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Êîðîíàâ³ðóñíà õâîðîáà (COVID-19), ÿêà âïåðøå çà-
ô³êñîâàíà â Êèòà¿ â ãðóäí³ 2019 ð., øâèäêî ïîøè-
ðèëàñÿ ³íøèìè êðà¿íàìè ³ çà êîðîòêèé ïåð³îä ÷àñó, 
ëîêàëüíèé ñïàëàõ ïåðåð³ñ â ïàíäåì³þ. Ó êðà¿íàõ ªâðî-
ïè çàô³êñîâàíî çíà÷íî á³ëüøå âèïàäê³â çàõâîðþâàííÿ 
òà ñìåðòíîñò³ â³ä COVID-19 í³æ ó Ñõ³äí³é Àç³¿, äå 
õâîðîáà áóëà âïåðøå âèÿâëåíà. Òàê³ ïîïóëÿö³éí³ â³ä-
ì³ííîñò³ º óí³êàëüíèìè, ñàìå äëÿ SARS-CoV-2 ³ îáó-
ìîâëåí³, ÿê ñîö³îïîâåä³íêîâèìè â³äì³ííîñòÿìè, òàê
³ îñîáëèâîñòÿìè ãåíîôîíäó íàñåëåííÿ ð³çíèõ êðà¿í. 
Äëÿ ³íôåêö³éíèõ çàõâîðþâàíü, òàêèõ ÿê, COVID-19, 
âàæëèâèì ìîìåíòîì º ãåíåòè÷í³ îñîáëèâîñò³ ³íäèâ³-
ä³â, ÿê³ ìîæóòü âèçíà÷àòè ¿õ ñò³éê³ñòü àáî ÷óòëè-
â³ñòü äî ³íô³êóâàííÿ. Äîñë³äæåííÿ ôàêòîð³â ñïàä-
êîâî¿ ñõèëüíîñò³ äî ³íô³êóâàííÿ SARS-CoV-2, à òà-
êîæ òÿæêîñò³ ïåðåá³ãó òà ñìåðòíîñò³ º âêðàé àê-
òóàëüíèìè. Ï³ñëÿ ïðîâåäåíîãî ãåíîòèïóâàííÿ ñåðåä 
çäîðîâîãî íàñåëåííÿ Óêðà¿íè òà çáîðó â³äïîâ³äíèõ 
äàíèõ ç äåÿêèõ êðà¿í ªâðîïè, ìè âèçíà÷èëè êîðåëÿ-
ö³þ ì³æ çàõâîðþâàí³ñòþ, ñìåðòí³ñòþ â³ä COVID-19 
òà ïîøèðåí³ñòþ ãåíîòèïó ²² â ïîïóëÿö³ÿõ Óêðà¿íè òà 
íèçêè êðà¿í ªâðîïè. Âèÿâëåíî íåãàòèâíó êîðåëÿö³þ
ì³æ íîñ³éñòâîì ãåíîòèïó ²² òà ÷óòëèâ³ñòþ äî ³í-
ô³êóâàííÿ SARS-CoV-2 íà 1 ìëí íàñåëåííÿ (R= –0,53,
p < 0,05), òàêèì ÷èíîì ³íäèâ³äè ç ãåíîòèïîì ²², ìî-
æóòü ðîçãëÿäàòèñÿ, ÿê á³ëüø ñò³éê³ äî ³íô³êóâàííÿ
SARS-CoV-2. Ïîäàëüøå äîñë³äæåííÿ ðîë³ àëåëüíèõ âà-
ð³àíò³â ãåíà ÀÑÅ1, â ðîçâèòêó òÿæêîãî ïåðåá³ãó 
çàõâîðþâàííÿ òà óñêëàäíåíü COVID-19, º ïåðñïåê-
òèâíèìè äëÿ âèçíà÷åííÿ ïðîãíîñòè÷íèõ ãåíåòè÷íèõ 
ìàðêåð³â äëÿ ñõåì ïåðñîí³ô³êîâàíî¿ òåðàï³¿.

Êëþ÷îâ³ ñëîâà: COVID-19, SARS-CoV-2, çàõâîðþâà-
í³ñòü, ãåí ACE1, ñïàäêîâà ñõèëüí³ñòü.

Âñòóï. Êîðîíàâ³ðóñíà õâîðîáà (COVID-19) –
öå ãîñòðå ³íôåêö³éíå çàõâîðþâàííÿ äèõàëüíèõ 
øëÿõ³â, çáóäíèêîì ÿêî¿ ÿâëÿºòüñÿ íîâèé êîðî-
íà â³ðóñ (SARS-CoV-2) ³ çàðàç, â³äïîâ³äíî äî
íàêàçó Ì³æíàðîäíîãî êîì³òåòó ç òàêñîíîì³¿ 
â³ðóñ³â ìàº íàçâó, âàæêèé ãîñòðèé ðåñï³ðà-
òîðíèé ñèíäðîì êîðîíàâ³ðóñ 2 (SARS-CoV-2) 
(Velavan et al, 2020). Ïðî äàíó õâîðîáó ñòàëî 
â³äîìî ñïåðøó 31 ãðóäíÿ 2019, êîëè ÂÎÇ áóëà 
ïðî³íôîðìîâàíà ïðî âèïàäêè ïíåâìîí³é íå-
âèçíà÷åíî¿ ì³êðîáíî¿ åò³îëîã³¿ â ì³ñò³ Óõàíü, 
ïðîâ³íö³¿ Õóáåé, Êèòàé. Ï³ñëÿ ïåðøîãî çàô³ê-
ñîâàíîãî âèïàäêó ö³º¿ õâîðîáè â Êèòà¿, â³ðóñ
øâèäêî ïîøèðèâñÿ ³íøèìè êðà¿íàìè Àç³¿, 
Öåíòðàëüíî¿ òà Ï³âí³÷íî¿ ªâðîïè, Àìåðèêè. 
Çà ë³÷åí³ òèæí³ ëîêàëüíèé ñïàëàõ íàáóâ çà-
ãðîçëèâèõ îáðèñ³â ³ ïåðåð³ñ ó ñâ³òîâó ïðîáëå-
ìó. 30 ñ³÷íÿ 2020 ð. ÂÎÎÇ îãîëîñèëà ñïàëàõ 
COVID19 ìàcøòàáíîþ íàäçâè÷àéíîþ ñèòóà-
ö³ºþ ó ãàëóç³ îõîðîíè çäîðîâ’ÿ (Ren et al, 2020). 
Ñòàíîì íà 1 òðàâíÿ 2021 ð. ê³ëüê³ñòü çàðàæå-
íèõ SARS-CoV-2 ïî âñüîìó ñâ³òó äîñÿãëà ìàéæå 
170 ìëí. òà 3,5 ìëí. ëåòàëüíèõ âèïàäê³â. 

