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SCCmec resistant mechanism, toxicity and prevalence in livestock-associate
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Abstract: Staphylococcus aureus is one of the most frequently encountered zoonotic pathogens. This bacterium produces
the notable virulence factors such as hemolysin, panton-valentine leucocidin, exfoliative toxins and enterotoxin, which can
cause invasive disease in humans and animals. Methicillin-resistant S. aureus (MRSA) is a multidrug-resistant bacterium which
acquired the staphylococcal chromosome cassette mec (SCCmec). SCCmec is one of the key reasons for the antibiotic resistance
of MRSA. As for MRSA resistance, the B-lactam resistance is mediated by mecA gene, and the drug-resistance genes inserted
in the variable area of the SCCmec element play an important role in the multidrug resistance of MRSA. In recent years, it has
been reported in Europe, North America and other countries that the multidrug resistance MRSA was detected in aquaculture
environment and livestock. Besides, MRSA poses a serious threat to public health, and it can colonize and cause invasive disease
in humans through aquaculture environment or other ways. This review summarizes drug resistance change of S. aureus and
analysis of SCCmec resistance elements, toxicity and prevalence of livestock-associate MRSA, which would have theoretical and

practical significance to understand S. aureus drug resistance, SCCmec typing, as well as control and prevent LA-MRSA trans-

mission and infection between animals and humans.
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B 3 R B AL M PR IR G SE B . H 1959 AR T B
MR POTE 259 P A VG AR as T I K S S S B P AR I
8], D& [E % Jevons A B T 55 — Xy HY 48 79 AR 24
F1% <8 €0 2 BR AT K G i 4 Ry TS Y 4 G bR 4 B (R
% BRF (Methicillin-resistant Sta phylococcus au-
reus» MRSADM B % 38 [ 572 5k SRAC AL L B 201k
S AR E B 2 e, g PRI 2 W 5 s Bl AR A O T Al
BT A RAEFR M T2 i % 48 2 B b i 25 1
PRI 20 B8 H 251 2 MRSA AT < &4 TR K
A4l BT T S BN B AL AR B 37 BE R OC 1
MRSA ( Livestock-associated MRSA, LA-MR-
SAYH . BTE 2003 4F KA B LA-MRSA A LA &
NSRBI 5, O 2R CHk e LA-
MRSA fE % 16 N 5[] & & 0, R E%H
Lance B. Price HBAWFST & B0 . LA-MRSA #HE T A
JEHEA T 4RV PR IR 6 65 4 A 3K T (MISSAD L 7R
FRPE IR AR AT T X U BR 2% 0 AV AR A TR 25 PR S
HEA B R 7 AL i P4 7 bR 6 B 68 A 3K T (MR-
SA), H BA I3 A5 773z | s T 25 1 L 98 T 2 3 A5 4
SR A A Bl 9y () A% 4% 3 AT AT i 2l ) el
FRIA AL R IF IR N, T & NSt pE. H
i s LA-MRSA 452 Zifit 25 ML L35 ) 1635 AL 7651
T A R R B G TE . AR TCX S. aureus B
fiif 24 74 75 4k . MRSA ) SCCmec fiif 24 76 4 Fl SCC-
mec B 545 5T DL S LA-MRSA (4 # 71 f& % M 17
ARBLHEAT T 0 BT MZE A

| SEBHHREMNWHETTE

PUAE R W R WAE F 2 NZRIR9T S, aureus I
B RAY . HERM AN Z 20 O BE¥FW
ORI, Bl i 56 2l 24 i W B 48 PR (Food and
Drug Administration, FDAHE#E T 5855 £ (1947) .
PUPRER (1952) T3 i 8 3 (1958) A P AR (1959) .
KAE R (1964) KRB FR (1967) K APENT (1981)
FFI 2% M Jiig (20000 S50 2R THRIT S, aureus J&
o A8 —Fp T Az R 09 R LB A XS B —, S aureus
A LLIE F [ B R R AT S R 24 P O A 22
Fbe A 2R 7 A AN [ 1 i 245 AL DA i 35 30 22 b it 24
P BARA AN TRDE BB A R AR BT TR YT

