
41

ISSN 1029 - 4244 (Print)                                                               Ëüâ³âñüêèé ìåäè÷íèé ÷àñîïèñ 2023. Ò. 29. ¹ 3-4
eISSN 2415-3303 (Online)                                                                               Acta Medica Leopoliensia 2023;29(3-4)

DOI: https://doi.org/10.25040/aml2023.3-4.041
ÓÄÊ: 616.988:578.834]-07:616.15-097-07]-036-053.2(477.83)

Ê²ÍÅÒÈÊÀ IGM, IGA, IGG ÄÎ SARS-COV-2 Ó Ä²ÒÅÉ ²Ç COVID-19 ËÜÂ²ÂÑÜÊÎ¯
ÎÁËÀÑÒ² Â Ð²ÇÍ² ÏÅÐ²ÎÄÈ ²ÍÔÅÊÖ²ÉÍÎÃÎ ÏÐÎÖÅÑÓ
ÇÀËÅÆÍÎ Â²Ä ÒßÆÊÎÑÒ² ÏÅÐÅÁ²ÃÓ ÒÀ Â²ÊÓ
Ñòàñ³â Ì.Â. ORCID: 0000-0002-7110-0557
Ëüâ³âñüêèé íàö³îíàëüíèé ìåäè÷íèé óí³âåðñèòåò ³ìåí³ Äàíèëà Ãàëèöüêîãî
Êàôåäðà äèòÿ÷èõ ³íôåêö³éíèõ õâîðîá

Êëþ÷îâ³ ñëîâà: COVID-19, IgM, IgA, IgG, SARS-CoV-2, ä³òè
Äëÿ öèòóâàííÿ: Ñòàñ³â Ì.Â. Ê³íåòèêà IgM, IgA, IgG äî SARS-CoV-2 ó ä³òåé ³ç COVID-19 Ëüâ³âñüêî¿ îáëàñò³ â
ð³çí³ ïåð³îäè ³íôåêö³éíîãî ïðîöåñó çàëåæíî â³ä òÿæêîñò³ ïåðåá³ãó òà â³êó. Ëüâ³âñüêèé ìåäè÷íèé ÷àñîïèñ. 2023.
Ò. 29. ¹ 3-4. Ñ. 41-57. DOI: https://doi.org/10.25040/aml2023.3-4.041
Äëÿ êîðåñïîíäåíö³¿: Ñòàñ³â Ìàð³ÿ Âîëîäèìèð³âíà, àñèñòåíòêà êàôåäðè äèòÿ÷èõ ³íôåêö³éíèõ õâîðîá Ëüâ³âñüêîãî
íàö³îíàëüíîãî ìåäè÷íîãî óí³âåðñèòåòó ³ìåí³ Äàíèëà Ãàëèöüêîãî, e-mail: mariatanchuk@gmail.com
Ñòàòòÿ íàä³éøëà: 11.10.2023  Ïðèéíÿòà äî äðóêó: 22.11.2023

KINETICS OF IGM, IGA, IGG TO SARS-COV-2 IN CHILDREN WITH COVID-19
IN LVIV REGION IN DIFFERENT PERIODS OF THE INFECTIOUS PROCESS

DEPENDING ON THE SEVERITY OF THE COURSE AND AGE
Maria Stasiv ORCID: 0000-0002-7110-0557

Danylo Halytsky Lviv National Medical University
Department of Pediatric Infectious Diseases

Keywords: COVID-19, IgM, IgA, IgG, SARS-CoV-2, children
For citation: Stasiv M. Kinetics of IgM, IgA, IgG to SARS-CoV-2 in children with COVID-19 in Lviv region in different
periods of the infectious process depending on the severity of the course and age. Acta Medica Leopoliensia. 2023;29(3-
4):41-57. DOI: https://doi.org/10.25040/aml2023.3-4.041
For correspondence: Stasiv Maria Volodymerivna, assistant at the Pediatric Infectious Diseases Department, Danylo
Halytsky Lviv National Medical University, e-mail: mariatanchuk@gmail.com
Received: October 11, 2023   Accepted: November 22, 2023

Ðåôåðàò
Ìåòà. Ïðîàíàë³çóâàòè ê³íåòèêó IgA, IgM, IgG äî
SARS-CoV-2 ó ä³òåé çàëåæíî â³ä òÿæêîñò³ ïåðåá³ãó
COVID-19 òà â³êó.
Ìàòåð³àë ³ ìåòîäè. Ó ðîáîò³ ïðîâåäåíî ïðîñïåêòèâíå
äîñë³äæåííÿ çà ó÷àñò³ 88 ä³òåé (ñåðåäí³é â³ê 9,4 ðî-
êè), õâîðèõ íà COVID-19, ÿê³ ë³êóâàëèñÿ ó ÊÍÏ ËÎÐ
"ËÎÄÊË "ÎÕÌÀÒÄÈÒ" ç 2020 ïî 2021 ð³ê. Ó ãðóï³
ñïîñòåðåæåííÿ áóëî 36 õëîïö³â (40,90%), 52 ä³â÷èíè
(59,10%). Âåðèô³êàö³ÿ ä³àãíîçó áàçóâàëàñÿ íà êë³í³÷-
íèõ îçíàêàõ õâîðîáè ç âèÿâëåííÿì ÐÍÊ SARS-CoV-2
ç³ ñëèçó ç íîñà ìåòîäîì ÏËÐ. Ïðîàíàë³çîâàíî çíà÷åí-
íÿ IgA, IgM òà IgG äî S ³ N á³ëê³â SARS-CoV-2, âèçíà-
÷åíèõ ìåòîäîì ²ÔÀ ó ð³çí³ òåðì³íè ³íôåêö³éíîãî ïðî-
öåñó â 380 çðàçêàõ ñèðîâàòêè êðîâ³.
Ðåçóëüòàòè é îáãîâîðåííÿ. Ðåçóëüòàòè äîñë³äæåíü
IgM äî SARS-CoV-2 íà ïåðøîìó òèæí³ çàõâîðþâàííÿ
ïîêàçàëè ñåðåäèííå çíà÷åííÿ öüîãî ïîêàçíèêà íà ð³âí³
0,24 [0,14; 1,39], íà äðóãîìó òèæí³ - 0,49 [0,30; 2,87].
Íàéâèùå ñåðåäèííå çíà÷åííÿ IgA äî SARS-CoV-2 - 0,33
[0,24; 1,00] âèÿâëåíî ç 15 ïî 30 äåíü, ï³ñëÿ 30 äíÿ -
ñòàíîâèëî 0,24 [0,20; 0,28]. Íàðîñòàííÿ ñåðåäèííîãî