Âàæëèâî çàçíà÷èòè, ùî ó êðà¿íàõ ªâðîïè 
çàô³êñîâàíî çíà÷íî á³ëüøå âèïàäê³â çàõâîðþ-
âàííÿ òà ñìåðòíîñò³ â³ä COVID-19 í³æ ó Ñõ³ä-
í³é Àç³¿, äå õâîðîáà áóëà âïåðøå âèÿâëåíà 
(Zhu et al, 2020). Òàê³ ïîïóëÿö³éí³ â³äì³ííîñò³ 
º óí³êàëüíèìè, ñàìå äëÿ SARS-CoV-2 ³ íå
ñïîñòåð³ãàëèñÿ, í³ ó âèïàäêó òÿæêîãî ðåñï³-
ðàòîðíîãî ñèíäðîìó (SARS),  í³ ó áëèçüêîñõ³ä-
íîãî ðåñï³ðàòîðíîãî ñèíäðîìó (MERS), ÿê³ 
ìàëè ì³ñöå â 2002 òà 2012 ðð. â³äïîâ³äíî. Îê-
ð³ì, ñîö³îïîâåä³íêîâèõ â³äì³ííîñòåé, ì³æ íà-
ñåëåííÿì ªâðîïè òà Ñõ³äíî¿ Àç³¿, ñë³ä âðàõîâó-
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Âçàºìîçâ’ÿçîê ì³æ ðîçïîâñþäæåí³ñòþ ãåíîòèïó ²² çà ïîë³ìîðô³çìîì ACE1 I/D 

âàòè, â³äì³ííîñò³, ÿê â³ðóñîëîã³÷íîãî õàðàêòå-
ðó SARS-CoV-2, òàê ³ îñîáëèâîñò³ ãåíîôîíäó 
êðà¿í. Äëÿ ³íôåêö³éíèõ çàõâîðþâàíü, òàêèõ ÿê, 
COVID-19, âàæëèâèì ìîìåíòîì º ãåíåòè÷í³ 
îñîáëèâîñò³ ³íäèâ³ä³â, ÿê³ ìîæóòü âèçíà÷àòè 
ñò³éê³ñòü àáî ÷óòëèâ³ñòü äî ³íô³êóâàííÿ. Òàêèì 
÷èíîì äîñë³äæåííÿ ôàêòîð³â ñïàäêîâî¿ ñõèëü-
íîñò³ äî ³íô³êóâàííÿ SARS-CoV-2, à òàêîæ 
òÿæêîñò³ ïåðåá³ãó òà ñìåðòíîñò³ º âêðàé àê-
òóàëüíèìè.

Àíã³îòåíçèíïåðåòâîðþþ÷èé ôåðìåíò 2 (ACE2), 
áóëî ³äåíòèô³êîâàíî, ÿê ôóíêö³îíàëüíèé ðå-
öåïòîð äëÿ SARS-CoV-2, ÿêèé äîçâîëÿº â³ðóñó 
ïðîíèêàòè äî êë³òèí ³íäèâ³äà-õàçÿ¿íà, àíàëî-
ã³÷íî äî (SARS) 2002 ð. (Li et al, 2003). Âèâ÷åí-
íÿ ìîëåêóëÿðíî¿ âçàºìîä³¿ ì³æ â³ðóñîì ³ ðå-
öåïòîðîì êë³òèíè õàçÿ¿íà, º âàæëèâèì êðîêîì
íà øëÿõó äî ðîçóì³ííÿ ïàòîãåíåçó â³ðóñíî¿ 
³íôåêö³¿ òà ñïðèéíÿòëèâîñò³ äî ³íô³êóâàííÿ 
ïåâíèõ ³íäèâ³ä³â. Âàæëèâî çàçíà÷èòè, ùî íå-
çâàæàþ÷è íà âæå äîñë³äæåí³ ñòàë³ ìîëåêóëÿð-
í³ ìåõàí³çìè ³íô³êóâàííÿ SARS-CoV-2, âñòà-
íîâëåíí³ ñóòòºâ³ â³äì³ííîñò³ êë³í³÷íèõ ïðîÿâ³â 
³ ïåðåá³ãó çàõâîðþâàííÿ, ÿê³ ìîæóòü áóòè çó-
ìîâëåí³, ÿê çà ðàõóíîê öèðêóëÿö³¿ â ïîïóëÿö³-
ÿõ ð³çíèõ øòàì³â â³ðóñó, òàê ³ ãåíåòè÷íèõ îñîá-
ëèâîñòåé ³íô³êîâàíèõ ³íäèâ³ä³â. 