S. aureus &Y AHAH RN HT A T AT 24 R B S v
I, LA T,

194(’*—{ Penicillinase identified in bacteria

1942 41— First therapeutic use of penicillin

1943 1= Penicillin mass-produced and penicillin-resistant S. aureus observed

1945 -{ More than 20% of . aureus hospital isolates are penicillin-resistant as penicillinase begins to spread worldwide

1947—~| Streptomycin approved by FDA ‘

1047 ‘I Streptomyein resistance observed ‘

1952 *I Tetracycline approved by FDA |

1956 ﬂ Tetracycline resistance observed ‘

1958 ,_I Vancomycin introduced, although rarely used until the mid-1980s |

1 959——| Methicillin introduced ‘

1961“{ Methicillin-resistant S. aureus (MRSA) observed ‘

19647—l Cephalothin, first antibiotic in the cephalosporin class, introduced ‘

19667—| Cephalothin resistance observed |

1967-—| Gentamicin approved by FDA ‘

1970 "I Gentamicin resistance observed |

1981 "I Cefotaxime approved by FDA |

1983 »—{ Cefotaxime resistance observed |

1996»{ S. aureus with i

ate resistance to

in (VISA) reported ‘

2000 ’*I Linezolid, first antibiotic in the oxazolidinone class, approved by FDA ‘

2001 —{ Linezolid-resistant . aureus observed |

2002

7| S. aureus with complete resistance to vancomycin (VRSA) observed |
4

Pen: Penicillin; Cep: Cephalosporins; Car: Carbapenems;
Erm: Erythromycin; Mer: Methicillin; Oxa: Oxacillin; Chl:
chloramphenicol; Amp: Ampicillin; Tet: Tetracycline; Mac:
Macrolides; Flu: Fluoroquinolones; Cip: Ciprofloxacin; Sxt:
Trimethoprim/sulfamethoxazole; Tri: Trimethoprim; Lin:
Lincosamides; Van: Vancomycin; Str: StreptozotocinB; Apr:
Apramycin; Ami: Amikacin; Mup: Mupirocin.
Bl $HEEAHKEMARUET/LT
Fig.1 Change of antibiotic resistance phenotype in S. au-

reus'”*
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T

R E & A YK (S, cassette chromo-
somes, SCO)JE S. aureus H—Ff 8 219 7] % 3l it
&6 (mobile genetic elements, MGE) , 345 T
mec FE K £ ) SCCmec T2 X MRSA #) £ i iiif
i EEAEHY .

MRSA H SCCmec H mec & K% Fl cer 2 A
e K 3 AR X (J KO A R (A 2) 0 mece JE
R 5 MRSA BT 245 % YIAH 3G AR 308 I8 55 35k A % ¢
L AHAF I A JCAF AT L AVBLC.DLE 5
i, H A mecA FEFFLE T classAmec, classBmec,
classCmec, classDmec H, mecC 77 1E T classEmec
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Fr, 1 classEmec H #f 2 7 SCCmec X # #F &
PRUFD cor BB 45 SCCmec BY % 4 YT,
M ocer FEEH (408 cerCl, cerC2) W Y 1Y 4 A HE
Corf) 8. cor HEP G i 1) 51 40 il B A 47 50 A
1 RE NS 30 8 17 2545 5 1) DNA 55 41 7E F s A0 I8 56 A
#45) SCCmec 1, 17 H G842 1R AH M 1Y SCCmec,
MG A R 1 B U e B R S ) HL B A A BR
FEHT ] X SCCmec 1Y i BE AT A8 25 4, Ho%
A7 —BE A R 245 P 5E 8 (Tn554 ,PUBL10 45) , It
AT RS AN RT DL A 22 B A 5 A [ i
WHPE T SCCmec (4 BEFI K/, ATFER SCCmec
(14 I T8 53 S o

mecA mecl ccrA
orfX ‘ mecRI cerB(cerC)
e , > > >
13 mec HFf% 2 cer BRI |

1.These is no mec | inSCCmec | , SCCmec [V ,SCCmecV , SCC-
mec V[ and SCCmec\] ;2. These is only mecAin mec gene complex
inSCCmec]X and SCCmec X ;3.ccrBand ccrA are not included in
SCCmecV and SCCmec [, instead of ccrC;4. The sequences of
mecgene complex andcergene complex inSCCmec V[ and SCCmec
[Xare reversed;5.In SCCmecXII, there is a new ccrC2(type9)in
ccergene complex,and the SCCmecelement is named9C2 type;6.
Due to the variation of the variable region, the mobile element
of 181272, PUB110, Tn554 and PT181are distribute in different
type of SCCmec element, respectively.

