
Ìåòèöèëëèíîðåçèñòåíòíûå çîëîòèñòûå ñòàôèëîêîêêè (MRSA) ÿâëÿþòñÿ âàæíåéøèìè âîçáóäèòåëÿìè âíóòðèáîëü-
íè÷íûõ è âíåáîëüíè÷íûõ èíôåêöèé. Ìåòèöèëëèíîðåçèñòåíòíîñòü îáóñëîâëåíà íàëè÷èåì ãåíà mecA, êîòîðûé ëîêàëè-
çîâàí â ñëîæíîîðãàíèçîâàííîì ìîáèëüíîì ýëåìåíòå — ñòàôèëîêîêêîâîé õðîìîñîìíîé êàññåòå (staphylococcal cassette
chromosome mec — SCCmec). Ñòàôèëîêîêêîâûå êàññåòû èìåþò ðàçëè÷íîå ñòðîåíèå, è íà ñåãîäíÿøíèé äåíü îïèñàíî
îäèííàäöàòü òèïîâ. Êàññåòû SCCmec I—IV òèïîâ âñåãäà àññîöèèðîâàíû ñ ýïèäåìèîëîãè÷åñêè çíà÷èìûìè ãåíåòè÷åñ-
êèìè ëèíèÿìè ñòàôèëîêîêêîâ. Òàê, ïàíäåìè÷íî ðàñïðîñòðàí¸ííûå ãîñïèòàëüíûå øòàììû MRSA (hospital-associated
methicillin-resistant Staphylococcus aureus HA-MRSA), ïðèíàäëåæàùèå ê êëîíàëüíûì êîìïëåêñàì CC5, CC8, èìåþò
SCCmec I—III òèïîâ. Ðàñïðîñòðàíåíèå âî ìíîãèõ ðåãèîíàõ ìèðà âèðóëåíòíûõ âíåáîëüíè÷íûõ MRSA (community-
associated methicillin-resistant Staphylococcus aureus CA-MRSA), â ïåðâóþ î÷åðåäü, ñâÿçûâàþò ñ îñîáåííîñòÿìè ñòðîå-
íèÿ SCCmec IV òèïà, à òàêæå íàëè÷èåì íåäàâíî îïèñàííîãî ìîáèëüíîãî ýëåìåíòà êàòàáîëèçìà àðãèíèíà (ACME), ïî-
âûøàþùåãî êîëîíèçàöèîííóþ àêòèâíîñòü ñòàôèëîêîêêîâ. Â îáçîðå ïðåäñòàâëåíû ñîâðåìåííûå äàííûå î
ïðîèñõîæäåíèè, ãåíåòè÷åñêîì ñòðîåíèè, êëàññèôèêàöèè SCCmec. Îïèñàíû ãëîáàëüíûå ãåíåòè÷åñêèå ëèíè MRSA, à
òàêæå ðàññìîòðåíà ïðîáëåìà CA-MRSA.

Êëþ÷åâûå ñëîâà: ìåòèöèëëèíîðåçèñòåíòíûå Staphylococcus aureus, SCCmec.

Methicillin resistant Staphylococcus aureus (MRSA) is the main pathogen of hospital- and community-associated infections.
Methicillin resistance is due to mecA gene located in a mobile complex element, staphylococcal cassette chromosome mec
(SCCmec). The structure of the staphylococcal cassettes is diverse. At present eleven types of the cassettes are described. Types
I—IV SCCmec are always associated with epidemiologically significant genetic lines of Staphylococcus. Thus, the pandemic hos-
pital-associated MRSA (HA MRSA) belonging to CC5 and CC8 are of the types I—III SCCmec. The prevalence of virulent com-
munity-associated MRSA (CA MRSA) in many regions of the world is first of all connected with the characteristics of the type IV
SCCmec structure and the presence of a recently described arginine catabolic mobile element (ACME) increasing the colonization
activity of Staphylococcus. The review presents the up-to-date data on the origin, genetic structure and classification of SCCmec.
Global genetic lines of MRSA are described and the problem of CA MRSA is discussed.
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Ïåðâûå ñîîáùåíèÿ î èçîëÿòàõ ñòàôèëîêîê-

êîâ, ïðîÿâëÿþùèõ óñòîé÷èâîñòü ê ìåòèöèëëèíó

(ìåòèöèëëèíîðåçèñòåíòíûå çîëîòèñòûå ñòàôèëî-

êîêêè — MRSA) ïîÿâèëèñü ïî÷òè ÷åðåç ãîä ïîñëå

âíåäðåíèÿ â ïðàêòèêó ýòîãî àíòèáèîòèêà (Àíã-

ëèÿ, 1961 ã.) [1]. Òàêèå øòàììû îòëè÷àëèñü ðåçè-

ñòåíòíîñòüþ íå òîëüêî êî âñåì áåòàëàêòàìíûì

àíòèáèîòèêàì, íî è ê íåêîòîðûì àíòèáèîòèêàì

äðóãèõ êëàññîâ. Ñòàëî ïîíÿòíî, ÷òî ôåíîòèï

MRSA àññîöèèðîâàí ñî ìíîæåñòâåííîé óñòîé÷è-

âîñòüþ. Ïåðâûé ãåíåòè÷åñêèé ýëåìåíò, êîòîðûé

áûë îòêðûò è îïèñàí ó òàêèõ ñòàôèëîêîêêîâ —

ýòî ãåí mecA [2], êîäèðóþùèé äîïîëíèòåëüíûé

ïåíèöèëëèíñâÿçûâàþùèé áåëîê PBP2a (PBP2`)

[3], ó÷àñòâóþùèé â ïîñòðîéêå ïåïòèäîãëèêàíà,

íî îáëàäàþùèé íèçêîé àôôèííîñòüþ ê áåòàëàê-

òàìíûì àíòèáèîòèêàì. Ïîçæå áûëî óñòàíîâëåíî,

÷òî mecA âõîäèò â ñîñòàâ ñëîæíîîðãàíèçîâàííîé

ìîáèëüíîé ãåíåòè÷åñêîé ñèñòåìû — ñòàôèëî-

êîêêîâîé õðîìîñîìíîé êàññåòû mec (staphylococ-

cal cassette chromosome, SCCmeñ) [4].

Ãåíåòè÷åñêîå ñòðîåíèå 
è êëàññèôèêàöèÿ SCCmec

SCCmec ïðåäñòàâëÿåò ñîáîé ãåííûé êîìïëåêñ

ðàçìåðîì 21—70 òûñ. ï. í., âñòðîåííûé â õðîìîñî-

ìó â óíèêàëüíîì ëîêóñå — attBscc â êîíñåðâàòèâ-

SCCmec êàññåòû, ýâîëþöèÿ è ãåíåòè÷åñêèå ëèíèè
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íîì ó÷àñòêå orfX, âáëèçè òî÷êè origin (ìåñòà íà÷à-

ëà ðåïëèêàöèè õðîìîñîìû). Áëàãîäàðÿ íàëè÷èþ

ñèñòåìû ðåêîìáèíàç êàññåòà ñïîñîáíà ïåðåäà-

âàòüñÿ îò øòàììà ê øòàììó, à òàêæå âñòðàèâàòüñÿ

â õðîìîñîìó ÷óâñòâèòåëüíûõ ê îêñàöèëëèíó ñòà-

ôèëîêîêêîâ (MSSA), ÷òî îòðàæàåòñÿ â áûñòðîì

ðàñïðîñòðàíåíèè MRSA. Äëÿ ðàçðàáîòêè ïîäõî-

äîâ òèïèðîâàíèÿ è êîððåêòíîé íîìåíêëàòóðû

áûëà îáðàçîâàíà ýêñïåðòíàÿ ìåæäóíàðîäíàÿ

ãðóïïà ïî êëàññèôèêàöèè ñòàôèëîêîêêîâûõ êàñ-

ñåò — IWG-SCC (International Working Group on

the Classification of Staphylococcal Cassette

Chromosome Elements) [5]. Íà ñåãîäíÿøíèé äåíü

îïèñàíî XI îñíîâíûõ òèïîâ SCCmec, è ìíîæåñò-

âî ñóáòèïîâ, ðàçëè÷àþùèõñÿ ïî ãåíåòè÷åñêîìó

ñòðîåíèþ. Ó êëèíè÷åñêèõ èçîëÿòîâ ìåòèöèëëèíî-

ðåçèñòåíòíûõ êîàãóëàçîîòðèöàòåëüíûõ ñòàôèëî-

êîêêîâ ãåí mecA òàêæå ëîêàëèçîâàí â SCCmec [6, 7]. 

Â ãåíåòè÷åñêîì ñòðîåíèè SCCmec âûäåëÿþò:

mec-êîìïëåêñ, ccr-êîìïëåêñ, è J-ðåãèîíû. Â îñ-

íîâå òèïîâîé êëàññèôèêàöèè ëåæàò ðàçëè÷èÿ â

ñòðîåíèè ýòèõ ñòðóêòóðíûõ ýëåìåíòîâ. Íèæå

êðàòêî îõàðàêòåðèçîâàíû ýòè ó÷àñòêè.

Mec-êîìïëåêñ. Â ýòîò êîìïëåêñ íåïîñðåäñò-

âåííî âõîäèò mecA è äâà ãåíà ðåãóëÿòîðà: mecI
(ðåïðåññîð), mecR1 (ñåíñîðíûé ðåãóëÿòîð), à òàê-

æå èíñåðöèîííûå ïîñëåäîâàòåëüíîñòè (insertion

sequence, IS). Ôóíêöèîíàëüíàÿ ðîëü mec-êîì-

ïëåêñà — ðåãóëÿöèÿ ýêñïðåññèè mecA. Ðåïðåññîð

MecI ïîäàâëÿåò òðàíñêðèïöèþ mecA. Ðåãóëÿòîð

MecR1 ïðåäñòàâëÿåò ñîáîé òðàíñìåìáðàííûé

ïðîòåèí, êîòîðûé àêòèâèðóåòñÿ ñðàçó ïîñëå ïî-

ÿâëåíèÿ â ñðåäå β-ëàêòàìíûõ àíòèáèîòèêîâ. Àê-

òèâàöèÿ ïðèâîäèò ê âûñâîáîæäåíèþ ñïåöèôè÷å-

ñêèõ ïðîòåàç, áëîêèðóþùèõ ðàáîòó MecI, òàêèì

îáðàçîì íà÷èíàåòñÿ òðàíñêðèïöèÿ mec-îïåðîíà è

ñîáñòâåííî mecA [8]. 

Â ñòðîåíèè mec-êîìïëåêñà âûäåëÿþò 6 êëàññîâ.

