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Prevalence of foodborne pathogens and antimicrobial resistance characteristics of
Enterobacteriaceae in meat products in He’nan Province from 2017 to 2021
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LI Yongli, LTAO Xingguang

(He’nan Provincial Center for Disease Control and Prevention, He’ nan Zhengzhou 450016, China)

Abstract: Objective To investigate the contamination status of foodborne pathogens in meat products in He’nan
Province and analyze the serotyping and drug resistance characteristics of Enterobacteriaceae. Methods A total of 1 934
samples of meat products were collected from 21 surveillance sites, including Zhengzhou City, He’nan Province, from
2017 to 2021. Seven foodborne pathogens, including Salmonella, Diarrheogenic Escherichia coli (DEC) , Yersinia
enterocolitica, Clostridium perfringens, Listeria monocytogenes, Staphylococcus aureus, and Campylobacter jejuni were
detected according to the National Food Contamination and Hazardous Factors Risk Monitoring Manual and the He’nan
Food Safety Risk Monitoring Program. The drug susceptibility of DEC and Salmonella was tested using the broth
microdilution method to analyze the drug resistance rate, spectrum, and other features. Results Four hundred and
seventy eight strains of pathogenic bacteria were detected in 1 934 samples, including 96 strains of Salmonella of 26
serotypes, mainly Salmonella enteritidis; 82 strains of DEC, with a predominant pathotype of Enteroaggregative
Escherichia coli (EAEC) ; 68 strains of Clostridium perfringens; 38 strains of Yersinia enterocolitica; 33 strains of

Campylobacter jejuni; 140 strains of Listeria monocytogenes; and 21 strains of Staphylococcus aureus. The total detection
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rate of pathogenic bacteria was 24.72%; for prepared meat products, it was 89.00%, followed by raw poultry meat at

36. 79% and raw livestock meat at 22. 35%. The highest antibiotic resistance rates of the 96 strains of Salmonella were for

ampicillin (71.88%) , nalidixic acid (63.54%) ,
tetracycline (84.38%) , ampicillin (67.19%) ,

resistance. Conclusion

and tetracycline (58.33%). Eighty-two DEC strains were resistant to
and chloramphenicol (64.06%) ,

with widespread multiple drug

The meat products of He’nan Province were contaminated by pathogenic bacteria to varying

degrees, especially in prepared meat products. The most common Enterobacteriaceae were DEC and Salmonella, which

were mostly resistant to ampicillin and showed multiple drug resistance. The supervision and management of meat products

should be strengthened to reduce the incidence rate of foodborne diseases and ensure public food safety.

Key words: Foodborne pathogens; meat products; Enterobacteriaceae; serotyping; drug resistance
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K 1.96% . 1.71% 1 1.09% ., EARILE 1,

DU 2 A5 R i e 9 B R R O AR
FH 89.00%, Wl & T & W 36.79% FIAEFEH A
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Detection rates of foodborne pathogens in meat and meat products in He ’nan from 2017 to 2021 (%)

N NGB R PRI A SEes S
WEIMEHE] 4E REARR VDT EPEC EAEC ETEC EHEC i ) R o B

WA AR DT WORAE W AENSE WEE amE
2017 392 5(1.28)  6(1.53) 16(4.08)  2(0.51) 1(0.26)  2(0.51)  0(0.00) 26(6.63)  11(2.81)  0(0.00) 69(17.60)
2018 260 0(0.00)  3(1.15) 22(8.46)  0(0.00) 0(0.00)  0(0.00)  1(0.38)  24(9.23) 0(0.00) 15(5.77) 65(25.00)
2019 571 4(0.70)  0(0.00)  0(0.00)  0(0.00) 0(0.00)  5(0.88) 20(3.50)  9(1.58) 1(0.18)  2(0.35) 41(7.18)
2020 518 62(11.97)  0(0.00) 0(0.00) 0(0.00) 0(0.00) 15(2.90) 30(5.79)  70(13.51)  9(1.74) 16(3.09) 202(39.00)
2021 193 25(12.95) 4(2.07) 26(13.47) 1(0.52) 1(0.52) 16(8.29) 17(8.81)  11(5.70) 0(0.00)  0(0.00) 101(52.33)
Bt 1934 96(4.96) 13(0.67) 64(3.31)  3(0.16) 2(0.10) 38(1.96) 68(3.52) 140(7.24)  21(1.09) 33(1.71) 478(24.72)
T *F R x2=47.70,P < 0.05