Bl 2 MRSA H SCCmec JT 4 5 7k 5 4001415
Fig.2 Basic structure of SCCmec in MRSAD-'+'5]

mecA F K J& SCCmec I+ AR T 56 K, X H i
B-INBERE A R A EEAEH] . %5 X RE 1 G ) —
ol A L 200 B BE R A I AR A B H B RSB H N
2a(Penicillin binging protein 2a, PBP2a), PBP2a
Xt B- N BERE BT AR 3R B A AR B9 SR FIRE 7, A 1 2
B- PRI SR B 2 3R 45 43 7 % R 45 5 8 1 (Penicillin
binging proteins, PBPs, PBPs H PBPl. PBP2,
PBP3.PBP3’ . PBP4 A1) , 2 5 4 B 40 i BE 5% JIk il |
R KR L R IR 4 & O B, PBP2a 7T AU PBPs
5 JAH L BE 5 I DI e k2 S MRSA A KRN
B, T A O 3% B A0 X BN I Y 2R BT 2 R T 24
PEDIET

MRSA BRXS - W 2R 504 RS 245 4b i X H:
fb APk Fifit 2. SCCmec LM ] X AY £ &5 0]
A ZFR] RS Bl 8t AL Tk A0 R T A A A
SCCmec #5471 352 1% T4 22 B0 A7 i 245 TR 72 1) 2
LD T L SCCmec H st A% PH 1 1 i B 2 it 24

LB, W SCCmec B ] X i A PUBLL0 Bk
A Gt 5 Xof B2 B WE AT S P AE W 25 M L p T181 FikL
FE 2t B o) DU BR 22 (0 5 25 0 %6 ) 7 Tn554 1] 4 ith X
LLE R RO E E w2547

SCCmec 7] A &M MGk EAIBR A A
AN IE AT 25 36 L J& SCCmec ToME BA £ 21k & 5
JEPES X SCCmec WBIFFE 43 4T » AN ALAT LA K X 43
Wil HA-MRSA ,CA-MRSA il LA-MRSA # fitf&
L I AT LAA AR RS, aureus YL Y36 77 $2 41
EREER., HEiAZMA) SCCmec AT LA 1T A1
AOMA VAL, VAL VIR VIR VA XA, XA,
XIESAN XTI A, Hirfh HA-MRSA R85 T 8 1158
A, CA-MRSA FZ R/ IVHL VB A VIT AL, 1
LA-MRSA £Z R NVAIFV A, V&A1V A SCC-
mec JCPF5 11 BUFN L 29 AH Bb 25 40 8 /0 L 48307 19 3t 4%
748D, i E 2 LA-MRSA [ HA-MRSA i 25
WA EOR RN RN 22—,

LA-MRSAST398 J& & B iy A & 3k B LA-
MRSA Z —, B A & BRAG # 1Ry e 5, HoHs i 2
Fofrifih 24 P 35 PR, L 30 S i 245 B PR 76 N 8 4 U 4 4
BREEJE AT HiAE . B- PN I R T 5 P 4 blaZ-
blal-blaR ., MU & Hi Pk 2 K tetM, tetK Fl tetL, X
IR D9 Tl 25 bR T e 25 -4 BH 1 T R B(MLSh) i 245 ik
ermA,ermB, ermC fl ermT % . F|JHEE K 25 W)
HMIESEA fex A 22 Fh 25 3 B ofr | FH 40 40 1 e 28
ok dirK A 0 H R bROA] B 2B R R
£ AMZENR vgaC M vgakE F1F X H7 55 2 Mt 24 K
apmA 25, N [6] 0 A 2 T 24 % A | 24 AL 1 AT
PESEE K fE N F Bl W U5 A 4G 3K R Fl LA-MR-
SAST398 WA I Sl ANk 1 s,
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Fig.3 Change of SCCmec type in methicillin-resistant S.

