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Analysis of pathogenic bacteria contamination status in ready-to-eat fruit
and vegetable products in Gansu Province in 2024
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LI Xin-Ying, YAN Jing, HE Jie
(Gansu Provincial Center for Disease Control and Prevention, Lanzhou 730000, China)
ABSTRACT: Objective To analyze of the contamination status of pathogenic bacteria in ready-to-eat fruit and

vegetable products in Gansu Province in 2024. Methods According to the principle of random sampling, a total of

241 ready-to-eat fruit and vegetable products were collected from the catering and distribution sectors across the
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province. According to the series of methods in the GB 4789—2016 National food safety standards-Food
microbiological examination, tests were conducted on diarrheagenic Escherichia coli, Listeria monocytogenes,
Salmonella and Staphylococcus aureus. The whole genome sequencing was performed on the detected Listeria
monocytogenes and Staphylococcus aureus to obtain the multilocus sequence typing results. Drug sensitivity tests were
conducted on the diarrheagenic Escherichia coli, Listeria monocytogenes and Salmonella species. Results The overall
detection rate of pathogenic bacteria in 241 ready-to-eat fruit and vegetable products was 5.81%. Among them: Listeria
monocytogenes had the highest detection rate, at 3.73% (9/241); followed by diarrheagenic Escherichia coli and
Staphylococcus aureus, with a detection rate of 0.83% (2/241); the detection rate of Salmonella was 0.41% (1/241). The
9 strains of Listeria monocytogenes belonged to 4 different sequence type (ST) types. Among them, 4 strains were ST87,
2 strains were ST121, 2 strains were ST288 and 1 strain was ST378. The 2 Staphylococcus aureus strains belong to 2 ST
types, one of which was ST1 and the other was ST59. One strain of diarrheagenic Escherichia coli was drug-resistant,
and the drug resistance spectrum was ampicillin-amoxicillin/clavulanate-cefazolin-cefotiofur-streptomycin-florfenicol.
The 4 strains of Listeria monocytogenes were resistant, with the resistance spectrum being tetracycline-erythromycin.
One strain of Salmonella was resistant, and the resistance spectrum was ertapenem-meropenem-streptomycin.
Conclusion In 2024, the contamination of pathogenic bacteria in ready-to-eat fruit and vegetable products in Gansu
Province mainly original from cold dishes. The detection rate of Listeria monocytogenes is relatively high compared to

the other 3 kinds of bacteria, which requires close attention.

KEY WORDS: ready-to-eat fruit and vegetable products; pathogenic bacteria; multilocus sequence typing;
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T AR 22 PRI A 1) TR e A5 B\ W); QuantStudioS SEET
96 E B PCR X (32 1E ABI A H)); DensiCHEK 22 [t BE )
(= A= My L5 3 1], Droplet48 4 [ Sk By 2584
(1 5 R R 2 IRy A BRZS W)); Miniseq I ¥4 (3 ]
illumina 23 #)).
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Table 1 Sample information of ready-to-eat fruit and vegetable products in Gansu Province in 2024
LY EES 1 Ak A KA R FEGLHCR
V& S A FA L T 13
Bk SR e FR AT RACRERIOKR)  ERUE . i, FEMITIE ., KA. WG 26
at ) B SRR ERDE . RA . BRI
H ., ‘{: ¢ :Et VIR N N =< =
LI B K ROLD) el A T 67
% RV N LT, & T
b AR PG L NZJE L T, BB "
o J
25 3T b T ) i S FAR L ERE . R 8
Bergisedlan  AEREsR T UIHel O 22 0 B S B BEMTIE . REAS . MG 7
RGN T AT 5 5 RS . 5
i B /NIZIE RS T, RENTE o1
P R, WG

(polymerase chain reaction, PCRYR:IMHaF(Ab 5 i A 4= 4
BHEBAR A BRAT, FEREREAS T B M e A= 4 TR
e BRA R, 25t E R M BRA R, 4
DNA HHGRF A (P2 Qiagen AWIH AN ], BERFIE .
ARG (GEE Numina 7)), LLERTRIARI 504t
1.3 &G E

