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Ðåçþìå. Anaplasma phagocytophilum (îòðÿä
Riñkettsiales, ñåìåéñòâî Anaplasmatacåa) ÿâëÿåòñÿ âîçáó-
äèòåëåì àíàïëàçìîçà øèðîêîãî êðóãà æèâîòíûõ, âêëþ÷àÿ
êðóïíûé è ìåëêèé ðîãàòûé ñêîò, ëîøàäåé, ñîáàê, ãðûçóíîâ,
à òàêæå ÷åëîâåêà. Öåëü èññëåäîâàíèÿ – ðàçðàáîòêà ìåòîäà
âûÿâëåíèÿ A. phagocytophilum íà îñíîâå ÏÖÐ â ðåàëüíîì
âðåìåíè (ÏÖÐ-ÐÂ). Â ðåçóëüòàòå àíàëèçà ïîñëåäîâàòåëü-
íîñòåé ãåíà msp4 ðàçíûõ âèäîâ àíàïëàçì áûëè âûÿâëåíû
õàðàêòåðíûå äëÿ A. phagocytophilum ó÷àñòêè, íà îñíîâå
êîòîðûõ áûëè ðàçðàáîòàíû âèäîñïåöèôè÷íûå ïðàéìåðû
äëÿ àìïëèôèêàöèè ôðàãìåíòà ãåíà äëèíîé 207 ï.í. Áûëè
îïòèìèçèðîâàíû óñëîâèÿ ïðîâåäåíèÿ ÏÖÐ-ÐÂ ñ èñïîëüçî-
âàíèåì êðàñèòåëÿ SYBR Green I. ×óâñòâèòåëüíîñòü ìåòîäà
ïîçâîëÿåò âûÿâëÿòü 100 êîïèé ãåíà msp4 A. phagocytophilum
â àíàëèçèðóåìîì îáðàçöå ÄÍÊ. Ñïåöèôè÷íîñòü ìåòîäà
ïîçâîëÿåò äèôôåðåíöèðîâàòü A. phagocytophilum îò äðó-
ãèõ âèäîâ àíàïëàçì (A. ovis, A. bovis A. marginale, A. centrale,
A. platys). Ðàçðàáîòàííûé ìåòîä ìîæåò áûòü èñïîëüçîâàí
äëÿ îáíàðóæåíèÿ è êîëè÷åñòâåííîé îöåíêè A.
phagocytophilum â îáðàçöàõ êðîâè èíôèöèðîâàííûõ æèâîò-
íûõ ñ öåëüþ ïîäòâåðæäåíèÿ äèàãíîçà, ïðè ïðîâåäåíèè
ýïèçîîòîëîãè÷åñêîãî ìîíèòîðèíãà àíàïëàçìîçà, âûçâàííî-
ãî A. phagocytophilum, à òàêæå îöåíêè ýôôåêòèâíîñòè ëå÷å-
íèÿ èíôèöèðîâàííûõ æèâîòíûõ.

Summary. Anaplasma phagocytophilum (Order
Riñkettsiales, Family Anaplasmatacåa) is a causative agent of
anaplasmosis in a wide range of animals, including cattle and
small ruminants, horses, dogs, rodents, as well as human. The
aim of the study was to develop a method for detection of A.
phagocytophilum on the basis of real-time PCR. As a result of
the analysis of the msp4 gene sequences from different
Anaplasma species the regions, which are characteristic for A.
phagocytophilum, were identified and specie-specific primers
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were designed to amplify 207 bp fragment of the gene. The
conditions for conducting PCR with using SYBR Green I were
optimized. Sensitivity of the method allows identifying 100
copies of the A. phagocytophilum msp4 gene in an analyzed
DNA sample. Specificity of the method makes it possible to
differentiate A. phagocytophilum from other Anaplasma species
(A. ovis, A. bovis A. marginale, A. centrale, A. platys). The
developed method can be used to detect and quantify A.
phagocytophilum in blood samples of infected animals in order
to confirm the diagnosis, for epizootological monitoring of
anaplasmosis caused by A. phagocytophilum, as well as to
evaluate the effectiveness of treatment of infected animals.