Êëàññ À ñîäåðæèò íåèçìåí¸ííûå ðåãóëÿòîðíûå ãå-

íû è èìååò âèä: IS431-mecA-mecR1-mecI. Êëàññ Â

èìååò äåëåòèðîâàííûé mecR1 ãåí, à òàêæå îòñóòñò-

âèå mecI, çà ñ÷¸ò âñòàâêè IS1272-ýëåìåíòà: IS431-
mecA-�mecR1-IS1272 [9]. Â êëàññå Ñ1 âìåñòî

IS1272 ýëåìåíòà èíòåãðèðîâàíà IS431, à â C2 ïîñëå-

äîâàòåëüíîñòü IS431 ïðåäñòàâëåíà â èíâåðòèðîâàí-

íîì âèäå, ñîîòâåòñòâåííî îíè èìåþò âèä:

IS431�mecA-�mecR1�IS431 è IS431�mecA-

�mecR1�IS431 [6, 10]. Êëàññ D îïèñàí òîëüêî ó

ìåòèöèëëèíîðåçèñòåíòíûõ êîàãóëàçîîòðèöàòåëü-

íûõ ñòàôèëîêîêêîâ. Íåäàâíî îõàðàêòåðèçîâàííûé

E êëàññ èìååò ïðèíöèïèàëüíî îòëè÷íîå ñòðîåíèå

— èçìåí¸ííûå mecA è îáà ðåãóëÿòîðíûõ ãåíà, êîòî-

ðûå íåîáû÷íî ôëàíêèðîâàíû ãåíîì áåòà-ëàêòàìà-

çû blaZ: blaZ*-mecA*-mecR1*-mecI* [11] . 

Êàê âèäíî, ìíîãèå êëàññû íå ñîäåðæàò ãåíà

ðåïðåññîðà, åãî ôóíêöèþ â òàêîì ñëó÷àå, ìîæåò

âûïîëíÿòü äðóãîé ðåãóëÿòîð — BlaI, âõîäÿùèé â

ñîñòàâ ãåííîãî êîìïëåêñà, êîäèðóþùåãî áåòà-

ëàêòàìàçû (blaI-blaR1-blaZ), è íå âõîäÿùåãî â

SCCmec [12]. Ìóòàöèè â ãåíå ñåíñîðíîãî ðåãóëÿ-

òîðà òàêæå ïðèâîäÿò ê íàðóøåíèþ åãî ôóíêöèî-

íàëüíîñòè. Ðàçëè÷èå â ñòðîåíèè mec-êîìïëåêñà,

êàê îäíîãî èç ôàêòîðîâ, ïðèâîäèò ê ãåòåðîãåííî-

ìó óðîâíþ óñòîé÷èâîñòè ê îêñàöèëëèíó: îò íèç-

êîé ìèíèìàëüíîé ïîäàâëÿþùåé êîíöåíòðàöèè

(ÌÏÊ) àíòèáèîòèêà (2—8 ìêã/ìë) äî êðàéíå âû-

ñîêîé (áîëåå 512 ìêã/ìë).

Ccr-êîìïëåêñ. Â äàííûé êîìïëåêñ (cassette

chromosome recombinase complex) âõîäÿò ãåíû ðå-

êîìáèíàç, êîäèðóþùèå áåëêè èç ñåìåéñòâà ðå-

çîëüâàç è èíòåãðàç, ó÷àñòâóþùèå â ïðîöåññàõ èí-

òåãðàöèè è «âûðåçàíèÿ» êàññåòû â õðîìîñîìå, òî

åñòü îáóñëàâëèâàþùèå å¸ ìîáèëüíîñòü. Ó MRSA

îïèñàíî òðè àëëåëüíûõ ðåêîìáèíàçû — ccrA,
ccrB, ccrC. Ãåíû ccrA, ccrB èìåþò åùå 4 àëëîòèïà,

êîòîðûå õàðàêòåðíû äëÿ îïðåäåë¸ííûõ òèïîâ

SCCmec. Ãðóïïîé IWG-SCC ccr-êîìïëåêñ êëàñ-

ñèôèöèðîâàí íà 8 òèïîâ [5, 13, 14]. 

J-ðåãèîíû. Íàèáîëåå âàðèàáåëüíûå ó÷àñòêè

SCCmec íàçûâàþòñÿ J-ðåãèîíàìè (junction

region). Â ýòè ëîêóñû ìîãóò âõîäèòü ïëàçìèäû

(pT181, pUB110, p1258), òðàíñïîçîíû (íàïðèìåð,

Tn554), IS-ïîñëåäîâàòåëüíîñòè (IS256), è ïðî÷èå

ãåíû. Ïî ëîêàëèçàöèè â SCCmec ðàçëè÷àþò òðè J-

ðåãèîíà: J1 ëîêàëèçîâàí ìåæäó ccr ãåíàìè è ïðà-

âûìè ôëàíêèðóþùèìè ëîêóñàìè; J2 — ìåæäó

mec-êîìïëåêñîì è ccr êîìïëåêñîì; J3 — ìåæäó

mec-êîìïëåêñîì è orfX. Âõîäÿùèå â J-ðåãèîíû

ìîáèëüíûå ãåíåòè÷åñêèå ýëåìåíòû, ñîäåðæàò

ðàçëè÷íûå äåòåðìèíàíòû óñòîé÷èâîñòè ê íå β-

ëàêòàìíûì àíòèáèîòèêàì è òÿæ¸ëûì ìåòàëëàì,

èìåííî ïîýòîìó MRSA ñïîñîáíû ïðîÿâëÿòü

ìóëüòèðåçèñòåíòíîñòü ê àíòèìèêðîáíûì ïðåïà-

ðàòàì. Â îñíîâå ñóáòèïîâîé êëàññèôèêàöèè ëå-

æèò ðàçëè÷èå â ñòðîåíèè J-ðåãèîíîâ [15—17]. Â

òàáëèöå ïðèâîäèòñÿ êëàññèôèêàöèÿ IWG-SCC íà

îñíîâå ñòðîåíèÿ îñíîâíûõ ýëåìåíòîâ SCCmec.

Êàê ïðàâèëî, îäèí øòàìì íåñ¸ò îäèí òèï

SCCmec, íî âñòðå÷àþòñÿ èñêëþ÷åíèÿ, êîãäà â

õðîìîñîìå èíòåãðèðóþòñÿ ýëåìåíòû ðàçíûõ mec-

êàññåò [5]. Íàëè÷èå ýëåìåíòîâ ñòàôèëîêîêêîâûõ

êàññåò ìîæåò áûòü íå âñåãäà àññîöèèðîâàíî ñ ìå-

òèöèëëèíîóñòîé÷èâîñòüþ, ïîñêîëüêó îïèñàíî

ÿâëåíèå, ïðè êîòîðîì, ãåí mecA ñïîíòàííî äåëå-

òèðóåòñÿ èç õðîìîñîìû, à âñå SCC ýëåìåíòû ñî-

õðàíÿþòñÿ [18, 19].

Ýâîëþöèÿ MRSA
Â ðàáîòå H. F. Chambers, F. R. Deleo [20]âûäå-

ëÿþò ÷åòûðå ýïèäåìèîëîãè÷åñêèå âîëíû ðåçèñ-

òåíòíîñòè çîëîòèñòîãî ñòàôèëîêîêêà. Ïåðâàÿ

âîëíà, êîòîðàÿ ïðîäîëæàåòñÿ äî ñèõ ïîð, âîçíèê-

ëà åùå â 1940 ãîäàõ, êîãäà âïåðâûå áûë âíåäð¸í â

ïðàêòèêó ïåíèöèëëèí. Ïåíèöèëëèíîóñòîé÷èâûå

øòàììû î÷åíü áûñòðî ðàñïðîñòðàíèëèñü â ðàç-



ëè÷íûõ ìåäèöèíñêèõ ó÷ðåæäåíèÿõ âñåãî ìèðà.

Âòîðàÿ âîëíà ðåçèñòåíòíîñòè ñâÿçàíà ñ ïîÿâëå-

íèåì MRSA. «Ïðèîáðåòåíèå» mecA îáåñïå÷èëî

óñòîé÷èâîñòü ñòàôèëîêîêêîâ êî âñåì β-ëàêòàì-

íûì àíòèáèîòèêàì. MRSA âòîðîé âîëíû íåñëè

SCCmec I òèïà è öèðêóëèðîâàëè íà òåððèòîðèè

âñåé Åâðîïû âïëîòü äî 1980-õ ãîäîâ [9]. Ñëåäóþ-

ùàÿ âîëíà ñâÿçàíà ñ ðàñïðîñòðàíåíèåì ìóëüòèðå-

çèñòåíòíûõ ãîñïèòàëüíûõ øòàììîâ (hospital asso-

ciated MRSA, HA-MRSA), íåñóùèõ SCCmec II, III

òèïà. Òàêèå MRSA âûçâàëè ïàíäåìèþ âî âñ¸ì

ìèðå, ïðîäîëæàþùóþñÿ è ïî ñåãîäíÿøíèé äåíü

[21]. ×åòâåðòàÿ âîëíà ðåçèñòåíòíîñòè àññîöèèðî-

âàíà ñ äâóìÿ ÿâëåíèÿìè — ýòî ïîÿâëåíèå ñòàôè-

ëîêîêêîâ ñî ñíèæåííîé ÷óâñòâèòåëüíîñòüþ ê

ãëèêîïåïòèäàì è ðàñïðîñòðàíåíèåì âíåáîëüíè÷-

íûõ MRSA (community associated MRSA, CA-

MRSA) â 1990 ãîäàõ [22].

Ýâîëþöèÿ ðåçèñòåíòíîñòè MRSA ñîïðîâîæ-

äàëàñü ïîÿâëåíèåì íîâûõ òèïîâ SCCmec, îäíè

âàðèàíòû ïàíäåìè÷íî ðàñïðîñòðàíèëèñü ïî âñå-

ìó ìèðó, ðàñïðîñòðàíåíèå äðóãèõ íîñèò ýíäåìè÷-

íûé õàðàêòåð.

Ïåðâûé êëèíè÷åñêèé èçîëÿò MRSA, øòàìì

NCTC10442, îáëàäàë SCCmec I òèïà. Ïî ñòðóêòóð-

íîé îðãàíèçàöèè ýòîò òèï êàññåò ñîäåðæèò ccr-

êîìïëåêñ 1 è B êëàññ mec-êîìïëåêñà (ðèñ. 1, à). Â

ñîñòàâ SCCmec I âõîäèò ãåí pls (plasmin-sensitive

protein), êîäèðóþùèé ôàêòîð âèðóëåíòíîñòè è

îáóñëàâëèâàþùèé ðàñïðîñòðàíåíèå êëåòîê ñòà-

ôèëîêîêêà â èíôåêöèîííîì î÷àãå [23]. Äðóãèõ äå-

òåðìèíàíò ðåçèñòåíòíîñòè àðõàè÷íûå âàðèàíòû

SCCmec I íå íåñëè. Îäíàêî ïîçæå ïîÿâèëèñü ýïè-

äåìè÷åñêèå êëîíû, âàðèàíò SCCmec IA ñ äîïîëíè-

òåëüíûìè ïëàçìèäàìè, ïðîÿâëÿþùèå óñòîé÷è-

âîñòü êî ìíîãèì ïðåïàðàòàì — ôòîðõèíîëîíàì,

àìèíîãëèêîçèäàì, ìàêðîëèäàì, òåòðàöèêëèíàì è

öèðêóëèðóþùèå âî ìíîãèõ ðåãèîíàõ ìèðà [9].

Êàññåòû SCCmec II, III òèïîâ íàèáîëåå «òÿæ¸-

ëûå», èõ ðàçìåð êîëåáëåòñÿ îò 50—70 òûñ. ï. í.,

îíè ñîäåðæàò mec-êîìïëåêñ À êëàññà, îäíàêî

èìåþò ðàçíûå àëëîòèïû ccr-ãåíîâ (ðèñ. 1, á, ã).