G 2024 4F H R &5 T5 Y PR 3 2R I
TAETFWE R A 5L, SO AR A 5 IR FREL 25 g,
ST KB H A NI . FI AR . VT T IRIE I
S HER IR G . B, X EUE KR A
FR BRI 43 B AR T i 2R 5 Wl % X S B A O, XU T T R 49
BRI T I 41
1.4 frEREEMIHE

YRR IR 5w = pnE e s | SRR s
JR LA Je EUCAST #i i 25 inal g b A e B I U], ) A
= RGBT EUE K ip sy RS MY T TR SR 11 K
2529 P AE R, X ERE AR P e R 7 RS 8 P A Rk
A7 25 W U 3, 7 B W S AR A0 B R B (minimal
inhibitory concentration, MIC) . H3 4i& i it Ak H 25 SOH U BH 45
FORMATEERPE, 3G RIHIRA ISR AP IR BT
R KR R B ATCC 25922, BABGASH A% b I 45 1
BRIl 5 BEBR T ATCC 49619,

1.5 SEEBENF

FIFHANER DNA HEEG &5 10k B 2 Hip 4 o 4 2
EBRIE /B RIS T DNA $25¢, B4 DNA FIIH Qubit 4.0
PO ER SR, FH Hlumina SCERESRF) A0HTEE,
FrFE EHLAERSOFER Tllumina Miniseq I3 -5 3647
WA v 0, 23R P e e i AR 150 bp. Q20=
95%. Q30=85%. IR TIRE = 100%, ¥ 785 RE
THLEE, KT HUERE S A S B 41 U5 ) 45
(TraNet)F4 74047, BRAT BRI 2 Hp A 1T 1 4 99 €6 ) 44 BR B
Z AV 57143 A (multilocus sequence typing, MLST)Z5 5,
1.6 HUBRALIE

K IBM SPSS 19.0 M $idii E4 T 401404, 18 1 K
Kok Fisher AEHHR IR 15, BRI EAMAIZE | SRAEH
Ko ZE T 22 2 [ B0 D5 YR 22 5 o T S KR
0=0.05, P<0.05, Y RIrMsz sl ER BA S5 L.
2 HER5HH
2.1 HRESERER

241 R S ARG B TR MR BOR R 14 Bk, BVAKE RN
5.81% (14/241), Hoh: FIAHARHK R, ~ 3.73%

(9/241), HIEBUE KIEA RIS i G ARRER, kb3
47 0.83% (2/241); VI TEREHHIK 0.41% (1/241). W3 2.
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Table 2 Detection situation of pathogenic bacteria in ready-to-eat fruit and vegetable products in Gansu Province in 2024
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YRG5 L (P>0.05), W3 3, AFEEHLEP, BE
BRI b R AR R R B A PR R 2R R 6.67%, JETH
Lo BOE KI5 A TR 5 4 0 6 4 BR TS (9 46 1 B A9 ],
Bk 0.74%, UDT TR A H o BRI K SR o o A J v
TYAE O R R, BUE KR AR . V1T IR TE R4 5
EJERTERG R B, Y98 0.94%; SRR IG B AR H .

AN TR SRAE b A5 v, R T P B R AR A R A L
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2.60%; VO TERTR AR LAy 1.30%:; 4 €0, 46 3K A A
ot o R PR AR MR A Y, AN R 304 00 2 2 BR O 222 P
P, HAGH LB 1.75% MiTE R85 FrRARAS R, RS
R TR T S S i AR AT ER I, T AR R
1.41%; AA 1 BOE KGR A AT R (T2
AYRAIF ST Fh R T T S PR AR AR TR e AR ) 2
TG, 5 PR T AR R T Rl SR el b e Jot e HE T
WFRHIVESE AR, A B8 e i 7, B SRRt
(A o BRI AR IR R SR — FICTEL A, #E VKAR L (2~8 °C)
TR AR, BRI, FRAE MRS, %
B B B0 A RS R . R T RSR R A ATk
sl TAE AR ERAr 4, el P iR B IR Pkt
A1 R Can FH - fl il ) PT BB 5 T AHT TS e . 1 D283