Ââåäåíèå
Anaplasma phagocytophilum (îòðÿä Riñkettsiales, ñåìåé-

ñòâî Anaplasmatacåa) ÿâëÿåòñÿ âîçáóäèòåëåì êëåùåâîé
ëèõîðàäêè (TBF - tick-borne fever) øèðîêîãî êðóãà æèâîòíûõ,
âêëþ÷àÿ êðóïíûé è ìåëêèé ðîãàòûé ñêîò, ëîøàäåé, ñîáàê,
ãðûçóíîâ, à òàêæå ãðàíóëîöèòàðíîãî àíàïëàçìîçà ÷åëîâåêà
[15]. Ïåðåíîñ÷èêàìè A. phagocytophilum ÿâëÿþòñÿ êëåùè
ðîäà Ixodes (I. persulcatus, I. ricinus, I. scapularis, I. pacificus).
A. phagocytophilum âûÿâëåíà â êëåùàõ íà òåððèòîðèè Åâðî-
ïû, Êîðåè, Êèòàÿ, ßïîíèè è ÑØÀ [13]. Â ÐÔ êëåùè, çàðàæåí-
íûå À. phagocytophilum, áûëè îáíàðóæåíû â Êàëèíèíãðàä-
ñêîé è Ëåíèíãðàäñêîé îáëàñòÿõ, íà Óðàëå, â Ñèáèðè è íà
Äàëüíåì Âîñòîêå [2,14].

Êëèíè÷åñêèìè ïðîÿâëåíèÿìè àíàïëàçìîçà, âûçâàííî-
ãî A. phagocytophilum, ÿâëÿþòñÿ ëèõîðàäêà, àïàòè÷íîñòü,
îòñóòñòâèå àïïåòèòà è àòàêñèÿ ó çàðàæåííûõ æèâîòíûõ, à
òàêæå ñíèæåíèå ìÿñíîé è ìîëî÷íîé ïðîäóêòèâíîñòè è àáîð-
òû ó êðóïíîãî è ìåëêîãî ðîãàòîãî ñêîòà [17,7]. Êëèíè÷åñêèå
ïðèçíàêè êëåùåâîé ëèõîðàäêè, âûçâàííîé A.
phagocytophilum, ìîãóò ïðîÿâèòüñÿ ñïóñòÿ äëèòåëüíîå âðå-
ìÿ ïîñëå èíôèöèðîâàíèÿ. Ïîðàæàÿ ãðàíóëîöèòû, A.
phagocytophilum âûçûâàåò ïîäàâëåíèå èììóíèòåòà, ÷òî
ñïîñîáñòâóåò ïðèñîåäèíåíèþ ãðèáêîâûõ, áàêòåðèàëüíûõ è
âèðóñíûõ èíôåêöèé. Ïîýòîìó îñîáóþ âàæíîñòü ïðèîáðåòà-
åò ðàííåå âûÿâëåíèå A. phagocytophilum è ïðîâåäåíèå
ïðåâåíòèâíîé òåðàïèè.

