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Epidemic characteristics, drug-resistant analysis and quantitative risk assessment of
Salmonella in poultry meat in Shanghai
CAI Hua, SONG Xia, XU Biyao, QIU Danping, QIN Luxin, YANG Jingjin, LUO Baozhang, LIU Hong
(Shanghai Municipal Center for Disease Control and Prevention, Shanghai 200336, China)

Abstract: Objective To investigate the contamination and drug-resistant distribution of Salmonella in poultry meat in
Shanghai and conduct a quantitative risk assessment. Methods According to the method of microbiological risk
assessment, the risk assessment of Salmonella in poultry meat was carried out by four steps: hazard identification, hazard
characterization, exposure assessment and risk characterization. The data for hazard identification and hazard
characterization were derived from published scientific literatures and reports. Combining quantitative data of Salmonella
with residents’ consumption data of poultry meat, a Beta-Poisson dose-response model and Monte Carlo simulation method
were applied to analyze the health risk. Results The contamination rate of Salmonella in poultry meat was 13. 0% (68/522)
in Shanghai and about 78. 2% (43/55) of the isolates showed antimicrobial resistance. The resistance rate to ampicillin,
tetracycline and ampicillin/sulbactam was over 30%. The multiple drug resistance rate was 43. 6% (24/55). Estimated
probability of infectious illness was 8.32x107. That indicated the number of illnesses might reach 25 339 cases every
year, of which 19 815 were infected by drug-resistant strains and 11 048 were infected by multi-drug-resistant strains.
Sensitivity analysis showed that the initial contamination concentration, consumption per serving and two cross-
contamination parameters had greater impact. Conclusion A high level antimicrobial resistance was found among
Salmonella isolates from poultry meat in Shanghai, so was the multi-drug resistance condition. The risk of Salmonella in
poultry meat is relatively high for Shanghai population, and cross-contamination is one of the main factors.
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simulation

5 B #3:2022-03-09
EE&TH:BREAFALITXI(2017YFC1600100) ; BT AN D EEKREIE=FT3ITR(2020-2022 F ) F A A FiT R
(GWV-10.2-YQ21)
EEBN KL B NZEEF LT OARRZANEENEF4  E-mail: caihua@scde.sh.cn
BEEE: XL F ZHEETF ARSI @ARHBELNEEN L #4  E-mail:liuvhong@scde.sh.cn
PEF ¥ HIEENF HAFTAARRLANEYSMNE$4  E-mail:luobaozhang@scde.sh.cn



LTI N R U TR AT R AR (T 2 23 BT R E e XU T A

AL %

—991—

WIMTHESREEENEREIUR R Z —.
156 [, U0 1) B B4R 202y 120 5 4906 1) L 23 000
@43 BE 3697 A 450 BIZET . 2013—2017 4R, WM
F VD 11 TR 5 B0 B U5 9 s 191 8 ot A DR R
Wi 2R R B 24, 4% AR TR . 3R E &R
PR o 2 T A 2 49 v A A P R DR M AR L A1)
B, b DTAE R R BN 42, 3%, 22, 0% 4R
PR PR A i VD TR SR Y, AT R
A BRI ITRHBRES ZMaEY A B3
B W b PR 5 PR TS e S B e S 84, 3%,
B R RV TR B b, B & & SR B &R
NELA 54%' . e Ah B SR B rh B AE R R
S AT &R 25 V0 T B B R R AR 3 R OR
AL . T WD B KB A2 3 R b 3 R DL A
& E/‘J%Eﬁjéﬁ(Multi-drug resistance, MDR) V> [ &
R LB 20 122 90 4EAUHY 30% 15 = 21 42 W)
) 70%" .