ARSI, )5 SR R A S A L, W T A
AESZATT AT . AR SRR T Ul S R A 2R
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2 BREBOSE K357 TG 43 500 R B AR 28 M K 3R 45 G
# (enteroinvasive Escherichia coli, EIEC)FZiEHE R K
3% 75 FC i (enteroaggregative Escherichia coli, EAEC), HH
EIEC X 29 Rt K IIANTZY, EAEC X4 UM (ampicillin,
AMP) . BIELPEAR/ 58 F7 4EfR (amoxicillin/clavulanate, AMC) , sk
flimk K (cefazolin, CFZ). kffUBENk (cefotiofur, CEF)., $4%%
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Table 3 Pathogenic bacteria contamination status of ready-to-eat fruit and vegetable products in Gansu Province in 2024

ATk

TiH 0 EXSEPN /b T aM | AR TR WITRE SRR
GiiES
Bk Sl 135 0.74 (1) 6.67 (9) 0.00 (0) 0.74 (1)
B 7R R 106 0.94 (1) 0.00 (0) 0.94 (1) 0.94 (1)
P — >0.05 <0.05 >0.05 >0.05
R L
e 77 2.60 (2) 10.39 (8) 1.30 (1) 0.00 (0)
Wk 57 0.00 (0) 0.00 (0) 0.00 (0) 1.75 (1)
FHEIE 71 0.00 (0) 1.41 (1) 0.00 (0) 1.41 (1)
oAt 36 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0)
P >0.05 <0.05 >0.05 >0.05
Fisf 1]
H—FRE 16 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0)
o 106 1.89 (2) 7.55 (8) 0.00 (0) 0.94 (1)
Oy 65 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0)
EHIES: S 54 0.00 (0) 1.85(1) 1.85 (1) 1.85(1)
P >0.05 <0.05 >0.05 >0.05
At 241 0.83 (2/241) 3.73 (9/241) 0.41 (1/241) 0.83 (2/241)
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(streptomycin, STR)., A JEH (florfenicol, FFC)f 24, 9 #RH. 24 =EFHENFKE MLST &R
SHSERTAFRT:, 4 PR STS7 AP (cetracycline, TET)FIZLE: A 9 RIS AIE 4 15l (sequence
A (erythromyein, ERY)iZy . | $RIDTIRE AR TIRE,  (ype, STYMI, Jirp 4 bk M STS7.2 4 ST121 .2 Bk J ST288.,

Xif JE At 55 R (ertapenem, ETP) ., 355 K574 (meropenem, MEM) 1 Bk ST378, W3 6. 2 Mhe W A IRE B 2 4 ST
STR 2y, Wi 4 fI%k s, B, Hp LB ST, 1R STS9, WL 7.

F4 IHPAUEREFZHBMABER

Table 4 Results of the antibiotic sensitivity test for the 3 strains of negative bacteria

EIEC EAEC B AT R
bk %
MIC GRS MIC EES MIC EES

AMP 4 S 32 R 16 I
AMS 42 S 16/8 I 8/4 S
AMC 2/1 S >64/32 R 4/2 S
CTX/C <0.06/4 - 0.12/4 - <0.06/4 -
CAZ/C <0.25/4 - <0.25/4 - <0.25/4 -
CZA <05 S <05 S 2 S
CFX 4 S 8 S 4 S
CFZ 2 S 32 R 2 S
CXM 4 S 2 S 4 S
CTX <0.12 S 0.25 S <0.12 S
CAZ <0.5/4 S <0.5/4 S 8/4 S
CPM <05 S 1 S <05 S
CEF <05 S >16 R 1 S
IPM <0.25 S 1 S 2 I
MEM <0.12 S <0.12 S 4 R
ETP <0.25 S 0.5 S 2 R
GEN 2 S 4 S 2 S
STR 16 S >32 R 32 R
AMK 8 S 4 S 4 S
CT 2 1 1 I 2 I
PB 2 1 <0.25 I 2 I
AZM 8 - 64 - 8 -
TET <1 S 4 S <l S
TIG <0.25 S 0.5 S <0.25 S
NAL <2 S 4 S 8 S
CIP 0.06 S 0.06 S 0.03 S
CHL <2 S 4 S 4 S
FFC 8 I 32 R 4 S
SXT <0.25/4.75 S 0.5/9.5 S <0.25/4.75 S

