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Â âèðóñîëîãè÷åñêèõ èññëåäîâàíèÿõ â íàñòîÿùåå âðåìÿ
èñïîëüçóþòñÿ ñâûøå 200 ïåðâè÷íûõ è ïåðåâèâàåìûõ
(â òîì ÷èñëå òðàíñôîðìèðîâàííûõ) êëåòî÷íûõ ëèíèé. Äîñ-
òîâåðíî èçâåñòíî, ÷òî êàê ñàìè êëåòêè, òàê è ïðîöåññû,
ñâÿçàííûå ñ êëåòî÷íûì ðîñòîì, ìîãóò âëèÿòü íà áåçîïàñ-
íîñòü ïðîèçâîäèìûõ èììóíîáèîëîãè÷åñêèõ ëåêàðñòâåí-
íûõ ïðåïàðàòîâ (ÈËÏ). Äëÿ ðàçðàáîòêè ñèñòåìû êîíòðîëÿ
êà÷åñòâà ïðåïàðàòà íåîáõîäèìî, â ïåðâóþ î÷åðåäü, âñå-
ñòîðîííåå èçó÷åíèå ñâîéñòâ êëåòî÷íûõ ñóáñòðàòîâ.

Ïðèåìëåìîñòü îïðåäåëåííîãî òèïà êëåòîê (ïåðâè÷-
íûõ, ïåðåâèâàåìûõ (äèïëîèäíûõ èëè ãåòåðîïëîèäíûõ)) â
êà÷åñòâå ñóáñòðàòà äëÿ ïðîèçâîäñòâà îòäåëüíûõ ÈËÏ, çà-
âèñèò îò ìíîæåñòâà ôàêòîðîâ, ñðåäè êîòîðûõ âàæíûì ÿâ-
ëÿåòñÿ çíàíèå èõ îñíîâíûõ áèîëîãè÷åñêèõ õàðàêòåðèñòèê.
Îöåíêà äàííûõ, äîñòóïíûõ äëÿ èçó÷åíèÿ, ïîçâîëÿåò îïðå-
äåëèòü âîçìîæíîñòü ðåãèñòðàöèè ïðåïàðàòà, ïðîèçâåäåí-
íîãî â èñïîëüçîâàííîì êëåòî÷íîì ñóáñòðàòå.

Íà÷èíàÿ ñ 50-õ ãîäîâ ïðîøëîãî âåêà ïåðâè÷íûå êóëü-
òóðû êëåòîê, ïîëó÷åííûå èç òêàíè èëè îðãàíîâ îäíîãî èëè
íåñêîëüêèõ îðãàíèçìîâ, íà ïðîòÿæåíèè äåñÿòèëåòèé èñ-
ïîëüçîâàëèñü âî âñåì ìèðå äëÿ ïðîèçâîäñòâà æèâûõ è
èíàêòèâèðîâàííûõ âèðóñíûõ âàêöèí. Íàïðèìåð, ïåðâè÷-
íûå êóëüòóðû êëåòîê, ïîëó÷åííûå èç ïî÷åê îáåçüÿí, äî íà-
ñòîÿùåãî âðåìåíè èñïîëüçóþòñÿ äëÿ ïðîèçâîäñòâà èíàê-
òèâèðîâàííîé è æèâîé ïåðîðàëüíîé ïîëèîìèåëèòíîé âàê-
öèíû [1–3].

Áîëüøèå óñïåõè â êîíòðîëå íàä âèðóñíûìè çàáîëåâà-
íèÿìè, òàêèìè êàê æåëòàÿ ëèõîðàäêà, ïîëèîìèåëèò, êîðü,
ïàðîòèò, êðàñíóõà áûëè äîñòèãíóòû áëàãîäàðÿ øèðîêîìó
èñïîëüçîâàíèþ âàêöèí, ïîëó÷åííûõ â ïåðâè÷íûõ êóëüòó-
ðàõ êëåòîê êóðèíûõ è ïåðåïåëèíûõ ýìáðèîíîâ, ïî÷åê
îáåçüÿí, ñîáàê, êðîëèêîâ, õîìÿêîâ è äðóãèõ æèâîòíûõ
[3, 4]. Ïðåèìóùåñòâîì ïåðâè÷íûõ êóëüòóð êëåòîê ÿâëÿåòñÿ

òî, ÷òî îíè îáëàäàþò áîëüøîé ÷óâñòâèòåëüíîñòüþ ê ðàçíî-
îáðàçíûì âèðóñàì è èõ îòíîñèòåëüíî íåñëîæíî ïîëó÷èòü
ïðè èñïîëüçîâàíèè îáû÷íûõ ïèòàòåëüíûõ ñðåä è ñûâîðî-
òîê êðîâè æèâîòíûõ.

Â êà÷åñòâå àëüòåðíàòèâíîãî ñóáñòðàòà ïðîèçâîäñòâà
ïåðâè÷íûì êóëüòóðàì â 1960-õ ãîäàõ áûëè ïðåäëîæåíû
äèïëîèäíûå êëåòêè, ïðåèìóùåñòâîì êîòîðûõ ÿâèëàñü
âîçìîæíîñòü ñîõðàíÿòü èõ â êðèîáàíêàõ ïðè íèçêèõ òåì-
ïåðàòóðàõ ñ ïåðâûõ ïàññàæåé ïîñëå ñòàíîâëåíèÿ ëèíèè ñ
íà÷àëüíûì óðîâíåì óäâîåíèÿ ïîïóëÿöèè è ïðåäâàðèòåëü-
íî àòòåñòîâûâàòü ñ òåì, ÷òîáû èñïîëüçîâàòü â òå÷åíèå
ìíîãèõ äåñÿòèëåòèé äëÿ ïðîèçâîäñòâà ÈËÏ [5–7].

Ïðè àòòåñòàöèè êîëëåêöèé êëåòî÷íûõ êóëüòóð, ãëàâ-
íîãî áàíêà (ÃÁÊ) è ðàáî÷åãî áàíêà êëåòîê (ÐÁÊ) â áèîòåõ-
íîëîãè÷åñêèõ ïðîèçâîäñòâàõ îñîáîå ìåñòî çàíèìàåò ðàç-
ðàáîòêà ìåòîäîâ, îáåñïå÷èâàþùèõ âûÿâëåíèå ñòàáèëüíî-
ñòè êóëüòóðàëüíûõ è ìîðôîôóíêöèîíàëüíûõ ñâîéñòâ
êëåòîê [3, 8–10].

Ïåðåâèâàåìûå êëåòî÷íûå ëèíèè (ÏÊË) äëÿ ïðîèçâîä-
ñòâà ÈËÏ ïðèìåíÿþòñÿ ñ 1970 ãîäîâ â ñâÿçè ñ ðàçðàáîòêîé
è áîëüøîé ïîòðåáíîñòüþ â èíòåðôåðîíå àëüôà (ÈÔÍ-�),
ñóáñòðàòîì êîòîðîãî ÿâëÿëèñü ëèìôîáëàñòîèäíûå êëåòêè
÷åëîâåêà Namalwa, âûðàùåííûå in vitro. Îñíîâíûå îïàñå-
íèÿ, ñâÿçàííûå ñ èñïîëüçîâàíèåì êëåòîê Namalwa, êàñà-
ëèñü âîçìîæíîãî ñîäåðæàíèÿ â íèõ âñòðîåííîãî â êëåòî÷-
íóþ ÄÍÊ ãåíîìà âèðóñà Ýïøòåéíà-Áàðð (EBV), è ïåðåäà÷è
ðåöèïèåíòàì ïðåïàðàòîâ ëèáî öåëîãî âèðóñà, ëèáî ÄÍÊ,
ñîäåðæàùåé ýëåìåíòû âèðóñà. Òåì íå ìåíåå, ê êîíöó
1970 ãîäîâ áûëî ïðîâåäåíî êëèíè÷åñêîå èññëåäîâàíèå
ÈÔÍ-�, è îí áûë çàðåãèñòðèðîâàí â ðÿäå ñòðàí. Ñðåäè
íàèáîëåå âàæíûõ ïðè÷èí, ïîâëèÿâøèõ íà ýòî ðåøåíèå,
áûë òîò ôàêò, ÷òî ÈÔÍ-�, â ïðîòèâîïîëîæíîñòü æèâûì âè-
ðóñíûì âàêöèíàì, ïðåäñòàâëÿåò ñîáîé áåëîê, êîòîðûé èñ-
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ïîëüçóåòñÿ êàê òåðàïåâòè÷åñêîå ñðåäñòâî äëÿ ëå÷åíèÿ,
ïîýòîìó îöåíêà ñîîòíîøåíèÿ ïîëüçû/ðèñêà îòëè÷àëàñü îò
òðåáîâàíèé ê ïðîôèëàêòè÷åñêèì ïðåïàðàòàì. Êðîìå òîãî,
çíà÷èòåëüíî óñîâåðøåíñòâîâàííûå òåõíîëîãèè ïîçâîëè-
ëè âûïîëíÿòü òùàòåëüíóþ î÷èñòêó ÈÔÍ-� äî ïðåäåëîâ
âîçìîæíîãî äèàãíîñòè÷åñêîãî êîëè÷åñòâåííîãî îïðåäåëå-
íèÿ EBV è êëåòî÷íîé ÄÍÊ â êîíå÷íîì ïðîäóêòå (öèòèðîâà-
íî ïî WHO Technical Report Series, 2013, No. 978, Ñ. 86 [3]).

Äàëüíåéøåå èñïîëüçîâàíèå ÏÊË â êà÷åñòâå ñóáñòðà-
òîâ äëÿ ïðîèçâîäñòâà îáøèðíîãî ñïåêòðà ÈËÏ âíîâü ïî-
ñòàâèëî âîïðîñ î áåçîïàñíîñòè ïîëó÷àåìûõ ïðîäóêòîâ,
ñâÿçàííîé ñ ïðèñóòñòâèåì ðàçëè÷íûõ êîíòàìèíàíòîâ
[11–13].