Â ïîïåðåäí³õ äîñë³äæåííÿõ áóëî ïðîâåäåíî 
ìîäåëþâàííÿ âçàºìîä³¿ â³ðóñó ç ð³çíèìè ìó-
òàíòíèìè âàð³àíòàìè ðåöåïòîðà ÀÑÅ2 òà çïðî-
ãíîçîâàíî, ùî ãåíåòè÷í³ âàð³àíòè â ãåí³ ACE2
ìîæóòü âïëèâàòè íà ³íäèâ³äóàëüíó ñïðèéíÿò-
ëèâ³ñòü àáî ðåçèñòåíòí³ñòü äî SARS-CoV-2, â³ä-
ïîâ³äíî äî ôóíêö³îíàëüíî¿ ðîë³ ACE2 â ïàòî-
ô³ç³îëîã³¿ ëþäèíè. Ïðîòå âðàõîâóþ÷è, íåùî-
äàâíî ïðîâåäåí³ äîñë³äæåííÿ êîäóþ÷î¿ ïîñë³-
äîâíîñò³ ãåíà ÀÑÅ2 ñåðåä 131 SARS-CoV-2 ïî-
çèòèâíèõ ³íäèâ³ä³â, íå áóëî îòðèìàíî âàãîìèõ 
äàíèõ íà êîðèñòü àñîö³àö³¿ ì³æ ãåíåòè÷íèìè 
âàð³àíòàìè ãåíà ACE2 ³ ÷óòëèâ³ñòþ äî çàðà-
æåííÿ òà/àáî òÿæêîñò³ ïåðåá³ãó çàõâîðþâàííÿ 
COVID-19 (Novelli et al, 2020). Âî÷åâèäü, ùî ïðî-
öåñ ïðîíèêíåííÿ êîðîíàâ³ðóñó â êë³òèíó, ñïðè-
÷èíþº çíèæåííÿ ê³ëüêîñò³ àêòèâíîãî ACE2.
Îñê³ëüêè ACE2, ðàçîì ç ACE1 òà ðåí³íîì º 
ãîëîâíèìè ðåãóëÿòîðàìè ðåí³í-àíã³îòåíçèíî-
âî¿ ñèñòåìè (ÐÀÑ), òî àêòóàëüí³ñòü äîñë³äæåí-
íÿ öüîãî ìåõàí³çìó, à òàêîæ ÷èííèê³â, ùî 
ìîæóòü íà íüîãî âïëèâàòè, íàðàç³ º íàäçâè-
÷àéíî âèñîêîþ. Ðîëü ACE1 ïîëÿãàº â êîí-

âåðòàö³¿ àíã³îòåíçèíó ² â àíã³îòåíçèí ²², à òà-
êîæ ìåòàáîë³çàö³¿ áðàäèê³í³íó, â òîé ÷àñ ÿê 
ACE2 â³äïîâ³äàº çà êîíâåðòàö³þ àíã³îòåíçèíó 
²² â àíã³îòåíçèí 1–7. Âçàºìîä³ÿ ì³æ ACE1 
òà ACE2 º ðåöèïðîêíîþ, êîëè ïåðøèé º ³í-
äóêîâàíèì, äðóãèé – ðåïðåñóºòüñÿ. Äàíà âçà-
ºìîä³ÿ º îñíîâîþ çáåðåæåííÿ ô³ç³îëîã³÷íîãî 
ãîìåîñòàçó â êîíòåêñò³ ÐÀÑ. Â³äïîâ³äíî â óìî-
âàõ çàðàæåííÿ â³ðóñîì SARS-CoV-2, àíã³îòåí-
çèí ²² â ò³ë³ õâîðîãî íå òðàíñôîðìóºòüñÿ â 
àíã³îòåíçèí 1–7, ùî âèâîäèòü ÐÀÑ ç ð³âíî-
âàãè. Â ñâîþ ÷åðãó öå ìîæå ñïðèÿòè ðîçâèò-
êó òÿæêîãî ãîñòðîãî ðåñï³ðàòîðíîãî ñèíäðîìó 
(SARS), îñê³ëüêè çá³ëüøóºòüñÿ ïðîíèêí³ñòü ñó-
äèí, (Itoyama et al, 2004), â³äáóâàºòüñÿ ³íäóê-
ö³ÿ àïîïòîçó åíäîòåë³àëüíèõ êë³òèí (Tiret et al, 
1992) òà êë³òèí àëüâåîëÿðíîãî åï³òåë³þ (Zheng 
et al, 2020). 