F22 ASIAD 2 PR e Y SO P R R (%)
Table 2 Detection rates of foodborne pathogens in different kinds of meat and meat products (%)
i NGB R ERIE REARN SEan Sh
FAE WITE EPE EAE ETEC EHE it

#3) FrAcht T ¢ ¢ COBHEC “pcmim Do AW wmom smm o 00
JHEEA S 100 14(14.00)  0(0.00)  0(0.00) 0(0.00) 0(0.00) 14(14.00)  6(6.00) 50(50.00)  5(5.00)  0(0.00)  89(89.00)
HE R 783 23(2.94)  10(1.28) 40(5.11) 3(0.38) 2(0.26) 23(2.94)  37(4.73) 24(3.07)  11(1.40)  2(0.26) 175(22.35)
N 511 49(9.59) 3(0.59) 23(4.50) 0(0.00) 0(0.00)  1(0.20)  25(4.89) 56(10.96)  0(0.00) 31(6.07) 188(36.79)
B 540 10(1.85)  0(0.00)  1(0.19) 0(0.00) 0(0.00)  0(0.00)  0(0.00) 10(1.85)  5(0.93)  0(0.00)  26(4.81)
il 1934 96(4.96)  13(0.67) 64(3.31) 3(0.16) 2(0.10) 38(1.96)  68(3.52) 140(7.24) 21(1.09) 33(1.71) 478(24.72)

o FoRm x2=24.72,P < 0.05
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Table 3 Virulence gene carrier of 82 DEC strains

5 RIS bR L & /%
astA 32 50.00
EAEC(n=64) astA,pic 27 42.19
aggR, astA, pic 5 7.81
escV 11 84.62
EPEC(n=13)
bfpB, escV 2 15.38
elt 2 66.67
ETEC(n=3)
elt, st 1 33.33
stal 1 50.00
EHEC(n=2)
sixl, stx2 1 50.00

2.3 VBTTEA I 43 AU
96 FRVP T THI 4> My 26 AN IILWE Y, LG A V1]
B EE, 28, 139%(27/96) , Hok M B ST 48 7 1]
WL A 11.46%(11/96) , 15 85 FE U0 17114, 230 6 0
YO TR R B A FE VD T B 3 N B 7. 29%(7/96) , HLiK
W3 4,
4 VI 4 A

Table 4 Serotyping of Salmonella isolates

1fiL 75 5 AR B/ B I/ %
Wi R U1 1 27 28.13
(e ) 11 11.46
ISR 7 7.29
FEW ATV T T 7 7.29
RAOGFEW T 7 7.29
ENSR e v ] o 4 4.17
IR GLYD T 3 3.13
BRI 1T B 3 3.13
BRI 3 3.13
[TETAY T | 2 2.08
WA KRRV TR 2 2.08
FISCHT YD 1T B 2 2.08
I RBERV T 2 2.08
LA FE€ U0 1 B A% A 2 2.08
A>T R 2 2.08
BRI T 1 1.04
AR VD 1T B 1 1.04
(eI 1 1.04
KAV 1 1.04
& BT 1 1.04
Pt 1 1.04
BT 1 1.04
SR 7T 1 1.04
W N TR 1 1.04
AT ITH 1 1.04
B ARRAE ETT E 1 1.04
50 17T R 1 1.04