Abstract
Aim. The research aims at analyzing the kinetics of IgA,
IgM, and IgG to SARS-CoV-2 in children based on the
severity of COVID-19 and age.
Materials and Methods. The conducted prospective study
involved 88 children (mean age 9.4 years) with COVID-19,
admitted to the "Lviv Regional Pediatric Clinical Hospital
"OKHMATDYT" from 2020 to 2021. The participants
included 36 males (40.90%), and 52 females (59.10%) in
the observation group. Diagnosis verification relied on
clinical manifestations of the disease, with the detection of
SARS-CoV-2 RNA from nasal mucus using the PCR method.
The values of IgA, IgM, and IgG to S and N proteins of
SARS-CoV-2, determined by the ELISA method at different
times of the infectious process in 380 blood serum samples,
were analyzed.
Results and Discussion.The research findings of IgM to
SARS-CoV-2 in the first week of illness revealed a median
value of 0.24 [0.14; 1.39], increasing to 0.49 [0.30; 2.87]
in the second week. The highest median value of IgA to SARS-
CoV-2 is 0.33 [0.24; 1.00] was found from 15 to 30 days,
after 30 days it was 0.24 [0.20; 0.28].
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Âñòóï
SARS-CoV-2 ³íôåêö³ÿ ó ä³òåé â ïîð³âíÿíí³ ç
äîðîñëèìè ìàº íàáàãàòî ëåãøèé ïåðåá³ã. Ó
á³ëüøîñò³ âèïàäê³â ïðîò³êàº áåçñèìïòîìíî
àáî õàðàêòåðèçóºòüñÿ êë³í³÷íèìè îçíàêàìè
ãîñòðî¿ ðåñï³ðàòîðíî¿ ³íôåêö³¿ [1,2]. Îäí³ºþ
ç ã³ïîòåç ùîäî ëåãøîãî ïåðåá³ãó COVID-19 º
çàõèñíèé åôåêò ïåðåõðåñíî¿ ðåàêö³¿ àíòèò³ë
â³ä ³íøèõ êîðîíàâ³ðóñ³â (HCoV), ÿê³ ÷àñò³øå
òðàïëÿþòüñÿ ó ïàö³ºíò³â äèòÿ÷îãî â³êó. Çàçâè-
÷àé ó ä³òåé âèÿâëÿþòü íèæ÷å â³ðóñíå íàâàí-
òàæåííÿ, ùî ïîâ'ÿçàíî ç íèçüêîþ åêñïðåñ³þ
ACE2, ðåöåïòîðà êîðîíàâ³ðóñó [3]. Ïðîòå ðîç-
âèòîê òÿæêèõ ôîðì õâîðîáè, óñêëàäíåíî¿
ïíåâìîí³ºþ òà ÃÐÄÑ ìîæëèâèé ³ ó ä³òåé [4].
Âàð³àáåëüí³ñòü COVID-19 ñâ³ä÷èòü ïðî òå, ùî
³íäèâ³äóàëüíà ³ìóííà â³äïîâ³äü íà SARS-
CoV-2 ìîæå â³ä³ãðàâàòè âèð³øàëüíó ðîëü ó
âèçíà÷åíí³ êë³í³÷íîãî ïåðåá³ãó [5]. COVID-
19 ä³àãíîñòîâàíî çà äîïîìîãîþ, ÿê ÏËÐ ÐÍÊ
SARS-CoV-2 ç ìàçê³â ç íîñà ³ ðîòîãëîòêè, òàê

çíà÷åííÿ IgG-N äî SARS-CoV-2 ñïîñòåð³ãàëîñü ç äðó-
ãîãî òèæíÿ õâîðîáè ³ ñêëàëî 1,13 [0,52; 3,17] ç ï³êîì
éîãî çíà÷åííÿ 5,68 [2,39; 8,86]ó ïåð³îä äî òðüîõ ì³-
ñÿö³â. Òÿæêèé ïåðåá³ã COVID-19 ä³àãíîñòîâàíî ó 27
ä³òåé (30,68%): 15 ä³â÷àò (55,56%) ³ 12 õëîïö³â
(44,44%). Ó á³ëüøîñò³ ãîñï³òàë³çîâàíèõ ä³òåé çíà-
÷åííÿ IgÌ ïðè ð³çíèõ ñòóïåíÿõ òÿæêîñò³ õâîðîáè âè-
ÿâëÿëèñü ïîçèòèâíèìè ç ïåðøîãî äî ñüîìîãî äíÿ õâî-
ðîáè. Ó ä³òåé ç òÿæêèì ïåðåá³ãîì SARS-CoV-2 ñåðå-
äèííå çíà÷åííÿ IgÌ ó ñèðîâàòö³ êðîâ³ ó öåé ïåð³îä
ñòàíîâèëî 1,39 [1,36; 4,07]. Ñòàòèñòè÷íî çíà÷óùîþ
ð³çíèöÿ ì³æ ïîêàçíèêàìè IgG äî N ñåðåäíüî¿ òÿæ-
êîñò³ òà òÿæêî¿ ôîðìè áóëà íà 15-30 äåíü çàõâîðþ-
âàííÿ: 0,54 [0,21; 1,89] ïðîòè 5,55 [4,99; 5,80] â³äïî-
â³äíî, (p<0,05). Ó ïàö³ºíò³â ÿê ³ç ñåðåäíüîòÿæêèìè, òàê
³ ç òÿæêèìè ôîðìàìè õâîðîáè, ñåðåäèíí³ çíà÷åííÿ IgG
äî N SARS-CoV-2 áóëè ïîçèòèâíèìè â óñ³ ïåð³îäè
äîñë³äæåííÿ. Ñïîñòåð³ãàëîñÿ çíà÷íå çðîñòàííÿ
ñåðåäèííîãî çíà÷åííÿ IgG äî N SARS-CoV-2 ó ä³â÷àò ó
ïåð³îä ç 31 äî 90 äíÿ. Ïðè òÿæêèõ ôîðìàõ õâîðîáè ó
ïåð³îä³ â³ä òðüîõ  äî øåñòè ì³ñÿö³â ñåðåäèííå çíà÷åííÿ
IgG äî S SARS-CoV-2 ñòàíîâèëî 9,40 [7,80; 10,60] ³ áóëî
âèùèì, í³æ ó ïàö³ºíò³â ç³ ñåðåäíüîòÿæêèì ïåðåá³ãîì
õâîðîáè - 8,72 [8,64; 8,97] (p<0,05).
Âèñíîâêè. Ñåðîëîã³÷í³ äîñë³äæåííÿ äîçâîëÿþòü âèâ-
÷àòè ³ìóííó â³äïîâ³äü íà SARS-CoV-2, âèçíà÷èòè ñå-
ðîêîíâåðñ³þ òà õàðàêòåðèçóâàòè ïåðåá³ã COVID-19
³ º âàæëèâèìè äëÿ åï³äåì³îëîã³÷íèõ äîñë³äæåíü. IgM,
IgA òà IgG äî SARS-CoV-2 çàëåæàòü â³ä âàæêîñò³
ïåðåá³ãó õâîðîáè òà â³êó ïàö³ºíòà.

