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Abstract: Staphylococcus aureus is an emerging foodborne pathogen implicated in a substantial number of cases of

staphylococcal food poisoning (SFP), primarily due to its ability to produce staphylococcal enterotoxins. Recently, due to
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the rising use of antibiotics, there have been increases in the frequency and severity of foodborne S. aureus drug resistance.

Furthermore, there has been a rise in the emergence of multidrug-resistant strains, particularly in livestock and poultry

production, as well as in aquaculture; this has garnered considerable attention and raised widespread concern globally.

Therefore, it is particularly important to elucidate the underlying drug resistance mechanisms and develop effective methods

for detecting drug resistance in S. aureus. To date, extensive research has been conducted on the drug resistance mechanisms

of S. aureus, with clear descriptions provided for most of these, which can be divided into three types, namely, the inactivation

of antibiotics, efflux pumps, and ribosomal protection. To rapidly and accurately determine the drug resistance phenotypes

and related molecular characteristics of S. aureus, as well as to enhance the identification of new resistance genes and

examination of new resistance mechanisms, a range of methods for resistance detection or prediction have been developed.

These include traditional methods for detecting resistance phenotypes, targeted detection of related genes and their expression

levels, and bioinformatics-based approaches that use omics data from strains to predict resistance. In this review, several

common mechanisms underlying S. aureus drug resistance are described, followed by an evaluation of existing approaches.
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I FH T v 2 Y 505 R AT o R R T 2 AL )
WL AT I R 25 5L K efiy Isa (E) 1)
Fr i, IR 18 ML b AR R 245 1 e
i BRI 2868B2, 1 B HRBRIE T ki 24 5 K 4,
[F #5779 N PUA RN 25 A G N, 5 HL i 24 2
gE R — 5™, FEREHL, Dong Z™iE i PCR J5 i3
¥ ESBLs 4wt FE K] blarg,, .« mecA FEIK, LIHfE
o v 00 B IR 2 5 X B- A I M SR T AR BT AR T
2. BRI ILL 90% 73 BRI PCR 45 R 516 4
B FRVE I 45 R E AL R RE— (. Ferreira %% H
PCR Har | 52 < 3 i 4] BREA (00 S0 HF 22 AH G Tt 24 2k
nord N HLEENFEK ) A, 878 norAl 5 norAll
BUR ZAE, AR HEWTIX 0] 58 5 4 0 (A3 47 3K 1F
FRE v FENE RA O, HULBIE, PCR AN i 24 2
R E ki 2R MR ERAF — 2 & HEMh
B, Ta7Ab i 24 P R 20 B8 . A, 7R A1 DA 5
T2 REWA M, 129 7 2 A 0] A 80P E ) 5
— AN BY ) 4 B 10 ) BR R R S MR RE AR ZE R (i
ST398)", ifif 24 & [K n 5 kR HE AR B R M e &2 &
PCR R A4 &, SZHN [A] B 3R 45 40 0 (5% 4 BR 1 2
I FHRHIESE

FF PCR JivEMH# T KB Al MIC 7k (3 2),
AE&VUNRA: R4 m AT 2 s i 72, RInl 4]
R W S B AT 251, M4k SL g e s 7+
JIER BV s AR, RS R R, T
A =AM RiEME. 2 PCR MKAREE—E MR
PR - LRI e 485 i J R HE I WT R A7 7 A 24 3%
A BLRERE AR i 24 JE s AR RS,
VN FIRBAE I (Point-Of-Care Testing, POCT)
o EPRTILRIBRYE, W25 AR A DA ET S A g ) P
For AN [F) 2 () (YR M 23 B AR IR 7 i, M it 24 2 A
5 RAA EAHEE™. Cas12a® RG4S, JFRE
% FAEHERI AL POCT FOAS I 77 v 56 i 24 i ALtk
HRTIEA .

