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Abstract; Objective To investigate the prevalence, antimicrobial susceptibility, and enterotoxin gene of Staphylococcus
aureus (S. aureus) isolates in ready-to-eat (RTE) foods in Guangzhou from 2008 to 2019. Methods RTE food samples
were randomly collected from retail outlets and supermarkets in 11 districts of Guangzhou and the isolation and identification
of S. aureus were performed. All isolated S. aureus were tested for antimicrobial susceptibility, enterotoxin genes and
multilocus sequence typing ( MLST ). Methicillin resistant S. aureus ( MRSA) isolates were further characterized by
staphylococcal cassette chromosome mec (SCCmec) typing. Results A total of 157 S. aureus isolates (11.22% ) were
detected from 1 399 RTE food samples in Guangzhou from 2009 to 2018. The prevalence of S. aureus in cooked pork
samples was significantly higher than those in non-meat samples (17.95% vs 9.43% , P<0.001). Of the 157 S. aureus
isolates , seven were confirmed as MRSA by cefoxitin disc diffusion test. Among the 157 isolates, the highest resistance
was to penicillin G ( 83.43% ), followed by tetracycline (55.41%), erythromycin ( 41.40% )
(29.30% ), clindamycin (21.02% ), trimethoprim/sulphamethoxazole ( 20.40% ) and gentamicin ( 14.01% ), and

, , chloramphenicol

4.46%-10. 83% isolates were resistant to cefoxitin, oxacillin and ciprofloxacin. All the isolates were sensitive to
vancomycin, daptomycin and linezolid. Notably, 82.5% and 100% isolates were resistant to at least three antimicrobials in

CC59 and CC398, respectively, and the resistance levels were significantly higher than that of CC6 isolates (14.81%)
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(P<0.001). The positive rates of seg, sei, sem, sen, seo and seu in CC6 and CC59 isolates were 100% and 42%

respectively (P<0.001). Conclusion

CC59, CC6 and CC398 were the predominant S. aureus isolates in RTE food

samples in Guangzhou, and these isolates had been linked to human infections and Staphylococcal food poisoning outbreaks

in China. It was a serious public health risk and highlights the need to implement good hygiene practices.

Key words: Ready-to-eat foods; Staphylococcus aureus; methicillin resistant Staphylococcus aureus; enterotoxin genes;

multilocus sequence typing
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Table 1  Prevalence of S. aureus in ready-to-eat foods

in Guangzhou (n,%)

Jog e i & 5 7 BH PR B (PR )
AN 312 56 (17.95)
AER 300 44 (14.67)
A 230 13 (5.65)
A 133 4(3.01)
KR 109 9 (8.26)
HAL 78 15 (19.23)
=Bl 45 3 (6.67)
] 41 1(2.44)
7 ) 51 2(3.92)
L 53 7 (13.21)
[iTgo) 47 3 (6.38)
At 1399 157 (11.22)

PR B A A R (12.00%, 117/975) 5
AE 2 PR £ 4 BT T R HE R (9. 43% , 40/424) HH L 2
STG it E L (P=0.19) {H B A 45 w61
F(17.95% , 56/312) AH b AR 24 A & 5 4 # oE K
F(9.43%, 40/424) ZRA G I EE X (P<
0.001), ZWHE T, BIEA (17.95%, 56/312) Fi
AEH(14.67%, 44/300) 4 0 A H R A b 24
R (5.65%, 13/230) F1# N (3.01%, 4/133) 4
PR SR ) 22 A Geih 2= L (P<0.001) ,
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157 BR4 W 4 i — 2D it 5 4, Horh 7tk
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PR TE A ) B it P 9 20 A Wk 2, Horh 3 BRAVE
T B IR 2 MRV R AR B BR 1 BRI IR 43 B bR K
1 BREEAE T BBk
2.3 MLST 4l Zh ]