2.4 JHAT BRSO B 241

96 kYD1 F1 82 ¥k DEC 477 78 A R 72 FE 1
fiif 25 B4, o rf v 1] B R 20 T MR T 24 R e s ol
71.88%(69/96) , H. IR Sl ZEWE TR 63. 54% (61/96) Fl
MY 3 K 58.33% (56/96) . FIE K W% & W,
EAEC X VU5 3 1t 25 % i , 15 3] 84.38%(54/64) ,
HR N EEVEHIR 67. 19%(43/64) F1A 55 % 64.06%
(41/64) . HeAh, HA 18 MREUE K % A 1 (EPEC .
ETEC 1 EHEC) X P4 ¥F % i 24 R & i , 5 3
83.33% (15/18) , H Wy W 4% g /fith fie 0% s
61. 11%(11/18) FIZ ' FU Ak 55.56%(10/18) , B4k
WS,
2.5 Z 25 RN 257 53 A

YT DEC 3 7s B 1 2 F i 254, 96 #
VIR R 3 28 8 3 LA B RIMEHA 71 8%,
A 41 Pt 2 3% AL, AR B £ i 24 0 A Ok 2R P
R -2 T AR/ B B - B A R R - Sk A Al e -3k R mk
Wk - SR 2 - VD R -k FRE i DR R R - 2R E R -
FH 0N I /i e F R e - D 2R R (n=6) , 2 P MR-
VG AR/ BT B 28 0 R - P AR B /T TP I R (=
5), Z N VU AR-Z0R VAR /AT T -ZEE IR (n=5) , 2R
PG K- 25 B 1R - FH S0 E /B e (n=4) SR T
R-Z TR/ BT 2 2H -3k e R - 28 BE R (n=4) o

82 tk DEC rifit 3 28 K 3 2L i M kk
A 57 Bk, ILA 48 Pt 2 35 AL, A $ £ it 2 i A
Shy S T ARG RR R - H GRS E /T e HE IR e - Y 3 R
(n=8) , "V VH AR50 PG bR /&7 £ 30 -3 6 mae wik - 5 5
F-RNUD RSk A i - PR R R - - AR
WE /fifh Jiie FF G e - U 3R 3R (n=3) , 40 P K-S0 8 K -
WE (n=3) , Z R AR K L me k-5 8 R-R N A -
S 60 MR g - DG K 5 3R -8 W TR - FY 4R W /i o Y IO e -
VU PR (n=2) FI G0 7 AR -3k 60 nae bl - S 5 2% -3k 760 g
5 - PR R 5 35 - 28 W TR - PR A0S W /8 e Y I s - DU 3 3R
(n=2).

3 i

2017—2021 4F0] 1 48 A 5 PR A ) 2 O PR
g W 25 SR B L 1 934 BRI AG 478 R B TR
PE U L K R 24, 72%, 2020 4E 1 2021 AE A HY
2R X 5 R I IR AT BE R AR I A T A
T 2 ok VR B PR A A 6 o BRI 22 A1 R R ) 25 5
] R W e X A, A I R O RN RS R  SE A
Ko 4 FhE DL R IR e R AR 0 B0
B KGR A T A F) 89. 00% , I B oy PR 4N i 15 A=
HTREE TR ERAR B VT A EAEC 5, HOK
o Ra el A N e TR N I D S S Rl 2R SRR
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Table 5 Antibiotic resistance of Salmonella and DEC isolates

.. , N X it 245 T MR/ Bk (%)
R RHR RERER Y ITH (n=96) EAEC(n=64) EPEC/ETEC/EHEC(n=18)
HEER SN E AR 69(71.88) 43(67.19) 10(55.56)
e S T e ZEIE R 61(63.54) 30(46.88) 7(38.89)
R R R WHR R 30(31.25) 17(26.56) 2(11.11)
T EH L EZ 56(58.33) 54(84.38) 15(83.33)
RN S AR 40(41.67) 41(64.06) 9(50.00)
B- Pk e / - P9 Tk Jee 410 il 390 &2 45 400 SR TIM/EF 38(39.58) 16(25.00) 4(22.22)
I 2 4 A2 400 k] 55 PP 407 I /it g P TEEE s 35(36.46) 39(60.94) 11(61.11)
K At v b 32(33.33) 22(34.38) 4(22.22)
9k Sk 7 g i 23(23.96) 15(23.43) 4(22.22)
- Sl 16(16.67) 2(3.13) 1(5.56)
AV T 1(1.04) 4(6.25) 2(11.11)
S KRR E 27(28.13) 19(29.69) 4(22.22)
KRN bf 2y 7 & 24(25.00) — —
BRI IV iz 15 0(0.00) 0(0.00) 1(5.56)
1 9(9.38) 7(10.94) 1(5.55)
MDR 3 16(16.67) 9(14.06) 5(27.78)
>3 55(57.29) 37(57.81) 6(33.33)