Â ëàáîðàòîðíîé äèàãíîñòèêå äëÿ âûÿâëåíèÿ A.
phagocytophilum èñïîëüçóþòñÿ ìèêðîñêîïè÷åñêèå èññëåäî-
âàíèÿ, ñåðîëîãè÷åñêèå ìåòîäû (ÈÔÀ) è ÏÖÐ-äèàãíîñòèêà.
Ìåòîä ìèêðîñêîïèè ìàçêà êðîâè, îêðàøåííîãî ïî Ðîìàíîâ-
ñêîìó-Ãèìçà, çàêëþ÷àåòñÿ â îáíàðóæåíèè â íåéòðîôèëàõ
êîëîíèé áàêòåðèé (ìîðóë). Ýòî äîñòàòî÷íî ïðîñòîé è äîñ-
òóïíûé ñïîñîá äèàãíîñòèêè àíàïëàçìîçà, îäíàêî îí ìîæåò
áûòü ìàëîýôôåêòèâíûì ïðè íèçêîì óðîâíå ïàðàçèòåìèè.
Ñåðîëîãè÷åñêèå ìåòîäû, îñíîâàííûå íà èñïîëüçîâàíèè
àíòèòåë ê àíòèãåíàì âîçáóäèòåëÿ àíàïëàçìîçà, èìåþò äî-
ñòàòî÷íî âûñîêóþ ÷óâñòâèòåëüíîñòü, îäíàêî íå ïîçâîëÿþò
äèôôåðåíöèðîâàòü A. phagocytophilum îò äðóãèõ âèäîâ
àíàïëàçì [6]. Ïðåèìóùåñòâîì ìåòîäà ÏÖÐ â ðåàëüíîì
âðåìåíè ÿâëÿåòñÿ åãî áûñòðîòà, âûñîêàÿ ÷óâñòâèòåëüíîñòü
è âèäîñïåöèôè÷íîñòü ïðè óñëîâèè ïðàâèëüíî ïîäîáðàí-
íûõ ïðàéìåðîâ, à òàêæå âîçìîæíîñòü êîëè÷åñòâåííîé îöåí-
êè áàêòåðèàëüíîé íàãðóçêè [11].

Öåëüþ äàííîãî èññëåäîâàíèÿ ÿâëÿåòñÿ ðàçðàáîòêà
ìåòîäà îáíàðóæåíèÿ A. phagocytophilum â êðîâè çàðàæåí-
íûõ æèâîòíûõ íà îñíîâå ÏÖÐ â ðåàëüíîì âðåìåíè.

Ìàòåðèàëû è ìåòîäû
Äëÿ ðàçðàáîòêè ïðàéìåðîâ äëÿ ÏÖÐ áûëè èñïîëüçîâà-

íû èìåþùèåñÿ â áàçå äàííûõ Ãåíáàíê (http://
www.ncbi.nlm.nih.gov/genbank/) ïîñëåäîâàòåëüíîñòè ãåíà
msp4 ðàçíûõ èçîëÿòîâ A. phagocytophilum, à òàêæå àíàï-
ëàçì A. ovis, A. centrale, è A. marginale. Êîíñåðâàòèâíûå
ó÷àñòêè msp4, ñïåöèôè÷íûå äëÿ À. phagocytophilum, âûÿâ-

Àðõèïîâà À.Ë.
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ëÿëèñü ñ ïîìîùüþ Ñlustal Omega (https://www.ebi.ac.uk/
Tools/msa/clustalo/).

Îáðàçöû êðîâè æèâîòíûõ, èíôèöèðîâàííûõ A.
phagocytophilum, à òàêæå A. platys áûëè ëþáåçíî ïðåäîñòàâ-
ëåíû Å.Â. Ðàäþê (Âåòåðèíàðíàÿ êëèíèêà "Ñâîé äîêòîð",
Ìîñêâà). ÄÍÊ âûäåëÿëè ñ ïîìîùüþ íàáîðà Sorb-M (Ñèíòîë,
Ðîññèÿ) ñîãëàñíî ðåêîìåíäàöèÿì ïðîèçâîäèòåëÿ. Àìïëè-
ôèêàöèè ãåíà msp4 äëèíîé 207 ï.í ïðîâîäèëàñü íà ïðèáîðå
LightCycler 96 ("Roche", Øâåéöàðèÿ) â ðåæèìå ðåàëüíîãî
âðåìåíè â 10 ìêë ðåàêöèîííîé ñìåñè qPCRmix- HS SYBR
("Åâðîãåí" Ìîñêâà), ñîäåðæàùåé ïî 0.2 ìêÌ ïðàéìåðîâ
msp4Aph-D: 5'- TTTAATTAGTGGATCCTCATTTGC-3' è
msp4Aph-R: 5'- GGATCTGAAAYATTCAACGTGC-3', 3 ìêë
îáðàçöà ÄÍÊ. Àìïëèôèêàöèÿ ïðîâîäèëàñü ïðè ñëåäóþùèõ
óñëîâèÿõ: íà÷àëüíàÿ äåíàòóðàöèÿ 2 ìèí -95 °Ñ, äåíàòóðà-
öèÿ 15 ñåê - 95 °Ñ, îòæèã 15 ñåê - 62 °Ñ ýëîíãàöèÿ 15 ñåê - 72
°Ñ, 40 öèêëîâ.