157 B4 H A 28 MLST 40 B4k 432y 21 4> ST A,
MUK ST59(n=30) ST6(n=28) .ST398(n=17) .
ST7(n=12) .ST1 (n=12) ,ST188 (n=10) ,ST338
(n=10) .ST5(n=10) Fl ST239 (n=8), H 4 12 Ff
ST B34 1~5 ¥RE, WL3E 3,
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Table 2 Characteristics of 7 MRSA isolates

WS AE A K TR ST CC  SCCmec

J S A

if 2531

SJ00161 2012 BEA 338 C€C59 Vb
AS010 2013 BAEA 764 CCS 11
GZ-F-01 2014  FAAE 45 CC45  IVA
YX-BKF-14 2016 AR 5 CC5 il

PY-01 2017 BEW 59 CC59  IVA
T22 2018 A4 1 cCl IVg
T23 2018 B 1 ccl IVg

seb, sek, seq

seb, seg, sei, sem, sen, seo, seu

sec, seh, sek, sel, seq

sea, see, seg, sei, sel, sem, sen, seo, seu

PEN-OXA-CFX-GEN-CLI-CHL-ERY-TET
PEN-OXA-CFX-ERY-GEN-TET

sec, seg, sel, sem, sen, seo, seu PEN-OXA-CFX
seg, sel, sem, sen, seo, seu PEN-OXA-CFX-GEN
ND PEN-OXA-CFX- GEN-ERY-TET
PEN-OXA-CFX

PEN-OXA-CFX-GEN-ERY-TET

T ND R KA,

#3157 BRI ST B CC R4 A
Table 3 The CCs, STs types of the 157 S. aureus isolates

CC Hf(n) ST ®l(n) H e/ %
CC59(40) ST59(30) , ST338(10) 25.48
CC6(28) ST6(28) 17.83
CC398(17) ST398(17) 10. 83
CC7(12) ST7(12) 7.64
CC1(12) STI(12) 7.64
CC5(15) ST5(10), ST764(4), ST403(1) 9.55
CC188(10) ST188(10) 6.37
CC8(10) ST8(1), ST239(8), ST630(1) 6.37
CCo(5) ST9(5) 3.18
CC45(2) ST45(2) 1.27
CC15(1) ST15(1) 0. 64
€C20(1) ST20( 1) 0. 64
— ST504(1) 0. 64
— ST906( 1) 0. 64
— ST943(1) 0. 64
— ST2990( 1) 0. 64

VL — R TG SR AR (CC)
CC398(10.83%, 17/157) ,CC5(9.55%, 15/157) .
CC7(7.64% , 12/157) .CC1(7.64% , 12/157) .CC8
(6.37%, 10/157) .CC188(6.37%, 10/157) K CC9
(3.18%, 5/157) , WL 3, 7 ¥k MRSA #{5+°h 4 4~
CC BE,2 Bk CC59(ST59 Fil ST338 % — k) .2 #k CC1
(2 Bk ST1) .2 #k CC5(STS Fl ST764 % —#k) .1 £k
CC45(1 Bk ST45) , WL 2,
2.4 PUTE 2 Y BB R I 2 2R

ABEFERT 157 VR4 H W AT T 13 FHE Y
25 O a , BRI 25 6 0 L3R 4, S X E
BHOE M 2SR m s 83.43%, Mok 2 MWK &
(55.41%) 4145 % (41.40%) A5 % (29.30%) .
SEMREEFR (21.02%) (K& J7 Bt W (20. 40% ) F BRK
BHE(14.01%) . BLAL, X80 4 4 18 X 3R 9 Vb B R
WA P bR R Sk A P T 245 61 < 10. 0% , X T T B
R AFEER A M KUK, 7 Bk MRSA HX) B-
WBERERHUAE R (R R LT ) i
2y Ho 5 BRI R B R 24,4 bR U IR R 2%
R, 1 bRX ek R E B KW 2, T MRSA
LR/ ORISR N =1 (7 IV & S ok
2 e e 35 AR, WL R 20 157 AR 4 R G
1A 1 A LD 0T 24T 2 B TR R Ik 96. 25% , X