Â 1987–1998 ãã. Âñåìèðíîé îðãàíèçàöèåé çäðàâî-
îõðàíåíèÿ (ÂÎÇ) áûëè îïóáëèêîâàíû òðåáîâàíèÿ ê ïåðå-
âèâàåìûì ëèíèÿì, èñïîëüçóåìûì â êà÷åñòâå ñóáñòðàòîâ
ÈËÏ. ÂÎÇ ïðèøëà ê âûâîäó, ÷òî ÏÊË ìîãóò ÿâëÿòüñÿ ñóá-
ñòðàòîì ïðè óñëîâèè, ÷òî â ïðîöåññå ïðîèçâîäñòâà óñòðà-
íÿþòñÿ ïîòåíöèàëüíûå êîíòàìèíèðóþùèå àãåíòû, ïàòî-
ãåííûå äëÿ ÷åëîâåêà, è äî ïðèåìëåìîãî óðîâíÿ ñîêðàùà-
åòñÿ ñîäåðæàíèå êëåòî÷íîé ÄÍÊ è/èëè ýëèìèíèðóåòñÿ åå
áèîëîãè÷åñêàÿ àêòèâíîñòü íàñòîëüêî òùàòåëüíî, íàñêîëü-
êî ïîçâîëÿþò äèàãíîñòè÷åñêèå ìåòîäû [14–16].

Â òå÷åíèå ïîñëåäóþùèõ äåñÿòè ëåò áûëî èçó÷åíî
ìíîæåñòâî ÏÊË ñ òî÷êè çðåíèÿ èõ ïðåèìóùåñòâà è áåçî-
ïàñíîñòè. Ê íèì, íàïðèìåð, îòíîñÿòñÿ ìîäèôèöèðîâàííûå
ëèíèè îïóõîëåâûõ êëåòîê HeLa, êëåòêè ïî÷åê ñîáàê
(MDCK), õîìÿêîâ (ÑÍÎ), êóëüòóðà ïî÷åê ýìáðèîíà ÷åëîâå-
êà 293, ïî÷êè îáåçüÿí (Vero), èñïîëüçóåìûå äëÿ ïðîèçâîä-
ñòâà èíàêòèâèðîâàííûõ è æèâûõ âèðóñíûõ âàêöèí [17], è
èììóíîãëîáóëèíîâ, â òîì ÷èñëå è ïðîòèâ îñîáî îïàñíûõ
èíôåêöèé [18–21]. Ïîçäíåå áûëî ïðåäëîæåíî èñïîëüçî-
âàòü â ïðîèçâîäñòâå ÈËÏ ëèíèè êëåòîê íàñåêîìûõ è ñòâî-
ëîâûõ (SCL), íî ñ èõ ïðèìåíåíèåì âîçíèêàþò ïðîáëåìû,
ñâÿçàííûå ñ èññëåäîâàíèåì, îïèñàíèåì õàðàêòåðèñòèê,
÷àñòîé ìèêðîáíîé, â òîì ÷èñëå ìèêîïëàçìåííîé êîíòàìè-
íàöèåé [3].

Òåðìèí «Ìèêîïëàçìà» áûë èñïîëüçîâàí Àëüáåðòîì
Áåðíàðäîì Ôðàíêîì â 1889 ã., êîòîðûé ïîñ÷èòàë åå ãðè-
áîì. Î ïåðâîì âûäåëåíèè è êóëüòèâèðîâàíèè ýòîãî âîçáó-
äèòåëÿ ñîîáùèëè Íîêàð è Ðó â 1898 ã. [22] Ïîçäíåå åãî íà-
÷àëè íàçûâàòü îðãàíèçìîì, ïîäîáíûì ïëåâðîïíåâìîíèè
(PPLO). Î âûäåëåíèè âîçáóäèòåëÿ èç çàðàæåííûõ êëåòî÷-
íûõ êóëüòóð âïåðâûå ñîîáùèëè L. Hayflick 1955 ã. [23];
L. B. Robinson â 1956 ã. [24].

Ðàíåå ñ÷èòàëîñü, ÷òî ìèêîïëàçìû çàíèìàþò ïðîìåæó-
òî÷íîå ïîëîæåíèå ìåæäó áàêòåðèÿìè è âèðóñàìè. Îò âè-
ðóñîâ îíè îòëè÷àþòñÿ ñïîñîáíîñòüþ ðàñòè â áåñêëåòî÷íîé
ñðåäå, à îò áàêòåðèé — îòñóòñòâèåì êëåòî÷íîé ñòåíêè.
Â íàñòîÿùåå âðåìÿ ìèêîïëàçìû ïðèíÿòî îòíîñèòü ê áàê-
òåðèÿì, êîòîðûå ïðåäñòàâëÿþò ñîáîé ãðóïïó ìåëêèõ ìèê-
ðîîðãàíèçìîâ, ñïîñîáíûõ ê àâòîíîìíîìó ñóùåñòâîâàíèþ

è ðàçìíîæåíèþ è èìåþò îêðóãëóþ, îâàëüíóþ èëè âûòÿíó-
òóþ ôîðìó ñ îáîëî÷êîé, ïðåäñòàâëÿþùóþ ñîáîé ýëåìåí-
òàðíóþ öèòîïëàçìàòè÷åñêóþ ìåìáðàíó. Íà óëüòðàòîíêèõ
ñðåçàõ êëåòîê ïðè ïðîñìîòðå â ýëåêòðîííîì ìèêðîñêîïå
ìèêîïëàçìû ðàçìåðîì îò 0,1 äî 0,3 ìêì âûÿâëÿþòñÿ â
ìåæêëåòî÷íîì ïðîñòðàíñòâå, íà öèòîïëàçìàòè÷åñêîé
ìåìáðàíå êëåòîê.

Â ëèòåðàòóðå ïðåäñòàâëåíû ñîîáùåíèÿ î âûäåëåíèè
èç êëåòî÷íûõ ëèíèé íå ìåíåå 20 âèäîâ ìèêîïëàçì, èç íèõ
95 % ñëó÷àåâ ïðèõîäèòñÿ íà 7 âèäîâ, íàèáîëåå ÷àñòî
âñòðå÷àþùèõñÿ â êëåòî÷íûõ êóëüòóðàõ æèâîòíûõ è ÷åëî-
âåêà: M. orale, M. hyorhinis, M. arginini, M. fermentans,

M. hominis, M. salivarium, Acholeplasma laidlawii. Ïðè ýòîì,
íåñìîòðÿ íà âûñîêóþ ñïåöèôè÷íîñòü â îòíîøåíèè ïðè-
ðîäíûõ õîçÿåâ, ìèêîïëàçìû ÿâëÿþòñÿ íåñïåöèôè÷íûìè â
îòíîøåíèè âèäà êëåòîê, èíôèöèðóåìûõ in vitro. ÏÊË îêà-
çûâàþòñÿ çàðàæåííûìè ìèêîïëàçìàìè ïðèáëèçèòåëüíî â
1 % ñëó÷àåâ, êóëüòóðû, ïðîøåäøèå ïåðâûå 3–5 ïàññà-
æåé — äî 5 % ñëó÷àåâ, ñðåäíÿÿ çàðàæåííîñòü äëèòåëüíî
ïåðåâèâàåìûõ ëèíèé ñîñòàâëÿåò îò 15 äî 35 %. Â íà÷àëå
1990-õ ãîäîâ áûëè îáíàðîäîâàíû ðåçóëüòàòû ïðîâåðêè íà
íàëè÷èå ìèêîïëàçìåííîé êîíòàìèíàöèè êîëëåêöèé êëå-
òî÷íûõ êóëüòóð â ëàáîðàòîðèÿõ ðÿäà ñòðàí. Îêàçàëîñü, ÷òî
â êîëëåêöèÿõ ÑØÀ 15 % êóëüòóð èíôèöèðîâàíî ìèêîïëàç-
ìàìè, â ßïîíèè — 80 %, â Àðãåíòèíå — 65 %, â Èçðàèëå —
32 % [25]. Îòíîñèòåëüíàÿ âñòðå÷àåìîñòü ðàçëè÷íûõ âèäîâ
ìèêîïëàçì íåîäèíàêîâà â ëàáîðàòîðèÿõ ðàçíûõ ðàéîíîâ
ìèðà è ìåíÿåòñÿ ñî âðåìåíåì. Â òàáëèöå ïðåäñòàâëåíû èñ-
òî÷íèêè êîíòàìèíàöèè êëåòî÷íûõ êóëüòóð ðàçëè÷íûìè
âèäàìè ìèêîïëàçì è îòíîñèòåëüíîå êîëè÷åñòâî èíôèöè-
ðîâàííûõ êóëüòóð [26, 27]. Ïîäàâëÿþùåå áîëüøèíñòâî
ìèêîïëàçì, èíôèöèðóþùèõ êëåòî÷íûå êóëüòóðû, ïðèíàä-
ëåæèò òîëüêî 6 âèäàì, â ïåðâóþ î÷åðåäü, ÷åëîâå÷åñêîãî,
áû÷üåãî èëè ñâèíîãî ïðîèñõîæäåíèÿ (òàáë. 1).

Èñòèííàÿ ðàñïðîñòðàíåííîñòü ìèêîïëàçìåííîé èí-
ôåêöèè êëåòî÷íûõ êóëüòóð ìîæåò áûòü âûøå, ÷åì ïóáëè-
êóåìûå äàííûå, òàê êàê ÷óâñòâèòåëüíîñòü ìåòîäîâ, èñ-
ïîëüçóåìûõ äëÿ òåñòèðîâàíèÿ êîíòàìèíàíòîâ, ðàçëè÷íà.

Ïðèñóòñòâèå ìèêîïëàçì â êëåòî÷íûõ êóëüòóðàõ íå-
ðåäêî ïðèâîäèò ê çíà÷èòåëüíîìó èçìåíåíèþ ñêîðîñòè
ðîñòà êëåòîê è èõ ïðîëèôåðàòèâíîé àêòèâíîñòè. Õàðàêòåð-
íûì ïðèçíàêîì ìèêîïëàçìåííîé èíôåêöèè êëåòî÷íûõ
êóëüòóð ÿâëÿåòñÿ íàëè÷èå çåðíèñòîñòè, âàêóîëèçàöèè, îá-
ðàçîâàíèå ìíîãîÿäåðíûõ êëåòîê, èçìåíåíèå êëåòî÷íîãî
ìåòàáîëèçìà è ìèòîòè÷åñêîé àêòèâíîñòè, à ïðè îñòðîé
ôîðìå âîçìîæíû ïèêíîç, äåñòðóêöèÿ è äàæå ïîòåðÿ êëå-
òî÷íîé ëèíèè [28]. Íà ðèñóíêàõ 1 è 2 ïðåäñòàâëåíû êëåòî÷-
íûå êóëüòóðû RK-13 è Vero, â êîòîðûõ âïîñëåäñòâèè ïðè
ìèêðîáèîëîãè÷åñêîì ïîñåâå è ïðè îêðàñêå êëåòîê êðàñè-
òåëåì Hoechst 33258 áûëà âûÿâëåíà ìèêîïëàçìåííàÿ êîí-
òàìèíàöèÿ.
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Í. Â. Øàëóíîâà, Ð. À. Âîëêîâà, À. Ð. Âîëãèí è äð.