Êàê ïðàâèëî, â èõ ñîñòàâ âõîäÿò ïëàçìèäû è

òðàíñïîçîíû. Íàèáîëåå ÷àñòî êàññåòû èìåþò

òðàíñïîçîí Tn554, îáóñëàâëèâàþùèé óñòîé÷è-

âîñòü ê ìàêðîëèäàì, ëèíêîçàìèäàì (ermA), ñïåê-

òèíîìèöèíó (spc). Â ñâîþ î÷åðåäü, èíòåãðèðîâàí-

íûå ïëàçìèäû íåñóò äðóãèå äåòåðìèíàíòû

ðåçèñòåíòíîñòè (óñòîé÷èâîñòü ê àìèíîãëèêîçè-

äàì, òåòðàöèêëèíàì). Â òàêèõ êàññåòàõ ìîãóò áûòü

èíòåãðèðîâàíû òàêæå ãåíû òðàíñïîðòíûõ ñèñòåì,

ó÷àñòâóþùèõ â àêòèâíîì âûâåäåíèè ìåòàëëîâ,

ñîëåé ðòóòè. Òàê, íàïðèìåð, øòàìì 85/2082, âû-

äåëåííûé â 1985 ã. â Íîâîé Çåëàíäèè, èìååò

SCCmec III òèïà ñ êîìïîçèòíûì ñòðîåíèåì êàñ-

ñåòû (ðèñ. 1, ã), ãäå äîïîëíèòåëüíî ïðèñóòñòâóåò

mer-êîìïëåêñ, îáóñëàâëèâàþùèé óñòîé÷èâîñòü ê

ñîëÿì ðòóòè (SCCmec-HG/mercury) [9, 16]. Â ñî-

ñòàâ êàññåò II òèïà âõîäèò êîìïëåêñ kdp-ãåíîâ,

êîäèðóþùèõ äâóõêîìïîíåíòíóþ òðàíñïîðòíóþ

ñèñòåìó è îäíîâðåìåííî âûïîëíÿþùóþ ðîëü ðå-

ãóëÿòîðíîé ñèñòåìû, êîòîðàÿ âëèÿåò íà ìíîãèå

ôàêòîðû ïàòîãåííîñòè êëåòêè ñòàôèëîêîêêà.

Êàê ïðàâèëî, øòàììû, íåñóùèå SCCmec II, III

òèïà, ìóëüòèðåçèñòåíòíû è îáëàäàþò âûñîêèì

óðîâíåì óñòîé÷èâîñòè ê îêñàöèëëèíó. 

Êàññåòû SCCmec IV, V òèïîâ ìàêñèìàëüíî

óïðîùåíû (ðèñ. 1, ä), è èõ ðàçìåð â õðîìîñîìå

âàðüèðóåò îò 20—30 òûñ. ï. í. Òàêîå óïðîùåíèå â

îñíîâíîì ñâÿçàíî ñ îòñóòñòâèåì áîëüøîãî êîëè-

÷åñòâà ðàçíûõ ìîáèëüíûõ ãåíåòè÷åñêèõ ýëåìåí-

òîâ â J-îáëàñòÿõ, â îòëè÷èå îò êàññåò II è III òè-

ïîâ. Ñòðóêòóðíûå îñîáåííîñòè ãåíåòè÷åñêîé

îðãàíèçàöèè ýòèõ òèïîâ êàññåò îïèñàíû â òàá-

ëèöå. Îòëè÷àþùèìñÿ îò äðóãèõ òèïîâ êàññåò ÿâ-

ëÿåòñÿ V òèï, òèïîâîé øòàìì WIS, âûäåëåííûé â

Àâñòðàëèè [24, 25]. Òàêîé òèï êàññåò èìååò îäèí

ãåí ðåêîìáèíàçû — ccrC (õîòÿ îïèñàíû øòàììû,

íåñóùèå äâà àëëåëÿ ýòîé ðåêîìáèíàçû, íàïðè-

ìåð øòàìì TSGH17) è èìååò C2 mec-êîìïëåêñ.
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Òèï Ðàçìåð, ccr- mec- Ýëåìåíòû, âõîäÿùèå Ðåôåðåíñíûå øòàììû Ãîä
SCCmec òûñ.ï.í.* êîìïëåêñ êîìïëåêñ â J-îáëàñòÿõ

I 34 1 (A1B1) B pls NCTC10442, COL 1961

II 52—58 2 (A2B2) A Tn554, kdp, pUB110 N315, Mu50, Mu3, 

MRSA252, JH1, JH9 1982

III 67 3 (A3B3) A Tn554, mer, Pt181 85/2082 1985

IV 20—25 2 (A2B2) B CA05, MW2, 8/6-3P,

81/108 1990-å ãîäû

V 28 5 (C1) C2 hsd, óñòîé÷èâîñòü WIS(WBG8318), TSGH17 1990-å ãîäû

ê öèíêó (czrC)

VI 20—25 4 (A4B4) B HDE288 1992

VII 33 5 (C1) C1 JCSC6082, PM1 2002

VIII 32 4 (A4B4) A Tn554 C10682, BK20781 2003

IX 43 1(A1B1) C2 ãåíû óñòîé÷èâîñòè  JCSC6943 2006

X 50 7(A1B6) C1 ê ìåäè, JCSC6945 2006

XI 30 8(A1B3) E ìûøüÿêó, êàäìèþ LGA251 2007

M10/0061 2010

Классификация SCCmmeecc, предложенная IWG�SCC

ППррииммееччааннииее..  * — тысяч пар нуклеотидов.



АНТИБИОТИКИ И ХИМИОТЕРАПИЯ, 2012, 57; 9—10 41

ОБЗОРЫ

Åùå îäíîé îñîáåííîñòüþ ÿâëÿåòñÿ íàëè÷èå â J-

ðåãèîíå ðåñòðèêòàçíîé ìîäèôèöèðóþùåé ñèñòå-

ìû ïåðâîãî òèïà (ãåíû hsdRSM), ïî-âèäèìîìó,

äàííàÿ ñèñòåìà âûïîëíÿåò ðîëü ñòàáèëèçàòîðà

SCCmec, ïîñêîëüêó ðàññìàòðèâàåìûå êàññåòû

îáëàäàþò ïîâûøåííîé ìîáèëüíîñòüþ. MRSA ñ

SCCmec V íàèáîëåå ÷àñòî âñòðå÷àþòñÿ â ñòðàíàõ

Àçèè, â Åâðîïå è ÑØÀ, òàêèå èçîëÿòû îïèñûâà-

þòñÿ ðåäêî. Ïåðâûå âàðèàíòû ñòàôèëîêîêêîâ ñ

IV òèïîì SCCmec, íàïðîòèâ, áûëè âûÿâëåíû

ñðàçó â íåñêîëüêèõ òî÷êàõ Çåìëè: â Íîâîé Çåëàí-

äèè, Êàíàäå, ÑØÀ è Àíãëèè [26—30]. Â îòíîøå-

íèè ÷óâñòâèòåëüíîñòè ê àíòèáèîòèêàì, òàêèå

øòàììû ñòàôèëîêîêêîâ ïðîÿâëÿþò ãåòåðîãåí-

íîñòü, êàê ïî óðîâíþ ðåçèñòåíòíîñòè ê îêñàöèë-

ëèíó, òàê è ïî ñïåêòðó óñòîé÷èâîñòè ê äðóãèì

ïðåïàðàòàì. Ó øòàììîâ ñ SCCmec V îïèñûâàþò

íèçêèé óðîâåíü óñòîé÷èâîñòè ê îêñàöèëëèíó

(ÌÏÊ: 4—32 ìêã/ìë), è îíè ÷àñòî ÷óâñòâèòåëüíû

ê äðóãèì àíòèáèîòèêàì. 

Â 1992 ã. â Ïîðòóãàëèè è íåêîòîðûõ äðóãèõ

ñòðàíàõ â äåòñêèõ ñòàöèîíàðàõ äîìèíèðîâàë òàê

íàçûâàåìûé «ïåäèàòðè÷åñêèé êëîí» MRSA, èìå-

þùèé SCCmec VI òèïà. Äàííûé òèï êàññåò èìååò

ñõîæåå ñòðîåíèå ñ SCCmec IV òèïîì, èìååò íå-

áîëüøîé ðàçìåð. Èçîëÿòû MRSA ñ äàííûì òèïîì

êàññåò ÿâëÿþòñÿ ýíäåìè÷íûìè [31]. 

Íåîáû÷íîå ñòðîåíèå èìååò SCCmec VII òèïà,

âïåðâûå îïèñàííîå ó èçîëÿòà JCSC6082, âûäå-

ëåííîãî â Øâåöèè îò áîëüíîé ñ àáñöåññîì áðþø-

РРиисс..  11..  Схемы генетической организации SCCmmeecc I— IV (аа,, бб,, гг,, дд), mmeecc�комплексов SCCmmeecc XI типа (ее), и
SS..fflleeuurreettttiiii (вв), участка mmeecc�транспозона  MM..ccaasseeoollyyttiiccuuss (жж). 
Серым цветом между SCCmec типами  отмечены гомологичные функциональные и структурные области. (б): От-
мечен гомологичный генетический бэкграунд между S.fleurettii и SCCmec II типа, включающий гены mvaACS (ме-
таболизм мевалоната) — в SCCmec II имеется делетированная форма гена mvaS;  участки α (метаболизм жир-
ных кислот, ugpQ, MaoC) и b (комплекс генов, включающие металло-β-лактамазы, белки-детоксикаторы), xylR
(метаболизм ксилозы) имеют неизменённое строение; У S.fleurettii между mvaACS и областью α закодирован
ген транспозазы, отсутствующий в SCCmec II.  (е): Показано строение ccr и mec-комплекса  SCCmec XI типа, ин-
вертированный гомологичный участок отмечается в строении mec-транспозона  M.caseolyticus (ж), tpn — гены
транспозаз. Рисунок адаптирован по источникам: Classification of staphylococcal cassette chromosome mec
(SCCmec): guidelines for reporting novel SCCmec elements (AAC, 2009), Tsubakishita S., et.al. (AAC, 2010).



íîé ñòåíêè [32]. Ýòîò òèï êàññåòû îòëè÷àåòñÿ íà-

ëè÷èåì ccrC-ðåêîìáèíàçû è Ñ1-mec-êîìïëåêñà.

C1-mec-êîìïëåêñ ðàíåå áûë îïèñàí ó øòàììà

Staphylococcus haemolyticus SH631, â J-ðåãèîíå

SCCmec VII îáíàðóæåí ãåí hsdM (ÄÍÊ-ìåòèëà-

çà), ýëåìåíò ðåñòðèêòàçíîé ìîäèôèöèðóþùåé

ñèñòåìû [33]. 

SCCmec VIII òèïà îïèñàíà ñðåäè HA-MRSA

øòàììîâ, âûäåëåííûõ â 2003—2005 ãîäàõ, â îñ-

íîâíîì â Êàíàäå [34]. Ñòðóêòóðíûå îñîáåííîñòè

SCCmec VIII îòîáðàæåíû â òàáëèöå. 

