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Assessment of Listeria monocytogenes contamination in retail
fresh pork in the post-COVID-19 era
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Abstract: [Background] The outbreak of corona virus disease 2019 (COVID-19) at the end of 2019

posed a major challenge to food safety. [Objective] To assess the contamination of Listeria

monocytogenes in commercial fresh pork in Nanjing in the post-COVID-19 era. [Methods] We
collected the fresh pork samples from different locations and in different packages and quarters during

2020—2021, and then analyzed the contamination rate and level of L. monocytogenes and the

epidemiological characteristics of the isolates. [Results] The contamination rate of L. monocytogenes

in fresh pork was 15.28% (77/504). The contamination rates of pork from open-air market and pork
direct-sale stores were higher than that from supermarkets. Among different packaging methods,
pre-package and simple package had higher contamination rate than bulk package. Further, the
contamination rate varied significantly among different quarters, being the highest (27.78%) in the
third quarter. Quantitative results demonstrated that 40.26% of the positive samples had the
contamination level exceeding 10 MPN/g (MPN: most probable number). In particular, the
contamination level of three samples exceeded 100 MPN/g. The results of serotyping showed that
1/2a-3a (48.05%) and 1/2c-3c (44.16%) were the main serotypes. Moreover, 19.50% of the isolates
were multi-antibiotic resistant, and 2 isolates (2.60%) were sensitive to all the test antibiotics. Among
the 77 isolates, 68 (88.30%), 46 (59.70%), and 45 (58.40%) were resistant to oxacillin, ampicillin, and
cefotaxime, respectively. [Conclusion] In the post-COVID-19 era, the L. monocytogenes
contamination of fresh pork varied among different locations, packaging methods, and quarters. A few
products had high contamination levels, and the serotype distribution and resistance characteristics
were diverse. Therefore, it is essential to strengthen food safety supervision to reduce the occurrence

of foodborne diseases.

Keywords: fresh pork; Listeria monocytogenes; serotype; antibiotic resistance; post-COVID-19 era;
contamination
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2 W K5 B (Listeria monocytogenes) g — Ffi B %
B RS IR RR , FE SR TP BB ) T2 AL 4%
11 25 5 %8 Bl AE 5 a0 T2 R 11 IR TR i A= 4
B, R AT AYEAGIR AIE pH (5554 B g
A, TS YL B KU BN . R s
FF PR B Sl Bk L PRI DRI L BCIRE | i
B4 . A= E e R, R EREGET,
AR A 20%-30%!"1,

B A T RE TR 45 28 B T R AE AN R
JE TG G, v A ff PR v B 2 MR R 11 7
B EANEM B BN, R R 2
WA TS e o . I 14.10%, FEHE
15.40%™, 422 10.80%°, HErh[E 28 &4
BE R R A R R TS Y R BUR
He fF 5% TR TS U % (11.68%) b 25 1 T 2 PR okl
(4.61%)1, 20122016 4, H2EHE N E 43 4
WATRET 1 212 (3FEAKA, KPS
ke TS LR 18.50% (31/168), Horp
90.32% Y BHPEAFE v FE AR T~ 10 MPN/g (MPN:
most probable number), 6.45%1) FH AR il e B
KT 110 MPN/g V1) fl H RiT [ P A0 Ml &4 51 %
B, PR AR AR A G A o IR e = . i
Ab, BB HTR B R 0 IR AR
WA iR IE 2018 A RN A B SRS 4= R TR
YL NBUE AR B 3 BTS2 2 550 fl
JE e Li ZPHGE , 20132017 4EH [E ER 4
WS R B 211 B2 R ], L
V- S99 FE R R 31.20%, AE Bl B 01 Y%
FEEH 16.40%. SR 122 W RE B 1) & AR LTk
LA RAFERATR SRR, Mg E R
{14 B U 55 K