2.3 HH KT 2 AR T ok

2 UM A T 24 2 BRY 1) 7 AR R T I 24 R TR ) 3R
IR R, H A PCR AN % A6 I 3 [A]
FILEMIRETT s WAL, 40w I 5 5 284 5 i
iR 2 B U B O AN =Y, Rk, E
o N0 TS 245 ik BT () 465 7 22 0 e i 25 R Y. H AT R
TR H W T AL, Sl 2O 8 & PCR (Real-Time
Quantitative PCR, RT-qPCR) & FH - 0 38 [ 75 5 =%
K b 0k B R A W 7 v, TR R
&, IR H A X TN S E R R IA AR
FeSEPUARR SE B (R 2). BIREI E i 24 3L K 0k
KT, BAHIWHZIE R BE A 5 B R SR P AR 2
AT 21 . CAAMHESEAH OGN 25 56 R D 107, i A
TANHEZE A SRR R Rk &, mT DL T AR s AR AT
A RN 2R S5 AMEENHI K R s RIVSMER
BRI G A, BIFFE A SRAR 5| 2 R AE SR IR i 24 B 5
FRYR B AU 25 HE R 5 28 T B A0 HE SR AR (0 B AR
#.o Li PR M2 Eif 25 4R (SA09310)
B 5a09310 fE R FEFER IS, W EFE. KN
RN B B R AR R ERT, ol
175G ik, K RT-qPCR il % ik &, H
WS R on, %A A5 R £ 57 4 A DU 3 2 M
Ry AT G v 00 BRI N DY IR KRB R A
Potk. (HRT 5a09310 5 HAth VU 3K 2 i 25 40 %< 1
BB R RIFARBAT A IR . Xu ZEPTR
WG w4, EMEREFEENTN, X
F RT-qPCR o I 8 %5 2 Wi 24 < 20 €00 7 % BK 18 1)
murd F tet (38) FLKIWFRIEE, FFHIE rer (38)
Rl Rk, R 4 0 60 ) 0 3K 181 Wl 25 2 it 24 1 2 2
JR A

[Al RT-qPCR R A A it 24 25 (Rl 1) e S K, {H
TVEM ez R R R AEO R, NS
B AR P AR A B IR 265 32 2 . T RNA R I 1) 2 1A
0N 2 B0E AL A 2 BUR N4 AR (Combined
Genotypic and Phenotypic AST Through RNA
Detection, GoPhAST-RO"™ K4k T RT-qCPR HIAS A2 o
HTAEEME . H4E mRNA 55 BEA 5 4w i X AT
PN (S B, @ KR IAF R IE R E
10T 2R IE 7K P LA 8 TR AR I 2538 2. (ERE 1Y
PraE R R G, R ANSEIAR, Myt RR
P BRI 24 1) B R A e s K P B IR SRR 2%
Fo PRI, AT I8 AU 40 R KR E mRNA 3R
2 DS 25 R A FI Wi . GoPhAST-R W] [A] ) %
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FRRAS [F] R BOW R =R P AR GRS, &
TR R UL - WEBERZ IS T 25 FH G 10 A2 A
HHAT mRNA Rk AW . AH L FAE G M 25%
BURE I 72, R AR GA %G T 24~36 h (15255
BRI E Y, Ak, RT-qPCR R R R TR0 & & 2
i} 24 32 [K] ) 2RI 7K, ABASBE - ¥2 88 oK nfirf 24 2%
K. GoPhAST-R ¥ HL#S 5 =) 70 W B ok AP AR 3215
S B AR R AS I DG BT 2 B A S5 A, DA
94%~99% 1) HE B ZE X0 B AR BEAT 70 28, DAS i 24
PERT I B AERf I, (RS FRAT R, (T IRR
it T LA

24 Z A RAKFRIT AN T %

BE PR RSP N A 53 7K S R 24 P ARG W 7 32 2
I G 00 5 R R L 3k K, B 1 KT v 2
S WU TR 24 255 TR 4 B 7 A ) B R (B PN T g
PBP2a %5 ), T 45 ) W 240 17 () i 24 2 1Y o AR T A
BREE N Z5HLHIANE 4 PBP2a LI HESETL LA K
T MALDI-TOF MS ks 5 19:4%

24.1 PBP2ajlix#t ik

SR PR 7 4 K6 00 6] 4 BR B HH ) PBP2a, BE T ER
Su AR B FLR B AT I VR T R, A R 2R
EPURPURIEE LS &, SR TR ek, Eid
il PBP2a 541 PBP2a By FEUARSS &, i £ 3%
0% %) 3R 1 2 75 77 4 PBP2a. Nakatomi 251 M
232 #k MRSA i R 70 S bk, R I 231 tk 2 I A
PBP2a 7 & #EHE BH 1, R BU% = IA 99.57%. Van
Leeuwen 250432 7 15 F T [5G 00 MSSA. fiiEk
HE AT R A e R DL Bk B 2 A B
PR, YRR FUR B N I PE . e, PR
ERMTTIENT MRSA A @ ERe . $TeRfA
BRAEMIOE . PLRIE L R, S R R R U SE
Pori (R 2D, BB & T v R & 5 B T 5k
6 == W AT R e R I R, BB AEE—E KRR
P B, TEEX AR A R R,
A5 AR & AU R U BT N R, TR KM
AT T Ja BRI A AT CRRR R R ) R U