Ç ïîïåðåäí³õ äîñë³äæåíü â³äîìî, ùî â 16 
³íòðîí³ ãåíà ACE1 ³ñíóº äâà àëåëüí³ âàð³àíòè – 
I/D (³ícåðö³ÿ/äåëåö³ÿ), 287 íóêëåîòèä³â. ACE 
II, ID, òà DD – öå òðè ãåíîòèïè ACE1. Ïðè öèõ 
ãåíîòè-ïàõ ñïîñòåð³ãàþòüñÿ ð³çí³ ð³âí³ á³ëêà ACE. 
²íäèâ³äè ç Alu (²² ãåíîòèïîì) ìàþòü ìåíøèé 
ð³âåíü ÀÑÅ ïîð³âíÿíî ç ³íäèâ³äàìè, ÿê³ ìàþòü 
Alu (DD ãåíîòèï). Áóëî ïîêàçàíî, ùî ³íòðîí-
íèé Alu ïîë³ìîðô³çì ãåíà ACE áåçïîñåðåäíüî 
âïëèâàº íà åêñïðåñ³þ öüîãî ãåíà, îñê³ëüêè íà-
ÿâí³ñòü åëåìåíòó Alu â 16 ³íòðîí³ ðåãóëþº àê-
òèâí³ñòü ïðîìîòîðà ãåíà ÀÑÅ ³ ö³ëêîì â³ðîã³äíî 
ñëóãóº, ÿê òðàíñàêòèâóþ÷èé ðåïðåñîð àêòèâ-
íîñò³ ÐÍÊ ïîë³ìåðàçè ²² (Rigat et al, 1990). ²í-
äèâ³äè ÿê³ ìàþòü ãîìîçèãîòíó äåëåö³þ (â³äñóò-
í³ñòü) Alu ïîâòîð³â (ãåíîòèï DD) äåìîíñòðó-
þòü íàéâèùèé ð³âåíü åêñïðåñ³¿ á³ëêà AÑÅ1, 
à ³íäèâ³äè, ÿê³ º ãîìîçèãîòíèìè ïî ³íñåðö³¿ 
ãåíîòèï ²² – íèæ÷èé ð³âåíü åêñïðåñ³¿. Äóæå 
ñóòòºâèì, º òå, ùî Alu ïîë³ìîðô³çì â ãåí³ ÀÑÅ 
ìîæå âïëèâàòè íà ÷óòëèâ³ñòü äî ³íô³êóâàííÿ, 
êë³í³÷íó ìàí³ôåñòàö³þ òà ïåðåá³ã COVID-19 â 
áàãàòüîõ íàïðÿìêàõ. Îñê³ëüêè ²/D ïîë³ìîðô³çì 
º îäíèì ç âàæëèâèõ ÷èííèê³â, àñîö³éîâàíèõ 
ç ð³âíåì ACE â ïëàçì³ êðîâ³, à òàêîæ â òêà-
íèíàõ îðãàí³çìó, áóëà âèñóíóòà ã³ïîòåçó, ùî
äàíèé ïîë³ìîðô³çì º äóæå âàæëèâèì ÷èííè-
êîì â êîíòåêñò³ ïðîãíîçóâàííÿ ïåðåá³ãó çàõâî-
ðþâàííÿ â ïàö³ºíò³â, à òàêîæ ðîçðîáëåííÿ 
ïåðñîí³ô³êîâàíî¿ òåðàï³¿ (Saab et al, 2007). Äå-
ÿê³ äîñë³äíèêè àêöåíòóþòü óâàãó íà òîìó, ùî
òàêèé äèñáàëàíñ ìîæå ïðèçâåñòè äî ô³áðîçó
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(Bellone et al, 2020), à òàêîæ ñïðèÿòè ïðîçà-
ïàëüíèì ïðîöåñàì, øëÿõîì âèâ³ëüíåííÿ ïðî-
çàïàëüíèõ ìåä³àòîð³â: ³íòåðëåéê³íó-6, ³íòåð-
ëåéê³íó-8 (Ned et al, 2012). Çâàæàþ÷è íà âàæ-
ëèâó ôóíêö³îíàëüíó ðîëü ãåíó ÀÑÅ1, çì³íåí³ 
ð³âí³ åêñïðåñ³¿ êîäîâàíîãî íèì á³ëêà ó ³íäèâ³-
ä³â ïî I/D ïîë³ìîðô³çìó, ìîæóòü ñòàòè ïåðåä-
óìîâîþ âàæëèâèõ ïàòîëîã³÷íèõ ïðîöåñ³â, ïîâ’ÿ-
çàíèõ ç COVID-19, òîìó ìåòîþ íàøî¿ ðîáîòè 
áóëî äîñë³äèòè çâ’ÿçîê ì³æ ðîçïîâñþäæåí³ñòþ 
ãåíîòèï³â çà ïîë³ìîðô³çìîì ²/D, ð³âíåì çàõâî-
ðþâàíîñò³ òà ñìåðòíîñò³ â³ä COVID-19 â Óêðà-
¿í³ òà ³íøèõ êðà¿íàõ ªâðîïè.

Ìàòåð³àëè òà ìåòîäè. Â ÿêîñò³ ïîïóëÿö³éíî¿ 
âèá³ðêè äîñë³äæóâàëàñÿ ãðóïà çäîðîâîãî íà-
ñåëåííÿ ç ð³çíèõ ðåã³îí³â Óêðà¿íè, ÿêà ñêëà-
äàëàñü ç³ 100 íåñïîð³äíåíèõ ³íäèâ³ä³â, ÿê³ 
áðàëè ó÷àñòü ó äîñë³äæåíí³, øëÿõîì ³íôîðìî-
âàíî¿ çãîäè. Âèä³ëåííÿ òà î÷èùåííÿ ÄÍÊ ç

ëåéêîöèò³â ïåðèôåðè÷íî¿ êðîâ³ ³íäèâ³ä³â îá-
ñòåæåíî¿ ãðóïè ïðîâîäèëè çà ñòàíäàðòíèì
ôåíîëõëîðîôîðìíèì ìåòîäîì ç ïðîòå¿íàçîþ
Ê. Äàí³ ïî ðîçïîä³ëó ãåíîòèï³â II çà ïîë³ìîð-
ô³çìà ACE1 â ð³çíèõ êðà¿íàõ ªâðîïè (Óãîð-
ùèíà, Ïîëüùà, Ñëîâà÷÷èíà, Ôðàíö³ÿ, ²òàë³ÿ,
²ñïàí³ÿ, Âåëèêà Áðèòàí³ÿ, Í³äåðëàíäè, Øâå-
ö³ÿ, Äàí³ÿ, Ïîðòóãàë³ÿ, Øâåéöàð³ÿ, Áåëüã³ÿ, 
Í³ìå÷÷èíà) áóëè ç³áðàí³ ç ïîïåðåäí³õ ïóáë³-
êàö³é. Äàí³ ïî ê³ëüêîñò³ õâîðèõ òà ê³ëüêîñò³ 
ëåòàëüíèõ âèïàäê³â íà ì³ëüéîí íàñåëåííÿ â 
Óêðà¿í³, áóëè îòðèìàí³ â³ä Öåíòðó ãðîìàäñüêîãî 
çäîðîâ’ÿ ÌÎÇ Óêðà¿íè (https://www.phc.org.
ua/) çà âèùå ïåðåðàõîâàíèìè êðà¿íàìè ªâðî-
ïè äàí³ áóëè ç³áðàí³ ç Öåíòðó ñèñòåìíî¿ íàóêè 
òà ³íæåíåð³¿ ïðè Óí³âåðñèòåò³ Äæîíà Õîïê³íñà. 
(https://coronavirus.jhu.edu/map.html) òà ñàéòó 
(https://ourworldindata.org).