Òàáëèöà 1. Íàèáîëåå ðàñïðîñòðàíåííûå âèäû ìèêîïëàçì, îáíàðóæåííûå â êëåòî÷íûõ êóëüòóðàõ [26, 27]

Âèä Èñòî÷íèê ïðîèñõîæäåíèÿ 1958–1972 1966–1982 1973–1979 1988 2002

M. hyorhinis Ñâèíüè 15.9 % 30.1 % 2.0 % 26 % 10–40 %

M. orale ×åëîâåê, ïðèìàòû 38.8 % 34.4 % 41.3 % 34 % 20–40 %

M. arginini Êðóïíûé ðîãàòûé ñêîò, îâöû, êîçû 21.4 % 24.8 % 2.3 % 21 % 20–30 %

M. fermentans ×åëîâåê, ïðèìàòû 0.36 % 4.1 % 1.3 % 13 % 10–20 %

Acholeplasma laidlawii Æèâîòíûå, ðàñòåíèÿ, ïî÷âà 8.5 % 9.7 % 20.0 % 5 % 5–20 %

M. hominis ×åëîâåê, ïðèìàòû 6.1 % 2.4 % 1.8 % – 10–20 %



Èñòî÷íèêîì êîíòàìèíàöèè ìèêîïëàçìàìè ÿâëÿåòñÿ
ñûâîðîòêà êðîâè æèâîòíûõ — êîìïîíåíòà ïèòàòåëüíûõ
ñðåä ïðè êóëüòèâèðîâàíèè êóëüòóð êëåòîê, à òàêæå âíóòðè-
ëàáîðàòîðíàÿ ïåðåäà÷à èíôåêöèè èç îêðóæàþùåé ñðåäû
(èç âîçäóõà è/èëè îò ïåðñîíàëà, îò ëàáîðàòîðíîãî îáîðó-
äîâàíèÿ, ïðè íåñîáëþäåíèè ïðàâèë ðàáîòû â èçîëèðîâàí-
íîì ïîìåùåíèè) [29, 30]. Â ðåçóëüòàòå ðàáîòû â îäíîì
áîêñå ñ èíôèöèðîâàííîé êëåòî÷íîé êóëüòóðîé ðàíåå ñâî-
áîäíûå îò ìèêîïëàçìû ëèíèè êëåòîê, êàê ïðàâèëî, îêàçû-
âàþòñÿ êîíòàìèíèðîâàííûìè.

Â ëàòåíòíîé ôîðìå ìèêîïëàçìåííàÿ èíôåêöèÿ íå âû-
çûâàåò âèäèìûõ èçìåíåíèé êëåòîê, è áåç ñïåöèàëüíîãî
àíàëèçà ìîæåò îñòàâàòüñÿ íåçàìåòíîé èññëåäîâàòåëþ ïðè
óðîâíå çàðàæåííîñòè äî ñîòíè ìèêîïëàçì íà îäíó ýóêà-
ðèîòè÷åñêóþ êëåòêó.

Â ñîîòâåòñòâèè ñ ïðàâèëàìè GMP ðàáîòó ñ êëåòî÷íûìè
êóëüòóðàìè âî èçáåæàíèå êîíòàìèíàöèè ñëåäóåò ïðîâî-
äèòü â àñåïòè÷åñêèõ óñëîâèÿõ îêðóæàþùåé ñðåäû. Óñëî-

âèÿ ðàáîòû äîëæíû ðåãóëÿðíî êîíòðîëèðîâàòüñÿ ïóòåì
ïîñòîÿííîãî îòáîðà ïðîá â ðàáî÷åé çîíå è ïðîâåäåíèåì
ñîîòâåòñòâóþùèõ ìèêðîáèîëîãè÷åñêèõ êîíòðîëåé [31].

Îïèñàíî áîëüøîå êîëè÷åñòâî ñïîñîáîâ âûÿâëåíèÿ
ìèêîïëàçì â èññëåäóåìûõ îáðàçöàõ êëåòî÷íûõ êóëüòóð.
Èñïîëüçóåìûé ìåòîä îáíàðóæåíèÿ äîëæåí áûòü ÷óâñòâè-
òåëüíûì è òî÷íûì, íî â òî æå âðåìÿ ïðîñòûì, áûñòðûì,
ýôôåêòèâíûì è ýêîíîìè÷íûì. Ïðèìåíåíèå áîëüøèíñòâà
îïèñàííûõ â ëèòåðàòóðå ìåòîäîâ âûÿâëåíèÿ ìèêîïëàçì è
îöåíêà èõ ýôôåêòèâíîñòè ÷àñòî çàâèñèò îò ñïåöèàëèçàöèè
ëàáîðàòîðèé è êâàëèôèêàöèè ïåðñîíàëà.

Ìåòîäû èíäèêàöèè è èäåíòèôèêàöèè ìèêîïëàçì òðà-
äèöèîííî äåëÿòñÿ íà ïðÿìûå è êîñâåííûå. Ê ïðÿìûì îò-
íîñèòñÿ êëàññè÷åñêèé ìèêðîáèîëîãè÷åñêèé ìåòîä âûðà-
ùèâàíèÿ êîëîíèé ìèêîïëàçì íà ïèòàòåëüíîé ñðåäå
[3, 26, 32] è îêðàøèâàíèå ïðåïàðàòîâ ôëóîðîõðîìàìè
(ïðÿìîå îêðàøèâàíèå èññëåäóåìîé èëè èíäèêàòîðíîé
êëåòî÷íîé êóëüòóðû ÄÍÊ ôëóîðîõðîìàìè (DAPI; Hoechst

Ìèêîïëàçìû-êîíòàìèíàíòû êëåòî÷íûõ êóëüòóð
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Ðèñ. 1. Êóëüòóðà êëåòîê ÐÊ-13, 4 ïàññàæ. Âûðàæåííûé êëåòî÷íûé ïîëèìîðôèçì, âàêóîëèçàöèÿ öèòîïëàçìû (Â). Â öèòîïëàçìå êëåòîê è âî
âíåêëåòî÷íîì ïðîñòðàíñòâå âûÿâëåíû ìåëêèå ïðåèìóùåñòâåííî ïàëî÷êîâèäíûå è íèòåâèäíûå îáðàçîâàíèÿ ôèîëåòîâî-êðàñíîãî öâåòà
(óêàçàíû ñòðåëêàìè). Îêðàñêà ïî Ðîìàíîâñêîìó-Ãèìçå. Óâåëè÷åíèå �250.

Ðèñ. 2. Êóëüòóðà Vero, 3 è 4 ïàññàæ. Â íåêîòîðûõ êëåòêàõ âàêóîëèçàöèÿ ÿäðà (Á ). Â öèòîïëàçìå êëåòîê è âî âíåêëåòî÷íîì ïðîñòðàíñòâå âû-
ÿâëåíû ìåëêèå ïðåèìóùåñòâåííî ïàëî÷êîâèäíûå è íèòåâèäíûå îáðàçîâàíèÿ ôèîëåòîâî-êðàñíîãî öâåòà (óêàçàíû ñòðåëêàìè). Îêðàñêà ïî
Ðîìàíîâñêîìó-Ãèìçå. Óâåëè÷åíèå �250.



33258, àíòèáèîòèê — îëèâîìèöèí) [30, 32, 33], à ê êîñâåí-
íûì — èììóíîôëóîðåñöåíöèÿ, èììóíîôåðìåíòíûé àíà-
ëèç (ÈÔÀ), ìîëåêóëÿðíî-áèîëîãè÷åñêèå àíàëèçû — ïîëè-
ìåðàçíàÿ öåïíàÿ ðåàêöèÿ (ÏÖÐ); ôëóîðåñöåíòíàÿ ãèáðè-
äèçàöèÿ in situ (FISH); ýëåêòðîííàÿ ìèêðîñêîïèÿ,
èñïîëüçîâàíèå âèäîñïåöèôè÷åñêèõ ãèïåðèììóííûõ ñûâî-
ðîòîê, ìå÷åííûõ ôëóîðåñöåèíîì è äðóãèå [26–28, 30–33].

Ñàìûé ïðèåìëåìûé ìåòîä — ýòî ïîñåâ íà æèäêèå èëè
ñîäåðæàùèå ðàçëè÷íîå êîëè÷åñòâî àãàðà ïèòàòåëüíûå
ñðåäû. Åâðîïåéñêàÿ ôàðìàêîïåÿ 8,0 (ÅÔ) ðåêîìåíäóåò íå-
ñêîëüêî ïðîïèñåé ìèêðîáèîëîãè÷åñêèõ ñðåä, â êîòîðûå â
îáÿçàòåëüíîì ïîðÿäêå âõîäèò ýêñòðàêò áû÷üåãî ñåðäöà è
àãàð. Äëÿ îáíàðóæåíèÿ áîëüøèíñòâà ìèêîïëàçì ïðåæäå
âñåãî ðåêîìåíäóþòñÿ ñðåäû Õåéôëèêà — æèäêàÿ è òâåð-
äàÿ. Ïðèâîäÿòñÿ òàêæå ïðîïèñè ñðåä Ôðåÿ, Ôðèñà, ðåêî-
ìåíäóåìûå äëÿ âûÿâëåíèÿ ìíîãèõ âèäîâ ìèêîïëàçì, êî-
òîðûå ñîäåðæàò ðàçëè÷íûå àìèíîêèñëîòû è âèòàìèíû.
Â êà÷åñòâå óíèâåðñàëüíîé ñðåäû äëÿ âûñåâà ìèêîïëàçì,
êîíòàìèíèðóþùèõ êëåòî÷íûå êóëüòóðû, â ÑØÀ ïðåäëîæå-
íû êîììåð÷åñêèå ñðåäû ñ àãàðîì, âûïóñêàåìûå ôèðìàìè
«Hana» è «Dupont». Ïðè ïðîâåäåíèè ïîñåâîâ èñïîëüçóåòñÿ
äâà íàáîðà ñðåä: áóëüîííàÿ (æèäêàÿ) è òâåðäàÿ. Îêîí÷à-
òåëüíûå ðåçóëüòàòû ó÷èòûâàþòñÿ íà 21 ñóòêè, ïîñëå ïåðå-
ñåâîâ ñ áóëüîííîé êóëüòóðû íà òâåðäóþ ïèòàòåëüíóþ
ñðåäó [34].