The increase in the median value of IgG-N to SARS-CoV-2
was observed from the second week of the illness, reaching
1.13 [0.52; 3.17], with its maximum value at 5.68 [2.39;
8.86] within the period up to three months. Severe COVID-
19 was diagnosed in 27 children (30.68%), comprising 15
females (55.56%) and 12 males (44.44%). In the majority
of hospitalized children, IgM values at different degrees of
disease severity were positive from the first to the seventh
day of illness. In children with a severe course of SARS-
CoV-2, the median value of IgM in blood serum during this
period was 1.39 [1.36; 4.07]. There was a statistically
significant difference between the IgG levels for moderate
and severe forms on days 15-30 of the illness: 0.54 [0.21;
1.89] compared to 5.55 [4.99; 5.80], respectively (p<0.05).
In patients with both moderate and severe forms of the
disease, median values of IgG to N SARS-CoV-2 were
positive throughout the study period. A significant increase
in the median value of IgG to N SARS-CoV-2 was observed
in females from day 31 to day 90. In severe cases of the
disease, the median value of IgG to SARS-CoV-2 from three
to six months was 9.40 [7.80; 10.60], which was higher
than in patients with a moderate form of the disease - 8.72
[8.64; 8.97] (p<0.05).
Conclusions. Serological studies enable the investigation
of the immune response to SARS-CoV-2, determination of
seroconversion, and characterization of the course of
COVID-19, being crucial for epidemiological research. The
levels of IgM, IgA, and IgG to SARS-CoV-2 depend on the
disease's severity and the patient's age.

³ âèÿâëåííÿì IgM, IgA äî S-àíòèãåíó ³ N-á³ëêà
ó ñèðîâàòö³ êðîâ³.

Ðåçóëüòàòè äîñë³äæåíü IgM, IgA, IgG äî
SARS-CoV-2 ó íàóêîâö³â º ñóïåðå÷ëèâèìè. Äîñ-
ë³äíèêàìè ç Áàðñåëîíñüêîãî óí³âåðñèòåòó âè-
ÿâëåíî âèù³ ð³âí³ àíòè-S²gG òà IgM ó ñèðîâàòö³
êðîâ³ òà ñëèí³ ïàö³ºíò³â äèòÿ÷îãî â³êó ç ëåãêèì
òà ìàëîñèìïòîìíèì ïåðåá³ãîì õâîðîáè, í³æ ó
ä³òåé ç òÿæêèì ¿¿ âàð³àíòîì, ùî ìîæå áóòè ïî-
â'ÿçàíî ç êðàùèì ëîêàëüíèì ³ìóí³òåòîì [3].
Ïðîòå íàóêîâöÿìè ç Ðóìóí³¿ âñòàíîâëåíî, ùî
IgM, IgG äî SARS-CoV-2 ó ñèðîâàòö³ êðîâ³ áóëè
âèùèìè ïðè òÿæêèõ ôîðìàõ õâîðîáè [6]. Òîìó
äëÿ ãëèáîêîãî ðîçóì³ííÿ ³ìóííî¿ â³äïîâ³ä³ ïðè
COVID-19 ïîòð³áí³ ïîäàëüø³ íàóêîâ³ äîñë³-
äæåííÿ ç óðàõóâàííÿì êë³í³êî-åï³äåì³îëîã³÷íî-
ãî çíà÷åííÿ ñåðîëîã³÷íèõ äîñë³äæåíü, ÿê³ çàëå-
æàòü â³ä àíòèãåí³â SARS-CoV-2.

Ö³ ñåðîëîã³÷í³ àíàë³çè íåîáõ³äí³ äëÿ
ïåðåâ³ðêè ñïðèéíÿòëèâîñò³ àáî ðåçèñòåíòíîñ-
ò³ äî íàñòóïíîãî ïîâòîðíîãî çàðàæåííÿ, à òà-
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êîæ âèêîðèñòîâóþòüñÿ äëÿ ñêðèí³íãó äîíîð-
ñüêî¿ êðîâ³ ó äîðîñëèõ. Äàí³ ðåçóëüòàòè äî-
ñë³äæåíü ìîæóòü áóòè âèêîðèñòàíèìè äëÿ
ðîçðîáêè ïàñèâíî¿ òåðàï³¿ àíòèò³ëàìè. Òåðì³-
íè ïðîâåäåííÿ äîñë³äæåíü â³äïîâ³äíèõ ³ìóíî-
ãëîáóë³í³â ìàþòü âèð³øàëüíå çíà÷åííÿ äëÿ ¿õ
³íòåðïðåòàö³¿ òà ðàö³îíàëüíîãî âèêîðèñòàííÿ.

Âèâ÷åííÿ ê³íåòèêè IgM, IgA, IgG ìàº
âåëèêå çíà÷åííÿ äëÿ ä³àãíîñòèêè, çàõâîðþ-
âàííÿ, éîãî òðèâàëîñò³, ë³êóâàííÿ, ôîðìóâàí-
íÿ ïîñò³íôåêö³éíîãî ³ìóí³òåòó òà ïðîô³ëàê-
òèêè õâîðîáè [7-9].

Ïðèðîäà ³ìóííî¿ â³äïîâ³ä³ íà SARS-
CoV-2 ó ä³òåé ç ð³çíèìè êë³í³÷íèìè ïðîÿâàìè,
ïî÷èíàþ÷è â³ä áåçñèìïòîìíèõ äî êðèòè÷íî
òÿæêèõ ôîðì COVID-19 ïîòðåáóº ïîäàëüøèõ
äîñë³äæåíü. Ãåíåðàö³ÿ â³ðóñ-ñïåöèô³÷íèõ àí-
òèò³ë, ÿê³ íåéòðàë³çóþòü àáî áëîêóþòü ³íôåê-
ö³éí³ñòü, ìàº âåëèêå çíà÷åííÿ ó ôîðìóâàíí³
çàõèñíîãî ³ìóí³òåòó ïðîòè áàãàòüîõ ³íôåêö³é
òà ðîçðîáêè âàêöèí [10].