Az B PR R R 2 SR A AT R I A [R]
TET L 2 ) 2 fh B4 2 T 2 B0 A5
ST U/ B A MR TR AR A TR M 1 R

A DRBETH S At , PR BRI T
JRURS: DA A A o T JRe XU T AT LA 5 i
AN E S BRI A IR AR KR R, X
B i 7 | S P BRI A TR TR %) B XU R4 7 Al
T, A BT S A O KU A R i, DA DR B
T4, B, BNIMEE DS RNER
it A b AR i R T R T B AR TR R 1 XL
B PG TAENY, Horp Sun 21T Wang 2515
ST FS 2 22 DAL o i N A B A v PR AR
PR R RS TE AT, R340 A1 14T A iR H 3
TR AE A I B AR B, A3 BT A R i)
BRI A K E R R . H AR
it 8 2 1% 1) 2 R fol J R 1 B AR B i e R T
SR T ] P A S 1) X A R P
LI A IR B A T Y DL I D o R DR
T Bl TAEM RIS, T J A 4% TR v g 2= 4
R TAT P W AN AT B 47 DL B3 4 W e B 9 | 1Y)
A FRALE R RS A S L,
1 EL AT Ay A= i PR P B 2 A T %) XU DA
PRI S

B R AR A TR R HRE B
O ml A4 R 13 AN Mg AY(1/2a, 1/2b, 1/2¢. 3a,
3b. 3c. 4a, dab, 4b. 4c. 4d. de fil 7), W5
R, IWEMAEE D EWER, 20 95%
JEIMIER 4b. 1/2a. 1/2b F1 1/2¢13, R4k,
BT R4 W 8E X Y (polymerase chain
reaction, PCR)[1) 3% 2= 145 18 41 I3 70 i 47
Apiammid. BT, Sk ng, Pk R
B 32 Al ] A 50 B 2 R T R o BT 24
E R YNVN 95 5 SRR N A5 )i ) S S &
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BT RALE B

BRI, ®F 50 o 50 2020 4 10 A =
2021 4£ 9 H JEREE T B AR SRR TN Hh L
TR BT QG O, IR G 4y B DA R T 25 1
AR R AR ST 45 5, AT o B G A JT R 1 1Y)
a1 XU PEAL PR R B S, IR i I AT
A7 4 TAE SR BERE 224, DA a7 2 et AR
o B I A8 eI AR A 2 e e B L, b
Je A I A B T e 1 R A

WL

1.1

2020 4E 10 A & 2021 429 A, HREAFF
e . AR AR AR ER il
BEEE NS 504 0y, HP AR
FE 126 5 FolEu s fa] b G0 2 HOCE Y Lo oy
161:172:171; BT 5% R BB S A B2 i1 3 1 e 4]
h 186:160:158, Ff it R AR JG A UKAZ B IR
&, 4 h Al IS A TR

PALCAM Eiflg 15 #= F(PALCAM agar), 2=
HrFp QI B A R0 . SR e .
MR A LB 3Gk RO, &
FRR GRS FR A, M A Y H ARG R
Zvw]; DNA 2B &, bt RARAEY RS
FRAW; 298At, M ER AR A R
/N Fl; 100 bp DNA Marker . Gel-red ¥} . Green
Master Mix TR, B isMERE IR A
B 514, mE e A R A BRA F

FFT = JFi 25 , Interscience 2> 7] ; PCR Y,
Eppendorf 23 vl 5 BEABHEEER LUK , P ot AE 2%
HEYFARA R W] EEREUER 53 HT{L, Bio-Rad
N8
1.2 &
1.2.1 S 8EAPREFITRISEEMTE
IK B8