S LLZR AR SCHR R TE A5 R AL A 1A R
o A 1 R P R I A T Y H T L,
N X & F 2R T A W, AJRURERE I T
DA a4 T 7 A o o R R G
KL R o AR R O T R R R R T AR
P i ity (EH R 5 E R, — LGN TN il
732 B 89 B LA R N SR AR G R AR B i R kTS
PelB0 00 B T OR B A KUBR AN BEAT 0 T B
EAEBEM A RESE & Y 3 AR Ik O R
e, AUl AR A A i TR A W TS e R dR R T
A R A S A ] R B TR R Y
PSS

A% 0 M 3 AR 2 0 R A B A A PG
R e B R E B0 B, FL7E AR & A AP ) A
WA R, T R TP A XTI g 45 2R —
B PPN A BRI AR R T AR
We By 15 e A A, WG A R G A AR B R B
375 1 O AR I 1 A5 AR AR L IR R TE 4 CCERIE TR AT AT LA
A BT, RV ORIV VR B e N SIS A B ) T B
BRIz ", BERR A IR IL B AR T
AR RE AR, 7™ R A T 5 OB AE D 40

PRI MR TR AE AR TR R ARG R, 5
T AR SRR 2R B 7R R R T R
1 A e T AR R K F AR AL R AT R AT
B WE R Z — , i TRl AR 2R TR KA
PR AR 2 el 0 P O T B, 5 1 A
P ) £ BRI, 2B N RN, 51 B
IS < B2 N A P T NE Sl  Re cr L EB
K /0N i 45 P 49 IS 7R RR T, 4 95 9 7 BR R A =5 T
B B, B s A P PR R R B0 TS G R Y

ZREMED BIMEESBA RS EE R R
R Z — R S i 'R
Rt J5 DR AT BR 5 8 A S A IR L B W 4 i R 8 AT
B A oC, g R M EniiER L™,
WITWTE AR A0 )iz, s B £, A b
FEAEA A A A . 96 BR VDT 3
Kt 26 ASIE 8, LU R VPT84 M
A A UE P 9 s W D & SR v el PR )RR TS Y
N FEAE 4y B A VD 1D A I T R — B0 R Sy Bl
SUANVD TT0 ¥ B SR V0 11T, 2 0 I8 S0 v 171 7 F R
DiFEVD TR AF o | 1 W I 5 28000 i 2 Il
LR TR N3 TR R A K S |
BTG e B P E I . bR R REIRIT T
B | A A VR e 1 2y L AR T E 2
Py 18 AN B i 3 VD 1T R A T 25 B4 H ™
T AHIESE A B VD T TR G S VE AR 2R e R A
DU BR 2K i 25 R AT ik B 58.00% L b, SR LR
TR AE SR A GE 25 AL . T2 T 4 R R
IR 2555 52 2%, 96 BRI TT R A 41 Fhit 2 3% ,
i XF 2R PRI 24 it 25 %85 71.88%(69/96) . H.
Z N 25 RS B L 8 B 73.96%(71/96) , %t
B- PN ok e 25 5 s i R R RO A R R AE R AW (A
VG b - P bR /AT H - 25 0 R - DU BR 2K ) B A T
2 0L, ZHM 0% b L 34, 14%(14/41) . i
PRIG IT 4 DA 25 AR Wy TR e P TS 1 1 R 2N ) R e
WSS B-PIBERE IS AN 4 Fh Sk fl il R R P £ R
WE5E & B, V0 1T B X = AR S 6 2 245 1) S 60 08 Ji5 A Sk
6 Ath W 1 T 25 58K 23. 96% F1 16. 67% , %F = H1 76 T
1A 1. 04% TR 245 2%, BB Sk V8 T 500 1] B Y
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