aureus!
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Tab.l Summary of the resistance genes reported to occur in staphylococci and in LA-MRSA ST398"1

i} 245 2% 1

Antimicrobial resistance

iiif 245 AL

Resistance mechanism

% BR A R R R R A8 A TR
RS

Resistance genes so far repor-

LA-MRSA ST398 h H i #f
T8 1) i 245 2

Resistance genes so far de-

henot
phenotype ted to occur in staphylococci tected in LA-MRSA ST398
Pen Enzymatic inactivation blaZ blaZ
L. Target site modification (al-
B-lactams(Pen Cep Car . o o
Mo ternative  penicillin  binding  mecA mecA
on protein)
Van-Tei Target site modification vanA gene cluster none
T t 1 t  (trime-
. arget repacement LN A CdfrS1 ). dfrD.  dfrA (dfrS1). dfrD.
Tri thoprim-resistant  dihydrofo- . .
dfrG. dfrK dfrG. dfrK
late reductase)
Tet Active efflux tetK s tetL s tet38, tet4?2 tetK , tetl
T t sit tecti (ribo-
Tet arget sie _pro e lo_n oo tetM s tetO s tetS s tetW tetM
some protective protein)
Tet Unknown tetU none
Multid 11 (MA-
Tet Hdrug G pump mepA none
TE)
ermA, ermB, ermC, erm-

Mac-Lin-StrB

Mac(14-membered)-
Str B

Lin

Str A(+Lin)

Mac

Mac

Lin

StrB

StrA

Non flu-phe

All Phe

All Phe-Lin-Oxa-Ple-
Str A

Gen-Kan-Tob(Ami)

Kan-Neo

Target site modification
(rRNA methylation)

Active efflux (major facilitator
superfamily)
Active efflux (ABC transport-

er)

Active efflux (ABC transport-

er)

Enzymatic inactivation

(hydrolyzation)

Enzymatic inactivation (phos-

phorylation)

Enzymatic inactivation (nucle-

otidylation)

Enzymatic inactivation

(hydrolyzation)

Enzymatic inactivation (acety-

lation)
Enzymatic inactivation (acety-
lation)

Active efflux

Target site modification

(rRNA methylation)

Enzymatic inactivation (acety-

lation and phosphorylation)

Enzymatic inactivation (ade-

nylation)

FermG ,ermQ, ermT, ermY ,

erm33

msrA, msrD

lsaB

vgaA variants ,» vgaB, vgaC,

vgaF

ere/A s ereB

mphC

InuA . [nuB

vgbA s vgbB

vatA , vatB ., vatC

catpC221,
pC194

catpC223, cat-

fexA

cfr

aacA-aphD

aadD

ermA , ermB, ermC, ermT

msrA

none

vgaA variants s vgaC,

vgaE

none

none

InuAA

none

none

none

fexA

cfr

aacA-aphD

aadD
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2 WERE R P AMREMT  LA-MRSA ST398 # H iR

iiif 25 AL

Antimicrobial resistance . .
Resistance mechanism

R

Resistance genes so far repor-

18 A T 25 5 PR

Resistance genes so far de-

henotype . . .
P P ted to occur in staphylococci tected in LA-MRSA ST398
. Enzymatic inactivation (phos-

Kan-Neo- Ami Y . ! aphA3 aphA3
phorylation)
Enzymatic inactivation (ade-

Str y' aadE , str none
nylation)
Enzymatic inactivation (ade-

Spe . spc
nylation)
Enzymatic inactivation (acety-

Str . sat4 none
lation)
Enzymatic inactivation (acety-

Apr . Y Y apmA apmA
lation)

. Target site protection (ribo- ) )

Fus acid & I . fusB . fusC none
some protective protein)

Fus acid-Nov Active efflux mdeA none
Target replacement (mupiro-

Mup cin insensitive isoleucyl-tRNA  mupA (ileS-2) mupA (ileS-2)

synthase)