Ìåòà ðîáîòè - ïðîàíàë³çóâàòè ê³íåòèêó
IgM, IgA, IgG äî SARS-CoV-2 ó ä³òåé çàëåæíî
â³ä â³êó òà òÿæêîñò³ ïåðåá³ãó COVID-19.

Ìàòåð³àë ³ ìåòîäè
Ó ðîáîò³ ïðîâåäåíî ïðîñïåêòèâíå äîñë³äæåí-
íÿ çà ó÷àñò³ 88 ä³òåé, õâîðèõ íà COVID-19
(SARS-CoV-2), ÿê³ ë³êóâàëèñÿ ó ÊÍÏ ËÎÐ
"ËÎÄÊË "ÎÕÌÀÒÄÈÒ" â³ä 2020 äî 2021 ð³ê.
¯õ ñåðåäí³é â³ê ñòàíîâèâ 9,4 ðîêè (min - 1 ð³ê,
max - 17,8 ðîê³â). Ó ãðóï³ ñïîñòåðåæåííÿ áóëî
36 õëîïö³â (40,91%), 52 ä³â÷èíè (59,10%). Ç-
ïîì³æ äîñë³äæóâàíèõ 27 îñ³á (30,68%) ìåø-
êàëè ó ñ³ëüñüê³é ì³ñöåâîñò³, 61 äèòèíà
(69,32%) - ó ì³ñò³. Çà â³êîì áóëî âèîêðåìëåíî
òðè â³êîâ³ ãðóïè: â³ä îäíîãî äî ï'ÿòè ðîê³â
(âêëþ÷íî 1-4 ðîêè), â³ä ï'ÿòè äî äåñÿòè
(âêëþ÷íî 5-9 ðîê³â), â³ä äåñÿòè äî â³ñ³ìíàä-
öÿòè ðîê³â (âêëþ÷íî 10-17 ðîê³â). Çà òÿæê³ñòþ
ïåðåá³ãó COVID-19 ñôîðìîâàíî 2 ãðóïè: ñå-
ðåäíüîòÿæêà ôîðìà (61 äèòèíà (69,31%), ç
íèõ 37 ä³â÷àò (60,66%) òà 24 õëîïö³ (39,34%)
òà òÿæêèé ïåðåá³ã (27 ä³òåé (30,68%), ç íèõ
15 ä³â÷àò (55,56%) ³ 12 õëîïö³â (44,44%).

Óñ³ ïàö³ºíòè ï³äïèñàëè ³íôîðìîâàíó
çãîäó íà ó÷àñòü ó äîñë³äæåíí³.

Âåðèô³êàö³ÿ ä³àãíîçó áàçóâàëàñÿ íà
êë³í³÷íèõ îçíàêàõ ãîñòðî¿ ðåñï³ðàòîðíî¿ ³í-
ôåêö³¿ ç âèÿâëåííÿì ÐÍÊ SARS-CoV-2 òà ¿¿
ôðàãìåíò³â ç³ ñëèçó ç íîñà ³ ðîòîãëîòêè ìåòî-
äîì ÏËÐ ç âèêîðèñòàííÿì àìïë³ô³êàòîðà CFX
96 Bio-Rad. Äëÿ âèâ÷åííÿ ãóìîðàëüíî¿ ëàíêè
³ìóííî¿ â³äïîâ³ä³ äèòÿ÷îãî îðãàí³çìó íà
SARS-CîV-2 ïðîâîäèëîñÿ äîñë³äæåííÿ àíòè-
ò³ë ð³çíèõ êëàñ³â. Âñüîãî ïðîàíàë³çîâàíî ð³âí³
IgM, IgA òà IgG äî S ³ N á³ëê³â SARS-CoV-2 ó
380 çðàçêàõ ñèðîâàòêè êðîâ³, âèçíà÷åíèõ ÿê³ñ-
íèì ìåòîäîì ²ÔÀ çà äîïîìîãîþ ñèñòåìè Â³ò-
ðîòåñò (³íäåêñ ïîçèòèâíîñò³ 1,1).

IgA, IgM òà IgG äî S ³ N á³ëê³â SARS-
CoV-2 ñèðîâàòêè êðîâ³ âèâ÷àëèñÿ ó ð³çí³ òåð-
ì³íè ³íôåêö³éíîãî òà ïîñò³íôåêö³éíîãî ïðî-
öåñó: ç 1-7 äåíü, ç 8-14 äåíü, ç 15-30 äåíü, ç
31-90 äåíü òà ç 91- 180 äåíü.

Çíà÷åííÿ IgM äî SARS-CoV-2 âèâ÷àëè
ó ð³çí³ ïåð³îäè ³íôåêö³éíîãî ïðîöåñó ó 102
çðàçêàõ ñèðîâàòêè êðîâ³ 79 ïàö³ºíò³â. Ïîâòîð-
í³ äîñë³äæåííÿ IgM äî SARS-CoV-2 ïðîâî-
äèëèñü 21 äèòèí³. Òðåòº äîñë³äæåííÿ áóëî
ïðîâåäåíî äâîì ïàö³ºíòàì.

Ð³âí³ IgA äî SARS-CoV-2 äîñë³äæóâà-
ëè ó 78 çðàçêàõ êðîâ³, ç ÿêèõ öåé ïîêàçíèê
âïåðøå âèâ÷àâñÿ ó 70 ïàö³ºíò³â, ïîâòîðíî - ó
ñåìè ïàö³ºíò³â, â òðåò³é ðàç öåé ïîêàçíèê â äè-
íàì³ö³ áóëî îö³íåíî ò³ëüêè â îäíîãî ïàö³ºíòà.

Ïîêàçíèê IgG-N (íóêëåîêàïñèä) äî
SARS-CoV-2 âïðîäîâæ äîñë³äæåííÿ âèâ÷àâñÿ
ó 101 çðàçêó êðîâ³. Ïåðøå âèçíà÷åííÿ öüîãî
³ìóíîãëîáóë³íó áóëî âèêîíàíî 50 ïàö³ºíòàì,
ïîâòîðíî - 44, à òðåòº äîñë³äæåííÿ - 7 ä³òÿì.