SCCmec VI, VII, VIII òèïîâ íå èìåþò ãëîáàëü-

íîãî ðàñïðîñòðàíåíèÿ, è íîñÿò ñïîðàäè÷åñêèé

õàðàêòåð ïîÿâëåíèÿ. 

Îïèñàííûå SCCmec IX (Êàíàäñêèé øòàìì

JCSC6943), X (Òàèëàíäñêèé øòàìì JCSC6945)

òèïîâ áûëè îáíàðóæåíû ó S.aureus, âûäåëåííûõ

ïðè èíôåêöèîííûõ ïîðàæåíèÿõ ó äîìàøíåãî

ñêîòà [35]. Òàêèå èçîëÿòû îòíîñÿòñÿ ê òàê íàçûâà-

åìîé «âåòåðèíàðíîé» ëèíèè MRSA (livestock-

associated MRSA, LA-MRSA). Ãåíû ccr-êîìïëåê-

ñà IX òèïà ãîìîëîãè÷íû ãåíàì SCCmec I òèïà íà

92—94%, îêðóæàþùèå ccr-êîìïëåêñ ãåíåòè÷åñ-

êèå ýëåìåíòû ãîìîëîãè÷íû òîëüêî íà 58—68%

SCCmec I òèïà. SCCmec X òèïà èìååò óíèêàëüíóþ

êîìáèíàöèþ ãåíîâ ccr-êîìïëåêñà: ccrA1 ãîìîëî-

ãè÷åí ãåíó ccrA1 êàññåòû SCCmec I òèïà, à ccrB6
ãîìîëîã ðåêîìáèíàçû S.saprophyticus ATCC 15305.

Âûøåîïèñàííûå SCCmec-êàññåòû òàêæå îòëè÷à-

þòñÿ ïî ãåíåòè÷åñêîìó ñòðîåíèþ äðóãèõ ñòðóê-

òóðíûõ ýëåìåíòîâ. Èíòåðåñíîé îñîáåííîñòüþ ÿâ-

ëÿåòñÿ òî, ÷òî â ýòèõ êàññåòàõ çàêîäèðîâàíû ãåíû

ðåçèñòåíòíîñòè ê äåéñòâèþ òÿæ¸ëûõ ìåòàëëîâ:

êàäìèþ (cadDX), ìåäè (copB), àðñåíàòàì (arsRBC,
arsDARBC). Ñëåäóåò òàêæå îòìåòèòü, ÷òî îïèñàí-

íûå ãåíåòè÷åñêèå äåòåðìèíàíòû óñòîé÷èâîñòè ê

òÿæ¸ëûì ìåòàëëàì èìåþò âûñîêóþ ñòåïåíü ãîìî-

ëîãèè ñ àíàëîãè÷íûìè ñòðóêòóðàìè ó êîàãóëàçî-

îòðèöàòåëüíûõ ñòàôèëîêîêêîâ, âñòðå÷àþùèõñÿ â

ïðèðîäå.

Â 2010 ãîäó â Èðëàíäèè áûëè âûäåëåíû êëè-

íè÷åñêèå èçîëÿòû S.aureus, èìåþùèå íåîáû÷íîå

ñòðîåíèå SCCmec. Ýòè øòàììû ôåíîòèïè÷åñêè

ïðîÿâëÿëè íèçêèé óðîâåíü óñòîé÷èâîñòè ê îêñà-

öèëëèíó (ÌÏÊ: 1—2 ìêã/ìë) è öåôîêñèòèíó, è

÷òî, ñàìîå ãëàâíîå, âûÿâèòü òðàäèöèîííûìè

ÏÖÐ ìåòîäàìè ãåí mecA íå óäàâàëîñü. Ïîñëå ïðî-

âåäåíèÿ ñåêâåíèðîâàíèÿ áûë îòêðûò íîâûé òèï

SCCmec XI òèïà, êðàéíå îòëè÷àþùèéñÿ ïî ñòðî-

åíèþ îò äðóãèõ òèïîâ êàññåò (ðèñ. 1, å). Â ñîñòàâ

SCCmec XI òèïà âõîäÿò èçìåí¸ííûå ãåíû mec-

êîìïëåêñà, ñòåïåíü ãîìîëîãèè àìèíîêèñëîòíîãî

ñîñòàâà áåëêîâ MecI, MecR1 ñîñòàâëÿåò ñîîòâåò-

ñòâåííî 66 è 45% â ñðàâíåíèè ñ òàêîâûìè ó äðó-

ãèõ îïèñàííûõ èçîëÿòîâ MRSA. Íî ÷òî áîëåå èí-

òåðåñíî, ðàíåå ñ÷èòàâøèéñÿ êîíñåðâàòèâíûé ãåí

mecA èìååò òàêæå èçìåí¸ííûé íóêëåîòèäíûé ñî-

ñòàâ, ñòåïåíü àìèíîêèñëîòíîé ãîìîëîãèè ïî

ñðàâíåíèþ ñ äðóãèìè MRSA ñîñòàâëÿåò âñåãî

63%. Â mec-êîìïëåêñ òàêæå âõîäèò ãåí blaZ (áåòà-

ëàêòàìàçà), èìåþùèé òàêæå èçìåí¸ííûé íóêëåî-

òèäíûé ñîñòàâ. Â J1-îáëàñòè çàêîäèðîâàí àðñå-

íàòíûé îïåðîí, îáóñëàâëèâàþùèé óñòîé÷èâîñòü

ê âîçäåéñòâèþ ñîåäèíåíèé ìûøüÿêà. Íåáîëüøîé

ðàçìåð SCCmec XI òèïà ïðåäïîëàãàåò âûñîêóþ

ìîáèëüíîñòü êàññåòû, à ñëåäîâàòåëüíî, è áûñòðîå

ðàñïðîñòðàíåíèå [36]. Ðîëü íîâûõ òèïîâ ñòàôè-

ëîêîêêîâûõ êàññåò â ýïèäåìèîëîãèè è êëèíè÷åñ-

êîé çíà÷èìîñòè ïîêà îñòàåòñÿ íåïîíÿòíîé. 

Âàæíåéøèì ýòàïîì â ýâîëþöèè ñòàôèëîêîê-

êîâ ÿâëÿåòñÿ ïîÿâëåíèå ýïèäåìèîëîãè÷åñêîãî

êëàñòåðà CA-MRSA.

CA-MRSA
Âïëîòü äî 1990 ã. MRSA áûë ïðîáëåìîé âíóò-

ðèãîñïèòàëüíûõ èíôåêöèé, íî ýòà ñèòóàöèÿ êàð-

äèíàëüíî èçìåíèëàñü ñ ïîÿâëåíèåì âíåãîñïè-

òàëüíûõ MRSA. Íàèáîëåå ÷àñòî CA-MRSA

âûçûâàþò èíôåêöèè êîæè è ìÿãêèõ òêàíåé, îä-

íàêî îñîáóþ çíà÷èìîñòü òàêèå ñòàôèëîêîêêè

ïðèîáðåëè ïîñëå ñëó÷àåâ ñìåðòåé ñðåäè áîëüíûõ.

Åùå îäíîé îñîáåííîñòüþ ÿâëÿåòñÿ êðàéíå áûñò-

ðîå èõ ðàñïðîñòðàíåíèå â ÷åëîâå÷åñêîé ïîïóëÿ-

öèè, ñîîáùåíèÿ î CA-MRSA èíôåêöèÿõ â ïðî-

øëûå äâà äåñÿòèëåòèÿ âî âñåì ìèðå ðîñëè êàê

ñíåæíûé êîì. Â ñòðàíàõ ñ íèçêèì óðîâíåì ãîñïè-

òàëüíûõ èíôåêöèé, âûçâàííûõ MRSA, íàïðè-

ìåð, Ñåâåðíàÿ Åâðîïà, CA-MRSA ñòàëè ãëàâíîé

ïðè÷èíîé ðàñïðîñòðàíåíèÿ è ðàçâèòèÿ ñòàôèëî-

êîêêîâûõ èíôåêöèé [37]. «Íîâûå» MRSA îòëè-

÷àëèñü äâóìÿ îñîáåííîñòÿìè — ÷óâñòâèòåëüíîñ-

òüþ ê áîëüøèíñòâó íå β-ëàêòàìíûõ àíòèáèîòèêîâ

è âûðàæåííîé âèðóëåíòíîñòüþ, ÷òî îòðàæàëîñü â

ìîëíèåíîñíîì ðàñïðîñòðàíåíèè èíôåêöèîííîãî

î÷àãà ñ ëåòàëüíûì èñõîäîì. Â 2000 ã. CDC áûëî

ïðåäëîæåíî îáîçíà÷àòü CA-MRSA èíôåêöèè â

ñëó÷àå âûÿâëåíèÿ MRSA ó àìáóëàòîðíûõ ïàöèåí-

òîâ èëè ïàöèåíòîâ, íàõîäÿùèõñÿ â ñòàöèîíàðå íå

áîëåå 48 ÷àñîâ. Ïîìèìî ýòîãî áîëüíûå íå äîëæíû

èìåòü ôàêòîðîâ ðèñêà ðàçâèòèÿ ãîñïèòàëüíîé èí-

ôåêöèè: ãåìîäèàëèçà, õèðóðãè÷åñêîãî âìåøà-

òåëüñòâà, ïðåäøåñòâóþùåãî äëèòåëüíîãî ïðåáû-

âàíèÿ â ñòàöèîíàðå â òå÷åíèå ãîäà, íàëè÷èÿ

èíâàçèâíûõ ìåäèöèíñêèõ ìàòåðèàëîâ, è ðàííåãî

âûÿâëåíèÿ MRSA [37]. Âíåáîëüíè÷íûå MRSA

èìåþò SCCmec IV è V, ýòè êàññåòû èìåþò ñàìûé

ìàëåíüêèé ðàçìåð ñðåäè âñåõ îïèñàííûõ òèïîâ, â

ñâÿçè ñ ýòèì îáëàäàþò ïîâûøåííîé ìîáèëüíîñ-

òüþ. Øòàììû ñ SCCmec IV ðàñïðîñòðàíèëèñü ïî

âñåìó ìèðó, è ñåãîäíÿ ïî ÷àñòîòå âñòðå÷àåìîñòè

çàíèìàþò ïåðâîå ìåñòî [38, 39]. Ïåðâûå îïèñûâà-

åìûå èçîëÿòû CA-MRSA, âûäåëåííûå â 1990 ã.