3 Ahal 3 A L b BT 25 T 25 B B bR A 56. 05% , X
6 FhIk 6 Fl L I BT BA 245 it 24 1Y B AR U A 5. 73%
W A 3 R R W RE R AR (CC) T 25 %, K
MEHR AHER  wREER VISR S &R Wi
R TR G L HEAT T 2 2 0 T LA,
CC59 1) H % & i 25 & K F CC6 (100.00% vs
75.00% , P=0.001) , 2175 K i 5% CC59 Hl CC398
¥R T 1 CC6 (55.00% vs 21.43%, P = 0.005;
64.71% vs 21.43% , P<0.005) , 75 bk 85 Y 1 25 2%
CC59 1 CC398 # K FHY CC6(35.00% vs 0.00%,
P<0.001; 35.29% vs 0.00% , P<0.001),CC398 i
MU 2R E B RN 2R YR T CC6 (94.12% s
39.29%, P < 0.001; 76.47% vs 10.71%, P <
0.001) ,%F 3 Fpal 3 A LA I HT 5 24 T 245 19 B8 i o L,
CC59 il CC398 WK F CC6(82.50% vs 14.81%,
P<0.001; 100.00% vs 14.81% , P<0.001) , W3 4,
2.5 mERERK Y

ABEFERGIN T 157 Kk 4 W 5 24 R EE R
FE IGO0, 45 B T A TR BRI R A ses, set, selw,
selx, sely N selz, K HY R 5% 5 B 2 seg, sel, sem,
sen, seo, sea M seu, I L 50% , WHE 1 A, T
CC6 F KR AN HE Y seg, sel, sem, sen, seo M seu,:@%}
T CC59 seg, sei, sem, sen, seo ( 100.00% wvs
42.00% , P<0.001) Fl seu(100. 00% vs 40.00% , P<
0.001) Ay th 2 WLE 1B,

3 iFie

ARHEFERT 2009—2018 4F )M T T B B £ 6 5
w4 B B Y TS Y SR AT T IR A ST, R 157
MR4 W H, K % 11.229%, Hh MRSA £ i %
0.5% . 3 WP Ko = Py 2 A4~ 30T /9 B0 5 b BB 2
SRR LR 1.8% ~12.5%"%'%"* MRSA £ i} %
1.3%"" % [ AN TRV BF 52 vF 4 3 7 & MRSA £t R
%) 22 5 5 B R S ) Ml 3R 22 5 T s

EN I A N T SISl S R A ]
PR H S R ol T R B S R T B K R R
THEAT U TR A PR R, R 2R B W A7
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Table 4 Antimicrobial resistance of S. aureus isolated from RTE foods
iR GEE I EES) CC59(n=40) CC6(n=28) CC398(n=17) X (4 Pl
HEH 131 (83.44) 40 (100.00)* 21 (75.00) " 16 (94.12) 0.001 "
JE W 7Y bR 10 (6.37) 4 (10.00) 0 (0.00) 1(5.88) — 0.2129"
SAPET 7 (4.46) 2 (5.00) 0 (0.00) 1(5.88) 0.433
T ER 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) —
KEER 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) —
NEH 65 (41.40) 22 (55.00) 6(21.43)* 11 (64.71) 10. 51 0. 005
R HE R 22 (14.01) 8 (20.00) 2(7.14) 4(23.53) — 0.200 6
TMER 33 (21.02) 14 (35.00) 0(0.00)* 6(35.29) 0.015"
BINTRU 17 (10.83) 7 (17.50) 0 (0.00) 1(5.88) — 0.043 "
LEZS 87 (55.41) 24 (60.00) 11 (39.29)* 16 (94.12)° 13.25 0. 001
i 32 (20.38) 12 (30.00) 2(7.14) 4(23.53) 0.067"
REH 46 (29.30) 14 (35.00) 3(10.71)" 13 (76.47)" 20. 03 <0. 001
| 2 ik g 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) —
=1 iR 152 (96.82) 40 (100.00) 27 (96.43) 17 (100. 00) — 0.529 4*
=3 Pk # i 4 88 (56.05) 33 (82.50) 4 (14.27)* 17 (100. 00) 45.28 <0. 001
=6 il Ei 2y 9(5.73) 3 (7.50) 0 (0.00) 2 (11.76) 0.1655"