Äëÿ àíàë³çó ïîë³ìîðô³çìó I/D ãåíó ÀÑÅ1 
âêîðèñòîâóâàëè ìåòîäèêó ÏËÐ ç äåòåêö³ºþ â
ê³íöåâ³é òî÷ö³ âèêîðèñòîâóþ÷è, íàñòóïí³ ïî-
ñë³äîâíîñò³ îë³ãîíóêëåîòèäíèõ ïðàéìåð³â: 

F 5� CTG GAG AGC CAC TCC CAT CCT TTC T 3�
R 5� GAC GTG GCC ATC ACA TTC GTC AGA T 3�

Ñèíòåç îë³ãîíóêëåîòèäíèõ ïîñë³äîâíîñòåé 
çà íàøèì äèçàéíîì, âèêîíóâàëè íà çàìîâëåí-
íÿ êîìïàí³ºþ METABION (Í³ìå÷÷èíà). Äëÿ 
ïðîâåäåííÿ ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³þ, 
âèêîðèñòîâóâàëè íàá³ð Master Mix ready to load,
âèðîáíèöòâà «Solis BioDyne», (Òàðòó, Åñòîí³ÿ), 
ïðîâîäèëàñÿ â àâòîìàòè÷íîìó ðåæèì³ íà òåð-
ìîöèêëåð³ iCycler, âèðîáíèöòâà «BIO-RAD» 
(ÑØÀ). Ïðîäóêòè ÏËÐ ôðàêö³îíóâàëè ìåòî-
äîì ãåëü-åëåêòðîôîðåçó â 2%-íîìó àãàðîçíî-
ìó ãåë³ ³ ôàðá³ (³íòåðêàëþþ÷èé áàðâíèê ÄÍÊ). 

Ñòàòèñòè÷íà îáðîáêà äàíèõ ïðîâîäèëàñÿ çà 
âèêîðèñòàííÿ êîåô³ö³ºíòà ðàíãîâî¿ êîðåëÿö³¿ 
Ñï³ðìåíà (R).

Ðåçóëüòàòè. Ïîë³ìîðô³çì I/D â ãåí³ ACE 
ïîëÿãàº â íàÿâíîñò³ (I – Insertion, 490 ï.í.) àáî 
â³äñóòíîñò³ (D-Ddeletion, 203 ï.í.) ôðàãìåíòà 
ðîçì³ðîì 287 íóêëåîòèä³â â 16-ìó ³íòðîí³ ãåíà 
ACE. Ðåçóëüòàòè àíàë³çó äàíîãî ïîëiìîðôiçìó 
íàâåäåíî íà ðèñ. 1. 

Àíàë³ç àëåëüíèõ âàð³àíò³â çà ïîë³ìîðô³ç-
ìîì ACE1 I/D ïðîâîäèëè â ãðóï³ 100 îñ³á ç 
ð³çíèõ ðåã³îí³â Óêðà¿íè (ñåðåäí³é â³ê 35 ðîê³â,
50 – ÷îëîâ³ê³â, 50 – æ³íîê). Ðîçïîä³ë ãåíîòè-

Ðèñ. 1. Åëåêòðîôîðåãðàìà ðîçä³ëåííÿ ôðàãìåíò³â 
ÏËÐ ïðîäóêòó ãåíà ACE (I/D) â 2%-íîìó àãàðîçíî-
ìó ãåë³: äîð³æêà ¹ 1 – íåãàòèâíèé êîíòðîëü, ¹ 2,
3 – ²², ¹ 4, 5 – I/D, ¹6,7 – DD, Ì – ìàðêåð 
ìîëåêóëÿðíî¿ ìàñè (Ladder 100 b.p.)

Òàáëèöÿ 1. Ðîçïîä³ë ãåíîòèï³â òà àëåëüíèõ âàð³àíò³â 
ïîë³ìîðô³çìó I/D â ãåí³ ACE1 â êîíòðîëüí³é ãðóï³ 
çäîðîâèõ ³íäèâ³ä³â ç Óêðà¿íè

Ëîêóñ Êîíòðîëüíà ãðóïà, n = 100

Ãåíîòèïè, n (%)

II
ID
DD

18(0,18)
51(0,51)
31(0,31)

Àëåë³

I
D

0,435
0,565
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ï³â òà àëåëüíèõ âàð³àíò³â äîñë³äæóâàíîãî ïîë³-
ìîðô³çìó íàâåäåíî â òàáë. 1. 

Äëÿ àíàë³çó âçàºìîçâ’ÿçêó çóñòð³÷àëüíîñò³ 
ãåíîòèïó II ç âèïàäêàìè çàõâîðþâàíîñò³ òà 
ñìåðòíîñò³ â³ä COVID-19 íà 1 ìëí. íàñåëåííÿ 
â Óêðà¿í³ òà äåÿêèõ êðà¿íàõ ªâðîïè, ç ðàí³øå 
îïóáë³êîâàíèõ äæåðåë, áóëî ç³áðàíî äàí³ ïðî
ðîçïîâñþäæåí³ñòü ãåíîòèïó II çà ïîë³ìîðô³ç-
ìîì ACE1 I/D (òàáë. 2).

Ïî êîæí³é êðà¿í³ ªâðîïè çàäëÿ óçãîäæåí-
íÿ äàíèõ, ïîêàçíèêè çàõâîðþâàíîñò³ òà ñìåðò-
íîñò³ áóëè âçÿòè çà ð³çí³ ïåð³îäè ïàíäåì³¿ 
COVID-19, à ñàìå êîëè âèçíà÷àëèñÿ ï³êè çà-
õâîðþâàíîñò³ íà êîðîíàâ³ðóñíó õâîðîáó ó êîæ-
í³é êðà¿í³ òà êîëè ð³âåíü òåñòóâàííÿ ç âèêî-
ðèñòàííÿì RT-ÏËÐ òåñòóâàíü, ñÿãàâ 100 íà 
1 òèñ. íàñåëåííÿ, äëÿ Óêðà¿íè öå ïåð³îä ç
01.02.21–01.05.21, à äëÿ òàêèõ êðà¿í ÿê Óãîð-
ùèíà, Ïîëüùà, Ñëîâà÷÷èíà, Ôðàíö³ÿ, ²òàë³ÿ, 
²ñïàí³ÿ, Âåëèêà Áðèòàí³ÿ, Í³äåðëàíäè, Øâå-
ö³ÿ, Äàí³ÿ, Ïîðòóãàë³ÿ, Øâåéöàð³ÿ, Áåëüã³ÿ, Í³-
ìå÷÷èíà ïåð³îä ç 23.03.20-23.05.20 â³äïîâ³äíî. 