Îáÿçàòåëüíûì êîìïîíåíòîì ïèòàòåëüíûõ ñðåä ÿâëÿ-
åòñÿ ñûâîðîòêà êðîâè æèâîòíûõ (ëîøàäèíàÿ, ñâèíàÿ, èíî-
ãäà áû÷üÿ) è ïåíèöèëëèí. Æèäêèå ñðåäû íåðåäêî ñîäåð-
æàò â ñâîåì ñîñòàâå ôåíîëîâûé êðàñíûé. Â òâåðäóþ ñðåäó
äîáàâëÿåòñÿ 15 ã/äì3 àãàðà. Æèäêóþ ñðåäó èíêóáèðóþò â
ïëîòíî çàêðûòûõ êîíòåéíåðàõ (ïðîáèðêàõ), òâåðäóþ —
÷àùå âñåãî â ÷àøêàõ Ïåòðè, äèàìåòðîì 60 ìì â àòìîñôåðå
àçîòà; èíêóáàöèþ ïîñåâîâ ïðîâîäÿò ïðè 36–38 °Ñ. Êàæäàÿ
âíîâü ïðèãîòîâëåííàÿ ñåðèÿ ïèòàòåëüíîé ñðåäû äîëæíà
áûòü ïðåäâàðèòåëüíî èñïûòàíà íà ÷óâñòâèòåëüíîñòü ñ ïî-
ìîùüþ òåñò-øòàììîâ, ïðèãîòîâëåííûõ èç ñâåæåâûäåëåí-
íîé êóëüòóðû ìèêîïëàçì, ïðîøåäøèõ íå áîëåå 15 ïàññà-
æåé â èñêóññòâåííûõ ïèòàòåëüíûõ ñðåäàõ.

Â íàñòîÿùåå âðåìÿ ìåæäóíàðîäíûé ñòàíäàðò
(òåñò-øòàìì) äëÿ îïðåäåëåíèÿ êà÷åñòâà ïèòàòåëüíûõ ñðåä
îòñóòñòâóåò, ïîýòîìó äëÿ ýòèõ öåëåé ðàçëè÷íûìè ôèðìà-
ìè, êàê ïðàâèëî, èñïîëüçóþòñÿ ñòàíäàðòíûå îáðàçöû ñîá-
ñòâåííîãî ïðîèçâîäñòâà, àòòåñòîâàííûå â ñîîòâåòñòâèè ñ
òðåáîâàíèÿìè ÂÎÇ [4], ïðåäñòàâëÿþùèå íåêèé íàáîð
òåñò-øòàììîâ ðàçëè÷íîãî ðîäà è âèäà ìèêîïëàçì:
A. laidlawii, M. galisepticum, M. fermentans, M. orale è äð.
Äëÿ êîíòðîëÿ ÷óâñòâèòåëüíîñòè ñðåä è îïðåäåëåíèÿ èíãè-
áèðóþùåãî äåéñòâèÿ ÈËÏ â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè
Åâðîïåéñêîé ôàðìàêîïåè 8,0 [34] âîçìîæíî èñïîëüçîâà-
íèå íàáîðà òåñò-øòàììîâ ìèêîïëàçì, ïîëó÷åííûõ èç ìó-
çåéíûõ êîëëåêöèé: M. orale, M. fermentans, M. gallisepti-
cum, M. hyorhinis, M. synovviae.

Öåëüþ íàøåé ðàáîòû íà ïðîòÿæåíèè ìíîãèõ ëåò ÿâè-
ëîñü ñîçäàíèå ñèñòåìû êîíòðîëÿ êà÷åñòâà áåçîïàñíîñòè
âàêöèííûõ ïðåïàðàòîâ, îñíîâàííûõ íà óíèôèêàöèè è
ñòàíäàðòèçàöèè ìåòîäîâ îáíàðóæåíèÿ ïîñòîðîííèõ àãåí-
òîâ, â òîì ÷èñëå ìèêîïëàçì.

Â íàøåé ñòðàíå Ç. Å. Áåðäíèêîâîé â 1991 ã. [35] â ðå-
çóëüòàòå èçó÷åíèÿ ðàçëè÷íûõ ïðîïèñåé ïèòàòåëüíûõ ñðåä,
îáåñïå÷èâàþùèõ âûÿâëåíèå ìèíèìàëüíîãî êîëè÷åñòâà
ìèêîïëàçì â ñåëåêòèâíîé áóëüîííîé ñðåäå, âïåðâûå áûë
ïðåäëîæåí òåñò-øòàìì Ìycoplasma àrginini G 230, êàê
íàèáîëåå ðàñïðîñòðàíåííûé ñðåäè êðóïíîãî ðîãàòîãî
ñêîòà è ïòèö, ñóáñòðàòû êîòîðûõ ÷àùå âñåãî èñïîëüçóþòñÿ
ïðè ïðèãîòîâëåíèè âàêöèí. Ìíîãî÷èñëåííûå ýêñïåðèìåí-

òû ïîêàçàëè âîçìîæíîñòü ñ ïîìîùüþ ýòîãî øòàììà íå
òîëüêî ïîëó÷àòü âîñïðîèçâîäèìûå ðåçóëüòàòû òåñòèðîâà-
íèÿ âíîâü ïðèãîòîâëåííûõ ñåðèé ïèòàòåëüíûõ ñðåä, íî
è åãî ñïîñîáíîñòü äèôôåðåíöèðîâàòü èõ ïî ÷óâñòâè-
òåëüíîñòè.

Òåñò-øòàìì èçãîòàâëèâàåòñÿ è èçó÷àåòñÿ â ñîîòâåòñò-
âèè ñ òðåáîâàíèÿìè ÂÎÇ ê ñòàíäàðòíûì îáðàçöàì. Êîì-
ïëåêñíîå èçó÷åíèå òåñò-øòàììà Mycoplasma arginini G 230
ïîçâîëèëî ðåêîìåíäîâàòü åãî â êà÷åñòâå ðåôåðåíñ-ïðå-
ïàðàòà (ÎÑÎ 42-28-378–2015 Ï) äëÿ êîíòðîëÿ ÷óâñòâèòåëü-
íîñòè âíîâü ïðèãîòîâëåííûõ ñåðèé ïèòàòåëüíîé ñðåäû,
ïðåäíàçíà÷åííîé äëÿ èñïûòàíèÿ ÈËÏ, êëåòî÷íûõ êóëüòóð,
ñûâîðîòîê êðîâè æèâîòíûõ íà ïðèñóòñòâèå ìèêîïëàçì.
Ïîëó÷åííûé ïðåïàðàò íå ñîäåðæèò ïîñòîðîííåé ìèêðî-
ôëîðû è ñîõðàíÿåò ñâîè ñâîéñòâà íå ìåíåå 3–5 ëåò ïðè
õðàíåíèè ïðè ìèíóñ 20–30 °Ñ.

Îïèñàííîå â íàøåé ñòðàíå â íîðìàòèâíîé äîêóìåíòà-
öèè (ÍÄ) âûäåëåíèå è êóëüòèâèðîâàíèå ìèêîïëàçì «ìèê-
ðîáèîëîãè÷åñêèì ìåòîäîì» ïðîâîäèòñÿ íà ïèòàòåëüíîé
ñðåäå, ïðèãîòîâëåííîé íà òðèïòè÷åñêîì ïåðåâàðå áû÷üå-
ãî ñåðäöà ïî ïðîïèñè, ðàçðàáîòàííîé ïðîôåññîðîì Ã. ß.
Êàãàí ñîâìåñòíî ñ îòäåëîì ïèòàòåëüíûõ ñðåä ÃÓ ÍÈÈÝÌ
èì. Í. Ô. Ãàìàëåè â 1956 ãîäó. Â îòëè÷èå îò ñðåä Õåéôëèêà,
ñðåäà Êàãàí ñîäåðæèò 0,3 % àãàðà (òàê íàçûâàåìàÿ ïîëó-
æèäêàÿ ñðåäà), ÷óâñòâèòåëüíîñòü êîòîðîé äëÿ âûÿâëåíèÿ
ìàëûõ äîç ìèêîïëàçì áûëà äîêàçàíà êîíòðîëüíûìè èñ-
ïûòàíèÿìè â ïðîèçâîäñòâåííûõ ó÷ðåæäåíèÿõ íàøåé ñòðà-
íû è èññëåäîâàíèÿìè â ÃÈÑÊ èì. Ë. À. Òàðàñåâè÷à â òå÷å-
íèå ìíîãèõ ëåò. Ýòîò ìåòîä, ïðè êîòîðîì ïîñåâû èíêóáè-
ðóþò íåïîñðåäñòâåííî íà ïîëóæèäêóþ ñðåäó Êàãàí,
ïîçâîëÿþùóþ îäíîâðåìåííî âûÿâëÿòü àýðîáíûå è àíà-
ýðîáíûå âîçáóäèòåëè, ïî ÷óâñòâèòåëüíîñòè íå óñòóïàåò çà-
ïàäíûì àíàëîãàì.