èìåëè òîêñèí Ïàíòîí-Âàëåíòàéíà (PVL), ýòî

ëåéêîöèäèí, âûçûâàþùèé ëèçèñ ôàãîöèòîâ,

îïîñðåäóåò ðàçâèòèå äåðìàòîíåêðîçà è ãåìîððà-
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ãèé, ëåòàëüíîñòü ïðè ðàçâèòèè ïíåâìîíèè ìîæåò

äîñòèãàòü 40—60% [40, 41]. Ïîìèìî PVL, ó òàêèõ

øòàììîâ âûÿâëÿëèñü è äðóãèå òîêñèíû, íî îò-

äåëüíîãî âíèìàíèÿ çàñëóæèâàåò âïåðâûå îïèñàí-

íûé ó CA-MRSA ãåííûé êîìïëåêñ ACME (argi-

nine catabolic mobile element) [42, 43]. Ãåíû

ìîáèëüíîé ñèñòåìû ACME ó÷àñòâóþò â ïðîöåñ-

ñàõ ïîëíîãî äåçàìèíèðîâàíèÿ àðãèíèíà, ÷òî ñïî-

ñîáñòâóåò ñíèæåíèþ êèñëîòíîñòè ñðåäû, îñîáåí-

íî íà òàêèõ ñóáñòðàòàõ, êàê êîæà èëè ñëèçèñòûå

îáîëî÷êè. Õîòÿ äî êîíöà ðîëü ýòîãî êîìïëåêñà

îñòàåòñÿ íåèçó÷åííîé, èìåþòñÿ äàííûå, ÷òî òà-

êîé íîâûé ìåòàáîëè÷åñêèé ïóòü ñïîñîáñòâóåò ïî-

âûøåíèþ êîëîíèçàöèîííîé àêòèâíîñòè êëåòîê,

è ñîîòâåòñòâåííî áûñòðîìó ðîñòó è ðàñïðîñòðà-

íåíèþ [44—46]. ×óâñòâèòåëüíîñòü CA-MRSA êî

ìíîãèì íå áåòàëàêòàìíûì ïðåïàðàòàì îáúÿñíÿ-

åòñÿ èõ ïîÿâëåíèåì â ÷åëîâå÷åñêîé ïîïóëÿöèè,

ãäå íåò ñåëåêòèâíîãî äàâëåíèÿ àíòèáèîòèêîâ. 

Âñå âûøåîïèñàííûå îòëè÷èòåëüíûå îñîáåí-

íîñòè õàðàêòåðíû äëÿ êëàññè÷åñêèõ âàðèàíòîâ

CA-MRSA. Îäíàêî íà ñåãîäíÿøíèé äåíü íåò

÷åòêèõ ãðàíèö ìåæäó CA-MRSA è HA-MRSA

øòàììàìè. Ýòî ñâÿçàíî ñ ãåíåòè÷åñêèì ïîïóëÿ-

öèîííûì äâèæåíèåì îò êëîíîâ CA-MRSA ê HA-

MRSA [37, 47]. Ïîÿñíèì ýòî ñëåäóþùèì ÿâëåíè-

åì. Øèðîêî ðàñïðîñòðàí¸ííûå êëîíû øòàììîâ

HA-MRSA íå ïîÿâëÿþòñÿ è íå àäàïòèðóþòñÿ â

÷åëîâå÷åñêîé ïîïóëÿöèè, è ìîãóò ðàñïðîñòðà-

íÿòüñÿ òîëüêî â ãîñïèòàëüíîé ñðåäå. Íàïðîòèâ,

CA-MRSA, ïîÿâèâøèñü âî âíåãîñïèòàëüíîé ñðå-

äå, ìîãóò ëåãêî àäàïòèðîâàòüñÿ ê âíóòðèãîñïè-

òàëüíûì óñëîâèÿì. Ñàìûì ÿðêèì ïðèìåðîì ÿâ-

ëÿåòñÿ âèðóëåíòíûé êëîí MRSA USA300 —

SCCmec IV, íåñóùèé PVL è ACME, êîòîðûé áûë

âåäóùèì âîçáóäèòåëåì âíåáîëüíè÷íûõ ñòàôèëî-

êîêêîâûõ èíôåêöèé íà òåððèòîðèè ÑØÀ â 1990-

2000 ãîäàõ. Íî òåïåðü USA300-SCCmec IV ÿâëÿ-

åòñÿ îäíèì èç ãëàâíûõ ãîñïèòàëüíûõ êëîíîâ,

êîòîðûå ðàñïðîñòðàíèëèñü äàëåêî çà ïðåäåëû

ÑØÀ, ïðè ýòîì óòðàòèâ ãåíû âèðóëåíòíîñòè [48,

49]. Òàêèì îáðàçîì, CA-MRSA, íåñóùèå SCCmec
IV, ñòàëè ïîïóëÿöèîííûì ïóëîì, êîòîðûé ïî-

ïîëíÿåò HA-MRSA â ãîñïèòàëüíîé ñðåäå, ÷òî

îáúÿñíÿåò ãëîáàëüíîå ðàñïðîñòðàíåíèå ýòîãî òè-

ïà êàññåò. Îäíàêî ñòîèò ïîä÷åðêíóòü, ÷òî

SCCmec IV ïîÿâèëèñü è ðàñïðîñòðàíÿëèñü òàêæå

ñðåäè HA-MRSA íå çàâèñèìûì îò âíåáîëüíè÷-

íûõ ñòàôèëîêîêêîâ ïóò¸ì [50]. 

Îäíîé èç ìàëîèçó÷åííûõ ïðîáëåì MRSA ÿâ-

ëÿåòñÿ èõ ïðîèñõîæäåíèå, à òî÷íåå ïîÿâëåíèå ó

ñòàôèëîêîêêîâ SCCmec. 

Ïðîèñõîæäåíèå mecA
è SCC-ýëåìåíòîâ

Ïðîèñõîæäåíèå è ðåçåðâóàð ñòàôèëîêîêêî-

âûõ mec-êàññåò è mecA îñòàåòñÿ çàãàäêîé è ïî ñåãî-

äíÿøíèé äåíü. Ïî âñåé âèäèìîñòè, èñòî÷íèêîì

âîçíèêíîâåíèÿ è ýâîëþöèè SCCmec ÿâëÿþòñÿ êî-

àãóëàçîîòðèöàòåëüíûå ñòàôèëîêîêêè (CNS), ïî-

ñêîëüêó ìåòèöèëëèíîðåçèñòåíòíûé ôåíîòèï îá-

íàðóæèâàåòñÿ ñðåäè ýòèõ áàêòåðèé, îáèòàþùèõ â

ïðèðîäíûõ áèîòîïàõ. Òàêîå ñâîéñòâî îáóñëàâëè-

âàåòñÿ íàëè÷èåì ïåíèöèëëèíñâÿçûâàþùèõ áåë-

êîâ, ãîìîëîãè÷íûõ mecA (ãåíû pbp ñåìåéñòâà

mecA), íî ïðè ýòîì ó òàêèõ CNS îòñóòñòâóþò ïîë-

íîöåííûå ýëåìåíòû mec-êàññåò. Òàê, íàïðèìåð, ó

÷óâñòâèòåëüíîãî ê îêñàöèëëèíó øòàììà S.sciuri
PBP èìååò âûñîêóþ àìèíîêèñëîòíóþ ãîìîëîãèþ

(88%) ñ PBP2a MRSA, ÷òî ãîâîðèò î âîçìîæíîì

ìåæâèäîâîì ïåðåíîñå ãåíà mecA. Òàêæå ïîä-

òâåðæäåíèåì ýòîãî ÿâëÿåòñÿ îïûò, êîãäà âûðàùè-

âàëè íà ñðåäå ñ ìåòèöèëëèíîì èçíà÷àëüíî ÷óâñò-

âèòåëüíûé øòàìì S.sciuri, êîòîðûé ñòàíîâèëñÿ

ïîñëå íåñêîëüêèõ ïàññàæåé óñòîé÷èâûì, ïðè

ýòîì â ãåíå pbp âîçíèêàëè òî÷å÷íûå ìóòàöèè, ÷òî

ïðèâîäèëî ê èçìåíåíèþ ôåíîòèïà è ñîîòâåòñò-

âåííî ïîÿâëåíèþ óñòîé÷èâîñòè [51, 52]. Òàêæå

âûñîêîé ñòåïåíüþ àìèíîêèñëîòíîé ãîìîëîãèè ñ

PBP2a îáëàäàþò ïåíèöèëëèíñâÿçûâàþùèå áåëêè

S.vitulinus [53]. Íî âñå ýòè íàõîäêè, îäíàêî, íå

îáúÿñíÿþò ïðîèñõîæäåíèå SCC-ýëåìåíòîâ. 

Âîçìîæíûé êàíäèäàò — ïðåäøåñòâåííèê

SCCmec ÿâëÿåòñÿ Macrococcus caseolyticus
(Staphylococcus caseolyticus), êîììåíñàë êîæíûõ ïî-

âåðõíîñòåé æèâîòíûõ, âñòðå÷àåòñÿ òàêæå â ïèùå-

âûõ ïðîäóêòàõ. Ñðåäè M.caseolyticus âûÿâëÿþòñÿ è

óñòîé÷èâûå ê îêñàöèëëèíó èçîëÿòû. Òàê, ó øòàììà

èç Êèòàÿ (JCSC7096), óñòîé÷èâîãî ê îêñàöèëëèíó,

îïèñàí mec-òðàíñïîçîí Tn6045, ñîäåðæàùèé îñ-

íîâíûå ãåíû mec-êîìïëåêñà, êîòîðûå èìåþò 50—

70% ãîìîëîãèþ ñ òàêîâûìè ýëåìåíòàìè SCCmec II

òèïà. Îäíàêî ccr-ãåíû ëîêàëèçîâàíû îòäåëüíî â

õðîìîñîìå è ÿâëÿþòñÿ, îòëè÷íûìè îò äðóãèõ ãåíîâ

ðåêîìáèíàç, àëëåëÿìè. È ñàìûé ãëàâíûé ìîìåíò,

ýòîò òðàíñïîçîí îáëàäàåò «öåëåâîé» ìîáèëüíîñ-

òüþ, òî åñòü ñïîñîáåí «âûðåçàòüñÿ» èç õðîìîñîìû è

âñòðàèâàòüñÿ âáëèçè orfX, êóäà âñòðàèâàþòñÿ è îðè-

ãèíàëüíûå SCCmec [54]. Åñëè îáúåäèíèòü mec-

òðàíñïîçîí è ccr ãåíû, òî â èòîãå ïîëó÷àåòñÿ ïîëíî-

öåííàÿ ìîáèëüíàÿ SCCmec êàññåòà. Íåñìîòðÿ íà

ýòè àðãóìåíòû, ñòðóêòóðà SCC-ïîäîáíûõ ýëåìåí-

òîâ JCSC7096 ñõîæà ñî ñòðîåíèåì SCCmec XI òèïà

è î÷åíü ñèëüíî îòëè÷àåòñÿ îò àðõàè÷íûõ øòàììîâ

MRSA (ðèñ. 1, æ). Ïîýòîìó M.caseolyticus ìîæíî

ðàññìàòðèâàòü êàê èñòî÷íèê íîâûõ âàðèàíòîâ

SCCmec, íî íå êàê ïðåäøåñòâåííèêà. 

Âîçìîæíî ãåíåòè÷åñêèì øàáëîíîì SCCmec
ÿâëÿåòñÿ ìåòèöèëëèíîóñòîé÷èâûé S.fleurettii,
êîììåíñàë æèâîòíûõ. Ó ýòîãî ñòàôèëîêîêêà

mecA ãåí çàêîäèðîâàí â mec-êîìïëåêñå, èìåþ-

ùåì ïîëíîöåííîå ñòðîåíèå À òèïà [53]. Íóêëåî-

òèäíàÿ ãîìîëîãèÿ ñîñòàâëÿåò 99% ñ mec-êîìïëåê-

ñîì A, âõîäÿùåãî â ñîñòàâ âñåõ òð¸õ òèïîâ

SCCmec: II, III, VIII. Òàêæå ãåíåòè÷åñêîå îêðóæå-



íèå (genetic background) mec-ëîêóñà S.fleurettii îðãà-

íèçîâàíî àíàëîãè÷íî êàññåòå SCCmec II òèïà (ðèñ.