Ñòàòèñòè÷íå îïðàöþâàííÿ îäåðæàíèõ
ðåçóëüòàò³â ïðîâîäèëè çà ìåòîäàìè âàð³àö³é-
íî¿ ñòàòèñòèêè ç âèçíà÷åííÿì ìåä³àíè òà
êâàðòèë³â (Ìå [25%; 75% ïðîöåíòèë³]), ì³í³-
ìàëüíîãî (min) òà ìàêñèìàëüíîãî (max) çíà-
÷åíü îòðèìàíèõ ïîêàçíèê³â. ßê³ñí³ îçíàêè
ïðåäñòàâëåí³ ó âèãëÿä³ àáñîëþòíèõ òà â³äíîñ-
íèõ ÷èñåë (%). Ì³æãðóïîâå ïîð³âíÿííÿ ïðî-
âîäèëè ç âèêîðèñòàííÿì êðèòåð³þ Ï³ðñîíà
(äëÿ â³äíîñíèõ ïîêàçíèê³â) òà êðèòåð³þ Ìàí-
íà-Ó¿òí³ (äëÿ ìåä³àííèõ çíà÷åíü). Ì³í³ìàëü-
íèé ð³âåíü çíà÷óùîñò³ ïðè ïåðåâ³ðö³
ñòàòèñòè÷íèõ äàíèõ ð<0,05.
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Ðåçóëüòàòè é îáãîâîðåííÿ
Ðåçóëüòàòè äîñë³äæåíü IgM äî SARS-CoV-2 íà
ïåðøîìó òèæí³ çàõâîðþâàííÿ ïîêàçàëè ñåðå-
äèííå çíà÷åííÿ öüîãî ïîêàçíèêà íà ð³âí³ 0,24
[0,14; 1,39] (min-0,03, max-14,63). Íà äðóãîìó
òèæí³ (8-14 äí³) ð³âåíü IgM äî SARS-CoV-2 çð³ñ
âäâ³÷³ äî 0,49 [0,30; 2,87] (min-0,07, max-14,63).

Íàéâèùèé ð³âåíü IgM äî SARS-CoV-
2 ñïîñòåð³ãàâñÿ ó òåðì³í³ ç 15 äî 30 äíÿ ï³ñëÿ
ïåðøèõ ïðîÿâ³â õâîðîáè òà áóâ âèùèì ó 2,5
ðàçè í³æ ó ïîïåðåäíüîìó ïðîì³æêó ÷àñó ³ ñòà-
íîâèâ 2,50 [0,56; 6,21] (min-0,07, max-12,66).
Íàñòóïíå âèçíà÷åííÿ IgM äî SARS-CoV-2,
ïðîâåäåíå ó òåðì³í ç 31 ïî 90 äåíü, ïîêàçàëî
÷³òêå çíèæåííÿ ñåðåäèííîãî çíà÷åííÿ IgM äî
SARS-CoV-2 0,52 [0,19; 0,76] äî ïîðîãîâîãî
ðåôåðåíòíîãî çíà÷åííÿ. Â îáñòåæåíèõ ä³òåé
ï³ñëÿ 3 ì³ñÿöÿ ñåðåäèííå çíà÷åííÿ IgM äî
SARS-CoV-2 ñòàíîâèëî 0,05 [0,02; 0,09] (min-
0,01, max-0,37), ùî º ñâ³ä÷åííÿì çàâåðøåí-
íÿì ãîñòðîãî ïðîöåñó çàõâîðþâàííÿ.

Ñåðåäèííå çíà÷åííÿ IgA äî SARS-
CoV-2 âïðîäîâæ ïåðøîãî òà äðóãîãî òèæí³â
ñòàíîâèëî 0,13 [0,10; 0,33] (min-0,05, max-
3,93); 0,22 [0,14; 0,40] (min-0,08, max-2,22)
â³äïîâ³äíî. Íàéâèùå ñåðåäèííå çíà÷åííÿ IgA
äî SARS-CoV-2 - 0,33 [0,24; 1,00] (min-0,13,
max-6,35) âèÿâëåíî ç 15 ïî 30 äåíü. Ï³ñëÿ 30
äíÿ çàõâîðþâàííÿ ñåðåäèííå çíà÷åííÿ IgA äî
SARS-CoV-2 ñòàíîâèëî 0,24 [0,20; 0,28] (min-
0,11, max-0,35). Ó ðàíí³é ñïåöèô³÷í³é ãóìî-
ðàëüí³é â³äïîâ³ä³ SARS-CoV-2 äîì³íóþòü
ðåàêö³¿ àíòèò³ë IgA, ÿê³ çíà÷íîþ ì³ðîþ ñïðè-
ÿþòü íåéòðàë³çàö³¿ â³ðóñó [10]. Ïîÿâà IgA ó
ñèðîâàòö³ êðîâ³ ìîæå ç'ÿâëÿòèñÿ ðàíî, çðîñ-
òàþ÷è äîñÿãàº ï³êó íà òðåòüîìó òèæí³ çàõâî-
ðþâàííÿ [7] òà çíèæóâàòèñÿ íà 28 äåíü [5].

Ð³âåíü IgG äî N SARS-CoV-2 íà ïåð-
øèé òèæäåíü õâîðîáè ñòàíîâèâ 0,24 [0,13;
3,58] (min-0,03, max-13,17). Íàðîñòàííÿ ñå-
ðåäèííîãî çíà÷åííÿ IgG äî N SARS-CoV-2
ñïîñòåð³ãàëîñü ç äðóãîãî òèæíÿ õâîðîáè ³ ñòà-
íîâèëî 1,13 [0,52; 3,17] (min-0,18, max-7,31)
ç ï³êîì éîãî çíà÷åííÿ 5,68 [2,39; 8,86] (min-
0,88, max-10,11) ó ïåð³îä äî òðüîõ ì³ñÿö³â.
Âïðîäîâæ øåñòè ì³ñÿö³â öåé ïîêàçíèê çìåí-
øèâñÿ á³ëüøå í³æ ó äâà ðàçè äî ð³âíÿ 1,46 [0,57;