Íåîáõîäèìûì óñëîâèåì ïðàâèëüíîñòè ïðîâåäåííîãî
èñïûòàíèÿ íà ïðèñóòñòâèå ìèêîïëàçì ÿâëÿåòñÿ îïðåäåëå-
íèå íàëè÷èÿ èíãèáèðóþùåãî äåéñòâèÿ íà ðîñò ìèêîïëàçì
äëÿ êàæäîãî íàèìåíîâàíèÿ âíîâü èñïûòóåìîãî ÈËÏ. Èí-
ãèáèðóþùåå äåéñòâèå ìîæåò áûòü ïðîâåäåíî îäíîâðå-
ìåííî ñ îïðåäåëåíèåì ðîñòîâûõ ñâîéñòâ ïèòàòåëüíîé ñðå-
äû ñ ïîìîùüþ òîãî æå òåñò-øòàììà. Ïðè èñïûòàíèè ÈËÏ
íà ïðèñóòñòâèå ìèêîïëàçì êîíòðîëþ ïîäëåæàò: êóëüòó-
ðàëüíàÿ æèäêîñòü êîíòðîëüíûõ êëåòî÷íûõ êóëüòóð, îáúå-
äèíåííûé âèðóñíûé ñáîð, ïîëó÷åííûé â ïðîöåññå ïðèãî-
òîâëåíèÿ âàêöèííîãî øòàììà, ïîñåâíîãî âèðóñà è âàê-
öèíû [30].

Ïðè èñïûòàíèè êëåòî÷íûõ ëèíèé, ïîñòóïàþùèõ â
ÔÃÁÓ «ÍÖÝÑÌÏ», äëÿ âûÿâëåíèÿ êîíòàìèíàöèè ìè-
êîïëàçìàìè èñïîëüçóåòñÿ ïîñåâ íà ñðåäó Êàãàí, êóëüòè-
âèðîâàíèå ïðè 36–38 è 20–22 °Ñ è îêðàøèâàíèå êëåòîê c
ïîìîùüþ ôëóîðåñöåíòíûõ êðàñèòåëåé Hoechst 33258
(áèñáåíçèìèä) èëè DAPI (0,0002 % DAPI-4,6-äèàìèäèíî-
2-ôåíèëèíäîë), ðåæå — àíòèáèîòèêà îëèâîìèöèíà ïî ìå-
òîäèêå, ðàçðàáîòàííîé ðàíåå [32, 33]. Ïåðåä àíàëèçîì
êëåòêè êóëüòèâèðóþò áåç àíòèáèîòèêîâ íå ìåíåå 7 ñóò ïðè
òåìïåðàòóðå 36–37 °Ñ íà ïðåäìåòíûõ ñòåêëàõ, ïîìåùåí-
íûõ â ÷àøêè Ïåòðè. Ñòåêëà ñ ìîíîñëîåì êëåòîê, íå ïðåâû-
øàþùåì 50–70 %, îòìûâàþò â áóôåðíîì ðàñòâîðå
(pH 7,2–7,4), ôèêñèðóþò â 96° ýòèëîâîì ñïèðòå ïðè êîìíàò-
íîé òåìïåðàòóðå â òå÷åíèå 20–30 ìèí è âûñóøèâàþò íà
âîçäóõå.

Îêðàøèâàíèå èçó÷àåìûõ êëåòî÷íûõ ëèíèé ïðîâîäè-
ëè îáùåïðèíÿòûìè ìåòîäàìè è àíàëèçèðîâàëè ñ ïîìî-
ùüþ ôëóîðåñöåíòíîãî ìèêðîñêîïà Axio Imager M2 («Carl
Zeiss»), îáîðóäîâàííîì ðòóòíîé ëàìïîé HXP 120 C è
ôèëüòðîì: set 49 Ï 365 ÀÅ 395 ÈÊ 445/50 («Carl Zeiss») ïðè
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100-, 400- è 1000-êðàòíîì óâåëè÷åíèè. Ôîòîãðàôèðîâà-
íèå êëåòîê îñóùåñòâëÿëè ïðè 1000-êðàòíîì óâåëè÷åíèè ñ
ïîìîùüþ öèôðîâîé êàìåðû AxioCam MRc5 («Carl Zeiss»).
Ïîëó÷åííûå èçîáðàæåíèÿ îáðàáàòûâàëè ñ ïîìîùüþ êîì-
ïüþòåðíîé ïðîãðàììû äëÿ ðàáîòû ñ öèôðîâûì èçîáðàæå-
íèåì Adobe Photoshop.

Ôëóîðåñöåíòíûå êðàñèòåëè, ïðîòåñòèðîâàííûå íà
êëåòêàõ ëèíèè WEHI 164 (ìûøü, ôèáðîñàðêîìà), ïîçâîëè-
ëè ïîëó÷èòü ñõîäíûå èçîáðàæåíèÿ ÿðêî îêðàøåííîé ÄÍÊ
ÿäåð êëåòîê ñ õîðîøî âûðàæåííûìè ãåòåðîõðîìàòèíîâû-
ìè îáëàñòÿìè. Îáà êðàñèòåëÿ íå ïðîÿâëÿëè ìèíîðíûì èëè
çíà÷èòåëüíûì ôîíîâûì ñâå÷åíèåì (îòñóòñòâèå ëîæíîïî-
ëîæèòåëüíîãî ðåçóëüòàòà) (ðèñ. 3). Áûë ñäåëàí âûâîä î
âîçìîæíîì ïðèìåíåíèè èçó÷åííûõ êðàñèòåëåé äëÿ âûÿâ-
ëåíèÿ ìèêîïëàçì.

Òàêèì îáðàçîì, àíàëèç ïîëó÷åííûõ äàííûõ ïîçâîëÿ-
åò ñäåëàòü âûâîä î ïðîñòîòå è ýôôåêòèâíîñòè âûÿâëåíèÿ
ìèêîïëàçì â êóëüòóðàõ êëåòîê öèòîõèìè÷åñêèì ìåòîäîì ñ
ïîìîùüþ îêðàøèâàíèÿ DAPI è Hoechst 33258. Èñïîëüçî-
âàíèå êîìïüþòåðíîé ïðîãðàììû Adobe Photoshop äëÿ îá-

ðàáîòêè èçîáðàæåíèé ïðåäîñòàâëÿåò óäîáíóþ âîçìîæ-

íîñòü äëÿ äîêóìåíòèðîâàíèÿ ïîëó÷åííûõ ðåçóëüòàòîâ.

Â ñðàâíèòåëüíûõ èññëåäîâàíèÿõ 16 êëåòî÷íûõ (äèï-

ëîèäíûõ è ãåòåðîïëîèäíûõ) ëèíèé ñ ïîìîùüþ ìèêðîáèî-

ëîãè÷åñêîãî è öèòîõèìè÷åñêîãî ìåòîäîâ áûëî âûÿâëåíî 6

îáðàçöîâ, êîíòàìèíèðîâàííûõ ìèêîïëàçìàìè.

Îäíèì èç íàèáîëåå ïåðñïåêòèâíûõ ìåòîäîâ äëÿ âû-

ÿâëåíèÿ êîíòàìèíàöèè êëåòî÷íûõ êóëüòóð ìèêîïëàçìàìè

ÿâëÿåòñÿ ìîëåêóëÿðíî-áèîëîãè÷åñêèé ìåòîä — ïîëèìå-

ðàçíàÿ öåïíàÿ ðåàêöèÿ (ÏÖÐ) [36–38].

ÏÖÐ çàðåêîìåíäîâàëà ñåáÿ â êà÷åñòâå äîñòàòî÷íî

ïðîñòîãî, âîñïðîèçâîäèìîãî è ñïåöèôè÷íîãî ìåòîäà äëÿ

îïðåäåëåíèÿ êîíòàìèíàöèè â êóëüòóðå êëåòîê. Ïðèíöèï

ÏÖÐ îñíîâàí íà ìíîãîêðàòíîì óìíîæåíèè ÷àñòè ãåíîìà ñ

ïîñëåäóþùåé äåòåêöèåé ïðîäóêòà ñ èñïîëüçîâàíèåì ðàç-

ëè÷íûõ ìåòîäèê. Âðåìÿ àíàëèçà ñíèæàåòñÿ äî îäíîãî äíÿ,

÷óâñòâèòåëüíîñòü — îêîëî 103 ÊÎÅ/ìë.

Íàìè ïðîâåäåí ñðàâíèòåëüíûé ÏÖÐ-àíàëèç 9 êëåòî÷-

íûõ ëèíèé ñ äâóìÿ âàðèàíòàìè óíèâåðñàëüíûõ ïðàéìåðîâ:

Ìèêîïëàçìû-êîíòàìèíàíòû êëåòî÷íûõ êóëüòóð
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Ðèñ. 3. ßäðà êëåòîê ëèíèé êëåòîê WEHI 164 (ìûøü, ôèáðîñàðêîìà): À — îêðàñêà Hoechst 33258; Á — îêðàñêà Hoechst 33258, ïðåäñòàâëåí-
íàÿ â îòòåíêàõ ñåðîãî; Â — îêðàñêà DAPI; Ã — îêðàñêà DAPI, ïðåäñòàâëåííàÿ â îòòåíêàõ ñåðîãî.



1) ñ èñïîëüçîâàíèåì ðîäîâûõ ïðàéìåðîâ, ïðåäëî-
æåííûõ Uphoff C. C., Drexler H. G, â óñëîâèÿõ àìïëèôèêà-
öèè ñîãëàñíî ÌÐ [36];

2) ñ èñïîëüçîâàíèåì êîììåð÷åñêîãî íàáîðà ðåàãåí-
òîâ äëÿ âûÿâëåíèÿ ÄÍÊ ìèêðîîðãàíèçìîâ ðîäà Myco-
plasma.

Íà íàëè÷èå êîíòàìèíàöèè Mycoplasma spp. â íàøèõ
îïûòàõ áûëè èñïûòàíû êëåòêè ïî÷åê îáåçüÿí, êðîëèêà,
òðàíñôîðìèðîâàííûå êëåòêè ÷åëîâåêà, ïîëó÷åííûå èç
ðàçëè÷íûõ êîëëåêöèé ñòðàíû è çàðóáåæüÿ, è èñïîëüçóþ-
ùèõñÿ ïðè êîíòðîëå êà÷åñòâà áèîëîãè÷åñêèõ ïðåïàðàòîâ.