Cmec B4 5] MRSA, 1941 4EFHF B R MM HEH T
S. aureus &Y (HF] 1943 FH R T HFHE LXMW
4> 75 00,748 %5 BR B (Penicillin-resistant Sta phylococ-
cus aureus » PRSA) ,FJ-7E 20 22 50 091 1] 1l hy
TATHRE R . ) 1959 48, B TY AR R 259 T
JBIT PRSA JEYL #5547 PRSA (& 4E, 1961 4EHE
2% % Jevons 1E I K MRSA | & 8 7 1 % SCC-
mec !, IR B E K A Bl MRSA, 1982 4E #4711
Al SCCmec ) MRSA 7 H A R B gk & 8, 1985
AEHEAE A SCCmec 19 MRSA 78 57 P4 22 Ifs & #k
P& X AR & B A MRSA (SCCmec-11-MR-
SA Il SCCmec-TII-MRSA) 7E 20 122 80 4EAL A Ky
SEEREE BE AL 36 10 3 AT M LB, JR B RR O HA-
MRSA, 3] 20 £ 90 4E4X, Oliveria %5 75 7258 25
BEp &P T 447 1TV & SCCmec i MRSA, Ffij5
W& R TIAIF MRSA By AH A 5
BHEM 4 HE (VISA) (4 ug/mL<<MIC <8 ug/
mL) A 7 7 8 &R B9 4 (VRSA) (MIC > 16
ug/mL) A AEAE H AT 52 [ R AR b R B
F] 1990 4, 78 WK F WAL X R 5E o 4 3 3] MRSA.,
Fri&#E CA-MRSA A9 H B, 2003 4F 3248\ MRSA
(LA-MRSA) & #& 18 4% 2] A fk, LA-MRSA 5 h A
AL BRI R W 22—, B )5, SCCmec-VII £l
MRSA F 2007 4E 78 & 7 & B, 2008 4F fin & K
Zhang % % ¥ SCCmec-VIII & MRSA ;2011 4F

HA2:H Li %4 CC398 Y S, aureus &I IX Al
X A SCCmec JE ™ 52011 42 4 [ A3 5 & 9
SCCmec-XI B MRSA™™ 5 2015 4f o [& #F 5¢ 14 BA
Wu SE R T FH AL cerC2 B9 SCCmec TG,
I 44 4 SCCmec-XIT A MRSA™Y

4 LA-MRSA WS HEE

G (A 4 BRI AR R T R W NN Bl i g v
PRI T2 AT PR, — 2 A e S G e e g 2
2Ry M SR iR CFLIR AR AT R DR
PRI 5 I E e 5 0 5 4 B Ry R R
PRI« N BBl R B Bl A T T e 0 W R
A R K g 48 R T DL RCHE AR S 2R G AR
S O A BRI A B0 ) 5im 58 5 HT AR YRR R
WU IR R R AR REF MR
R PERELGAGERFRESE Y Nk 2D,

LA-MRSA AMYUEHE 2T S, aureus T 1K
T, B7E H SCCmec JuF b & A7 4 i% M3 15 94 ] Ik
(PSM) ) 8 J7 2 I psm-mec, 2011 & Chatterjee
LU 5% K B psm-mec LK E HETME —FFE T
SCCmec JCAF H 1 55 1 & X, 4 % 1 PSMLJE: i
20 A ELTR Y NI 22 K, BAT VA A b R A0 £
HERRE SN 2 5 A e T AR S O m9 R
psm-mec EBIFHTE SCCmec [l . SCCmec Il #1 SC-
CmecVll H#,
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Tab.2

*F2 ﬁﬁﬁ%ﬁﬁ%ghﬁimﬁ%[zzuj

Damage of different toxins secreted by Staphylococcus aureus

[22-23]

#F BN T Virulence factors

LI & f&%E Mechanism and damage

Hemolysins

Adhesion

Panton-Valentine leukocidin

Formation of small pores on the host cell membrane, resulting in intracellular

fluid outflow and cell destruction;

Promote the contact, identification and binding of receptors on the target
cells, and activate the uptake it of endothelial cells, which is beneficial to the

persistent infection and reinfection;

After contacting with target cells (mainly white cells), the pore structure of

the eight-polymer complex was formed on the cell membrane, and the cell ly-

sis was finally induced.

Exfoliative toxins

Enterotoxins

Toxic shock syndrome toxin

mans or animals.