4,51] (min-0,12, max-12,21) ó 35 ïàö³ºíò³â.
Íàéâàæëèâ³øó ðîëü ó çàõèñò³ â³ä ìîæ-

ëèâèõ íàñòóïíèõ çàðàæåíü â³ä³ãðàº IgG äî S-
á³ëêà SARS-CoV-2 [10]. Ó âñ³ ïåð³îäè äîñë³-
äæåííÿ ñåðåäèíí³ çíà÷åííÿ àíòèò³ë äî Spike-
á³ëêó íàðîñòàëè ³ â ïåð³îä äî òðüîõ ì³ñÿö³â
ï³ñëÿ ïåðåíåñåíî¿ õâîðîáè áóëè íàéâèùèìè
³ ñòàíîâèëè 8,85 [8,03; 9,34] (min-0,18, max-
11,80). Ï³ñëÿ òðåòüîãî ì³ñÿöÿ ñïîñòåð³ãàºòüñÿ
íåçíà÷íà òåíäåíö³ÿ äî çíèæåííÿ - 7,9 [6,54;
8,62] (min-0,88, max-9,88). Ðåçóëüòàòè äîñë³-
äæåíü óñ³õ ñïåöèô³÷íèõ ³ìóíîãëîáóë³í³â äî
SARS-CoV-2 ó ñèðîâàòö³ êðîâ³ ïàö³ºíò³â
ïðåäñòàâëåí³ íà Ðèñ. 1.

Íà â³äì³íó â³ä ñåðåäèííîãî çíà÷åííÿ
IgG-S, ïîêàçíèê IgG-N âèÿâèâñÿ âòðè÷³ íèæ-
÷èì, ùî äàº çìîãó ïðèïóñòèòè, ùî â ³íôåê-
ö³éíîìó ïðîöåñ³ òà éîãî ³ìóíí³é â³äïîâ³ä³ S-
á³ëîê SARS-CoV-2 â³ä³ãðàº âàæëèâ³øó ðîëü
í³æ N-á³ëîê, à àíòèò³ëà äî S-á³ëêó âèÿâëÿþòü-
ñÿ òðèâàë³øå, çàáåçïå÷óþ÷è íàä³éí³øèé ñïåöè-
ô³÷íèé çàõèñò. Çà äàíèìè Weisberg SP òà ³í.,
ñïîñòåð³ãàëàñÿ çíà÷íà íåãàòèâíà êîðåëÿö³ÿ
òèòð³â àíòè-N IgG çàëåæíî â³ä â³êó, ïðè÷îìó
ìîëîä³ ëþäè ìàëè íèæ÷³ òèòðè àíòè-N, í³æ
ñòàðø³ äîðîñë³, âîäíî÷àñ ó ïàö³ºíò³â ïåä³àò-
ðè÷íî¿ ãðóïè âèçíà÷àëèñü íèçüê³ òèòðè àíòè-N
ó âñ³õ â³êîâèõ ãðóïàõ. IgG äî S á³ëêó SARS-CoV-
2 çðîñòàëè ç ÷àñîì ï³ñëÿ ïîÿâè êë³í³÷íèõ îçíàê
õâîðîáè ÿê ó ä³òåé, òàê ³ â äîðîñëèõ [10]. ²ìóííà
â³äïîâ³äü ó ä³òåé çáåð³ãàºòüñÿ ïðîòÿãîì øåñòè
ì³ñÿö³â, àëå äèíàì³÷íî çì³íþºòüñÿ, ïîñèëþþ÷è
íåéòðàë³çàö³þ â³ðóñó òà âïëèâàº íà òðèâàë³ñòü
³ìóííî¿ ïàì'ÿò³ [11].

Ðåçóëüòàòè äîñë³äæåííÿ çíà÷åíü IgÌ
äî SARS-CoV-2 çàëåæíî â³ä òÿæêîñò³ ïåðå-
á³ãó ïîêàçàëè, ùî ó á³ëüøîñò³ ãîñï³òàë³çîâà-
íèõ ä³òåé çíà÷åííÿ IgÌ ïðè ð³çíèõ ñòóïåíÿõ
òÿæêîñò³ õâîðîáè âèÿâëÿëèñü ïîçèòèâíèìè ç
ïåðøîãî äî ñüîìîãî äíÿ õâîðîáè. Ó ä³òåé ç
òÿæêèì ïåðåá³ãîì SARS-CoV-2 ñåðåäèííå
çíà÷åííÿ IgÌ ó ñèðîâàòö³ êðîâ³ ó öåé ïåð³îä
ñòàíîâèëî 1,39 [1,36; 4,07] (min-0,11, max-
14,63). Âîäíî÷àñ öåé ïîêàçíèê ó ä³òåé ç ñå-
ðåäíüî-òÿæêèì ïåðåá³ãîì áóâ íèæ÷èì ðåôå-
ðåíòíèõ çíà÷åíü ³ ñóòòºâî íèæ÷èì çà ïîêàç-
íèê ïðè òÿæê³é ôîðì³ õâîðîáè (ð<0,05) òà ñòà-
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íîâèâ 0,22 [0,14; 0,58] (min-0,03, max-8,49).
Àíàë³çóþ÷è ðåçóëüòàòè äîñë³äæåíü

IgÌ äî SARS-CoV-2 ó ä³òåé ç ñåðåäíüî-òÿæ-
êèì ³ òÿæêèì ïåðåá³ãîì COVID-19 âèÿâëåíî,
ùî ç 8 ïî 14 äåíü õâîðîáè ó ä³òåé íàðîñòàþòü
ñåðåäèíí³ çíà÷åííÿ IgÌ äî SARS-CoV-2 ³ ñòà-
íîâëÿòü 0,41 [0,27; 2,73] (min-0,073, max-
12,66); 2,77 [0,36; 3,23] (min-0,073, max-6,79)
â³äïîâ³äíî (ð>0,05).