A 0 RS PEAl (Microbiological risk assessment,
MRA)JE 4 [ bR & b 48 4 4k 32 i H i —F T
Hoo ol o R A S B R R E AR
AT ) A i 7 A R R SR AT 25 6 iR )
B IA LA B S MR E B AN Al A R A B
FIMESR S I LA, B P A0k 6 9 B v it 24 40 B A
Wz PP Ak 1 BIF AR 2D, AR AF 59 400 38 T 4% S8 Al AR i XU
AR BLE 22 ilis e U e F AR IE R A R 8R
PEAR FNXURE FRAE 3R 4 DL TR IR G AT g R T
VO 1) R ARG I 4 R T 244 0 A T T 2 i Al |
T8 A VD TR 09 2 S KU DFA 0k T 245 7 Ak J
NECHEATAR T

1 #MHBE5FZE
L1 A

B DR P D 1T BRI 235 R R 255 R B 2015—
2018 4F [ i T £ i 42 A AU M 0 55 k), SR AR A
522 fF ARG N TS HALE N 3 2K, SRAEHL AR
FLAE AR T T T L R RO S AN W) 3 i
Joi B8 PR B o A R DR T b v T s T 4
HrL 2009 4FJT R A9 b T e R g R A, A1
Bl R BT SR S N A 4
1.2 PGk

KRR BT £ 5K 1F @Risk 7 (36 [ Palisade 2%
A ) HE N PPAG AT LI 53 A bR RRER R R i () N
FEAH o BSR4 T8 7 7 (A (Latin hypercube
sampling, LHS) J5 i , — A #1145 10 000 K iz
B N B 2 R YD T S YK AR
A A5E 7Y JF 5% S50 Ak S8 HE 17 PP AL TR B X 4 R AT

Spearman 45 Z¢ A 3¢ 73 M7, T 4R 45 AU B9 OC
%‘?O

2 H#R
2.1 fEE

U0 Y TR R M DR AR LT 2 A 00 o 22 R B g
FETRT, Az A Tk B 70 42 5 L 7E 8 "C~45 CYIRBAEK It
WEAERIRE N 37 °C, &Ik pH {Hl 6. 8~7. 8, X 2
AP Z BI85 22,55 °C 1 h BB 65 °C 15~30 min
B AT 2% 70 b ) T B Y B R Y RE R 4 R 5 Rk
R P g AL R EL A W GE R A g R R
RCH A DL B R RO B SRR AR T
SECAEE R n e B 9380 1 A, HiH 8030
TN R VARG AR VD T B R Y Stk
Jo B A 13K 35 T 0 AR, e 2 90% S22 U 1 Ik
Geloh b g T B R VD T B R A T AR R R
NBCH 15,78 T . RE MR E =N
W N RE F AR, PRARRETES
A Y 1T B S G T 3% R RN BRI 5,
81.30% MIVP 1B 4> B AR X 2=/ b —Fh b E R B AL
25, 32.25% WA B RR E X 3 R B 251
ik 245 P VT TR i e 22 it 25 (Multidrug resistant,
MDR ) T Bk 1 H 30 R A% 55 B & B Y i 3 2 0 4 2
PAERBZ—,
2.2 feERER A

OB AT E o - TR AR LR R E )
MBS, A5 k2 S MR 8T 8O E
oAt Ak e PR 92 0E o V01T TR T B BLA: O B, T LX)
W52 IR (pH 45 ) DL 4T B 70 B T 2 PR
Tiif 245 P X 5 5% 45 A P 7 S - H— T RE S S 3K
YR T ) AR AL L TR i TR S b A R
A 2B T 2 1, DT MR A T AR . G o i
Bl filh A 3R AR B U 1Y TR B, A TR I 3 2R sl AN [
T R 0 A AN TR) o R0 - N G R AR 2
3 3 MR 1 S0 B R VD ) B AR R B
PEAT LA FRAS A TR 28 70 40 5 45 B 7Y Beta-Poisson
BERLFN 45 A5 - AL 45 0 2002 4R B A R & KR
b 21 4L/t A UFE PEAS H R T Beta-Poisson
B
2.3 RERITAL
2.3.1 BRTUITHTE K

