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ABSTRACT: Objective To analyze the current status of drug resistance, biofilm formation ability, and the
presence of the biofilm-related gene IcaAB in foodborne Staphylococcus aureus (S. aureus) in Guangdong Province.
Methods Forty-six strains of S. aureus isolated from food were tested by microdilution method, crystal violet was
used to detect the generating capacity of biofilm, and polymerase chain reaction (PCR) was used to detect biofilm
related genes. Results The results showed that 97.83% of the strains were resistant to at least one antibiotic, among
which 30.43% were multi-drug resistant strains. The highest resistance was found to penicillin (97.83%) and
ampicillin (97.83%). The results showed that 65.22% of the strains could form biofilms, among which the strains with
strong, medium and weak biofilm formation abilities accounted for 17.39%, 30.43% and 17.39% respectively. And

strains with a strong biofilm-forming ability more resistant to specific antibiotics (cefoxitin, ciprofloxacin) (P<0.05).
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PCR results showed that the detection rates of icaA and icaB were 56.67% and 36.67% respectively, with no

statistical significance in gene carriage rates among strains with different biofilm formation abilities. Conclusion S.

aureus in food in the Guangdong region of China commonly demonstrates antibiotic resistance and biofilm-forming

ability, posing a challenge to public health. Measures need to be taken to ensure public safety.
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1 MR5R%

1.1 MRS

BP BT . T I, M FH ., 2Ry aE
W RIS DR R F]); 550 O R % B A=)
I B2 (FEE Sigma-Aldrich A a]); FE22 [ FHAE T &
FER HCA R A HOR B R EAE Y IR AR, A
IR A RBGAH & (35 E OMEGA £ H]); PCR 525
Frts R CRE R A ), 519G A T AY) TR
HARMRS AR F]).

HRRCTR: 2016 4F 2 A Z 2020 4 2 A B # KNI 5
FKkHE GB 4789.10—2016 { & dh & EFRIE B ahildtE
VIR 4 T O AR R 30 ) Ak BT AR, TR R R
WILER 1, A WRSE SR BEFEE R . JEm
i B A W H TR AT IR (] J5R 3 75 (matrix-assisted laser
desorption/ionization-time of flight mass spectrometry,
MALDI-TOF MS)& VITEK 2 COMPACT #ilF, 3518 46

PR T ORI ERIE; PRS0 A ERER ATCC 25923()"
R R IR AT,
®1 REMSHGHEHREREKESR

Table 1 Foodborne S. aureus strain information

mH I3 i L 51/%
LIPS 1 2.17
B 2 P L 26 56.52
) B b 3 6.52
P 3 »
Fre 5 10.87
ISR 6 13.04
Tl 5 10.87
] I 16 34.78
HIX
il 30 65.22

1.2 UH5EE

VITEK 2 COMPACT 4 [ 8 4= 1 % 1 R 5t (V1
Biomerieux A#l); 5415D B.OHL(FEE Eppendorf 23 7]);
Autof ms600 4 H SR ) BT 2 5 (7 42 B A= 9 2
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7]); ABSORBANCE i #r{% (% & R-Biopharm 2\ F]);
Mastercycler ep gradient PCR {X(f%[E Eppendorf 2\ ]);
NANODROP 2000 i 55N EHETH(SEE Thermo Fisher
Scientific 2\ H]); GelDoc-It S BIR R SE(3EE UVP A,
13/ &
13,1 4k F HH6KE

2SS SR F VITEK 2 COMPACT (1 i R 14 7 B 1R
AT, 2L 16 FbuAE, DAGRHER RS 0 AR 4Kk 0
ATCC 25923 S J5ifa . FFALHE 2019 fRSE I R A2 56 % AR
M2 (Clinical and Laboratory Standards Institute, CLSI)}|
EEAE R, SR SR A7 T 0 2 S 0 of ) A 2 5 Sy T FHY 40P A

4 5 {0735 Z BRI (methicillin-resistant Staphylococcus aureus,

MRSA), 2580 MRSA, Xf 1 Fhef Ll Ediad: R mzs T e
i 24 & Ak (any resistance), X 3 Fha L _EdrA= w25 0 A
Z T} 24 1A Bk (multi-drug resistant, MDR),,

132 &% &R 53R E At A KA A ke

SR T 45 it 8 T A ) 5 € 487 2 TR AT 140 2 0 g A
R, SRk S BEScEk TR
1.3.3 AU X A E ey ibn)

FMRE NG, R OMEGA ARl EE 4] DNA #
BURF Uk DNA, icaA. icaB LIRS [45:2% Scikl'™
B, G HHER )V (polymerase chain reaction, PCR)J%
W45 IR SCHR, icaA | icaB HARAHIA/INV 514 188 bp
1 526 bp; PCR =42 i ik . Yeta , BERS AR JIRT 45 5 .
1.4 HIELIE