1, â). Â «ãåíåòè÷åñêèé áýêãðàóíä» âõîäÿò êîìïëåêñû

ãåíîâ «äîìàøíåãî õîçÿéñòâà» — ìåòàáîëèçì ìåâà-

ëîíàòà, æèðíûõ êèñëîò, áåëêè ñåìåéñòâà ìåòàëëî-

β-ëàêòàìàç è äðóãèå ýëåìåíòû. Íî, åñëè ó S.fleurettii
ñòðóêòóðíàÿ îðãàíèçàöèÿ mec-ëîêóñà èìååò îòíîñè-

òåëüíî òî÷íóþ êîïèþ mec-êîìïëåêñà SCCmec
MRSA, òî ñèñòåìà ìîáèëüíîñòè ïîëíîñòüþ îòñóò-

ñòâóåò. Íàëè÷èå ðåêîìáèíàç ñïîñîáñòâîâàëî áû

áûñòðîìó ðàñïðîñòðàíåíèþ ñðåäè ïðèðîäíûõ CNS

ìåòèöèëëèíîðåçèñòåíòíîãî ôåíîòèïà ÷åðåç ãîðè-

çîíòàëüíûé ïåðåíîñ ãåíîâ, íî åñòåñòâåííî, ýòîãî íå

ïðîèñõîäèò. Òàêèì îáðàçîì, S.fleurettii — åäèíñò-

âåííûé îïèñàííûé ìèêðîîðãàíèçì, èìåþùèé

ìàêñèìàëüíîå ãåíåòè÷åñêîå ñõîäñòâî ñ MRSA â

ñòðîåíèè mec-êîìïëåêñà. 

Ãëîáàëüíî ðàñïðîñòðàí¸ííûå 
ãåíåòè÷åñêèå ëèíèè MRSA 
Ýâîëþöèÿ SCCmec è ýâîëþöèÿ ãåíîìà íîñèò

îòíîñèòåëüíî íåçàâèñèìûé õàðàêòåð. Ãåíîì ïðî-

êàðèîòîâ ôóíêöèîíàëüíî è ñòðóêòóðíî ñîñòîèò

èç äâóõ ÷àñòåé — ýòî êîíñåðâàòèâíîå ÿäðî (core

genome), ñîâîêóïíîñòü âàæíåéøèõ ãåíîâ, ó÷àñò-

âóþùèõ â æèçíåäåÿòåëüíîñòè êëåòêè: ðèáîñî-

ìàëüíûõ è ãåíîâ äîìàøíåãî õîçÿéñòâà. Äðóãàÿ

÷àñòü — âàðèàáåëüíûé äîïîëíèòåëüíûé ãåíîì

(accessory genome), ïðåäñòàâëÿþùèé ñîáîé âñþ

ìàññó ãåíåòè÷åñêèõ ýëåìåíòîâ, ïðèâíåñ¸ííûõ â

õîäå ãîðèçîíòàëüíîãî ïåðåíîñà, ñþäà æå îòíî-

ñèòñÿ è SCCmec [55]. Âñå ýâîëþöèîííûå ñâÿçè è

ôèëîãåíèÿ ïðîêàðèîòîâ îöåíèâàþòñÿ ïî ÿäðó ãå-

íîìà. Îïðåäåëÿÿ íóêëåîòèäíûå çàìåíû ñðàçó â

íåñêîëüêèõ ãåíàõ äîìàøíåãî õîçÿéñòâà, è ñðàâ-

íèâàÿ èõ, ìîæíî îöåíèòü êëîíàëüíóþ ãåíåòè÷åñ-

êóþ ïðèíàäëåæíîñòü ðàçíûõ øòàììîâ îäíîãî âè-

äà è èõ ýâîëþöèþ. Íà ýòîì ïðèíöèïå îñíîâàí

ìåòîä ìóëüòèëîêóñíîãî ñèêâåíñ-òèïèðîâàíèÿ

MLST (multi-locus sequences typing). Äëÿ çîëîòèñ-

òîãî ñòàôèëîêîêêà âûáðàíî ñåìü òàêèõ ãåíîâ. Â

êà÷åñòâå ýïèäåìèîëîãè÷åñêîé åäèíèöû âûñòóïà-

åò ñèêâåíñ-òèï ST (sequences type), ñèêâåíñ-òèïû

îáúåäèíÿþòñÿ â êëîíàëüíûå êîìïëåêñû CC

(clonal complex) [56]. 

Àíàëèçèðóÿ êëîíàëüíóþ ñòðóêòóðó ïîïóëÿ-

öèè MRSA ìîæíî îòìåòèòü, ÷òî ñðåäè ýïèäåìèî-

ëîãè÷åñêè-çíà÷èìûõ ãåíåòè÷åñêèõ ëèíèé ïðåâà-

ëèðóþò SCCmec I—IV òèïîâ. Â öåëîì, â

ãëîáàëüíîé ýïèäåìèîëîãèè MRSA ìîæíî âûäå-

ëèòü íåñêîëüêî âàæíåéøèõ ST, îáúåäèí¸ííûõ â

ñåìü êëîíàëüíûõ êîìïëåêñîâ: ÑÑ1, ÑÑ5, ÑÑ8,

ÑÑ22, ÑÑ30, ÑÑ45, CC80. Êëîíû MSSA, íàïðî-

òèâ, èìåþò çíà÷èòåëüíî áîëåå ðàçíîîáðàçíûå ãå-

íåòè÷åñêèå êîìïëåêñû, êîòîðûå ìîãóò ôîðìèðî-

âàòü âíóòðèêëîíàëüíûå êëàñòåðû â ðàçíûõ

ãåîãðàôè÷åñêèõ çîíàõ. Òàê, ñðåäè èçîëÿòîâ

MSSA, âûçûâàâøèõ ðàçëè÷íûå âíóòðèáîëüíè÷-

íûå è âíåáîëüíè÷íûå èíôåêöèè, ñîáðàííûõ c

1961—2004 ã. ïî âñåìó ìèðó, 88% èç íèõ îòíîñè-

ëèñü ê 11 êëîíàëüíûì êîìïëåêñàì: CC1, CC5,

CC8, CC9, CC12, CC15, CC22, CC25, CC30,

CC45, CC51/121 [38, 57, 58]. Ñîâðåìåííûå MSSA

ñõîæè ñ êëîíàìè, êîòîðûå öèðêóëèðîâàëè äî

1940 ãîäà, â ÷àñòíîñòè, ST5-ëèíèÿ, ïðèíàäëåæà-

ùàÿ ê ÑÑ5, óæå ñóùåñòâóåò áîëåå 2000 ëåò [59]. 

Ïåðâûé èçîëÿò MRSA ïðèíàäëåæàë ê ST250

(êëîíàëüíûé êîìïëåêñ CC8). Ýòè êëîíû öèðêó-

ëèðîâàëè íà òåððèòîðèè Àíãëèè è íåêîòîðûõ

ñòðàí Åâðîïû äî 1970 ãîäîâ è ÿâëÿþòñÿ àðõàè÷-

íûìè òèïàìè, è íà ñåãîäíÿøíèé äåíü ïî÷òè íå

âñòðå÷àþòñÿ. Â 1980 ãîäàõ ïîÿâëÿåòñÿ ãåíåòè÷åñ-

êè áëèçêèé êëîí ST247-Iberian, êîòîðûé öèðêó-

ëèðóåò íà òåððèòîðèè Åâðîïû, Àçèè è â íàøè

äíè, è íåñ¸ò SCCmec IA òèïà. Àíàëèç áîëåå 3000

èçîëÿòîâ MRSA èç Åâðîïû, ÑØÀ, Þæíîé Àìå-

ðèêè ïîêàçàë, ÷òî îêîëî 70% èç íèõ ïðèíàäëåæàò

ê âàæíåéøèì ýïèäåìèîëîãè÷åñêèì êëîíàì:

Iberian (ST247), Brazilian (ST239-SCCmec III),

Hungarian (ST239-SCCmec III), New York / Japan

(ST5-SCCmec II), Pediatric (ST5-SCCmec IV). Âñþ

Ñåâåðíóþ Åâðîïó îõâàòûâàþò òðè êëîíà —

EMRSA-15 (ST22-SCCmec IV), EMRSA-16 (ST36-

SCCmec II), Berlin (ST45-SCCmec IV) [60—63].

Âñå ýòè ãåíåòè÷åñêèå ëèíèè ÷ðåçâû÷àéíî áûñòðî

ðàñïðîñòðàíÿþòñÿ è íàèáîëåå àäàïòèðîâàíû ê ñó-

ùåñòâîâàíèþ â ãîñïèòàëüíîé ñðåäå. Ìèðîâîé âå-

äóùèé ýïèäåìè÷åñêèé êëîí ST239, âîçìîæíî,

âïåðâûå âîçíèêøèé â 1970—1980 ãã. ñòàë âàæíåé-

øåé ïðè÷èíîé HA-MRSA èíôåêöèé íà ìàòåðè-

êàõ Àçèè è Þæíîé Àìåðèêè, ãäå ïðîæèâàåò áîëåå

50% ÷åëîâå÷åñêîé ïîïóëÿöèè. Äàííûé ñèêâåíñ-

òèï âñåãäà àññîöèèðîâàí ñ SCCmec III òèïà, íå

âñòðå÷àåòñÿ ó MSSA, è íå îáíàðóæèâàåòñÿ ñðåäè

CA-MRSA [62, 64].

Äëÿ êëàññè÷åñêèõ âàðèàíòîâ âíåáîëüíè÷íûõ

ñòàôèëîêîêêîâ õàðàêòåðíû «ñâîè» ãåíåòè÷åñêèå

ëèíèè. Îäíè èç ïåðâûõ CA-MRSA îòíîñÿòñÿ ê

ST80 — SCCmec IV, òàêèå êëîíû áûëè îïèñàíû â

ñòðàíàõ Åâðîïû, ãäå áûëè âûäåëåíû îò áåçäîìíûõ

ëþäåé. MRSA c ýíäåìè÷íûìè òèïàìè êàññåò, íà-

ïðèìåð, ó èçîëÿòîâ èç Ïîðòóãàëèè, Øâåöèè, íå-

ñóùèå SCCmec VI è VII òèïîâ, ïðèíàäëåæàò ê êëî-

íàì ëèíèè Pediatric (ST5, ÑÑ5) [31, 32]. 

Êàíàäñêèå HA-MRSA øòàììû ñ SCCmec
VIII òèïà îòíîñÿòñÿ ê ST8 (CC8) [34]. Øòàììû

LA-MRSA, íåñóùèå SCCmec IX, X òèïîâ îòíî-

ñÿòñÿ ê «âåòåðèíàðíîé» ëèíèè CC398. Ðàíåå

ñ÷èòàëîñü, ÷òî ñòàôèëîêîêêè CC398 âûçûâàþò

çàáîëåâàíèÿ òîëüêî ó æèâîòíûõ, íî â ïîñëåäíåå

âðåìÿ îïèñàíû ñëó÷àè èíôåêöèé è ó ÷åëîâåêà

[35, 65]. Èçîëÿòû, ñ íåäàâíî îõàðàêòåðèçîâàí-

íûì SCCmec XI òèïîì, îòíîñÿòñÿ ê ÑÑ130, êóäà

âõîäÿò øòàììû, îòíîñÿùèåñÿ êàê ê LA-MRSA,

òàê è CA-MRSA [11, 36]. 