Âàæëèâî çàçíà÷èòè, ùî ÷àñòîòà ãåíîòèïó ²²
ñåðåä çäîðîâîãî íàñåëåííÿ Óêðà¿íè ñòàíîâèëà 
18 %, ñåðåä äîñë³äæóâàíèõ êðà¿í ªâðîïè íàé-
âèùèì öåé ïîêàçíèê áóâ â ïîïóëÿö³¿ Ïîëüù³ 
(Borzyszkowska et al, 2012). Â òîé ÷àñ, ÿê íàé-

íèæ÷èé ïîêàçíèê â³äì³÷àâñÿ â ïîïóëÿö³¿ ²ñïàí³¿
15 % (Freitas et al, 2008). Ç ³íøîãî áîêó, â ö³é 
æå ïîïóëÿö³¿ ñïîñòåð³ãàëè íàéâèùèé ïîêàç-
íèê çàõâîðþâàíîñò³ 5034 íà 1 ìëí. íàñåëåííÿ, 
à íàéíèæ÷èé ïîêàçíèê çàõâîðþâàíîñò³ ñïîñòå-
ð³ãàâñÿ ó Ñëîâà÷÷èíè 284 íà 1 ìëí. íàñåëåííÿ. 
Âàæëèâî çàçíà÷èòè â ïîïóëÿö³¿ Ñëîâà÷÷èíè, 
÷àñòîòà ãåíîòèïó ²², º îäí³ºþ ç íàéâèùèõ â 
ãðóï³ äîñë³äæóâàíèõ êðà¿í ªâðîïè ³ ñêëàäàëà 
25 % (Siváková et al, 2009), â òîé æå ÷àñ ñå-
ðåä íàñåëåííÿ Áåëüã³¿, äå ÷àñòîòà ãåíîòèïó 
²², ñêëàäàº 19 %, ìîæíà â³äì³òèòè íàéâèù³ 
ïîêàçíèêè ñìåðòíîñò³ â³ä COVID-19. Íàéíèæ÷³ 
ïîêàçíèêè ñìåðòíîñò³ â³ä COVID-19 ñïîñòå-
ð³ãàëè ñåðåä íàñåëåííÿ Óêðà¿íè äå ÷àñòîòà ãå-
íîòèïó ²² ñêëàäàº 18 %, ïðè öüîìó çàõâîðþâà-
í³ñòü â äàí³é ïîïóëÿö³¿ ñêëàäàº 471 íà 1 ìëí. 
íàñåëåííÿ. Íà ï³äòâåðäæåííÿ íàøî¿ ã³ïîòåçè 
ïðî ìîæëèâó ïðîòåêòèâíó ðîëü íîñ³éñòâà ãåíî-
òèïà II ïðè çàðàæåíí³ SARS-CoV-2 òà ïðè ïå-
ðåá³ãó çàõâîðþâàííÿ íà COVID-19 íàìè áóëî 
ïðîâåäåíî àíàë³ç êîðåëÿö³¿ ì³æ ïîêàçíèêàìè 
çàõâîðþâàíîñò³ òà ñìåðòíîñò³ íà 1 ìëí íàñå-
ëåííÿ ³ ÷àñòîòîþ ãåíîòèïà ²² ãåíà ACE1. 

Êîðåëÿö³þ ì³æ çàõâîðþâàí³ñòþ íà COVID-
19 (ðèñ. 2), ñìåðòí³ñòþ â³ä äàíîãî çàõâîðþâàí-
íÿ (ðèñ. 3) òà ïîøèðåí³ñòþ ãåíîòèïà ²² ãåíà 

Òàáëèöÿ 2. ×àñòîòè ãåíîòèïó ²² òà ïîêàçíèêè çàõâîðþâàíîñò³ òà ñìåðòíîñò³ â³ä COVID-19

Êðà¿íè
Ê³ëüê³ñòü

îáñòåæåíèõ
ACE 1 I/I (%)

Covid-19
âèïàäêè

Âèïàäîê/
ïîïóë. (n/mill)

Ñìåðòí³ñòü
Ñìåðòåé/

ïîïóë. (n/mill)

Óêðà¿íà

Óãîðùèíà

Ïîëüùà

Ñëîâà÷÷èíà

Øâåö³ÿ

Äàí³ÿ

Øâåéöàð³ÿ

Âåëèêà Áðèòàí³ÿ

Í³äåðëàíäè

Áåëüã³ÿ

Í³ìå÷÷èíà

Ôðàíö³ÿ

²ñïàí³ÿ

²òàë³ÿ

Ïîðòóãàë³ÿ 

100

120

632

209

59

199

199

386

61

109

172

450

266

468

510

18

27

29

25

27

23

25

21,2

20

19

20,1

17,6

15

16,6

16

 388715

3741

29392

1548

33188

11487

31117

258504

45265

56810

179986

182036

235290

229327

36690

471

386

774

284

3307

1990

3631

3828

2648

4923

2155

2795

5034

3787

3569

21676

482

1247

284

3992

561

1938

36757

5830

9237

8261

28218

28678

32735

1517

2,67

50

33

5

398

97

226

544

341

800

99

433

614

541

148
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ACE1 â äîñë³äæóâàíèõ ïîïóëÿö³ÿõ, îö³íþâàëè 
ç âèêîðèñòàííÿ êîåô³ö³ºíòà ðàíãîâî¿ êîðåëÿö³¿ 
Ñï³ðìåíà (R). Çà ðåçóëüòàòàìè ðîçðàõóíêó 
äàíîãî ïîêàçíèêà (R) äëÿ çàõâîðþâàíîñò³ áóëî 
âèçíà÷åíî, ñòàòèñòè÷íî â³ðîã³äíó, â³ä’ºìíó êî-
ðåëÿö³þ ì³æ çàõâîðþâàí³ñòþ òà ïîøèðåí³ñ-
òþ ãåíîòèïà ²² (R= –0,53, p < 0,05), òàêà æ 
òåíäåíö³ÿ ñïîñòåð³ãàëàñÿ äëÿ âçàºìîçâ’ÿçêó 
ì³æ ñìåðòíîñò³ â³ä COVID-19 òà ïîøèðåíîñ-

ò³ ãåíîòèïà ²² â ïîïóëÿö³ÿõ, ïðîòå çíà÷åííÿ 
êîåô³ö³ºíòó êîðåëÿö³¿ (R = –0,47, p = 0.09) íå 
º ñòàòèñòè÷íî äîñòîâ³ðíèì.