KA SPSS 14.0 X £ A T AR T2 A0 B, B
LR K56 (n<S B B VIR IL B 1E), P<0.05 H2ERA
By

100 -

[GESERA

2 HER5HH

2.1 SEBFIKENMERAHER

¥ 46 MRS I OBEERAEIETIA: R AWELR, 5L
IR, 255 2R 50 0 H 8 3R (97.83%) . &K
M(97.83%) . PUFRZE(28.26%). L8 FE(19.57%). K KER
(13.04%) . FMEE(13.04%) . ZERIE(8.70%) . FH
YR (8.70%) . BT HrAII(6.52%) . kAP T (6.52%).
2 (4.35%), HXPEEPUVbE | B0 T /ARMRET . &
WF ., FIGme . ol B R RN AR 4G
MRSA 3 #k, # 2N 6.52%, 45 ¥EEI(97.83%)FE /% 1 Fh
itk R 2h, Horb 14 ¥R (30.43%) W L B 25 B k(=3 Fh
biER), BIRILE 1.

Xf e HA AR S, Tl S G 5T 188 BRE R 4
ORI EERE AT 20007, B2 B R EMER. %
PG T HITH 25353 01k 45.45% . 20.86%F1 27.81%; 25k
FESEPONGT 4 [T TR P 397 Wk £ VR 4 0 G B A BR AT 101 T2
B, R B 20 R e = B R E B R (94.71%), HKChAL
BRI E . FMERMLAT T, W2R50 0N
43.32% . 23.67%. 20.15%F1 10.58%; %' 5 ZE2UN] Y52t
X 56 MREIEPE 4T R ER R A T 25 08T, T 2GR A
B RN E K (64.28%) . LLE £ (50.00%) . PUFF%E
(41.07%) 1L F0VE T (16.07%), I R 18 h i B 8 25 2
BRI 25 R8T AR, HAbbid: K2l R5 5 FA
WEER, ET RSP T AKX 23 ¥ s she
VR4 B R BRI EA T 254007, R BE 22 AR IR T X T
AR PAE RBUR, SGARGE AR, XA 58 £
R TR R . AN [l b [X 4 o €60 8 28 R T T 24 A7 AE B K
125 524

@ %‘& F @z@ > *@%\
Y’Q
B R

[1:: any resistance AL M2 AR, RIXT 1 Ahal DL EHiA 2 25; MDR S Z Sl 25 bk, BT 3 Fhali DL EhiAE Rz,
Bl 1 46 Bha B A BRI 1P A: R 25 As R
Fig.1 Antibiotic susceptibility results of 46 strains of S. aureus



94 R, & TARHLIX 46 RREIRVE S B OO A ERTE I 251 . AW BIE BAE ) S IcaAB BRI BURRIE ST BT 183

22 S£EBEEIKEEYI M4 44 PR 2 5L e
NEXED

MRPGLE AR S IR 25 R, 3t 30 MR RETE AL AE W IR =
EZE 30/46=65.22%), iR HEBERE 8 #R (T L 8/46=17.39%),
P R R 14 B FE 14/46=30.43%), 5977 IR ERE 8 BR(5
L 8/46=17.39%) o HLAR LB 2 43 B 25 5 30 RS R s (h
SRR DA ) B B Rk LTS BT DU AR 3R T 2
T HERE 7 55 (TR AR, TR, SR A R R DA AR R Sk A Y
T N R B S T 5 AR W A AR (P<0.05) (3R
2)oJH X 3R 3 43T, BRI A 7 HR(87.50%) 0 MDR,
H B RR T S BR(35.71%) 7 MDR, 5577 BB A 2 Bk
(25.00%) 4 MDR, EflZM MK ERAH KT ¥ 8 X
(P<0.05), X 4b45 LA W] LR W4 W 1 B8 0 P 344 5 4
00 25 Bk DA i 245k

35
30 +
25+
20 +
15+
10 |
51

B/ bk

0
FRNRRRE  SSRGMTD ARG SR
AR BERG A

2 BrRYE G B AR IR T AR B BT AR

Fig.2 Biofilm-forming capability of foodborne S. aureus strains

R2 SHRBHEHEHENRERNWNAESHR
EMWIERE N Z BRI X &
Table 2 Relationship between antibiotic resistance and biofilm
formation capacity in S. aureus

A% I Siw M 252 (n=46, %) P1E
+ 8 (17.39%)

WHER ++ 14 (30.43%) >0.05
+++ 8 (17.39%)
+ 8 (17.39%)

ZRPIA ++ 14 (30.43%) >0.05
+H 8 (17.39%)
+ 0 (0.00%)

KA T ++ 0 (0.00%) <0.05
4+ 3 (6.52%)
+ 0 (0.00%)

LEPEYS R +—+ 0 (0.00%) /

+H 0 (0.00%)
+ 3 (6.52%)

RS ++ 3 (6.52%) >0.05
4+ 2 (4.35%)