& GB 4789.30—2016 { £ fh %4 EH K hr

HE A 2 0 - B A 9 2 4 SRR IR
TR 0y - 55 — o B A LG A 2R i RP IR TR MPN
THEC: ) X AR B A PR v B 9 A R T A T A
WU A s N RESD 25 g IAEEA 225 mL
LB, WM H e, WG LB B
—E IR AW TE R, HI 3 Ml EE
SRR RE B AT (1071 10720 107°) & WEHL 1 mL
AT 10 mL LB, ¥, & — B R
3%, BT 30°C K55 24 ho P4l B HL 0.1 mL
BT 10 mL LB B IN, T 30°C#55% 24 h
J& B R B 2R RE TR B 87, 37 °C 557 24-48 h
Je AT 43 B S o M e 25 A BH P A
& GB 4789.30—2016 £ MPN R £ 15 H &
AR,
1.2.2 MmFESE

AL 2 T R TR 0 S TR R X R R R AR
WrR G Rz, 37 °C #ir& 5 9% 24 h,
Fie B DNA $2 BRI 60 108 BH 5 52 B 137 L R 41
DNA, J7E-20 °C TRAF o HIG 2R LK o3
RI% ] Doumith ZEUCIEES7 i Z 8 PCR HEATHG:
MorHr . T 5 WS mAs—1N£2E
PCR A% . £&E PCR KRG Imo0737.
Imoll18. ORF2819, ORF2110 il prs 514y, H.
S FHIE 2 1, PCR RO AAZ (25 pL):
Imo0737. Imolll18, ORF2819 1 ORF2110 I .
TUESI¥I(5 pmol/L)4% 1 uL, prs I, N5
(5 pmol/L)%& 0.2 uL, %4> PCR {KR¥MA
2xTag PCR Master Mix 12.5 uL, DNA iR
2 uL, ddH,O 2.1 pL; PCR i &f:: 95 °C
4 min; 94°C30s, 54°C30s, 72°C 1 min,
35 MEF; 72 °C 7 mint'7, PCR ¥ 84774 ]
B WHBE I A UK IEA T AN, 3 o H Dk SR A A B
XoF IO P I 37 7R
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*1 RIBFHNES TIMESESIMER

Table 1 Information of L. monocytogenes molecular serotyping primer sets

Elk/EA s ElkZ 2] 7R NS ML RS S

Gene target Primer sequences (5'—3") Product size (bp) Serotype specificity
Imo0737-F AGGGCTTCAAGGACTTACCC 691 1/2a, 1/2¢, 3a, 3¢
Imo0737-R ACGATTTCTGCTTGCCATTC

Imoll118-F AGGGGTCTTAAATCCTGGAA 906 1/2¢, 3¢

Imoll18-R CGGCTTGTTCGGCATACTTA

ORF2819-F AGCAAAATGCCAAAACTCGT 471 1/2b, 3b, 4b, 4d, 4e, 7
ORF2819-R CATCACTAAAGCCTCCCATTG

ORF2110-F AGTGGACAATTGATTGGTGAA 597 4b, 4d, 4e
ORF2110-R CATCCATCCCTTACTTTGGAC

prs-F GCTGAAGAGATTGCGAAAGAAG 370 All Listeria species
prs-R CAAAGAAACCTTGGATTTGCGG

1.2.3 WHESH TR () U TR R A b L AN 2t

LI4 B R RTER T ATCC 25023 FEWIRIRT B0 50E . BT P<0.05.
B, bR 2 A 2 [ I B 0 2 bR 2
BERIEREEDY . SEF KB dUR Y Easxb s 2 RGN

5 B T 2 07 JEE 20 R 22, . -
21 ARMaHEEHBER 2= Hr
RSB R T 5 mL E,‘]:g z’lzl“;ﬂ mEE RN T SRR

TSB-YE FiFRJkh, BT 35 °C i 24 h. I % 2 T TR S s B
0.1 mL RISV TN 1 ST AL Pl W AT 15 6 L A T G A ST S,
(9 M-H BUSPARRT, B a AT omr ;‘ ‘ = ;K S
WFERCE 10 min, B TF 35 °C i%?‘% 48 h, B Klﬁlﬂﬁ,miﬁﬁﬁl’ﬂ Epﬁﬁﬁiiiia 2R RS Y