ÄÍÊ âûäåëÿëè ïðè ïîìîùè Êîìïëåêòà ðåàãåíòîâ äëÿ
âûäåëåíèÿ ÄÍÊ/ÐÍÊ «Ðèáî-ïðåï» ïðîèçâîäñòâà ÔÁÓÍ
ÖÍÈÈÝ Ðîñïîòðåáíàäçîðà. Â ïåðâîì âàðèàíòå àìïëèôè-
êàöèþ îñóùåñòâëÿëè ñ èñïîëüçîâàíèåì Íàáîðà ðåàãåíòîâ
äëÿ àìïëèôèêàöèè «GenPak PCR Core» ïðîèçâîäñòâà êîì-
ïàíèè ÎÎÎ «Isogene», Ðîññèÿ, âî âòîðîì âàðèàíòå — ñ èñ-
ïîëüçîâàíèåì íàáîðà ðåàãåíòîâ «ÀìïëèÑåíñ ÌÈÊ-ÊÎÌ»,
ïðåäíàçíà÷åííîãî äëÿ âûÿâëåíèÿ ÄÍÊ ìèêðîîðãàíèçìîâ
ðîäà Mycoplasma â ìàòåðèàëàõ îò áîëüíîé è ïàâøåé ïòè-
öû, ýìáðèîíàõ, à òàêæå êóëüòóðàõ êëåòîê è ñûâîðîòêàõ
êðîâè æèâîòíûõ (÷óâñòâèòåëüíîñòü 5·103 ÊÎÅ/ìë) ïðîèç-
âîäñòâà ÔÁÓÍ ÖÍÈÈ Ýïèäåìèîëîãèè Ðîñïîòðåáíàäçîðà.

Â îáîèõ âàðèàíòàõ äåòåêöèþ ðåçóëüòàòîâ àìïëèôèêà-
öèè ïðîâîäèëè ìåòîäîì ýëåêòðîôîðåçà â àãàðîçíîì ãåëå.
Àìïëèôèêàöèþ ïðîâîäèëè íà ïðèáîðå ñ àêòèâíûì ðåãóëè-
ðîâàíèåì «Òåðöèê» ïðîèçâîäñòâà ÇÀÎ «ÄÍÊ-Òåõíîëî-
ãèÿ», Ðîññèÿ ïî ñîîòâåòñòâóþùåé ïðîãðàììå.

Ïðè ïðîâåäåíèè àíàëèçà 9 êëåòî÷íûõ ëèíèé äâóìÿ
âàðèàíòàìè ìåòîäèêè ñ óíèâåðñàëüíûìè ïðàéìåðàìè ïî-
ëó÷åíû îäèíàêîâûå ðåçóëüòàòû: ïîêàçàíî îòñóòñòâèå ìèê-
ðîîðãàíèçìîâ ðîäà Mycoplasma â îáðàçöàõ 6 ëèíèé êëå-
òîê; â îáðàçöàõ òðåõ êëåòî÷íûõ ëèíèé: Vero1, ÌÀ104, è
RK-13 (îáðàçöû 1, 3 è 9) âûÿâëåíà ÄÍÊ Mycoplasma spp.
(ðèñ. 4).

Íàëè÷èå ìèêîïëàçì â ýòèõ êóëüòóðàõ áûëî ïîäòâåð-
æäåíî òàêæå ïðÿìûì ïîñåâîì íà ïèòàòåëüíûå ñðåäû è öè-
òîõèìè÷åñêèì ìåòîäîì â èíäèêàòîðíîé êóëüòóðå. Òàêèì
îáðàçîì, ïîêàçàíà âîçìîæíîñòü èñïîëüçîâàíèÿ äëÿ âûÿâ-
ëåíèÿ ÄÍÊ ìèêîïëàçì â êóëüòóðå êëåòîê äâóõ âûøå îïè-
ñàííûõ âàðèàíòîâ ìåòîäèêè ÏÖÐ. Îäíàêî ñëåäóåò èìåòü â
âèäó, ÷òî ìåòîä ÏÖÐ îáëàäàåò îãðàíè÷åííîé ÷óâñòâèòåëü-
íîñòüþ è ìîæåò áûòü èñïîëüçîâàí òîëüêî êàê äîïîëíè-
òåëüíûé ê «çîëîòîìó ñòàíäàðòó» — êóëüòóðàëüíûì ìåòî-
äàì. Çàìåíà êóëüòóðàëüíîãî ìåòîäà ìåòîäîì ÏÖÐ ìîæåò
áûòü ïðîâåäåíà òîëüêî íà îñíîâàíèè åãî íå ìåíüøåé ÷óâ-
ñòâèòåëüíîñòè, îäíàêî ìåòîäîì ÏÖÐ ìîæíî îïðåäåëèòü îò
5 ÊÎÅ/ìë, ïðè ýòîì ÷óâñòâèòåëüíîñòü ìåòîäà çàâèñèò îò
âèäà îïðåäåëÿåìûõ ìèêîïëàçì [39–43] è îò óñëîâèé äëÿ
ÏÖÐ àíàëèçà.

Åñëè èñïûòàíèþ íà ìèêîïëàçìû ïîäâåðãàåòñÿ îáúå-
äèíåííûé âèðóñíûé ñáîð âàêöèí, íåðàñôàñîâàííàÿ ïàð-
òèÿ âàêöèíû èëè ãîòîâûé ïðåïàðàò, òî îáÿçàòåëüíûì ÿâ-
ëÿåòñÿ ìåòîä êóëüòèâèðîâàíèÿ â èñêóññòâåííûõ ïèòàòåëü-
íûõ ñðåäàõ. Äëÿ êîíòðîëÿ ïèòàòåëüíûõ ñðåä è ñûâîðîòîê,
èñïîëüçóåìûõ äëÿ ïîääåðæàíèÿ ðîñòà êëåòî÷íûõ êóëüòóð,
XIII Ãîñóäàðñòâåííàÿ ôàðìàêîïåÿ ÐÔ [44] è 8,0 Åâðîïåé-
ñêàÿ ôàðìàêîïåÿ [34] ðåêîìåíäóþò èñïîëüçîâàòü ìåòîä
èíäèêàòîðíîé êëåòî÷íîé êóëüòóðû.

Çàêëþ÷åíèå

Â îáçîðå îáîáùåíû ìàòåðèàëû èññëåäîâàíèé îòå÷åñòâåí-
íûõ è çàðóáåæíûõ àâòîðîâ, ìàòåðèàëû ÂÎÇ è Åâðîïåéñêîé
ôàðìàêîïåè. Îñîáîå âíèìàíèå óäåëåíî íåîáõîäèìîñòè
ïîñòîÿííîãî êîíòðîëÿ êëåòî÷íûõ êóëüòóð è âàêöèííûõ
ïðåïàðàòîâ, èñïîëüçîâàíèå êîìïëåêñà ìåòîäîâ äëÿ ïîâû-
øåíèÿ äîñòîâåðíîñòè ïîëó÷åííûõ ðåçóëüòàòîâ. Ïîêàçàíî
ïðåèìóùåñòâî ðàçðàáîòàííûõ â íàøåé ñòðàíå ïèòàòåëü-
íûõ ñðåä äëÿ âûÿâëåíèÿ ìèêîïëàçì â ðóòèííîé ðàáîòå
ïðè êîíòðîëå ïðåïàðàòîâ. Ïîñòîÿííîå èññëåäîâàíèå êëå-
òî÷íûõ ëèíèé — ñóáñòðàòîâ ïðîèçâîäñòâà íà ïðèñóòñòâèå
ìèêîïëàçì íåîáõîäèìî äëÿ ôóíêöèîíèðîâàíèå ñèñòåìû
êîíòðîëÿ êà÷åñòâà, îáåñïå÷åíèÿ ýôôåêòèâíîñòè è áåçî-
ïàñíîñòè ÈËÏ, à òàêæå äëÿ àòòåñòàöèè è ïîääåðæàíèÿ
êëåòî÷íûõ ëèíèé, èñïîëüçóåìûõ ïðè ïðîèçâîäñòâå è êîí-
òðîëå ÈËÏ.