W &% VG AR/ &7 B3 (ampicillin/sulbactam, AMS); Sk 8 8 JI5 / 58 $7 4k BR (cefotaxime-clavulanate, CTX/C); 3k ffd fib W& / 5@ $7 4 R
(ceftazidime-clavulanate, CAZ/C); 3kt Ath e /B 4k [ 36 (ceftazidime/avibactam, CZA); 3k 7H T (cefoxitin, CFX); k1 Wk 3% (cefuroxime,
CXM); sk THME fi5 (cefotaxime, CTX); Sk ffhIE (ceftazidime, CAZ); k@Mt )5 (cefotiofur, CPM); W % H5 Fd (imipenem, IPM); K K& FE
(gentamicin, GEN); P>k £ (amikacin, AMK); ZH5# % E (colistin, CT); ZHKiE % B (polymyxin B, PB); Bl & % % (azithromycin, AZM);
BINFRE (tigecycline, TIG); ZENERR (nalidixicacid, NAL); PR ¥ & (ciprofloxacin, CIP); §&%% % (chloramphenico, CHL); FH 42 % I /1t Jliz Y
I (trimethoprim/sulfamethoxazole, SXT). S fAFEMUK, R Fniif2y, | s, T, -FmIcisids.
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Table 5 Results of the antibiotic sensitivity test for the 9 strains of Listeria monocytogenes
- LM-1 LM-2 LM-3 LM-4 LM-5 LM-6 LM-7 LM-8 LM-9
MIC #Z5% MIC #Z53 MIC 453 MIC 458 MIC 458 MIC 4% MIC R MIC 4R MIC 4R
AMP 0.5 S 0.5 S 0.5 S 0.5 S 0.5 S 0.5 S 0.5 S 0.5 S 0.5 S
PEN 1 S 2 S 2 S 2 S 1 S 1 S 1 S 2 S 2 S
TET 0.5 S 0.5 S 0.5 S 1.0 S 1.0 S 32.0 R 32.0 R 16.0 R 32.0 R
MEM 0.5 S 0.5 S 0.5 S 0.5 S 0.5 S 0.5 S 0.5 S 0.5 S 0.5 S
SXT 0.015/0.3 S 0.015/0.3 S 0.015/0.3 S 0.015/0.3 S 0.015/0.3 S 0.015/0.3 S 0.015/0.3 S 0.015/0.3 S 0.015/0.3 S
ERY 0.25 S 0.25 S 0.25 S 0.25 S 0.25 S 4.00 R 4.00 R 4.00 R 4.00 R
VAN 0.5 S 0.5 S 0.5 S 1.0 S 0.5 S 0.5 S 0.5 S 0.5 S 0.5 S
CIP 0.25 S 0.25 S 0.25 S 1.00 S 0.25 S 0.25 S 0.25 S 1.00 S 0.25 S
FR6 BRMMEEFHFRE ST 77
Table 6 ST typing of Listeria monocytogenes
- RN -
abcZ bglA cat dapE dat Idh lhkA
87 12 1 4 14 3 39 4 4
121 7 6 8 8 6 37 1 2
288 34 39 11 15 3 1 2 2
378 7 49 19 6 1 24 1 1
®7 SEREBEEKEST HE
Table 7 ST typing of Staphylococcus aureus
ST FAEARH TREL
arcC aroE glpF gmk pta tpi yqiL
1 1 1 1 1 1 1 1 1
59 19 23 15 2 19 20 15 1
3 Hn5LER LB A S 2, T REATAE 2 A 5 e R o ] B P 75 34
sl Flf. JUHUE STI21 BFEAE, 8 1% i PR35 il REAF 1E
. IS

M A R E AN A SRR 2 —, AR
AT AR A . WCIMRE AN B A A, R g IR
MLEE . BAE N G RG22 10 5 1 i A ) ).
VITERFSR s, SRS 2 A E TA IR . Bl .
B AR i A U1 AR g B R R TG R R
3.73%, YIrH BIEEE Sl P A s R, e 7 ARAG
A F— B RRREERERESE T, 2500 4 ¥k ST87. 2 #k
ST288. 1 #4 ST121, XFHAZM TR IEALARL L i TIR5E (an
it . JTH. . FESEA A B B A v] REAE AR RS TS Y R
SR I YL IR, B E N A SCHIEST, ST87 Al ST121 K3k
ARVE R AR AL, B STS7 Ml A 1] 3
BB R, HA R SOR I 11 ST288 AN AL W,
STI121 W SRLAETENIN TR IIA X, BE
AT T P B 3 N PR R T B R RE D o iR T [ B A A
ST87. ST288. ST121 3 FhFIHI A HLIG TR T, v TS g