. " RN R Fisher 8 PIME R LB R — A BIR R E T AR ER L, A A Z M AP LT o KFH 0.0166 67, B a 7k
F-(0.05) 5B (3) M LM 0 ORI RN ZE RA SIS " Tz 5 WA R 2R A5 FEX

A 70
60-59’24 5924 586 58.6 56.69 535
— 50.96
o S0
NS
j\g 40 +
g T 21.02
=
20 . 17.2
14.65 14.01 1274 121 955
‘ 1T T ey
ot (| (o] Em——
seg  sei sem  sen  seo  sea  seu  see  seh  Seq  gek  sec sel _sed  seh 5¢j ser sep
R RER
B 100 10 10 100 100 100 100
80
7
& 064
= sor ) Eccsc)
42 42 | 4 40) CC6
R 407 29 32
20 22 21
o7 1014 1011 N CAERER) & ,
B 5 w:lll SHTID :
0 o o
sea  seh sec sed see Se€g  seh sei  s¢  sek sel sem sen seo sep seq  ser  seu
i7E% 355

AL 157 BRAHT T 4r B AR R R LB S s B. CCS59 Rl CCO <4 1 T i 77 36 2k T 1B i

A. Distribution of enterotoxin genes of 157 S. aureus isolates; B. Distribution of enterotoxin genes of CC59 and CC6 S. aureus isolates
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Figure 1

Distribution of enterotoxin genes of S. aureus isolates from RTE foods

TE 4 R TR V5 Yo A 40 v KU o 1 UR PR e . EL AR
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VEAR A i — 28 LR PR,

MLST 45 5 7% D BIVED £ i v 43 29 1 46 4 71 A
WA ST 5 51 K 43 5] J& STS59 (30) . ST6 (28) F
ST398 (17), eBURST 4» #f . 78 CC59 (ST59 A
ST338)%'ﬁE¥“ﬁI§%/_‘é'ﬁ:(CIOHBI complex, CC), [F]
WHE 7 ¥k MRSA ' ST59 Al ST338 4% 5 — %k,
CC59 J& W K Hb X B= Bt 8 & &Yy CA-MRSA H5 % 0L

17O e S A A, MR HE SCCmec 43 % ST59-MRSA-V
Il ST59-MRSA-IVa J& W K Hb X BE B 8 # B BE,
ST59-MRSA-IVa % WLF JLZE 35, STS9-MRSA-V #
J1%¢ ST59-MRSA-IVa 58, £ 4 B H ™ 5 & 4 /&
HU HAB R RVE RSP CC59 KR i
L AR BESE 2 B ) ST59-MRSA-IVa Hil ST338-MRSA-
VTE [ PN R A P R R T N DAL
ZELSE 2008—2017 4F I R B B 4 B B9 MRSA 43
B & B, B A BE B b o B O #A Y HA-MRSA
ST239 2 i Jd /b, Bifi 22 34 0 Y /& HA-MRSA STS H
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CA-MRSA ST59, B 5 43 44 H 10 B bk 852 20 I A
REZMHT 4% ST B4 4F iy e 1, B Hy R N A %) £ 5 vh
5 1 AT P BIE L AT W B I BT R 0 A A, TE
FP 4B R TR Y DG B TR R O AR AL 2R
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