Àíàëèç ìàòåðèàëîâ ïî ðàçðàáîòêå è âíåäðåíèþ îòå-
÷åñòâåííûõ âèðóñíûõ âàêöèí, ïîçâîëÿåò ñäåëàòü âûâîä,
÷òî ïðèìåíÿåìûå ìåòîäû êîíòðîëÿ ìèêîïëàçì â çíà÷è-
òåëüíîé ñòåïåíè ãàðìîíèçèðîâàíû ñ ìåæäóíàðîäíûìè.
Ïðèìåíåíèå ïðÿìîãî ïîñåâà â ïèòàòåëüíûå ñðåäû îáðàç-
öîâ ÈËÏ, à òàêæå îêðàøèâàíèå ÄÍÊ ôëóîðîõðîìàìè èñ-
ïîëüçóåìûõ êëåòî÷íûõ ëèíèé, ïðîäîëæàåò îñòàâàòüñÿ
«çîëîòûì ñòàíäàðòîì» äëÿ îáíàðóæåíèÿ ìèêîïëàçìåí-
íîé êîíòàìèíàöèè. Â äîïîëíåíèå ê ýòèì ìåòîäàì ìîæåò
áûòü èñïîëüçîâàíà ÏÖÐ. Èñïîëüçîâàíèå ìîëåêóëÿð-
íî-áèîëîãè÷åñêèõ ìåòîäîâ âçàìåí êóëüòóðàëüíûõ òðåáóåò
äîêàçàòåëüñòâà èõ íå ìåíüøåé ÷óâñòâèòåëüíîñòè. Ïðè
ïðîâåäåíèè èññëåäîâàíèé íà ïðèñóòñòâèå ìèêîïëàçì â
êëåòî÷íûõ êóëüòóðàõ â ñëó÷àå ïîëó÷åíèÿ ñîìíèòåëüíûõ
ðåçóëüòàòîâ ñëåäóåò ïîñëåäîâàòåëüíî èñïîëüçîâàòü âñå
òðè ìåòîäà (ìèêðîáèîëîãè÷åñêèé, îêðàøèâàíèå êëåòîê
ôëóîðîõðîìàìè, ÏÖÐ).
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òåëüíîãî öåíòðà ýêñïåðòèçû êà÷åñòâà ÌÈÁÏ.
Ýëüáåðò Åëèçàâåòà Âèêòîðîâíà. Âåäóùèé ýêñïåðò ëàáîðàòîðèè ìîëåêóëÿðíî-áèîëîãè÷åñêèõ è ãåíåòè÷åñêèõ ìåòîäîâ èñïûòàíèé,
êàíä. áèîë íàóê.
Øåâöîâ Âëàäèìèð Àëåêñàíäðîâè÷. Íà÷àëüíèê óïðàâëåíèÿ ýêñïåðòèçû ïðîòèâîâèðóñíûõ ÌÈÁÏ Öåíòðà ýêñïåðòèçû è êîíòðîëÿ ÌÈÁÏ,
êàíä. ìåä. íàóê.
Ðóêàâèøíèêîâ Àíäðåé Âëàäèìèðîâè÷. Çàìåñòèòåëü íà÷àëüíèêà óïðàâëåíèÿ ýêñïåðòèçû ïðîòèâîâèðóñíûõ ÌÈÁÏ Öåíòðà ýêñïåðòèçû è
êîíòðîëÿ ÌÈÁÏ, êàíä. áèîë. íàóê.
Ñåìåíîâà Èðèíà Ñåìåíîâíà. Ýêñïåðò 1-é êàòåãîðèè ëàáîðàòîðèè íàíîëåêàðñòâ, ïðåïàðàòîâ äëÿ êëåòî÷íîé è ãåíîòåðàïèè Èñïûòàòåëü-
íîãî öåíòðà ýêñïåðòèçû êà÷åñòâà ËÑ.
Ìåðêóëîâà Îëüãà Âëàäèìèðîâíà. Âåäóùèé íàó÷íûé ñîòðóäíèê ëàáîðàòîðèè íàíîëåêàðñòâ, ïðåïàðàòîâ äëÿ êëåòî÷íîé è ãåíîòåðàïèè
Èñïûòàòåëüíîãî öåíòðà ýêñïåðòèçû êà÷åñòâà ËÑ, êàíä. ìåä. íàóê.
Òðóñîâ Ãåîðãèé Àëåêñàíäðîâè÷. Íàó÷íûé ñîòðóäíèê ëàáîðàòîðèè íàíîëåêàðñòâ, ïðåïàðàòîâ äëÿ êëåòî÷íîé è ãåíîòåðàïèè Èñïûòàòåëü-
íîãî öåíòðà ýêñïåðòèçû êà÷åñòâà ËÑ.
Òåðåøêèíà Íàòàëüÿ Âàñèëüåâíà. Ýêñïåðò 1-é êàòåãîðèè ëàáîðàòîðèè âèðóñíûõ âàêöèí Èñïûòàòåëüíîãî öåíòðà ýêñïåðòèçû êà÷åñòâà
ÌÈÁÏ.
Ðà÷èíñêàÿ Îëüãà Àíàòîëüåâíà. Ýêñïåðò 2-é êàòåãîðèè ëàáîðàòîðèè íàíîëåêàðñòâ, ïðåïàðàòîâ äëÿ êëåòî÷íîé è ãåíîòåðàïèè Èñïûòà-
òåëüíîãî öåíòðà ýêñïåðòèçû êà÷åñòâà ËÑ.
Èíäèêîâà Èðèíà Íèêîëàåâíà. Âåäóùèé ýêñïåðò óïðàâëåíèÿ ýêñïåðòèçû ïðîòèâîâèðóñíûõ ÌÈÁÏ Öåíòðà ýêñïåðòèçû è êîíòðîëÿ ÌÈÁÏ.
Ëåáåäèíñêàÿ Åëåíà Âëàäèìèðîâíà. Âåäóùèé íàó÷íûé ñîòðóäíèê îòäåëà ðåäàêöèîííî-èçäàòåëüñêîé äåÿòåëüíîñòè è çàùèòû èíòåëëåê-
òóàëüíîé ñîáñòâåííîñòè Öåíòðà ïëàíèðîâàíèÿ è êîîðäèíàöèè ÍÈÐ, êàíä. áèîë. íàóê.
Ìûöà Åëåíà Äìèòðèåâíà. Ýêñïåðò 2-é êàòåãîðèè ëàáîðàòîðèè ìîëåêóëÿðíî-áèîëîãè÷åñêèõ è ãåíåòè÷åñêèõ ìåòîäîâ èñïûòàíèé Èñïû-
òàòåëüíîãî öåíòðà ýêñïåðòèçû êà÷åñòâà ÌÈÁÏ.
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Mycoplasma — contamination of cell cultures

N. V. Shalunova, R. A. Volkova, A. R. Volgin, E. M. Petruñhuk, Z. E. Berdnikova, E. V. Elbert,
V. A. Shevtsov, A. V. Rukavishnikov, I. S. Semenova, O. V. Merkulova, G. A. Trusov, N. V. Tereshkina,
O. A. Rachinskaj, I. N. Indikova, E. V. Lebedinskaya, E. D. Mytsa

Federal State Budgetary Institution «Scientific Centre for Expert Evaluation of Medicinal Products»
of the Ministry of Health of the Russian Federation, Moscow, Russia

The safety of biological products derived from animal cells is associated with the properties of the cells themselves or their
components, as well as with the possible presence of contaminants of microbial and viral origin. The suitability of cell sub-
strate for production of prophylactic preparations is often determined by the features of the production process, which al-
lows to benefit/risk ratio of the product. One of the common contaminants of cell substrates are mycoplasmas, type
Mollicutes. As distinguished from other microorganisms they don’t have cell membranes, and parasitize a wide range of
animals and plants, on the surface or inside the cells. Some mycoplasma species of are potentially pathogenic to humans,
they compete for nutrients with cells in vitro, cause chromosomal aberrations, interfere with normal cell metabolism. The
detection of mycoplasma contamination in cell substrates when manufacturing prophylactic preparations is required by
regulatory documents.

Key words: cell cultures; primary cells; diploid cell lines; finite cell lines; contaminants; mycoplasmas; culture media; meth-

ods for detecting mycoplasmas; fluorescence polymerase chain reaction (PCR).

For citation: Shalunova NV, Volkova RA, Volgin AR, Petruñhuk EM, Berdnikova Z. E, Elbert EV, Shevtsov VA, Rukavishnikov

AV, Semenova IS, Merkulova OV, Trusov GA, Tereshkina NV, Rachinskaj OA, Indikova IN, Lebedinskaya EV, Mytsa ED.

Mycoplasma contamination of cell cultures. BIOpreparations. Preventions, Diagnostics, Treatment 2016; 16 (3): 151–160.

References

1. Annex 2. Recommendations to assure the quality, safety and effi-
cacy of poliomyelitis vaccines (oral, live, attenuated). Replace-
ment of Annex 1 of WHO Technical Report Series, ¹ 904, and Ad-
dendum to Annex 1 of WHO Technical Report Series, ¹ 910. In:
WHO Expert Committee on Biological Standardization, WHO Tec-
hnical Report Series, ¹ 980 (63 report). WHO; 2014.

2. Oral Polio Vaccine 1, 2, 3 types of oral solution (FS. 3.3.1.0037.15).
The State Pharmacopoeia of the Russian Federation. 13th ed.
V. 3. P. 1110–25. Available from: http://193.232.7.120/feml/clini-
cal_ref/pharmacopoeia_3/HTML/ #1110/z (in Russian).

3. Recommendations for the evaluation of animal cell cultures as
substrates for the manufacture of biological medicinal products
and for the characterization of cell banks, 2013. WHO Technical
Report Series, ¹ 978, 79–187.

158 ÁÈÎïðåïàðàòû. Ïðîôèëàêòèêà, äèàãíîñòèêà, ëå÷åíèå. 2016. Ò. 16. ¹ 3

Í. Â. Øàëóíîâà, Ð. À. Âîëêîâà, À. Ð. Âîëãèí è äð.



4. Rubella vaccine culture alive (FS. 3.3.1.0024.15). The State Phar-

macopoeia of the Russian Federation. 13th ed. V. 3. P. 964–72.

Available from: http://193.232.7.120/feml/clinical_ref/pharma-

copoeia_3/HTML /#1110/z (in Russian).

5. Stepanova LG, Alekseev SB, Zgursky AA, Shalunova NV, et al. Iso-

lation and characterization of a new strain of diploid cells from

human fetal lung tissue. Tsitologiya 1986; 28(12): 1373–6 (in Rus-

sian).

6. Hayflick L. A brief history of cell substrates used for the preparati-

on of human biologicals. Developmental Biology 2001, 106: 5–23.

7. Polio vaccines: WHO position paper. March, 2016. Weekly Epide-

miol Rec. 2016; 91(12): 145–68.

8. Shalunova NV, Merkulov VA, Comratov AV, Petruchuk EM, Seme-

nova IS, Volgin AR, Trusov GA. Requirements for cell cultures,

used for manufacture and quality control of immunobiological

medicines. Vedomosti Nauchnogo tsentra ekspertizy sredstv me-

ditsinskogo primeneniya 2013; (1): 28–32 (in Russian).

9. Kolokoltsova TD, Saburina IN, Kubatiev AA. Cultures of human

and animal cells: isolation, culturing, cryopreservation and cont-

rol. Patogenez 2015; 13(2): 50–65 (in Russian).

10. Carrier T, Donahue-Hjelle L, Strama MJ. Banking Parental Cells

According to CGMP Guidelines. A Practical Approach to Develo-

ping Stable Cell Lines. BioProcess International December 2009:

20–25. Available from: http://www.thermofisher.com/con-

tent/dam/LifeTech/global/applied-sciences/pdfs/Bioproducti-

on/BPI_banking-parental-cells.pdf

11. Genzel Y, Reichl U. Continuous cell lines as a production system for

influenza vaccines. Expert Rev Vaccines. 2009; 8(12): 1681–92.

12. Barrett PN, Mundt W, Kistner O, Howard MK. Vero cell platform in

vaccine production: moving towards cell culture-based viral vac-

cines. Expert Rev Vaccines 2009; 8(5): 607–18.

13. Barhaleva OA, Ladyzhenskaya IP, Vorobieva MS, Shalunova NV,

Podchernyaeva DYa, Mikhailova GR, Horosheva TV, Barinsky IF.

«Vitagerpavak» — first domestic vaccine on a continuous Vero

cell line (B). Voprosy virusologii 2009; (5): 33–7 (in Russian).