Andrea Padoan òà ³í. ó êîãîðòíîìó äî-
ñë³äæåíí³ âñòàíîâèëè, ùî çá³ëüøåííÿ IgM ³
IgG ïðîòè SARS-CoV-2 âèÿâëåíî ìàéæå ó
âñ³õ ïàö³ºíò³â ÷åðåç 5 äí³â ï³ñëÿ ïîÿâè ñèìï-
òîì³â òà ó 88% ïàö³ºíò³â IgM ³ â 100% îñ³á
IgG áóëè íàéâèùèì íà 12 äåíü õâîðîáè [12].
Ïîä³áí³ ðåçóëüòàòè îòðèìàëè äîñë³äíèê ç ²òà-
ë³¿ òà Í³ìå÷÷èíè, âèÿâèâøè, ùî àíòè-SARS-
CoV-2 IgG ³ NAb áóëè íèçüêèìè ïðîòÿãîì 7
äí³â ï³ñëÿ ïî÷àòêó, àëå ÷åðåç 14-28 äí³â ï³ñëÿ
ïî÷àòêó ïîÿâè ñèìïòîì³â âîíè çðîñëè ó 100%
ïàö³ºíò³â. Ð³âåíü IgM äîñÿã ï³êó íà 10-12 äåíü
³ çíà÷íî çíèçèâñÿ íà 18 äåíü [7]. Òàêà æ òåí-
äåíö³ÿ ñïîñòåð³ãàºòüñÿ â ïåð³îä ç òðåòüîãî ïî
÷åòâåðòèé òèæäåíü â³ä ïî÷àòêó ñòàö³îíàðíîãî
ë³êóâàííÿ â ó÷àñíèê³â íàøîãî äîñë³äæåííÿ ç
òÿæêîþ ôîðìîþ çàõâîðþâàííÿ: ñåðåäèííå
çíà÷åííÿ IgÌ äî SARS-CoV-2 ñòàíîâèòü 4,42
[2,08; 6,38] (min-0,18, max-12,66).

Ó ïàö³ºíò³â îáîõ ãðóï (çà òÿæê³ñòþ)
÷åðåç 3 ì³ñÿö³ ï³ñëÿ ïåðåíåñåíîãî COVID-19
ñåðåäèííå çíà÷åííÿ IgÌ äî SARS-CoV-2 ñòà-
íîâèëî 0,09 [0,05; 0,09] (min-0,01, max-0,16)
ïðè ñåðåäí³é òÿæêîñò³ ïåðåá³ãó òà 0,02 [0,02;
0,04] (min-0,02, max-0,37) ïðè òÿæê³é ôîðì³
õâîðîáè (ð>0,05).

Àíàë³ç ðîçïîä³ëó çà ñòàòòþ ð³âí³â IgÌ
ïîêàçàâ, ùî ñåðåäèíí³ çíà÷åííÿ IgÌ äî SARS-
CoV-2 ÿê â õëîïö³â, òàê ³ â ä³â÷àò áóëè ïî-
çèòèâíèìè âïðîäîâæ ïåðøîãî ì³ñÿöÿ îáñòå-
æåííÿ ³ ñòàíîâèëè íà ïåðøîìó òèæí³ â ä³â÷àò -
0,26 [0,14; 0,95] (min-0,03, max-14,63), ó õëîïö³â
- 0,24 [0,15; 1,78] (min-0,07, max-4,31) (ð>0,05).

Äî äðóãîãî òèæíÿ ó õëîïö³â ñåðåäèííå
çíà÷åííÿ IgÌ äî SARS-CoV-2 çðîñëî óäâ³÷³ ³
ñòàíîâèëî 0,55 [0,35; 3,87] (min-0,087, max-
14,63). Òåíäåíö³ÿ äî çðîñòàííÿ öüîãî ïîêàç-
íèêà ó õëîïö³â ñïîñòåð³ãàºòüñÿ äî 30 äíÿ îá-
ñòåæåííÿ, êîëè öåé ïîêàçíèê ñòàíîâèòü 4,52
[2,08; 6,38] (min-0,21, max-6,48). Ï³ñëÿ 30 äíÿ
çàõâîðþâàííÿ ó õëîïö³â ñåðåäèíí³ çíà÷åííÿ
IgÌ äî SARS-CoV-2 áóëè íèæ÷³ ðåôåðåíòíèõ
çíà÷åíü ³ ñòàíîâèëè 0,67 [0,59; 0,75] (min-0,51,
max-0,83).

Ó ä³â÷àò ñåðåäèííå çíà÷åííÿ IgÌ äî
SARS-CoV-2 ó ð³çí³ ïåð³îäè äîñë³äæåííÿ áó-
ëè íåçíà÷íî íèæ÷³ í³æ ó õëîïö³â (p>0,05),

Ðèñ. 1
Ñåðåäèíí³ çíà÷åííÿ IgM, IgA, IgG-N òà IgG-S ó ð³çí³ ïåð³îäè ³íôåêö³éíîãî ïðîöåñó
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ïðîòå, âèçíà÷àëèñÿ ïîçèòèâíèìè â ïåð³îä ç
30 ïî 90 äåíü ³ áóëè â ìåæàõ â³ä 0,49 [0,20;
2,81] (8-14 äåíü) äî 2,02 [0,53; 5,11] (15-30
äåíü). Âèðîáëåííÿ ñïåöèô³÷íèõ äëÿ êîðîíà-
â³ðóñó IgM º òèì÷àñîâèì ³ ïðèçâîäèòü äî çì³-
íè ³çîòèïó íà IgA òà IgG (13). Çà äàíèìè íàó-
êîâö³â ãåíäåðíèõ â³äì³ííîñòåé ó çíà÷åííÿõ
IgÌ äî SARS-CoV-2 ÿê ó ä³òåé, òàê ³ ó äîðîñ-
ëèõ íå ñïîñòåð³ãàëîñÿ [10,14].