2015—2018 4F MR 42X (A G PR A LA A5 & N
522 . DA 68 FRRE S rh oy B VD TR, K R
13. 0% /N [FIFP A R th @ 2K IS A 16. 0%
(24/150) P 12.0% (41/341) M HAL & K 9. 7%
(3/31) . BHMEME L HE N 17.29%(23/134) & T



AR AR

—992—

CHINESE JOURNAL OF FOOD HYGIENE

20224E%0 34 55 5 W

UKEE 11. 8% (18/153) FFi i 11. 5% (27/235) # i -
AN [R) b 500 A 5 el e B O ] RS 18.8% (6/
32) M 14.6%(6/41) BT 13.0%(25/192) Fifk
A 12.1%(31/257) . EFIE] FF 2018 4F B K5
R LN 19.4% (31/160) 5 2016 4F f A%,
7.7% (8/104) . = B R m, b 16.2%
(35/216) 5 U Z= B 0 e A%, 4 9.9% (15/152) , If
U=
1 USRI TE TS ok T
Table 1 ~ The prevalence of Salmonella in poultry meat

in Shanghai

Sk FE 5B/ FHAEA ) /n G R %
FE S FP S
X5 1A 341 41 12.0
5 A 150 24 16.0
HAb & r 31 3 9.7
B 235 27 115
VK fif 153 18 11.8
gy 134 23 17.2
SR
KA 257 31 12.1
Faii 192 25 13.0
%) )i 41 6 14.6
BRE 32 6 18.8
SRARAE Y
20154F 198 21 10.6
2016 4F 104 3 7.7
2017 4F 60 8 13.3
2018 4= 160 31 19.4
Kb 2
- 20 3 15.0
ZZEE 134 15 11.2
=R 216 35 16.2
LESE 152 15 9.9
it 522 68 13.0
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Table 2 Proportion of serotypes of poultry meat origin

Salmonella strains

38 7 W mp o€ B
BN (/%)

W 9 YD 11T (S.enteritidis ) 15 4 0 19(27.9)
SR FEVD T T (S.typhimurium ) 4 12 1 17(25.0)
ENEE LI 111 (S.indiana) 3 2 0 5(7.4)
B IEVD 11 (S kentucky) 2 20 4(5.9)
BEREA B0 1T (S kottbus ) 1 20 3(4.4)
B ATV 1T H (S.corvallis) 3 0 0 3(4.4)
Fa] 5T 44 V0 17T T8 (S.agona) 2 0 0 2(2.9)
TEIRBLYD T T8 (S.derby ) 1 1 0 2(2.9)
PRI 11 (S.potsdam ) 1 0 1 2(2.9)
W NPT (S.thompson) 2 0 0 2(2.9)
E&EET%I‘%(S.schwarzengrund) 1 1 0 2(2.9)
SrdH VD 1T (S.stanley) 1 0 0 1(1.5)
SR FIVD T (S.bareilly) 1 0 0 1(1.5)
WHEIR-R VT TH (S.mbandaka) 1 0 0 1(1.5)
W5 2E V0 1 T8 (S.bovismorbificans) 1 0 0 1(1.5)
BEECAI V718 (S.corvallis) 1 0 0 1(1.5)
PPl 7D 1T 8 (S.Idikan) 0 0 1 1(1.5)
HoAlh 1 0 0 1(1.5)
it 41 24 3 68(100.0)
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Table 3 Antimicrobial susceptibility of origin Salmonella

strains in poultry meat
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Table 4 Parameters for quantitative risk assessment of drug—resistant Salmonella in poultry meat

