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Distribution, Virulence, and Antibiotic Resistance of Staphylococcus aureus in
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Abstract: [Objective] This study aimed to investigate the distribution of Staphylococcus aureus (S. aureus) in
prefabricated foods and the virulence genes and antibiotic resistance of isolated strains. [Method] S. aureus in
commercial prefabricated foods sampled from Foshan City was detected according to the national standard
GB 4789.10—2016. The virulence genes were detected by polymerase chain reaction (PCR). The antibiotic
resistance and antibiotic resistance genes of isolated strains were characterized by the disk diffusion method and
PCR. [Result] The average detection rate of S.aureus in samples of prefabricated foods was 13.1%, with meat
products possessing the highest positive rate (24.3%). A total of 85.7% of positive samples had S. aureus
contamination levels less than 1.0x10° CFU/g. A total of 14 representative strains of S. aureus with high plasma
coagulase activity were isolated from positive samples. Among the virulence genes, pv/ had the highest detection
rate (100.0%), followed by Ala (78.6%), sea (71.4%), hib (28.6%), and seb (14.3%), and 78.5% strains carried

more than 3 virulence genes. Most strains were resistant to penicillin (78.6%), and 3 strains exhibited multi-drug
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resistance. The antibiotic resistance genes showed strong associations with the phenotypes, with mecA exhibited
the highest detection rate of 21.4%. [Conclusion] S. aureus contamination in prefabricated foods presents
mainly in meat products. Most of the isolated strains simultaneously carry multiple virulence genes, while a few

strains exhibit multi-drug resistance. Therefore, it is of great importance for monitoring S. aureus in prefabricated

foods.

Keywords: prefabricated food; Staphylococcus aureus;
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Table 1 Primer sequences and fragment lengths of virulence genes
TSI GIEY] HEHRFF)(5'—3D B B /bp EIEYP 7

sea-F CTGTTCAGGAGTTGGATCTT

sea 101 [9]
sea-R GATTAATCCCCTCTGAACCT
seb-F CGCATCAAACTGACAAACGA

seb 123 L10]
seb-R CCATCTTCAAATACCCGAACA
hla-F TGCCATTTTCTTTATCATAAGTGACTA

hla 92 [11]
hla-R TGATATTAATATTAAAACCGGTACTACAGA
hlb-F AATCAATTTTGCATCTATTTTGTTG

hib 222 [12]
hlb-R CAAAACGGTCGATAACATATAAACG
pvl-F ATACAAAGCCAAATCCAAA

pvl 114 [13]
pvl-R GTGCATAATCTACAACGTTT

qPCR J2 N4k & A4 : DNA £ 4% 1 pL3 pmol/L
WS 1 Ly RS9 1 uL.SYBR Green qPCR
Mix 10 pL# 47K 6 pL; qPCR Jx B F£ 7 9 : 50 °C
fifg 70 2 5 min; 95 °C 7 4E ¥ 2 min, 1 1§ 3£ 595 °C
A 155,60 °CIB K 30 5,72 °CHE{H 30 5,45 M1
WIS iR B 25 F N 95 °CAb B 155,60 °CHEEE 15 s,
95 °CCAL PR 15 s. HRHE#E /1 5L qPCR Y14 25 2R, DA
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Table 2 Primer sequences and fragment lengths of the relevant genes
BRI Yk 30| 51 EEFRAFHI(5—3D Jr B B /bp ElEZE S

mecA-F TGGCTCAGGTACTGCTATCC

B- Tk 2 mecA 533 [17]
mecA-R CACCTTGTCCGTAACCTGAA
tetK-F GTAGCGACAATAGGTAATAGT

eSS tetk 360 (18]
tetK-R GTAGTGACAATAAACCTCCTA
vanA-F GTTAGTTGTTGGCGAGGTG

NS vanA 335 [19]
vanA-R TCAAGCGGTCAATCAGTT
cat-F AACCAGACCGTTCAGCTGGAT

WERE cat 550 [16]
cat-R CCTGCCACTCATCGCAGTAC
aacA-aphD-F CCAAGAGCAATAAGGGCATA

Y REEN aacA-aphD 220 [15]
aacA-aphD-R CACTATCATAACCACTACCG
glrA-F AGGGAAGTGTTTCAGTCT

W i i 2% glrd 457 [15]
glrA-R CCATTCTCAATAATACCG
ermB-F GAAAAGGTACTCAACCAAATA

PEINGNEES ermB 639 [15]
ermB-R AGTAACGGTACTTAAATTGTTTAC

®3 MHERTEARGCHEHBKREFTRAKT

Table 3 Contamination levels of S. aureus in prefabricated foods
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Table 4 Virulence gene profile of isolated strains of S. aureus

BRI N 45 R

VR LR R
sea hla hib pvl
s 1 B AR CMCC(B)26003 + + + +
C36-5 - + - +
S17-4 + + - +
S18-2 + + + +
$22-5 + + - +
NS S31-4 + + - +
S32-1 + - _ n
$33-1 + + - +
S34-1 + - - +
S35-4 + + - +
) Y24-3 - + + +
PNIIES
Y30-1 - + " +
BRE R $29-1 + + - +
Y7-1 + - + +
RAEHE
C9-3 - + _ +
Kot 26 /% 71.4 78.6 28.6 100.0
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fiif 245 2 A0 X AR - 43 55 B Pk C36-5.829-1.C9-3 H
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Table 5 Antimicrobial sensitivity test results of isolated strains of S. aureus
24 1A I 5
b3 LR R A
HREE KW T AT WUHER G ER AR KKER AARVDE XNVE 4%FR
R B Bk CMCC(B)26003 S S S S S S S S S I
C36-5 R R S R S R S S S R
S17-4 R S S S I S S S S S
S18-2 R S R S S S S S S S
S22-5 S S S R S S S S S S
A S31-4 R S S S S S S S S I
$32-1 R R I S S S S S S R
$33-1 S S S S S S S S S S
S34-1 R S S S S S S S S R
S35-4 R R S S I S S S S R
Y24-3 R S S S S S S S S I
KT 2
Y30-1 R R I S I S S S S 1
RER $29-1 R R R R R R R R R R
Y7-1 S S S S S S S S S I
AR
C9-3 R R S S R S S R I I
i 25 /% 78.6 42.9 14.3 21.4 14.3 14.3 7.1 143 7.1 35.7
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Agarose gel electrophoresis results of the antibiotic resistance genes mecA and tetK
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Table 6 Detection results of antibiotic resistance genes in isolated strains of S. aureus

R R

[ESE- LSRRl EAES

mecA tetk

vanA cat aacA-aphD glrd ermB

bR CMCC(B)26003 - -

C36-5 + +
S17-4 - -
S18-2 - -
$22-5 - +
SES S31-4 + -
$32-1 + -
$33-1 - -
S34-1 - -

$35-4 - -

Y24-3 - -

Y30-1 - -

S29-1 - -

Y7-1 - -

C9-3 - -

I /% 21.4 143
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