*® 2 EHGBHHREWAMAXQNT ELT

Table 2 Overview of the phenotypic methods for antimicrobial resistance detection in S. aureus

Fihpm s REE . 5 Bt e \ .
g TTARENT RERL pasna FET swsinie s T
, KB 7% & RAEKA <24 WHEKX) TREEMR— T 1]
ﬁﬁ Htkey 3 AP IAE ’
syl
ik o KEHHAE,
MIC % & kAt <24 ijjé@ﬁ T R B4 % A ;f;?iiz [80]
= AHRRREE
REAF - g REHBHF  AASUK RERIE, TR
wwze TR AEEOMARR <4 SR Py LIS T
N 2, KA T Z:ﬁg%‘;:\jgﬁ
SEu RAE AR, RAF "
Real-Time PCR  F&HE  ##HEH <3 ii‘gz j}*ﬁggagﬁ % %fﬁ A [103]
HEAT TR 0 S AR S
Ko ok 8 R AT A X4 %
: ey AT AE S mRNA  F &0k
] R xR, |
GoPhAST-R  ~E % mRNA <3 mRNA K& A FHATRA: T e [100]
FIFEBER, At
B 18] 42
Eﬁ}%}é;’? 1 = A = w IR,
pomms o gy zetw _ ) FIHPEEL gy STTRR
pok ERE g ST DI MICH T gy it
Ny 9?% %"Jii/ =0.25 mg/L e ko 201
i ¥ % 47# I
KA U P kTR o A5 R A
7k P;%éa ; [f‘ *EE  5PBP2a <05 IR RE *ﬁﬁf %éﬂﬁfﬁ MRSA 54 [104,105]
‘ B n . te ) F 3R A
MALDI-TOF MME=1.7: w2y, THRR KT B .
MS AEORAR SIS Uiu 7 BE ALeBAL A& [106]
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2.42 A FMALDI-TOF MS#) &t 25 48 )
I ik

B BEO AR/ B AT R (Matrix-
Assisted Laser Desorption/ionization Time-of-Flight-
Mass spectrometry, MALDI-TOF MS) i 73 A i% 4
B A, RAE— MR A iR SR,
Rt m . S Rk, BN T MY
Y. AT 25 R BRI (MRSA 25D DL 2
MU 7" o AR A F ORI H B, 45 48 4 Bk
B IR AS [R] I 25 AL, A 1 55T MALDI-TOF
MSS FRIAG WU TS 245 3% 280 7 V2 b Kt R 0 — K 2K
YR S5 BT A R IR B SR SR A E AW, 4 b LR
ST . AR KA B 1 R AL B A0 AT B AS 1 T
FBEAL s RE R, kR R, X
AP = BURKR AL A R 258 (41X 7 MRSA
5 MSSA).

B AR AR K (MALDI-TOF MS-based
Direct-On-Target Microdroplet Growth Assay, DOT-
MGAD! VN F A= W % 5 ThRE 5 P AE KA B 1E
&0 fdh &, 5% CLSI™ & EUCAST 4% [ fr
Pk, X5 BT R SLIE S R R A BT
S5, o JE AR I S I 3 B R D i 24 3 Y
HE= 1.7 A2y <1.7 ABUE). DOT-MGA A
AT LUK I B bk R i 25 3R B, 3R RIS R BT AR 2R 9K
% . Idelevich 2" K Fl DOT-MGA J7 7% %} 1 ¥
H I & PR S DU 7 24 FhpiE R 2545 0. 45
TR AE I B I R A 6~8 h IR, o RUR
B i o Nix 2" 3 KK F DOT-MGA #& Il MRSA
5 MSSA, Z5RER, ZINERRHEEIX 96.4%,
FFUE R S E N 100%. B T DOT-MGA J5 41,
Gao "L T MALDI-TOF MS #J & 7 LA (E) -
K o- T 4- BIEWHERRE (CHCA-C3) &L,
[X 73 MRSA 1 MSSA Bt Ml 77 % . 1% 77 45 Rt
Rl B R e K, IR K E R R
UFIIPERE. ML TAE SRR o- I -4 PRI RERR
(CHCA), CHCA-C3 FIE B 4, ZHFHIER
SN BhAh, %07V AT N AR AR H
JR B 2 R PRI 25 (1 MRSA) LA K 2 FhEL
I3 B 1Y) 22 T 25 R UM M58, SE PRI R T AR i 24
P PR A T, {H B T MALDI-TOF MS ] [#
SE e 1) R ——HE AR LA B A BR, B e LS
EEANRE [ B A o