= 2E)
AR RS TZER(n=46,%) P {H
+ 1(2.17%)
FMER ++ 2 (4.35%) >0.05
+++ 3 (6.52%)
+ 0 (0.00)
BEPCE T AT ++ 0 (0.00) /
+H+ 0 (0.00)
+ 2 (4.35%)
RREHR ++ 1 (2.17%) >0.05
+++ 2 (4.35%)
+ 3(6.52%)
UIEZ ++ 5 (10.87%) >0.05
+H+ 5(10.87%)
+ 0 (0.00%)
BImmE ++ 0 (0.00%) /
+H+ 0 (0.00%)
+ 0 (0.00%)
PR ++ 0 (0.00%) >0.05
+H+ 2 (4.35%)
+ 0 (0.00%)
) 2 e e ++ 0 (0.00%) /
+H+ 0 (0.00%)
+ 1(2.17%)
55 ] ++ 0 (0.00%) >0.05
+++ 2 (4.35%)
+ 0 (0.00%)
JE T A ++ 1 (2.17%) >0.05
+H+ 3(6.52%)
+ 0 (0.00%)
WHYE ++ 0 (0.00%) <0.05
+H+ 3(6.52%)
+ 0 (0.00%)
TR ++ 0 (0.00%) /
-+ 0 (0.00%)

TE: 0 SRR TR, ++0 T ARG BN TR R, -+ SR B TR B /2R
JL
®3 FREIFRENEKETZEER®N, %)

Table 3 Analysis of drug resistance of S. aureus with different
biofilm formation ability (n, %)

FERREES)  EMRE ZEMA Rk BRI AREE SRR

SIHREAR 8 7 (87.50%)* 8 (100.00%) 0 (0.00%)
PR 14 5(35.71%)  12(85.71%) 2 (14.29%)
BrURER 8 2 (25.00%) 7(87.50%) 1 (12.50%)

: *P<0.05, ZRAFEIFE L.
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A YIBEIETE B RE ) J & TR (R AT BR B R 1 — A B
BN, BN E SRR B i PR B 2 A
KR AFFEH 46 b4 B AR BR 1A 1) IR 65.22%, X
e F2EAE ST, HSE IR & W ORI R N —5,
M-SR RFEA HAG B 22 5. LIN 2558 54 Hhas A
R 4 O A ERE P 61.11% B s Y bl i,
2 BR(3.70%) 50 A I, 1 RR(1.85%) A i i, 30 K
(55.56%) 55 A=W g I, R 1A SRR 70 MRS P 4 i £
M ER A REIE WAL P pk B, FLh s A= g iss . rh AR ek
JE . SR S e 71.43% ., 18.57%. 10.00%.
A Y S ) T o T S8 AT B R T 2 1, AR ST I 9T 45 SR
WARIE 73X 8, BRI E A Z G T . AN
A)P<0.05)EH Pk, FEF, s BE+ MDR [ Hik
87.50%, TS e HH MDR (5 HAY 25.00%, i {5t B = 5
fIE ) R P TR T 25 35 4, XS AT AR R A R — 3
(4200 A S i B P R R IR BN R, A
B G E 4 T R ER R P A B AR R R AR, DB
ST E AR
23 EYW IR EE NS R

PCR #R IR, 30 #7 IRE MR I 17 BREG D icaA
FEH, 11 MRt icaB LA, R EAHIH 56.67%.
36.67%. icaA. icaB TEA [l B AE 1 1) Rk 431 15 1l I Il
3 e EHSEIEEE 1 & RO AR P icaA. icaB
IR R, AN 52.94% (9/17).45.45% (5/11),
ANIR] 7 B RE ) AR BE R 4l 04 1 3 L (P>0.05)

AR FE 7 A B I 4 (0 B R TR R E
ica #RH\ I, X5 HT ARSI R —E, BALLAH
SERTIRE 100 RRE W 4 ¥ A BRI UE T Hr, &R
21.00% 14 4 ¥ (0,73 75 Bk 1 4 8 Bk A5 1y 20— AN A WO
WAL, Hd icaA. icaB FEPR MR HIHN 15.00%.
20.00%, DIEMOND-HERNANDEZ 252815} 100 #f B 447
EERBE AT, KB icaA FERMIERRA 10.32%,
ABDEL-SHAFI %5t 66 ¥k = JIEH 25 BRI /047, icaA il

10

9l

I %
i o
51l 1
o Y Z %%

1_

O TRk M R

R

Pl 3 ica Avica B B [K 5 A W A URE T IR R
Fig.3 Relationship between ica A/ ica B and biofilm
formation ability.

icaB HYHG HHFN 33.00%F1 53.30%, X SLHIFTE I3 B 4
BRIABR T ica RGN FAMIEIEN A, A HABHLEI 1
TETE, AU SR TS . SO AR A
BB e — R 2l R, W R B Z AR
FHLH, HEATIARGESE 2R . B4 AN, PIA &4
1O 2 BR T AR M IR G [ T, {2 GARCIA 25B%
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3 W54
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