I A B JRURS: , R T ¥ Y RS AR G g /N o R ORI
1.2.4 HiELE 25 5L 0 AN ] SR A b o5 A= 5 TR P B 28 i

KM SPSS 23 BAFHATHE 20, AR BS YR I0 I 3 24 55 (P>0.05),

*2 TRMSESERNTEEFISENERE

Table 2 Contamination rate of L. monocytogenes in fresh pork from different locations

SRAFEHL AR LR K Hh 2K IS
Sampling locations Number of samples (copies) Positive samples (copies) Contamination rate (%)
i) 186 25 13.44
Supermarket
WA EE 160 28 17.50
Open-air market
AT 158 24 15.19

Pork direct-sale stores
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22 FRIBKRARNTEESHBAPRES .

HrrE a5 R1B R 24 EHEADRBRTHBENEESHE
MR T R E (R 3), MRS kP

B A Fp AL A TR B TS e R L R L (H
5 K6 25 R R R AN [l 2 A e A T e
WA= TR R S e R 0 0 M 25 5 (P>0.05) . i
AR T B A IR B S e 1 AR
23 ARIZTETEEHEAP RETH
E RIS RIFR

12 4 TTAL, AS[R] 2R AR R A rp B 20
FRRTS YR B 225, =32.175, P<0.01.
BRI YR, N 27.78%, U
fiK, J 4.76%, 0T LLF HAE B A o s 2Ry
PTG YR G2 06, IR T, 15k

H 3R 5 FTLAE A B0 A b BRG AR HrRR
HIV5 YLK 15.28% (77/504), MPN & BG4
TR, 59.74% (46/77)FHVERE i Hh BB 2= i 4
B 75 gL K T 10 MPN/g, 40.26% 48 1
10 MPN/g, HHf 3 fdah i 75 JeKkF i TR
BR 7% 5143 No. 1441/2007 SCHFH & T2 5 H L
R T A BR S AR ME(100 MPN/g)!™)e gk, AR
F 100 MPN/g 1 PH:ARE & 72 18] 5 e vh o H AR
Ko BERKIN, HIRA R A b R 2R B R T 1Y
15 YooKV KR4 E R R HE N, (HATI A TE = 5
IR B4 JRURS:

*3 ARBERFAEHBEATRIBFHHFENSRE

Table 3 Contamination rate of L. monocytogenes in fresh pork with different packaging methods

(- FE %L LioARRE 15 gL

Packaging methods Number of samples (copies) Positive samples (copies) Contamination rate (%)
T %% Pre-package 161 24 14.91

fAi 5493 Simple package 172 31 18.02

H %% Bulk package 171 22 12.86

x4 TRFEEHEATREFHBRENZTRE

Table 4 Contamination rate of L. monocytogenes in fresh pork in different seasons

I EETE Kt T5gu 4

Quarters Number of samples (copies) Positive sample (copies) Contamination rate (%)
1 126 11 8.73¢

2 126 25 19.84b

3 126 35 27.78a

4 126 6 4.76d

T [FISTG g rp R R R RN A A M 25 57(P<0.01)

Note: Those with different letters in the same column of contamination rates indicate significant differences (P<0.01).

