25 R Y 60%, 3 HZ E2yfEo -+ %, A
38.10%M B X458 11 2y RBUNm 2y . (EHR
M, S5 A5 T IR N R 2R 2 W i 24 %78 65% 224,
B SRAK T AE U 3t X BTSSR ] 30 43 4 X i 12 1 1042,
TEEAR R FRRSEHIX B AR5 4 IR H, W R
ZTHZG MR T) T 40%L) b, R FE & SRR h ok
JE.7%5 WA FH AT 8 55T 25 6 T i A G

3 A T IS TR AT O R R B A AR R
JRUBS PPARASE IR, A 53 - BORL AR B th Jb o vi J RAR
FHEE A2 BB RO 4.16x107°, X R AEIRYe A%
254 72073 B, PrE LR R 329 Bl/10 TN, AR E R
k75 i G A 0 AR I TR AE UM A W] 2 . AR TR 2,
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