L R EE R bR . BA 2 A H ARRITT M, 20510k
ST378 il ST121, $&/R SR e iR 5 Qe 2
A, BT, 9 BRI AR h A
H 4 PR TET F1 ERY R9BEKE, B [Fl—#& i B8 ST87,
ST87 HUA By 3% J1 5%, FHImM L3R T 2 EiM 23, Rar
RE T 2 N %88 T B8 ok LUV R 1 E R I, %N %08
TR SRR R A TR A D BE 0, SRS F B s
WA YRR T B (il B ) S TR T B

G 0O A BR AR — PP 22 PR BRTA, BT 5 R
WAE . BR . BRGEOIERSE, HrAmi R
SEEY RN FEEFEEMY R R, K pH
RN, BEAZREAMS W, L3RG5
ik, nTil o) & 2tk B RN, Sivh e
WARRE— B R BN T H B B, 752 R T Ak
MRSy, AEAN S EOHAERE AN
KIT YRS, WRESI AL ., &M ORERETE
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TS R 30 0.83%, 2 R4 ¥ (R 4 BR 1A 1 4%y ST1.
1 kB STS9. HHFFEEM ST Mgt - SR B & 4T
T ERTE 43 sk b ey DAY e g RS B SR B ] e
YIE 5 02K T R s e, DR st MOl A B3 i 10 4=
HIRERI, (AR H W TAE PR T DA R Z e
B

HVE K5 R e 5 YRG5 A9 F L E0R
B, N RS Y el R . AR SR AL
HIZS A48 BBt KRR AW . BEURE R mIR A
W R KR A # . EAEC Ml EIECPY, 7R 4255
B RIpEA KE T, EAEC 5KBIEHEBHEORE RS
P 7 R 5 | e e o ) R LI VS A S B T 1Y) 2 2 i
T o T 7 R R A TR DN R R BOURRA T MRS e DL
FR s R 21221 ORI 9 v 0TS K R A ER R B PR AG: H R
0.83%, 2 BREE KR % 1R 43 314 EIEC Fl EAEC, Hor
EAEC %} AMP. AMC. CFZ. CEF, STR. FFC %5, Ffi
EPAERIW, BOE KR A TR 25 550 2 T 245 79
Frg B Z i 2 0 A B AT AR S X 4E A RNl PR
eVl 15 BN )0 I 18- A1 /A AN - S

IR e —Fh b EOR , A2 R D
N, ARGV R ATk B, Kby
85% 5 & AZ VP TR AR IS YA 5P B s Y i sh
P (U A 2 R 2 5 (ol A g B0 il £ 4 28 531
b E AR . DTTIRIES IR &b aE, FErEmRe
R RIS . Bl MReE SR RRIRSE b R
HEN 0.41%, 1 HRVDTTIRIE N BH AV TG E, % ETP.,
MEM. STR 24, V01T ER R H ™ 5 A i 245 1 F 22 i 25
PR AGFF G2 6 T A 3 A T 7 5 (4 5>, 7 5 2
I v T B A OG8RI AR 2 i
Ei[WACE 98

AT PO SRR R 5.81%, BUSKIAIRA
FC A A4 ¥ (A A BRIAAS, 3R 0.83% (2/241), BASZAS Hip:
BEARGHRA 3.73% (9/241) UPT T ERTEAS H 2R 0.41% (1/241),
Z e ARECXT 2021 4R F g T4 B R B A U S0
) A 285 S Sy 4 B €0 R A PR D R 1 2R R 32.87% (47/143)
YOI FC R B A kR B R HH 30 0.70% (1/143) . =755
HEABBEAREREE . a5 %0 Rag
2015—2019 4 A= fif BBk e JE ik A= 075 e HE A Zr A 2Rk
YOI TR N 0.15% (1/654), 4 8 (0 F BRI A %
H0.91% (6/654), BUE KI5 A FC T A ERLIG 4= W RE TR R A6
o BT, B SR A BOR RIS e, H AR
AT RE P L B ERSS | AR L RS L R KP
FERFFERES
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