14. Barile MF, Rottem S. Mycoplasmas in cell culture. In: Kahane I.

and Adoni A. (eds). Rapid diagnosis of mycoplasmas. New York:

Plenum Press; 1993. P. 155–193.

15. Requirements for continuous cell lines used for biologicals pro-

duction. In: WHO Expert Committee on Biological Standardization.

Thirty-sixth report. Geneva: World Health Organization; 1987

(WHO Technical Report Series, ¹ 745), Annex 3. Viral safety eva-

luation of biotechnology products.

16. Requirements for the use of animal cells as in vitro substrates for

the production of biologicals. In: WHO Expert Committee on Biolo-

gical Standardization. Forty-seventh report. Geneva: World Health

Organization; 1998 (WHO Technical Report Series, ¹ 878). Annex

1. Viral safety evaluation of biotechnology products.

17. Characterization and Qualification of Cell Substrates and Other Bi-

ological Materials Used in the Production of Viral Vaccines for In-

fectious Disease Indications U. S. Department of Health and Hu-

man Services Food and Drug Administration Center for Biologics

Evaluation and Research. 2010.

18. Gradoboev VN, Borisevich IV, Potryvaeva NV, Lebedinskaya EV,

Chernikova NK, Timankova GD. Development and study of the

properties of the immunoglobulin against Lassa fever. Voprosy vi-

rusologii 1997; 42(4): 168–71 (in Russian).

19. Krasnyansky VP, Potryvaeva NV, Borisevich IV, Gradoboev VN,

Pashanina TP, Pshenichnov VA. Experience of producing inactiva-

ted vaccines against Lassa fever. Voprosy virusologii 1993; (6):

276–9 (in Russian).

20. Firsova IV, Shatohina IV, Borisevich IV, Evseev AA, Maksimov VA,

Pantyuhov VB, Hmelev AL. The use of guinea pigs to evaluate the

efficacy of vaccines against Lassa fever. Voprosy virusologii 2003;

48(6): 43–5 (in Russian).

21. Borisevich IV, Potryvaeva NV, Melnikov SA, Evseev AA, Krasnyan-

sky VP, Maksimov VA. Getting immunoglobulin Marburg virus

through blood serum of horses. Voprosy virusologii 2008; 53(1):

39–41 (in Russian).

22. Razin S, Hayflick L. Time-line of significant contributions to my-

coplasmology. Biologicals 2010; 38: 191–2.

23. Hayflick L, Stinebring WR. Intracellular growth of pleuropneumo-

nia-like organisms ANATOMICAL RECORD. 1955; 121(2): 477–8.

24. Robinson LB, Wichelhausen RH, Roisman B. Contamination of cell

cultures by pneumonia-like organisms. Science 1956; 124:

1147–8.

25. Drexler HG, Uphoff CC. Contamination of cell cultures Mycoplas-

ma. The Encyclopedia of Cell Technology. New York: Wiley; 2000.

P. 609–27.

26. Nikfarjam L, Farzaneh P. Prevention and Detection of Mycoplas-

ma Contamination in Cell Culture. Cell J. 2012; 13(4): 203–212.

27. Ryan J, Mariano J. What are Mycoplasmas? Available from:

http://www.bionique.com/files/whataremycoplasma.pdf.

28. Drexler HG, Uphoff CC. Contamination of cell cultures Mycoplas-

ma. The Encyclopedia of Cell Technology. New York: Wiley; 2000.

P. 609–27.

29. Diakonov LP, ed. Animal cells in culture (method and application

in biotechnology). Moscow; 2009 (in Russian).

30. Shalunova NV, Petruchuk EM, Kornilova OG, et al. Evaluation of

continuous cell cultures. Guideline. Moscow: Federal State Budge-

tary Institution «Tarasevich State

Research Institute of Standardization and Control of Biological

Medicines» of the Ministry of Health and Social Development of the

Russian Federation; 2011 (in Russian).

31. Order of the Ministry of Industry and Trade of the Russian Federa-

tion on June 14, 2013 ¹ 916 «On Approval of Rules of the organi-

zation of production and quality control of medicines» (in Russi-

an).

32. Research of immunobiological drugs for the presence of mycop-

lasma. In: Guidelines for preclinical studies of drugs (immunobio-

logical drugs). Part 2. Moscow; 2012. P. 118–20.

33. Mikhailova GR, Hizhnyakova TM, Podchernyaeva RYa. The use of

antibiotics for the decontamination of cell cultures from mycop-

lasma. Veterinarnaya patologiya 2005; (1): 48–51 (in Russian).

34. 2015.2.6.7. Mycoplasmas. P. 178–83. European Pharmacopoeia

8.0. Strasbourg: Council of Europe; 2015.

35. Berdnikova ZE. Development and standardization of methods for

detection of mycoplasma — contaminants medical biologicals.

Cand. Biol. Sci [thesis]. Moscow; 1991 (in Russian).

36. Kuleshov KV, Galnbek TV. Methodical instructions on the identifi-

cation and differentiation of specific microorganisms of the genus

Mycoplasma in cell lines by polymerase chain reaction. Moscow;

2012 (in Russian).

37. Uryvaev LV, Ionova KS, Dedova AV, et al. Analysis of contamination

of cell cultures pestivirus BVDV and mycoplasma. Voprosy viruso-

logii 2012; 57(5): 15–21 (in Russian).

38. Kazemiha VM, Shokgroser AV, Frabestani MR, et al. PCR-based

detection and eradication of mycoplasma infections from various

mammalian cell lines: a local experience. Cytotechnology 2009;

61(3): 117–24.

39. Shahhosseiny MH, Hosseiny Z, Khoramkhorshid HR, Azari S,

Shokrgozar MA. Rapid and sensitive detection of Mollicutes in cell

culture by polymerase chain reaction. J Basic Microbiol. 2010;

50(2): 171–8.

40. Kazemiha VM, Amanzadeh A, Memarnejadian A, Azari S, Shokr-

gozar M A, Mahdian R, Bonakdar S. Sensitivity of biochemical test

in comparison with other methods for the detection of mycoplas-

ma contamination in human and animal cell lines stored in the

National Cell Bank of Iran. Cytotechnology 2014; 66(5): 861–73.

41. David Fiorentini. Available from: http://www.bioind.com/page_14199.

42. Uphoff CC, Drexler HG. Detection of Mycoplasma contamination in

cell cultures. Curr Protoc Mol Biol. 2014; 106: 28.4.1–28.4.14.

43. Volokhov DV, Graham LJ, Brorson KA, Chizhikov VE. Mycoplasma

testing of cell substrates and biologics: Review of alternative

non-microbiological techniques. Mol Cell Probes. 2011; 25(2–3):

69–77.

44. Testing for the presence of mycoplasma (OFS 1.7.2.0031.15). The

State Pharmacopoeia of the Russian Federation. 13th ed. V. 2.

P. 827–835. Available from: http://193.232.7.120/feml/clini-

cal_ref/ pharmacopoeia_2/HTML /#827/z.

Ìèêîïëàçìû-êîíòàìèíàíòû êëåòî÷íûõ êóëüòóð

ÁÈÎïðåïàðàòû. Ïðîôèëàêòèêà, äèàãíîñòèêà, ëå÷åíèå. 2016. Ò. 16. ¹ 3 159



Authors
Federal State Budgetary Institution «Scientific Centre for Expert Evaluation of Medicinal Products» of the Ministry of Health of the Russian Fed-
eration, Petrovsky boulevard 8, bld. 2, Moscow 127051, Russian Federation.
Shalunova NV. Chief expert of Office for expertise of antiviral medical immunobiological preparations of Center for examination and control of
medical immunobiological preparations. Doctor of Medical Sciences, professor.
Volkova RA. Head of the Laboratory of molecular biology and genetic testing methods of Test Center for Quality Expertise of medical
immunobiological preparations. Doctor of Biological Sciences.
Volgin AR. Deputy director of Center for examination and control of medical immunobiological preparations. Candidate of Medical Sciences.
Petruchuk EM. 1st professional category expert of Laboratory of viral vaccines of Test Center for Quality Expertise of medical immunobiological
preparations.
Berdnikova ZE. Leading expert of Laboratory of bacteriological culture media and cell cultures of Test Center for Quality Expertise of medical
immunobiological preparations.
Elbert EV. Leading expert of the Laboratory of molecular biology and genetic testing methods. Candidate of Biological Sciences.
Shevtsov VA. Head of Office of expertise of antiviral medical immunobiological preparations of Center for examination and control of medical
immunobiological preparations. Candidate of Medical Sciences.
Rukavishnikov AV. Deputy head of Office of expertise of antiviral medical immunobiological preparations. Candidate of Biological Sciences.
Semenova IS. 1st professional category expert of Laboratory of nanomedicines, cell therapy and gene therapy products of Testing Centre for
Evaluation of Medicinal Products Quality.
Merkulova OV. Leading researcher of the Laboratory of nanomedicines, cell therapy and gene therapy products of Testing Centre for Evaluation
of Medicinal Products Quality. Candidate of Medical Sciences.
Trusov GA. Researcher of Laboratory of nanomedicines, cell therapy and gene therapy products of Testing Centre for Evaluation of Medicinal
Products Quality.
Tereshkina NV. 1st professional category expert of Laboratory of viral vaccines of Test Center for Quality Expertise of medical
immunobiological preparations.
Rachinskaya OA. 2nd professional category expert of Laboratory of nanomedicines, cell therapy and gene therapy products of Testing Centre for
Evaluation of Medicinal Products Quality.
Indikova IN. Leading expert of Office for expertise of antiviral medical immunobiological preparations of Center for examination and control of
medical immunobiological preparations. Candidate of Biological Sciences.
Lebedinskaya EV. Leading researcher of Department of publishing activity and intellectual property protection of Center of planning and coordi-
nation of scientific research. Candidate of Biological Sciences.
Mytsa ED. 2nd professional category expert of the Laboratory of molecular biology and genetic testing methods of Test Center for Quality Ex-
pertise of medical immunobiological preparations.

160 ÁÈÎïðåïàðàòû. Ïðîôèëàêòèêà, äèàãíîñòèêà, ëå÷åíèå. 2016. Ò. 16. ¹ 3

Í. Â. Øàëóíîâà, Ð. À. Âîëêîâà, À. Ð. Âîëãèí è äð.