Íàÿâí³ñòü ãåíîòèïó ²² ìîæå âïëèâàòè íà çà-
õâîðþâàí³ñòü òà êë³í³÷íèé ïåðåá³ã COVID-19, 
ïîä³áí³ çàêîíîì³ðíîñò³ áóëè çàçíà÷åí³ â äî-
ñë³äæåííÿõ ³íøèõ àâòîð³â, ñòîñîâíî íàñåëåí-
íÿ êðà¿í ªâðîïè òà Áëèçüêîãî Ñõîäó, â õîä³ 
äàíîãî äîñë³äæåííÿ òàêîæ áóëî âñòàíîâëåíî, 

Ðèñ. 2. Ãðàô³ê çàëåæíîñò³ ì³æ çàõâîðþâàí³ñòþ COVID-19 òà ÷àñòîòîþ ïîøèðåíîñò³ ãåíîòèïà ²² ãåíà
ACE1 (%) â Óêðà¿í³ òà äîñë³äæóâàíèõ êðà¿íàõ ªâðîïè

Ðèñ. 3. Ãðàô³ê çàëåæíîñò³ ì³æ ñìåðòí³ñòþ â³ä COVID-19 òà ÷àñòîòîþ ïîøèðåíîñò³ ãåíîòèïà ²² ãåíà
ACE1 (%) â Óêðà¿í³ òà äîñë³äæóâàíèõ êðà¿íàõ ªâðîïè
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ùî íàñåëåííÿ öèõ êðà¿í, ìàº á³ëüø âèñîêó â³-
ðîã³äí³ñòü ùîäî ñïðèÿòëèâîñò³ ³íô³êóâàííÿ 
SARS-CoV-2 ó ïîð³âíÿíí³ ç íàñåëåííÿì êðà¿í 
Àç³¿ (Naoki et al, 2020). Íåîáõ³äíî çàçíà÷èòè 
îòðèìàí³ íàìè ðåçóëüòàòè, ñòîñîâíî àñîö³àö³¿ 
ì³æ ÷àñòîòîþ ãåíîòèïó ²² òà çàõâîðþâàí³ñòþ 
íà COVID-19, ñï³âïàäàþòü ç çàêîíîì³ðíîñòÿìè 
îòðèìàíèìè ó äîñë³äæåííÿõ àâòîð³â (Naoki et 
al, 2020; Joris and Delanghe et al, 2020). Ïðî 
òå, ùîäî âçàºìîçâ’ÿçêó ì³æ ñìåðòí³ñòþ â³ä CO-
VID-19, òà íîñ³éñòâîì ãåíîòèïó ²², íàìè íå áó-
ëî âñòàíîâëåíî ñòàòèñòè÷íî â³ðîã³äíî¿ çàëåæ-
íîñò³ äëÿ íàñåëåííÿ Óêðà¿íè, ñóñ³äí³õ ïðèêîð-
äîííèõ äåðæàâ – Ïîëüù³, Ñëîâà÷÷èí³, Óãîð-
ùèí³ òà ïðîàíàë³çîâàíèõ íàìè ³íøèõ êðà¿í 
ªâðîïè (Øâåö³ÿ, Äàí³ÿ, Áåëüã³ÿ, ²òàë³ÿ, ²ñïà-
í³ÿ, Ôðàíö³ÿ, Øâåéöàð³ÿ, Í³äåðëàíäè, Ïîðòó-
ãàë³ÿ, Í³ìå÷÷èíà, Âåëèêà Áðèòàí³ÿ).

Âèÿâëåí³ â³äì³ííîñò³ ì³æ ïîêàçíèêàìè çà-
õâîðþâàíîñò³ òà ñìåðòíîñò³ â³ä COVID-19 â 
ð³çíèõ êðà¿íàõ ªâðîïè ³ îñîáëèâî ó ïîð³âíÿíí³ 
ç æèòåëÿìè êðà¿í Àç³¿, ìîæíà ïîÿñíèòè ÿê 
ñîö³îêóëüòóðíèìè â³äì³ííîñòÿìè ó ïîâåä³íö³ 
íàñåëåííÿ ï³ä ÷àñ ïàíäåì³¿, òàê ³ ð³çíèöåþ ó 
ïðîòèåï³äåì³÷íèõ çàõîäàõ òà ð³âí³ íàäàííÿ ìå-
äè÷íî¿ äîïîìîãè. Ïðîòå, âèÿâëåí³ íàìè òà 
³íøèìè àâòîðàìè àñîö³àö³¿ ì³æ ïîøèðåí³ñòþ 
ð³çíèõ ãåíîòèï³â çà ïîë³ìîðô³çìîì ÀÑÅ1 ²/D
òà ïîêàçíèêàìè çàõâîðþâàíîñò³, ñìåðòíîñò³ â³ä
COVID-19, äàþòü ï³äñòàâè ââàæàòè, ùî ïîë³-
ìîðô³çì ÀÑÅ1 ²/D ìîæå áóòè ³íôîðìàòèâíèì 
ãåíåòè÷íèì ìàðêåðîì ïðîãíîçó ïîøèðåíîñò³ 
SARS-CoV-2 â ïîïóëÿö³¿, ç ³íøîãî áîêó îò-
ðèìàí³ ðàí³øå â ÷èñåëüíèõ äîñë³äæåííÿõ äàí³ 
ïðî àñîö³àö³þ àëåëüíîãî ïîë³ìîðô³çìó ÀÑÅ1 
²/D ç êàðä³îâàñêóëÿðíèìè çàõâîðþâàííÿìè, 
çàïàëüíèìè òà ³ìóííèìè ïðîöåñàìè, â³äêðè-
âàþòü ïåðñïåêòèâè äëÿ äîñë³äæåíü éîãî, ÿê
ìàðêåðà ïðîãíîçó òÿæêîñò³ ïåðåá³ãó çàõâîðþ-
âàííÿ íà COVID-19 (Manci Li et al, 2021). Â
õîä³ äîñë³äæåíü ³íøèõ ãåí³â, ïðîäóêòè ÿêèõ 
çàëó÷åí³ äî ïàòîãåííîñò³ SARS-CoV-2: ACE2b 
CTSL, TMPRSS, áóëè îòðèìàí³ ñóïåðå÷ëèâ³
ðåçóëüòàòè, ùîäî ¿õ àñîö³àö³¿ ç ð³âíåì çàõâîðþ-
âàíîñò³, òÿæê³ñòþ ïåðåá³ãó òà ñìåðòí³ñòþ â³ä 
COVID-19 (Anastassopoulou et al, 2020; Brest et 
al, 2020; Naoki et al, 2020).