Ïîëó÷åííûé â ÏÖÐ ôðàãìåíò ãåíà msp4 äëèíîé 207 ï.í.
ëèãèðîâàëè â âåêòîð pJET 1.2 (ThermoScientific, ÑØÀ) è
êëîíèðîâàëè â êëåòêàõ Escherichia coli DH5. Öåëåâûå êîëî-
íèè èíêóáèðîâàëè â òå÷åíèå íî÷è ïðè 37 0Ñ â 2 ìë æèäêîé
ñðåäû LB, ñîäåðæàùåé àìïèöèëëèí â êîíöåíòðàöèè 100
ìêã/ìë. Äëÿ âûäåëÿëè ïëàçìèäíîé ÄÍÊ èñïîëüçîâàëè íà-
áîð PlasmidMiniprep (Åâðîãåí, Ìîñêâà). Êîíöåíòðàöèþ ïëàç-
ìèäíîé ÄÍÊ îïðåäåëÿëè ñ ïîìîùüþ íàáîðà PicoGreen®

dsDNAAssayKit ("ThermoFisherScientific", ÑØÀ) íà ôëóîðè-
ìåòðå QuantiFluor-ST ("Promega", ÑØÀ). Ñåêâåíèðîâàíèå
ïîëó÷åííûõ ïëàçìèä pJET-msp4 ïðîâîäèëè ìåòîäîì Ñýí-
ãåðà ñ èñïîëüçîâàíèåì íàáîðà ABI Prism BigDye Terminator
3.1 Cycle Sequencing Kit ("Applied Biosystems", ÑØÀ) è ãåíå-
òè÷åñêîãî àíàëèçàòîðà Applied Biosystems 3130 ("Life
Technologies", ÑØÀ).

Äëÿ îöåíêè ñïåöèôè÷íîñòè ìåòîäà èñïîëüçîâàëè ÄÍÊ,
âûäåëåííóþ èç êðîâè æèâîòíûõ, èíôèöèðîâàííûõ àíàïëàç-
ìàìè A. ovis, A. centrale, A. bovis è A. marginale. Èíôèöèðî-
âàííûõ æèâîòíûõ âûÿâëÿëè ñ ïîìîùüþ ìåòîäîâ, ïðåäëî-
æåííûõ [1, 5, 10, 16].

Äëÿ îïðåäåëåíèÿ àíàëèòè÷åñêîé ÷óâñòâèòåëüíîñòè ÏÖÐ
áûëà âûïîëíåíà ñåðèÿ 10-êðàòíûõ ðàçâåäåíèé ïëàçìèäû
pJET-msp4 è ïîëó÷åíû îáðàçöû, ñîäåðæàùèå îò 108 äî 102

êîïèé ôðàãìåíòà ãåíà msp4.

Ðåçóëüòàòû èññëåäîâàíèé
Íà ñåãîäíÿøíèé äåíü ïðåäëîæåíî íåñêîëüêî ìåòîäîâ

íà îñíîâå ÏÖÐ äëÿ âûÿâëåíèÿ A. phagocytophilum [4, 9, 12]
(òàáëèöà 1). Â ìåòîäàõ, ïðåäëîæåííîì Pancholi [12] è
Hildebrandt [9] â êà÷åñòâå ìèøåíè äëÿ ÏÖÐ áûë âûáðàí ãåí
p44(msp2) è 16S ðÐÍÊ, ñîîòâåòñòâåííî, è èñïîëüçóåòñÿ
ýëåêòðîôîðåòè÷åñêèé ñïîñîá àíàëèçà ðåçóëüòàòîâ ÏÖÐ,
÷òî óâåëè÷èâàåò âðåìÿ ïðîâåäåíèÿ èññëåäîâàíèÿ ïî ñðàâ-
íåíèþ ñ ÏÖÐ â ðåæèìå ðåàëüíîãî âðåìåíè. Ìåòîäû Courtney
[4] è Henningsson [8] îñíîâàíû íà ãåíå p44 (msp2) è gltA,
ñîîòâåòñòâåííî, è äåòåêöèÿ ïðîäóêòîâ ÏÖÐ îñóùåñòâëÿåò-
ñÿ ñ ïîìîùüþ ôëóîðåñöåíòíî-ìå÷åíûõ çîíäîâ (ÏÖÐ â ðå-
æèìå ðåàëüíîãî âðåìåíè), ÷òî óñêîðÿåò âðåìÿ ïðîâåäåíèÿ
àíàëèçà, íî óâåëè÷èâàåò åãî ñòîèìîñòü.