*®5 EBBERDREFHGRERSRKTEHDN

Table 5 Analysis of contamination level of L. monocytogenes in fresh pork

5 15 YK Kz H % TS A BB G R T b2 - ] o) 028 HICKS

No. Contamination level ~ Positive sample = Supermarket: open-air market:  Pre-package: simple package: bulk
(MPN/g) (copies) pork direct-sale stores package
3-10 46 14:18:14 13:22:11

2 10-100 28 9:10:9 9:9:10

3 >100 3 2:0:1 2:0:1
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25 SEHRNMEER S PEATZGHREE, A 6 FiR, 19.5% (15/77)43 5

W1 s, AR R o SRR E T AR LT Z E I 2k, o, 10 kR Ob I iE Y
4 FPASFE A MR, Hd, 48.05% (37/77) M 1/2¢-3c, I %Y 1/2b-3b-7 F1 1/2a-3a 4% 2 ¥k, 5
1/2a-3a, 44.16% (34/77)°H 1/2¢-3¢c, 6.49% (5/77)  Ah—Hk N 75 7 550m 1Y I 15 Y 4b—4d—4eo A 2 Kk

g 1/2b-3b-7, 1.30% (1/77)4 4b-4d-4e. H145 (2.6%) X T 43 T A= 2% P ek, ARSI
AIHL, A3 ESRR LT R 20 1/2a-3a F 1/2¢-3c. 1/2¢-3c. HABEE R 7 A X 1 ﬁ:(zo.s%)\ 2 il
2.6 D EHEITHZAM SR (14.3%). 3 Fl1(42.9%) . 4 Fi1(14.3%) . 5 F(2.6%) .

WEOX B 77 BREAI IR B 20 R AE R 6 FR(L.3%) R 7 (1.3 %) AN RIFTAE 2 A7 Tt 24 1k

Imol118 (906 bp)
Imo0737 (691 bp)
ORF2110 (597 bp)
ORF2819 (471 bp)
Prs (370 bp)

-

7y

-t e s na

El1 SE8EATSSHREFISREIERE S

Figure 1  Serotypes distribution of L. monocytogenes strains isolated from fresh pork. From right to left are the
numbers of the isolates. For example, sample No. 1 is serotype 1/2¢c-3c, sample No. 3 is serotype 4b-4d-4e,
sample No. 29 is serotype 1/2b-3b-7, sample No. 30 is 1/2a-3a serotype, M is DNA Marker.
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*6 HEEATOBNRIBFHEERAREER

Table 6 Antibiotic resistance results of L. monocytogenes strains isolated from fresh pork

iR fiif 52 rh EE TR 32 Tk
Antimicrobial agents Resistant Intermediate Sensitive
SLMENG Cefotaxime 45 (58.4) 26 (33.8) 6 (7.8)
Sk fMEW} Cefotiophene 0 (0) 1(1.3) 76 (98.7)
SR AR Cefoperazone 3(3.9) 37 (48.1) 37 (48.1)
B[k B2 Amikacin 0 (0) 0 (0) 77 (100)
PRAKFEZE Gentamicin 0 (0) 0 (0) 77 (100)
HEFEZE Streptomycin 4(5.2) 1(1.3) 72 (93.5)
PUFFZ Tetracycline 2 (2.6) 13 (16.9) 62 (80.5)
Z P& Doxycycline 3(3.9) 4(5.2) 70 (90.9)
HFT A Ciprofloxacin 0 (0) 0 (0) 77 (100)
LB & Levofloxacin 0 (0) 0 (0) 77 (100)
W % [A Nitrofurantoin 1(1.3) 7(9.1) 69 (89.6)
F#EF Rifampicin 0 (0) 0(0) 77 (100)
F A R BRI IE Trimethoprim 12 (15.6) 2(2.6) 63 (81.8)
745 % Penicillin 1(1.3) 0 (0) 76 (98.7)
Z N TUAK Ampicillin 46 (59.7) 8 (10.4) 23 (29.9)
FEMEPE AR Oxacillin 68 (88.3) 0 (0) 9 (11.7)
Ji & Vancomycin 0 (0) 0(0) 77 (100)
4145 % Erythromycin 4(5.2) 0(0) 73 (94.8)
S #5% Chloramphenicol 2(2.6) 0 (0) 75 (97.4)
V5 5 Tmipenem 8 (10.4) 8 (10.4) 61 (79.2)