AR, 40t T R @ T i MALDI-

TOF MS 1) Jit & 0 22 5, 0 e ip e PR 0, DAIX )
MRSA 5 MSSA, # Paskova Z5:"I7E m/z 2415 kb
PL—ANERE, W N AT TR (PSM-mec), 5
FHAE P AR 25 /055 . [RlItk, MALDI-TOF MS A Fi-F
T 4 3% €] 27 BRI X F AR U AR 24 pE TS R
BRI B E 2 E] T MRSA R, (HAK
SRABEF T X 2> MRSA 5 MSSA. B, 7F 2022 4,
Yu &R 1T — AN F MALDI-TOF MS () Hl %%
AR I wiE PR R AT 1 DY AN I PR 3k A PR A
i 5 UPF0337 25 4 SACOL1680 ik [X 4 MRSA
FIMSSA 155 5 AR B, (HXFF UPF0337 & A
SACOL1680 Jyfal #h &5 1 IF ¥ A VE 40 e W, [F] I,
R EE T — A MRSA A B 78 T 25 WL ——
HA PG MR AN 5 UPF0337 & 1 SACOL1680 454, LA
WHE A 5 4 £ 7 28 K RO R AR PG AR AR T 24

B R BUR S (Antimicrobial Susceptibility
Testing, AST), MALDI-TOF MS i& 1] F -4 7K fift
Bty i 1« Hrabak 25"k & 5L T MALDI-TOF MS H
FER I 36 B 5 g K FL R RN (0 3%, DAAI BT B- Y
T Jre i PR 7R AR s 1, o TR AR I I 24 3R B s i Tk
) REE N 96.67%, RN 97.87%. BEJE, 1%
TIEWAE IR, F Ik e R—FhA Rk il 7K A g v
PR AT S 7R, G0 4 v € R 4 BR 1 1 ESBLSs 1
Rt 2,k % B i 0 S PR AT 2% . MALDI-
TOF MS B 1T 0] FH Tl Bl v 1 40, 36 w] B2F 143
B B AR AL A BB . Kirpekar 5 1 56 by it 7 5
F MALDI-TOF MS fifi it RNA ¥ 3% J5 181 It 77 7%
£ RNA 1% F B 5 7 Pk RNA B 1k 52 s, 18
MALDI-TOF MS #47 i B o bre &t fa, Mg
B o = E 5 B DR 40 T A R ¥ — 2. Savic
SEUPVE JE I b, MRS Kem 0% 0 H L 36
BRI AZ A AT 5 v, IR T X0 s R p
KPR (WHER. RIEERMEEER) Uk
F 25 (P B Ak . [RIRE 1 7 VA B T 20 b o 2R
519 23S rRNA [ 364k, ZEEHNFE e T4
B0 ) R B DA ORI AT W R, AR R ROR
JB 2% R v bR B R i 24 P T SR AR 1Y

J£F MALDI-TOF MS [ 2 1 A& 77 vE 5 &
T KB VEHRE (8 DL B PR32 W B T SRAS RS 1A 1
MIC {8 254 5, [A i, MALDI-TOF MS #1f + &
B AR IR A R, SB35 A8 2 B R AR
M 2R AU S, A BT IRR At 22 B 4% e,
MALIETT T %