AR b AR 4 i B LA o5 3 AR B K R
A NS
PO FAEARATE R VP T R Beta(69,455) AT 5T
NO R RE o 1 0 5 ek Ry CmRRelTLASAE 19500750401 k7]
. A Discrete( {Uniform(0,0.16),Uniform(0.16, 0.33), n
Itrans SR h Uniform(0.33.0.50).Uniform(0.5.2)}.{0.45.025.0.1.02))  ~C1M21]
Temp_t iz i i C Pert(6,17,28) SCHK[20]
by e . BN
t_homel £ 5 BT 18] 1 h Uniform(0,6) k2]
t_home2 i % I 1] 2 h Uniform(6,24) ziﬁgk?zi?
t_home3 it 5% 1 1] 3 h Uniform(24,336) z‘jgkj[;ﬂ
Temp_c it 96 I E C Pert(6,17,28), 4, —20 SCik[20]
P_AC A AT 5T A I & A L ) Pert(0.01,0.02,0.05) SCHR[15]
Time_Prot T R AN T R R Y ] min Pert(0.5,1,1.5) SCHK[15]
Temp_Pro T A A A R ) TR C Pert(60,64,65) SCHK15]
D_Prot HRIESHDE 10%(~0.139% Temp_Pro +8.58) SCHik[24]
LCR S Ig CFU/g/h EXP(=6.225 1—[0.011 4%1.9%]+[0.323 4xTemp]+[0.002x P
{1.9xTemp}] [0.008 5%1.9%"2]—[0.004 5XTemp~2])
N1 ARV TR 975 G oK1 lg CFU/g IF(Temp <10, NO, LGRX t)
N2 ARV TR 75§ 7K1 lg CFU/g N1- Time_Prot/ D_Prot
b WH T 5 4 0 Diseree( {0.1).(240,1)):0 =W F 1=k T 0 H
S i ARIFIEH
v NS 4 1
t_CH oI 2 85 P 3 1 44 8 2R Beta (1.78,41.1) ik[23]
LHS 1 B £ Beta(0.6.2.3) B
) _— . . B B ETEN|
P_CB Aab 3 A TR T A8 R AR R T (A Discrete( { 0,1},{ 397,589} ) ;0 =# 4t , 1=/ T 4 k23]
LCB VIR DA 14 B AR S ) 0 14 1 (10"Norm( 0. 098,0. 606) ) /100 Tg@ﬁ
Cs T S A (10 Norm( 1..535.0.32)) /100 ﬁ;ﬁéf’f
N3 28 X5 Y K AR R 2 TR lg CFU/g (p_WHxt_CHxt_HS+p_CBxt_CBxt_BS)xNO
C B AR I B g Pert (50, 89, 150) BN
P_ill BEUC TR 85 5 B0 1 T B (0 R 1-[1+CX(N2+N3)/51.45)](-0.132 4) SCik[15]

N1; P_ill




AR AR

—994—

CHINESE JOURNAL OF FOOD HYGIENE

20224E%0 34 55 5 W

2.4 KU HFAE A

2.4.1  PIREAEMRA T
FHLT M ST T R D7k il it 10 000 EA

P ill

-5.87

£ BB T TR B TR R YL V0 1] T AU B R 43 A
gER R AR R RERE & WA LT 1] R Y
B A% Sy 8. 32%x107°, UL 1,

2153

Ciabiy 100.0%
0.35 1 87.5%
0.30 1 75.0% ‘
0.25 1 6250 MPIl2
[soos S0E ot
015 1375% “PEIf 40799
0:10 1 250% HRfEZE 10261
0.05 : { 125% {*E&i% 6895/1(3)?82
0.00 772 0.0%
% - -5 4 -8 -2 -1
BT RO & R U T BOW AR 53 A A

Figure 1
gha BHETTON B GE T Bl R g i e A Ol
B RN 121,42 /10 7, LG RAFERE R
rh Vb T B ER G T B B S 25 339 fi), Horh
Tt 24 TR ik e N KU 19 815 il , 22 H i 24 T Bk S e A
11048 ],
2.4.2  HURBE BT
R B o3 B o KU V7 Al Y B 22 A1 R ),
T AT PP AR AR v e A Y 45 AR i S B0 A R 2
S5 R, DL AR A R AR KU 04 A7 88 i .

Fitting distribution of final contamination level of Salmonella in poultry meat
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Figure 2 Sensitive analysis
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