Íàìè ðàçðàáîòàí ìåòîä âûÿâëåíèÿ A. phagocytophilum
íà îñíîâå ÏÖÐ â ðåàëüíîì âðåìåíè ñ èñïîëüçîâàíèåì

èíòåðêàëèðóþùåãî êðà-
ñèòåëÿ SYBR Green I,
êîòîðûé ñî÷åòàåò â ñåáå
ïðåèìóùåñòâà ÏÖÐ ñ
ôëóîðåñöåíòíî-ìå÷åíû-
ìè ÄÍÊ-çîíäàìè, íî îò-
ëè÷àåòñÿ áîëüøåé ýêî-
íîìè÷íîñòüþ çà ñ÷åò èñ-
ïîëüçîâàíèÿ áîëåå äå-
øåâîãî ôëóîðîôîðà.
Â êà÷åñòâå ìèøåíè äëÿ
àìïëèôèêàöèè áûë âûá-
ðàí ãåí msp4, ñîäåðæàùèé âèäîñïåöèôè÷íûå äëÿ A.
phagocytophilum ó÷àñòêè ÄÍÊ. Ïðàéìåðû msp4Aph-D è
msp4Aph-R èíèöèèðóþò àìïëèôèêàöèþ ôðàãìåíòà ãåíà
msp4 äëèíîé 207 ï.í. (Ðèñ.1), äåòåêöèÿ ïðîäóêòà ÏÖÐ ïðî-
õîäèò ïî íàðàñòàíèþ ôëóîðåñöåíöèè ïî êàíàëó êðàñèòåëÿ
SYBR Green I (Ðèñ. 2).

 Äëÿ îïðåäåëåíèÿ ñïåöèôè÷íîñòè ðàçðàáîòàííîãî íàìè
ìåòîäà ïðàéìåðû msp4Aph-D è msp4Aph-R áûëè èñïîëüçî-
âàíû äëÿ ïðîâåäåíèÿ ÏÖÐ ñ ÄÍÊ æèâîòíûõ, èíôèöèðîâàí-
íûõ äðóãèìè âèäàìè àíàïëàçì -À. centrale, A. ovis, A.
marginale, A. bovis è A. platys. Ïðè ïðîâåäåíèè ÏÖÐ-àíàëèçà
áûë îáíàðóæåí ïîäúåì ôëóîðåñöåíöèè ïî êàíàëó SYBR
Green I òîëüêî äëÿ îáðàçöîâ ÄÍÊ æèâîòíûõ, èíôèöèðîâàí-
íûõ À. phagocytophilum, ÷òî ñâèäåòåëüñòâóåò î ñïåöèôè÷-
íîñòè ìåòîäà ïî îòíîøåíèþ ê ýòîìó ïàòîãåíó.