351




MR B

Modern Food Science and Technology

2025, Vol.41, No.1

2.5 ETAMBEEFANHALE 6 HFEKE
By T 2 M TN 7 vk

251 EQIRAFA KT

MALDI-TOF MS & — Ff 7£ 25 [B) AR 41 2= T
LR EAR, BRel S TR A S e i 2
WAh, IEATAE SR b, U B A% 2R 24 B Ak
B TE, W E ARSI, MEENLES S IR
B, HHATHRART ZGVESRIE R TIN . H AT, ZRET
MALDI-TOF MS [X 4} MRSA 5 MSSA ] 7% PL &
ST A DR B I 24 P T 7 v A A SRR IE . 45
U1, Feucherolles 5@ it #f 7T MALDI-TOF MS &
FIRRE, 256 T 7278 AE S (IR B B Canl
K25 HAF B A2 28 A D b AR 2K 24 0 2
TH. — N 224 SR HREAT 116 Hk K H 4
B I¥) One Health /N 2H %6 G Fh b 2 2R i 25 1 64T T
F AR, A ] MALDI Biotyper 23 A1 78 4R P A1 4
RN E AR, KRGS EY MR
— AR SRS, 1% A8 AT RS I
FIHUR DL ARV B FIVU IR R i 25 i ik, Himm R
T80 RIS 35 B 43 03B 51 92.3% A1 81.2% 3 FESEAR N
AN R RS B 2 A0V 3 R TR 2 R 2
Fto MeAh, fEEBE TP E TS UM R
PRV FEREFE 2500 = PP A Kt 25 & W hs £ 410
MALDI-TOF MS L& 2= 2 [ 4s &, A BT Pus
i 3 B YR MR R B T ) e LA R G, LR
B P AR R VAT O AT BE
252 AKREAZARX GG B HTN

5 MALDI-TOF MS [ Tl JZ #EAN[F], 4= R A
H e N Z T H %, 5 Resfinder 55 i 24 2 [A]
MR RS AT, S b B RO T R s B
DRI, o000 B ok A2 75 A7 A 0 SRl AR 22 72 AR B bE 98
B, MHETEAYG BT RN WA GEE, &
AT H R A, T R B B AT 2R
BT M A, A DR 2 B L AN R A
A EBEE S S, @ IR ARG BT 6L T #
995 5L TR FRJIRUA T R AE AN R0 RS () 24 P A I o BE4h,
AR DR ZHN A o3 R e s IR 7925, 8 ml AR 4 B
SR AR 2 A (SNP) LR 24 14 41
FeRE R Jr Ho AR LS . Ackers 25U IE I 295 5 B 11
i 24 1 2 AR R FT S, 5% BT 23 8 B B AR AT T A A
HF s HEFR SRR, S8R TR iR
DR A] SR LM R B A7 AE
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e R A BHE BEAT s AF A BT, Gt 24 L1 F)
R I TR 24 2k TR 6 T R G R S Ak
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AWE BT E A R BT ) 7 oK. Kumar
SO T A JE IR L B o i, R B sk (G
S 2% 43 BT 1 E Next Gen Diagnostics i ill MRSA ]
RO 250, H A G5 R S5 G A B Bk S R
BRI 25 A 99.69% M —E ik s 53Tt s
5 B2 TR A I TIN5 SR 99.97% ) —F k.
Cunningham 25" i F [R) B¢ (0 5759087 7 102 Nk
R I 4 TR O8I ) BR A 1 LG 77 0 SR A R RV AL
e, CLPINSTA REBURE, JRRAT IR S R
PR RFAT 1. g AR, Rmk
FaAR. 3t R R AN LI B R S R Y 4 I i 24 1
(1) 5L PR B T 56 4 — 2 R SRR 2L B S ML 5 )
FHEMERFESM TR S, lEAudE ke
008 %) BRI Y 25 VEAH OC 70 TARAAEAE B, T3 24
B TR 25 B 429

3 RE

GO ERZ A TIRR . AEX &S,
FLE 25 P00 ™ B TR 25 HLI AR G I D R B 1
R BRI 2 R SRR . el A
AREAT 2 ELAL 4R BB RS Bl oo REAT AN R R T Pk
) I ZKF IR, o 4 o £ 8 ) B Y B A 2 B
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T HABRFAEVESE Rl CAnZAE I IREE D 35 1 R 55,
$E 508 G B 0 4 BRI O fE

A BRI A JE Ao 15 < B 000 81 46 R T Y T 24
PLHIBIE T AR BOR it g . K e PR 1iR07
< A 00 ) TR T R R P A 3R A TR 285 ML) L AR
TOIEM, AERT AR PiA R 0 A BRI 25 AL LA
Loz 2 i 25 S HLEI AR G Fe i /b, Rty
My AR RS DU 1 < o O ) B IR T 24 1A
MTTEEARS, ABMRIRERZ — ] 5] I 1 o 42 3
03] ] BR BT T 24 2 U AN 24 5 AL R FR 05 7. 2852
i, AT JLEARRIT: (D MEER O
BR A B S SRR 24 DL R 2 HE i 24 R A 1 S B A
=, AR (2) 2 24 B R A Bk
TR 5 R AR E ) spa ) B ST R 505 75 AT M 5%
P, BRERE—BARTT: (3D W PRuid 1R i A I ER
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