Âèñíîâêè. Âñòàíîâëåíî ðîçïîä³ë ãåíîòèï³â 
òà ÷àñòîòó àëåëüíèõ âàð³àíò³â çà ïîë³ìîðô³ç-
ìîì ³íñåðö³ÿ/äåëåö³ÿ (²/D) â 16-ìó ³íòðîí³

ãåíà ÀÑÅ1 â ïîïóëÿö³¿ çäîðîâîãî íàñåëåííÿ 
Óêðà¿íè. Âèÿâëåí³ íàìè òà ³íøèìè äîñë³äíè-
êàìè çàêîíîì³ðíîñò³ ïðî â³ä’ºìíó êîðåëÿö³þ 
ì³æ çàõâîðþâàí³ñòþ, ñìåðòí³ñòþ â³ä COVID-
19 òà ïîøèðåí³ñòþ ãîìîçèãîò çà ³íåðö³ºþ (²²) 
çà ïîë³ìîðô³çìîì ãåíà ÀÑÅ1, â ïîïóëÿö³ÿõ Óê-
ðà¿íè òà ³íøèõ êðà¿í ªâðîïè, â³ääçåðêàëþþòü 
áàãàòîâåêòîðí³ âçàºìîçâ’ÿçêè ì³æ ð³âíåì åêñ-
ïðåñ³¿ äàíîãî ãåíà òà ïàòîãåíåçîì COVID-19.
Ïîäàëüøå äîñë³äæåííÿ ðîë³ àëåëüíèõ âàð³àíò³â
ãåíà ÀÑÅ1 â ðîçâèòêó òÿæêîãî ïåðåá³ãó çàõâî-
ðþâàííÿ òà óñêëàäíåíü â³ä COVID-19 º ïåðñ-
ïåêòèâíèìè äëÿ âïðîâàäæåííÿ ïðîãíîñòè÷íèõ 
ãåíåòè÷íèõ ìàðêåð³â â ñõåìè ïåðñîí³ô³êîâàíî¿ 
òåðàï³¿. 

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Åòè÷íå ñõâà-
ëåííÿ äîñë³äæåííÿ áóëî îòðèìàíî â³ä êîì³òåòó 
ç á³îåòèêè ÄÓ «²íñòèòóò ïåä³àòð³¿, àêóøåðñòâà ³
ã³íåêîëîã³¿ ³ìåí³ àêàäåì³êà Î.Ì. Ëóê’ÿíîâî¿ 
ÍÀÌÍ Óêðà¿íè», ïðîòîêîë ¹28 â³ä 15.10.2020 
ð. ²íôîðìîâàíà çãîäà áóëà îòðèìàíà â³ä îáñòå-
æåíèõ.
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî â³ä-
ñóòí³ñòü êîíôë³êòó ³íòåðåñ³â.
Ô³íàíñóâàííÿ. Äàíà ðîáîòà ô³íàíñóâàëàñÿ â
ðàìêàõ ÍÄÐ «Äîñë³äèòè çíà÷åííÿ ìåäèêî-á³î-
ëîã³÷íèõ òà ñîö³îëîã³÷íèõ ôàêòîð³â â ïîøèðåí-
í³ êîðîíàâ³ðóñíîãî ³íô³êóâàííÿ ñåðåä æ³íîê òà 
ä³òåé â Óêðà¿í³» ç äåðæàâíèì ðåºñòðàö³éíèì 
íîìåðîì 0120U104508.
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Coronavirus disease (COVID-19), which was first re-
corded in China in December 2019, quickly spread 
to other countries and in a short period of time, the 
local outbreak escalated into a pandemic. There are 
significantly more cases of COVID-19 morbidity and 
mortality in European countries than in East Asia, 
where the disease was first detected. Such population 
differences are unique, especially for SARS-CoV-2 
and are due to both socio-behavioral differences and 
features of the gene pool of the population of different 
countries. For infectious diseases, such as COVID-19, 
an important point is the genetic characteristics of in-
dividuals, which can determine its resistance or sus-
ceptibility to infection. Therefore, studies of the factors 
of hereditary predisposition to SARS-CoV-2 infection, 
as well as severity and mortality are extremely relevant. 
After genotyping among the healthy population of 
Ukraine and collecting relevant data from some Euro-
pean countries, we determined the correlation between 
morbidity, mortality from COVID-19 and the prevalence 
of genotype II in the populations of Ukraine and several 
European countries. There was a negative correlation 
between the carrier of genotype II and susceptibility to 
SARS-CoV-2 infection per 1 million population (R = 
=–0.53, p < 0.05), so individuals with genotype II can 
be considered more resistant to infection SARS-CoV-2. 
Further study of the role of allelic variants of the ACE1 
gene in the development of severity and complications 
affected patients of COVID-19, are promising for iden-
tified of genetic markers for development of personalized 
therapy.
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