Äëÿ îïðåäåëåíèÿ àíàëèòè÷åñêîé ÷óâñòâèòåëüíîñòè
ìåòîäà áûëà ñêîíñòðóèðîâàíà ïëàçìèäà pJET-msp4Aph ñî
âñòðîåííûì ôðàãìåíòîì ãåíà msp4 äëèíîé 207 ï.í., è
ïîëó÷åíû îáðàçöû ïëàçìèäû, ñîäåðæàùèå 102–108 êîïèé
ãåíà msp4. Ïî ðåçóëüòàòàì ÏÖÐ ñ èñïîëüçîâàíèå ïîëó÷åí-
íûõ îáðàçöîâ â êà÷åñòâå ìàòðèöû áûëà ïîñòðîåíà ñòàíäàð-
òíàÿ êðèâàÿ, îòðàæàþùàÿ ëèíåéíîå îòíîøåíèå ìåæäó êî-
ëè÷åñòâîì öèêëîâ ÏÖÐ è èñõîäíûì êîëè÷åñòâîì êîïèé ãåíà
msp4 â ðåàêöèîííîé ñìåñè. Ñîãëàñíî ïîëó÷åííûì äàííûì,
÷óâñòâèòåëüíîñòü ìåòîäà ïîçâîëÿåò âûÿâèòü îò 100 êîïèé
ãåíà msp4 â èññëåäóåìîì îáðàçöå ÄÍÊ (Ðèñ. 3).

 Òàêèì îáðàçîì, íàìè áûëà ðàçðàáîòàí ìåòîä âûÿâëå-
íèÿ A. phagocytophilum íà îñíîâå ÏÖÐ â ðåàëüíîì âðåìåíè.
×óâñòâèòåëüíîñòü ìåòîäà ïîçâîëÿåò âûÿâëÿòü îò 100 êîïèé
ãåíà msp4 À. phagocytophilum â àíàëèçèðóåìîì îáðàçöå.
Ñïåöèôè÷íîñòü ìåòîäà ïîçâîëÿåò íàäåæíî äèôôåðåíöè-
ðîâàòü À. phagocytophilum îò äðóãèõ âèäîâ àíàïëàçì. Ðàç-
ðàáîòàííûé ìåòîä îòëè÷àåòñÿ ñïåöèôè÷íîñòüþ, áûñòðî-
òîé àíàëèçà, à òàêæå âîçìîæíîñòüþ êîëè÷åñòâåííîé îöåíêè
áàêòåðèàëüíîé íàãðóçêè. Ïðåèìóùåñòâîì ðàçðàáîòàííîãî
íàìè ìåòîäà çàêëþ÷àåòñÿ â òîì, ÷òî äåòåêöèÿ ôðàãìåíòà
ãåíà msp4 À. phagocytophilum ïðîèñõîäèò íåïîñðåäñòâåííî
â ïðîöåññå ÏÖÐ ïî íàðàñòàíèþ ôëóîðåñöåíöèè ïî êàíàëó
êðàñèòåëÿ SYBR Green I, ÷òî çíà÷èòåëüíî ñîêðàùàåò âðåìÿ
äèàãíîñòèêè ïî ñðàâíåíèþ ñ "êëàññè÷åñêîé" ÏÖÐ c ýëåêòðî-
ôîðåòè÷åñêîé äåòåêöèåé ðåçóëüòàòîâ. Ïðè ýòîì èñïîëüçî-
âàíèå èíòåðêàëèðóþùåãî êðàñèòåëÿ SYBR Green I çíà÷è-
òåëüíî óäåøåâëÿåò ÏÖÐ-äèàãíîñòèêó ïî ñðàâíåíèþ ñ ìåòî-
äàìè ÏÖÐ ñ èñïîëüçîâàíèåì ôëóîðåñöåíòíî-ìå÷åíûõ ÄÍÊ-
çîíäîâ. Ìåòîä ìîæåò áûòü èñïîëüçîâàí äëÿ îáíàðóæåíèÿ è

êîëè÷åñòâåííîé îöåíêè A. phagocyto-
philum â îáðàçöàõ êðîâè æèâîòíûõ ñ
öåëüþ ïîäòâåðæäåíèÿ äèàãíîçà, ïðè
ïðîâåäåíèè ýïèçîîòîëîãè÷åñêîãî ìî-
íèòîðèíãà àíàïëàçìîçà, âûçâàííîãî A.
phagocytophilum, à òàêæå äëÿ îöåíêè
ýôôåêòèâíîñòè ëå÷åíèÿ èíôèöèðî-
âàííûõ æèâîòíûõ.
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