Skin lesions with vesicular characteristics on the surface;
Food poisoning in humans or animals;

Cause nausea, vomiting, muscle pain, congestion rash and hypotension in hu-

Fr e 3 e e A 2 A i ORI T A
KEMIE S, auwreus LKW R T Z —, HLTE
A g PR A R (R I R ) 2
S. aureus FEHEEI AN FBHAR Z — X S0 i
PR T AR A 2011 4F #2014 4F, R
R 1 244 8 iR I GCAE W) SR B W) B R
P 3 27 479 KUK P S, aureus TR
B NECR 3269, i 1 11,9967, FEHE RGN,
ARMXFEHFEMF S, aureus BIKE H R WA By
225, VEAARERE R i AR E AT 22,2009 4F
i 22 B B L R AR A 110 %
R PAE H MRSA™ . 78 JE H FE , EtinosaO. Ig-
binosa 4 T 2015 4 2 H 2 4 3 ) 126 43 A & A #
a3 B A B 55 A R AR PG PR A 4 R A ] I 3 2ot
Z R BT A R 25 S 50 A 25 BE IH L EE ) BRI g
e A i TR v A 22 T T 24 HL v R D 0 R A Bk T
B, EREC AR S TP RE S, au-
reus N HRER WAHCHIIE . 48 22 55 X0 AR M 1T IX 4% K
R T AR A R R P B AL R 985 1y,
T 108 My #k A Y S. aureus 75 Y%, 7F 108 ¥k S.
aureus " FEFE F1IK F] 62,96 %6122 vk A A S X
B M TT 380 3 B b AR A FEAT AN L A A7 £ Bl A
S. aureus , UL RSB AR 38 B, HL B R
S. aureus ¥4 2 A0 EE R L XA S XL
ST BE X H W& 'Y b R AT S, au-
reus K, B S, aureus 127 £k, Ko 7= 5
APk 108 Bk, 5 E 85261 P05 4 I T &
W) AR AR 8 X AT AR M R bl T A A B T 3 Y
576 {3 A PR b R T EOR R 198 Bk P S aw-
reus 60 Bk, di bb 10,42 %% 5 R U5 55 AR @ Th 45

G A TR T AT AR R AT Y LR B DY AR AR FL A
510 I RE R B8R S, aureus 108 ¥k, K H &R Ky
21.2%5 s BEAEE N M T 975 Rk S, au-
rews K 3 2,72 %0 Fov AR R TR RE G R H RO
10.96 205 THE5 3 MR 17 273 3 & S, aw-
reus HIRG A 8.4 V0  H v AR SR DA i A, H R
H TR,

5 LA-MRSA B TR

LA-MRSA #: BF 1972 4E7E B AL IR R 1 15 4
AR ESY FE 2003 ST & BL LA-MRSA CC398
A DGR IR B K B 5 LA-MRSA YL I
A () FF PR SR GE . AR RN, FRAE A R
#5417 LA-MRSA 1 B84 3% i, {H B0 2 40 X 1%
M AEfr >4, LA-MRSA B85 1E 0 5 58 A 5C A 51 8 22
MECE % R R . BHRiWF 5 &£ LA-MRSA &
WHEFMAEE . FHY TENREEREN L
LU TR L% LA-MRSA XU TEAS B8 s
#57 LA-MRSA | 2 0 AN B2 5 K& A 5 7% 1 i
W% TG 3 T Y LA-MRSA it 25 ¥ £
BEA T 25 R B H 25 R, ELFE KU L& ok L far 2%
o AT | & A N sh g T e 2 AR
KEF B S0 1 2B E W« IR 3T 5§ (2010) 78
(SCIENCE) I % % & il A\ Ji& % LA-MRSA 1)
R B 2% 6 A H K 2o B 5 R 0 IE Bl B F R
&R T BT B 512 9 LA-MRSA YL, 38 W) J5 A 2
A BN TAE IR R 50 Y xR AR Y
LA-MRSA i i HACRRAL 3 3 o B0,

HHi LA-MRSA ) E0 A0 X HA-MRSA Fi
CA-MRSA BA% B H 7 i 550 Bl P 09 7% 8 2R 58 K&
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