АНТИБИОТИКИ И ХИМИОТЕРАПИЯ, 2012, 57; 9—1044



АНТИБИОТИКИ И ХИМИОТЕРАПИЯ, 2012, 57; 9—10 45

ОБЗОРЫ

Â Ðîññèè äîìèíèðóþò MRSA, íåñóùèå

SCCmec IV òèïà è îòíîñÿùèåñÿ ê ÑÑ8 (ST8) [66—

68]. Òàê, ïî íàøèì ðåçóëüòàòàì (äàííûå íå îïóá-

ëèêîâàíû) èç 250 øòàììîâ MRSA, ñîáðàííûõ èç

öåíòðàëüíûõ ðåãèîíîâ Ðîññèè â 2010—2012 ãã.,

îêîëî 60% íåñóò SCCmec IV òèïà. Ïîìèìî ýòîãî,

äðóãèì äîìèíàíòíûì êëîíîì ÿâëÿåòñÿ HA-

MRSA ST239 — SCCmec III, ðàñïðîñòðàí¸ííûé

íà âñåé òåððèòîðèè ñòðàíû [69]. Îòëè÷èòåëüíîé

îñîáåííîñòüþ ýòèõ êëîíîâ ÿâëÿåòñÿ ñòðîåíèå

SCCmec III, êîòîðîå õàðàêòåðèçóåòñÿ íàëè÷èåì

äîïîëíèòåëüíîé ðåêîìáèíàçû ccrC, è ÷òî íåî-

áû÷íî, îòñóòñòâèåì mer-ëîêóñà. Ïîäîáíûå øòàì-

ìû áûëè âïåðâûå îïèñàíû â Ðóìûíèè [70]. Ïî-

ðÿäêà 10%, öèðêóëèðóþùèõ MRSA, ïî íàøèì

äàííûì, íåñóò SCCmec I, SCCmec III/mercury. Ê

ñîæàëåíèþ, íåò êîíêðåòíûõ ñâåäåíèé î ïðîèñ-

õîæäåíèè è ýâîëþöèè Ðîññèéñêîãî êëîíà ST8-

SCCmec IV. Âåðîÿòíåå âñåãî îí îòíîñèòñÿ ê øè-

ðîêî ðàñïðîñòðàí¸ííîìó HA-MRSA ST8-SCCmec
IV (EMRSA-2, EMRSA-6), öèðêóëèðóþùåìó â

ñòðàíàõ Åâðîïû [50]. Ñòîèò îòìåòèòü, ÷òî ïðîáëå-

ìà ìîëåêóëÿðíîé ýïèäåìèîëîãèè è ýâîëþöèè

äðóãèõ ãåíåòè÷åñêèõ ëèíèé HA-MRSA è CA-

MRSA â Ðîññèè îñòàåòñÿ íåèçó÷åííîé è òðåáóåò

äåòàëüíîãî àíàëèçà. 

Çàêëþ÷åíèå
Çîëîòèñòûé ñòàôèëîêîêê — ýòî óáèêâèòàð-

íûé ïàòîãåí, ðàñïðîñòðàí¸ííûé ïîâñåìåñòíî ñ

î÷åíü áûñòðûìè òåìïàìè ýâîëþöèè àíòèáèîòè-

êîðåçèñòåíòíîñòè. Òàê, èçíà÷àëüíî ó ñòàôèëî-

êîêêîâ ïîÿâèëèñü êëåòî÷íûå ïåíèöèëëèíàçû è

ïëàçìèäíûå äåòåðìèíàíòû óñòîé÷èâîñòè, ïîçæå

ñôîðìèðîâàëñÿ ñëîæíûé ãåíåòè÷åñêèé êîìïëåêñ

SCCmec, ÿâëÿþùèéñÿ ñàìûì «óñïåøíûì» ìåõà-

íèçìîì äëÿ àäàïòàöèè ñòàôèëîêîêêîâ. Ïîä äåé-

ñòâèåì ñåëåêòèâíîãî äàâëåíèÿ àíòèáèîòèêîâ

ïðîèñõîäèò áûñòðàÿ ðåîðãàíèçàöèÿ ñòàôèëîêîê-

êîâûõ mec-êàññåò, ìåíåå ÷åì çà ïÿòüäåñÿò ëåò, ïî-

ñëå âíåäðåíèÿ ìåòèöèëëèíà, ñôîðìèðîâàëîñü

îäèííàäöàòü òèïîâ è ìíîæåñòâî ñóáòèïîâ

SÑÑmec. Ñòðîåíèå SCCmec çàâèñèò è îò áèîëîãè-

÷åñêîé ñòðàòåãèè âûæèâàíèÿ ñòàôèëîêîêêîâ, ÷òî

îò÷¸òëèâî îòðàæàåòñÿ â ïîïóëÿöèîííûõ îñîáåí-

íîñòÿõ HA-MRSA è CA-MRSA. Ãëîáàëüíûå ãåíå-

òè÷åñêèå ëèíèè MRSA ïðåäñòàâëåíû ãåîãðàôè-

÷åñêè ãîìîãåííî, âîçìîæíî, ýòî ñâÿçàíî ñ

îñîáåííîñòÿìè ñóùåñòâîâàíèÿ ïîïóëÿöèé âíóò-

ðè ñòàöèîíàðîâ, ãäå óñëîâèÿ îòíîñèòåëüíî îäè-

íàêîâûå. CA-MRSA, íàïðîòèâ, èìåþò áîëåå ðàç-

íîîáðàçíûå ãåíåòè÷åñêèå ëèíèè, ïîäîáíî MSSA. 

ЛИТЕРАТУРА 

1. Jevons M. «Celbenin»-resistant staphylococci. BMJ, 1961. 1 (5219): p.

124—125.

2. Matsuhashi M. et al. Molecular cloning of the gene of a penicillin-bind-

ing protein supposed to cause high resistance to beta-lactam antibiotics

in Staphylococcus aureus. J Bacteriol 1986; 167: 3: 975—980.

3. Brown D.F., Reynolds P.E. Intrinsic resistance to beta-lactam antibiotics

in Staphylococcus aureus. FEBS Lett 1980; 122: 2:. 275—278.

4. Katayama Y., Ito T., Hiramatsu K. A new class of genetic element,

staphylococcus cassette chromosome mec, encodes methicillin resis-

tance in Staphylococcus aureus. Antimicrob Agents Chemother 2000;

44: 6: 1549—1555.

5. Classification of staphylococcal cassette chromosome mec (SCCmec):

guidelines for reporting novel SCCmec elements. Antimicrob Agents

Chemother 2009; 53: 12: 4961—4967.

6. Ruppe E. et al. Diversity of staphylococcal cassette chromosome mec
structures in methicillin-resistant Staphylococcus epidermidis and

Staphylococcus haemolyticus strains among outpatients from four coun-

tries. Antimicrob Agents Chemother 2009; 53: 2: 442—449.

7. Soderquist B., Berglund C. Methicillin-resistant Staphylococcus saprophyti-
cus in Sweden carries various types of staphylococcal cassette chromosome

mec (SCCmec). Clin Microbiol Infect. 2009; 15: 12: 1176—1178.

8. Mallorqui-Fernandez G. et al. Staphylococcal methicillin resistance: fine

focus on folds and functions. FEMS Microbiol Lett 2004; 235: 1: 1—8.

9. Ito T. et al. Structural comparison of three types of staphylococcal cas-

sette chromosome mec integrated in the chromosome in methicillin-

resistant Staphylococcus aureus. Antimicrob Agents Chemother 2001;

45: 5: 1323—1336.

10. Zhang K. et al. Novel multiplex PCR assay for characterization and con-

comitant subtyping of staphylococcal cassette chromosome mec types I

to V in methicillin-resistant Staphylococcus aureus. J Clin Microbiol

2005; 43: 10: 5026—5033.

11. Garcia-Alvarez L. et al. Methicillin-resistant Staphylococcus aureus with a

novel mecA homologue in human and bovine populations in the UK and

Denmark: a descriptive study. Lancet Infect Dis 2011; 11: 8: 595—603.

12. Rosato A.E. et al. mecA-blaZ corepressors in clinical Staphylococcus
aureus isolates. Antimicrob Agents Chemother 2003; 47: 4: 1460—1463.

13. Chen L. et al. Multiplex real-time PCR for rapid staphylococcal cassette

chromosome mec typing. J Clin Microbiol 2009; 47: 11: 3692—3706.

14. Kondo Y. et al. Combination of multiplex PCRs for staphylococcal cas-

sette chromosome mec type assignment: rapid identification system for

mec, ccr, and major differences in junkyard regions. Antimicrob Agents

Chemother 2007; 51: 1: 264—274.

15. Hisata K. et al. Dissemination of methicillin-resistant staphylococci among

healthy Japanese children. J Clin Microbiol. 2005; 43: 7: 3364—3372.

16. Oliveira D.C., de Lencastre H. Multiplex PCR strategy for rapid identi-

fication of structural types and variants of the mec element in methi-

cillin-resistant Staphylococcus aureus. Antimicrob Agents Chemother

2002; 46: 7: 2155—2161.

17. Stephens A.J., Huygens F., Giffard P.M. Systematic derivation of marker

sets for staphylococcal cassette chromosome mec typing. Antimicrob

Agents Chemother 2007; 51: 8: 2954—2964.

18. Shore A.C. et al. Detection of staphylococcal cassette chromosome mec-

associated DNA segments in multiresistant methicillin-susceptible

Staphylococcus aureus (MSSA) and identification of Staphylococcus epi-
dermidis ccrAB4 in both methicillin-resistant S.aureus and MSSA.

Antimicrob Agents Chemother 2008; 52: 12: 4407—4419.

19. Wong H. et al. Characterization of Staphylococcus aureus isolates with a

partial or complete absence of staphylococcal cassette chromosome ele-

ments. J Clin Microbiol 2010;. 48: 10: 3525—3531.

20. Chambers H.F., Deleo F.R. Waves of resistance: Staphylococcus aureus in
the antibiotic era. Nat Rev Microbiol 2009; 7: 9: 629—641.

21. Goering R.V. et al. Molecular epidemiology of methicillin-resistant and

methicillin-susceptible Staphylococcus aureus isolates from global clini-

cal trials. J Clin Microbiol 2008; 46: 9: 2842—2847.

22. Davis S.L. et al. Epidemiology and outcomes of community-associated

methicillin-resistant Staphylococcus aureus infection. J Clin Microbiol

2007; 45: 6: 1705—1711.

23. Josefsson E. et al. The surface protein Pls of methicillin-resistant

Staphylococcus aureus is a virulence factor in septic arthritis. Infect

Immun 2005; 73: 5: 2812—2817.