WHA B MERE, 77 WM R
HEE . T EE NN LSRR B,
A 68 PRELIEAIRR TR (88.3 %)X AR PRI 24,
46 TR(59.7%) X2 R PUMKIZY, 45 PR(58.4%)%t 3k
TRIMERGT Y, o AR, S3AAE 12 BR(15.6%)%F AR
JmEnE | 8 KR(10.4%)% M ma 2 . A 408
PRIIXTDURRZR | ok 2[R W PO SkIRuRTR
GRIB B R 2

3 itk

BT 1R e bR B il 9 I I R A P EL RN T
MNATHIEH RN, M BT A TR E Al T
BEREL . FEMEER, Bidae5il 4K
5 AR I vy B EE A, A Bt P B0 R
&L TG B R 2 L 2 EHA —En

LS B AT W T 5 R i A
A P P B A T RE R TS e O, 5 2015 4R
Wang ZEMPIEE R I5 YR 5.5%, 15K/
F 100 MPN/g)HHEL, T B A fef A P v B 2
DA TS e KR B 0, T HLA SRR S TS ek
V-4 iRy, Uk BH AR SR PR DR B AR TR R 5 | 2 R
PRSI KB AR K, T 25 i 2 i e vE . Ik
Hb, BB A R, [N A T A B A
BHRWE M ERBERE, ke
56.0%"", 1 BAS [ by A= 5 DA Hh B 2 1A
BRI 5 YR 22 S R R AT RE 5 8 SE 3 0 in T3 bs
BTV RE R | TS Y LA AR S S
iSRG 100 A 2 1 A o

eI TR A 1 A B A AL P, PR 2 ke
B 7E #0975 e 2K (13.44%) 18 T3 0 &8 K
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(17.50%)FA ST 37(15.19%), X—B %5 H 5
JR AP s R — B, R AT RE R AR T
R EE RN E 2%, diUnss T4
B, B sC I5 Y, BEAh, AiaUEG 2 B T A
87 Ty L% P T e TR, R EPIRIAF
5 SE VR S A )R T TR 2 1 v BB
WA PR R TR B, SRR A R
— 3, UL T BRI R TR TR TS YR
W7 o AR AN 7] 25 2 43T A 8 A PR o B 2 i o
(RS Y 0 & 3, T Yl 38 i 7 2 UL P T s
BT, 5 = 28 B A I B T PR AR IR TR 1) B
A KR (30-37 °C), TG R m Y, SR T
BB T AE 4 °C S P ARSRBEAE K 20
FHHEEM 220 °C RIEP, B IR SR 146
— 75 JiE USRS DU 2 AT 8K T DATE A S 5 1A HR ARG H
AR, X — IR 5 5 H POk I
SRR 5. Nk, . SEEE
SeAEsERE AR, TAE AU EAS ANE R A,
BV IR, B AT Y A g X X
2 NS W

B 2 M AR TR Y B0 7 5 LT A R )
XZR , TR A I 375 75 0 JR 20 e v 2 T R TR
H W | R W R Y A AR A
WF5E R I AR AR B 1/2a-3a LT R4S H R
5, DRah S o A A 5T S — 2, R
S5DOTH Korsak 5PN £ 2 B vh 40 i 11 B
WA TR TR HEA T I AL A0 AT, B8 BE 1/2¢ T 1/2a
d7 Fde A, TRl s o b A 3 2 ol o 375 780 7 £ i PP
h . AN, ASHIEIE IR AR AT — bk LI AN
4b-4d-4e ) Z E AW E, AW E DR
4b-4d-de I T T 1) B A T RE T 0T AR ELAT 40
MEETT, 2555 R NI R RR 2 &, L
BTN X2 MR TR ) W, D VT 9 1Y
e e

21 A T 24 ) 0 — A ] A I ) O A

ffF 58 s, B A 4 41 (World  Health
Organization, WHO) L HA A5 K A e 4
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