24. Boyle-Vavra S. et al. Successful multiresistant community-associated

methicillin-resistant Staphylococcus aureus lineage from Taipei,

Taiwan, that carries either the novel staphylococcal chromosome cas-

sette mec (SCCmec) type VT or SCCmec type IV. J Clin Microbiol 2005;

43: 9: 4719—4730.

25. Ito T. et al. Novel type V staphylococcal cassette chromosome mec dri-

ven by a novel cassette chromosome recombinase, ccrC. Antimicrob

Agents Chemother 2004; 48: 7: 2637—2651.



АНТИБИОТИКИ И ХИМИОТЕРАПИЯ, 2012, 57; 9—1046

26. Berglund C. et al. Genetic diversity of methicillin-resistant Staphylococcus
aureus carrying type IV SCCmec in Orebro County and the western region

of Sweden. J Antimicrob Chemother 2009; 63: 1: 32—41.

27. Ma X.X. et al. Novel type of staphylococcal cassette chromosome mec
identified in community-acquired methicillin-resistant Staphylococcus
aureus strains. Antimicrob Agents Chemother 2002; 46: 4: 1147—1152.

28. Milheirico C., Oliveira D.C., de Lencastre H. Multiplex PCR strategy for

subtyping the staphylococcal cassette chromosome mec type IV in

methicillin-resistant Staphylococcus aureus: 'SCCmec IV multiplex'. J

Antimicrob Chemother 2007; 60: 1: 42—48.

29. Okuma K. et al. Dissemination of new methicillin-resistant

Staphylococcus aureus clones in the community. J Clin Microbiol 2002;

40: 11: 4289—4294.

30. Takano T. et al. Novel characteristics of community-acquired methicillin-

resistant Staphylococcus aureus strains belonging to multilocus sequence

type 59 in Taiwan. Antimicrob Agents Chemother 2008; 52: 3: 837—845.

31. Oliveira D.C., Milheirico C., de Lencastre H. Redefining a structural

variant of staphylococcal cassette chromosome mec, SCCmec type VI.

Antimicrob Agents Chemother. 2006; 50: 10: 3457—3459.

32. Berglund C. et al. Novel type of staphylococcal cassette chromosome

mec in a methicillin-resistant Staphylococcus aureus strain isolated in

Sweden. Antimicrob Agents Chemother 2008; 52: 10: 3512—3516.

33. Higuchi W. et al. Structure and specific detection of staphylococcal cas-

sette chromosome mec type VII. Biochem Biophys Res Commun 2008;

377: 3: 752—756.

34. Zhang K. et al. Novel staphylococcal cassette chromosome mec type,

tentatively designated type VIII, harboring class A mec and type 4 ccr
gene complexes in a Canadian epidemic strain of methicillin-resistant

Staphylococcus aureus. Antimicrob Agents Chemother 2009; 53; 2:

531—540.

35. Li S. et al. Novel types of staphylococcal cassette chromosome mec ele-

ments identified in clonal complex 398 methicillin-resistant Staphylococcus
aureus strains. Antimicrob Agents Chemother 2011; 55: 6: 3046—3050.

36. Shore A.C. et al. Detection of staphylococcal cassette chromosome mec type

XI carrying highly divergent mecA, mecI, mecR1, blaZ, and ccr genes in human

clinical isolates of clonal complex 130 methicillin-resistant Staphylococcus aureus.
Antimicrob Agents Chemother 2011; 55: 8: 3765—3773.

37. David M.Z., Daum R.S. Community-associated methicillin-resistant

Staphylococcus aureus: epidemiology and clinical consequences of an

emerging epidemic. Clin Microbiol Rev 2010; 23: 3: 616—687.

38. Deurenberg R.H. et al. The molecular evolution of methicillin-resistant

Staphylococcus aureus. Clin Microbiol Infect 2007; 13: 3: 222—235.

39. Oliveira D.C., Tomasz A., de Lencastre H. Secrets of success of a human

pathogen: molecular evolution of pandemic clones of meticillin-resis-

tant Staphylococcus aureus. Lancet Infect Dis 2002; 2: 3: 180—189.

40. Dohin B. et al. Pediatric bone and joint infections caused by Panton-

Valentine leukocidin-positive Staphylococcus aureus. Pediatr Infect Dis

J 2007; 26: 11: 1042—1048.

41. Meyer F. et al. Analysis of the specificity of Panton-Valentine leucocidin

and gamma-hemolysin F component binding. Infect Immun 2009; 77:

1: 266—273.

42. Bartels M.D. et al. An unexpected location of the arginine catabolic

mobile element (ACME) in a USA300-related MRSA strain. PLoS One

2011; 6: 1: e16193.

43. Diep B.A. et al. The arginine catabolic mobile element and staphylococ-

cal chromosomal cassette mec linkage: convergence of virulence and

resistance in the USA300 clone of methicillin-resistant Staphylococcus
aureus. J Infect Dis 2008; 197: 11: 1523—1530.

44. Espedido B.A. et al. Carriage of an ACME II variant may have con-

tributed to methicillin-resistant Staphylococcus aureus sequence type

239-like strain replacement in Liverpool hospital, Sydney, Australia.

Antimicrob Agents Chemother 2012; 56: 6: 3380—3383.

45. Montgomery C.P., Boyle-Vavra S., Daum R.S. The arginine catabolic

mobile element is not associated with enhanced virulence in experi-

mental invasive disease caused by the community-associated methi-

cillin-resistant Staphylococcus aureus USA300 genetic background.

Infect Immun 2009; 77: 7: 2650—2656.

46. Shore A.C. et al. Characterization of a novel arginine catabolic mobile ele-

ment (ACME) and staphylococcal chromosomal cassette mec composite

island with significant homology to Staphylococcus epidermidis ACME

type II in methicillin-resistant Staphylococcus aureus genotype ST22-

MRSA-IV. Antimicrob Agents Chemother 2011; 55: 5: 1896—1905.

47. Witte W. et al. Emergence and spread of antibiotic-resistant gram-posi-

tive bacterial pathogens. Int J Med Microbiol 2008; 298: 5-6: 365—377.

48. Diep B.A. et al. Complete genome sequence of USA300, an epidemic

clone of community-acquired methicillin-resistant Staphylococcus
aureus. Lancet 2006; 367: 9512: 731—739.

49. Li M. et al. Evolution of virulence in epidemic community-associated

methicillin-resistant Staphylococcus aureus. Proc Natl Acad Sci U S A

2009; 106: 14: 5883—5888.

50. Enright M.C. et al. The evolutionary history of methicillin-resistant

Staphylococcus aureus (MRSA). Proc Natl Acad Sci U S A 2002; 99: 11:

7687—7692.

51. Wielders C.L. et al. In-vivo transfer of mecA DNA to Staphylococcus
aureus [corrected]. Lancet 2001; 357: 9269: 674—1675.

52. Wu S.W., de Lencastre H., Tomasz A. Recruitment of the mecA gene

homologue of Staphylococcus sciuri into a resistance determinant and

expression of the resistant phenotype in Staphylococcus aureus. J

Bacteriol 2001; 183: 8: 2417—2424.

53. Tsubakishita S. et al. Origin and molecular evolution of the determinant

of methicillin resistance in staphylococci. Antimicrob Agents

Chemother 2010; 54: 10: 4352—4359.

54. Tsubakishita S. et al. Staphylococcal cassette chromosome mec-like ele-

ment in Macrococcus caseolyticus. Antimicrob Agents Chemother 2010;

54: 4: 1469—1475.

55. Chan V.L., Sherman P.M., Bourke B. Bacterial genomes and infectious

diseases 2006, Totowa, N.J.: Humana Press. xiii: 270.

56. Enright M.C. et al. Multilocus sequence typing for characterization of

methicillin-resistant and methicillin-susceptible clones of

Staphylococcus aureus. J Clin Microbiol 2000; 38: 3: 1008—1015.

57. Deurenberg R.H., Stobberingh E.E. The evolution of Staphylococcus
aureus. Infect Genet Evol 2008; 8: 6: 747—763.

58. Lindsay J.A. et al. Microarrays reveal that each of the ten dominant lin-

eages of Staphylococcus aureus has a unique combination of surface-

associated and regulatory genes. J Bacteriol 2006; 188: 2: 669—676.

59. Nubel U. et al. Frequent emergence and limited geographic dispersal of

methicillin-resistant Staphylococcus aureus. Proc Natl Acad Sci U S A

2008; 105: 37: 14130—14135.

60. Crum N.F. et al. Fifteen-year study of the changing epidemiology of methi-

cillin-resistant Staphylococcus aureus. Am J Med 2006; 119: 11: 943—951.

61. Feng Y. et al. Evolution and pathogenesis of Staphylococcus aureus:
lessons learned from genotyping and comparative genomics. FEMS

Microbiol Rev 2008; 32: 1: 23—37.

62. Gomes A.R., Westh H., de Lencastre H. Origins and evolution of methi-

cillin-resistant Staphylococcus aureus clonal lineages. Antimicrob

Agents Chemother 2006; 50: 10: 3237—3244.

63. Grundmann H. et al. Geographic distribution of Staphylococcus aureus
causing invasive infections in Europe: a molecular-epidemiological

analysis. PLoS Med 2010; 7: 1: e1000215.

64. Oliveira D.C., Tomasz A., de Lencastre H. The evolution of pandemic

clones of methicillin-resistant Staphylococcus aureus: identification of

two ancestral genetic backgrounds and the associated mec elements.

Microb Drug Resist 2001; 7: 4: 349—361.

65. Salmenlinna S. et al. Human cases of methicillin-resistant Staphylococcus
aureus CC398, Finland. Emerg Infect Dis 2010; 16: 10: 1626—1629.

66. Afanas'ev M.V., Il'Ina E.N., Govorun V.M., Salem A.-S.-A.-M.,
Sidorenko S.V. Molecular genetic characterization of methicillin-resis-

tant Staphylococcus aureus isolates recovered from Moscow clinics.

Molecular Genetics, Microbiol Virol 2010; 25: 2: 66—70.

67. Äìèòðåíêî Î.À. Ìîëåêóëÿðíî-ãåíåòè÷åñêèå àñïåêòû ýïèäåìèî-

ëîãèè âíóòðèáîëüíè÷íûõ èíôåêöèé, âûçâàííûõ ïðåäñòàâèòåëÿ-

ìè âèäà Staphylococcus aureus, óñòîé÷èâûìè ê ìåòèöèëëèíó/îêñà-

öèëëèíó, Àâòîðåô. äèñ… ä.ì.í. 2008: Ì.: 43.

68. Vorobieva V. et al. Clinical isolates of Staphylococcus aureus from the

Arkhangelsk region, Russia: antimicrobial susceptibility, molecular epi-

demiology, and distribution of Panton-Valentine leukocidin genes.

APMIS, 2008; 116: 10: 877—887.

69. Yamamoto T. et al. Comparative genomics and drug resistance of a geo-

graphic variant of ST239 methicillin-resistant Staphylococcus aureus
emerged in Russia. PLoS One 2012; 7: 1: e29187.

70. Chen L. et al. Identification of a novel transposon (Tn6072) and a trun-

cated staphylococcal cassette chromosome mec element in methicillin-

resistant Staphylococcus aureus ST239. Antimicrob Agents Chemother

2010; 54: 8: 3347—3354.