Äîñë³äæåííÿ ð³âí³â IgÀ äî SARS-
CoV-2 ó ãðóïàõ ð³çíî¿ òÿæêîñò³ ïåðåá³ãó çà-
õâîðþâàííÿ ó ä³òåé ïîêàçàëî, ùî ñåðåäèíí³
çíà÷åííÿ öüîãî ³ìóíîãëîáóë³íó íà ïåðøîìó
òèæí³ õâîðîáè ó ïàö³ºíò³â ÿê ³ç ñåðåäíüî-òÿæ-
êèì, òàê ³ ç òÿæêèì ïåðåá³ãîì õâîðîáè áóëè
íèæ÷³ ðåôåðåíòíèõ çíà÷åíü ³ ñòàíîâèëè 0,11
[0,09; 0,17] (min-0,05, max-3,93); 0,33 [0,28;
0,36] (min-0,09, max-0,52) â³äïîâ³äíî. Ñåðå-
äèííå çíà÷åííÿ ³ìóíîãëîáóë³í³â öüîãî êëàñó
ç 15 ïî 30 äåíü ï³ñëÿ ïîÿâè ïåðøèõ êë³í³÷íèõ
îçíàê ó ïàö³ºíò³â ç òÿæêîþ ôîðìîþ ñòàíîâè-
ëî 1,48 [0,52; 1,82] (min-0,38, max-6,35), à ñå-
ðåäèííå çíà÷åííÿ éîãî çíà÷åííÿ â öåé æå ïå-
ð³îä ó ïàö³ºíò³â ç³ ñåðåäíüîòÿæêîþ ôîðìîþ
çàõâîðþâàííÿ áóëî â 6,17 ðàç³â íèæ÷å â³ä ïî-
êàçíèêà ó ä³òåé ç òÿæêîþ ôîðìîþ (ð<0,05) òà
íèæ÷å ðåôåðåíòíèõ çíà÷åíü ³ ñòàíîâèëî 0,24
[0,16; 0,30] (min-0,13, max-0,33). Ó íàóêîâèõ
äîñë³äæåííÿõ, ïðîâåäåíèõ ó Öþð³õó, ïàö³ºí-
òè ç òÿæêèì ïåðåá³ãîì COVID-19 ïðîäåìîí-
ñòðóâàëè äóæå çíà÷íå ï³äâèùåííÿ òèòð³â ñïå-
öèô³÷íèõ äëÿ SARS-CoV-2 ñèðîâàòêîâèõ IgA
òà IgG ï³ñëÿ ïîÿâè ñèìïòîì³â íà 12-14 äåíü.
Ñèñòåìíå âèðîáëåííÿ àíòèò³ë ïðîòè SARS-
CoV-2 ðîçâèâàºòüñÿ â îñíîâíîìó ó ïàö³ºíò³â
ç òÿæêèì ïåðåá³ãîì COVID-19, ç äóæå âèñî-
êèìè òèòðàìè IgA, ÿê³ ñïîñòåð³ãàþòüñÿ ó ïà-
ö³ºíò³â ç ãîñòðèì ðåñï³ðàòîðíèì äèñòðåñ-
ñèíäðîìîì, òîä³ ÿê ëåãêå çàõâîðþâàííÿ ìîæå
áóòè ïîâ'ÿçàíå ç òèì÷àñîâèì âèðîáëåííÿì
SARS-CoV- 2- ñïåöèô³÷íèõ àíòèò³ë, ùî ìîæóòü
ñòèìóëþâàòè ñëèçîâó ñåêðåö³þ SARS-CoV-2-
ñïåöèô³÷íîãî IgA (13). Ç äðóãîãî ì³-ñÿöÿ òà äî
90 äíÿ õâîðîáè ó ïàö³ºíò³â îáîõ ãðóï ð³âåíü IgÀ
äî SARS-CoV-2 òåæ áóâ íåãàòèâíèì.

×èñëåíí³ äîñë³äæåííÿ ó âèâ÷åíí³ âè-
ðîáëåííÿ ñïåöèô³÷íèõ àíòèò³ë äî SARS-CoV-

2, âêàçàëè íà ïîÿâó IgÀ ÷åðåç 10 äí³â â³ä ïîÿâè
ïåðøèõ ñèìïòîì³â ç íàðîñòàííÿì öüîãî ïî-
êàçíèêà ÷åðåç òðè òèæí³, ùî ñï³âïàäàº ç ðå-
çóëüòàòàìè íàøèõ äîñë³äæåíü. Â îñ³á ³ç òÿæ-
êîþ ôîðìîþ COVID-19 Cervia C. òà ³í. âèÿ-
âèëè, ùî ñèðîâàòêîâ³ òèòðè IgA òà IgG, ñïå-
öèô³÷íèõ äëÿ ñèðîâàòêîâîãî á³ëêà SARS CoV-
2 S, ñòàþòü ïîçèòèâíèìè â çðàçêàõ, îòðèìà-
íèõ ó ñåðåäíüîìó ÷åðåç 3-5 äí³â ï³ñëÿ ïîÿâè
ñèìïòîì³â. Ö³ â³äïîâ³ä³ àíòèò³ë ïîêàçàëè
ñèëüíó êîðåëÿö³þ ç òðèâàë³ñòþ çàõâîðþâàí-
íÿ, àëå âîíè íå çàëåæàëè â³ä â³êó òà ñòàò³ ïà-
ö³ºíòà. Äóæå âèñîê³ ñèðîâàòêîâ³ òèòðè S-ïðî-
òå¿íó-ñïåöèô³÷íîãî IgA, àëå íå IgG, êîðåëþ-
âàëè ç òÿæêèì SARS-CoV-2 [6,13].

Ó íàøèõ äîñë³äæåííÿõ âèÿâëåíî, ùî ó
ä³òåé ñòàðøî¿ â³êîâî¿ ãðóïè (10-17 ðîê³â) ñå-
ðåäèííå çíà÷åííÿ IgÀ äî SARS-CoV-2 â òåð-
ì³í³ 15-30 äí³ ñòàíîâèëî 0,93 [0,33; 1,74] (min-
0,26, max-6,35). Âîäíî÷àñ ó ä³òåé â³êîì 5-9 ðîê³â
ñåðåäèííå çíà÷åííÿ IgÀ äî SARS-CoV-2 ñêëàëî
0,22 [0,14; 0,33] (min-0,13, max-0,52) (p>0,05).
Â ³íøèõ â³êîâèõ ãðóïàõ ó ð³çí³ ïåð³îäè
äîñë³äæåííÿ ñåðåäèíí³ çíà÷åííÿ IgÀ äî SARS-
CoV-2 áóëè íèæ÷èìè ðåôåðåíòíèõ çíà÷åíü.

Ðîçïîä³ë çà ñòàòòþ ïîêàçàâ, ùî ó ä³â-
÷àò òà õëîïö³â ä³àãíîñòè÷íèìè âèÿâèëèñü
òèòðè IgÀ äî SARS-CoV-2 çà ïåð³îä ç 15 ïî
30 äåíü ³ ñòàíîâèëè 0,26 [0,18; 0,32] (min-0,13,
max-6,35) ³ 1,00 [0,49; 1,57] (min-0,38, max-
1,82) â³äïîâ³äíî, (p>0,05). Íàø³ ðåçóëüòàòè
äîñë³äæåíü IgÀ äî SARS-CoV-2 ïîêàçàëè â³ä-
ñóòí³ñòü ãåíäåðíî¿ çàëåæíîñò³, ùî ñï³âïàäàº
ç äàíèìè íàóêîâö³â ç³ Øâåéöàð³¿.

Ö³êàâèìè º ðåçóëüòàòè äîñë³äæåíü IgG
äî N SARS-CoV-2 â³äïîâ³äíî äî òÿæêîñò³ ïå-
ðåá³ãó COVID-19. Ñåðåäèíí³ çíà÷åííÿ IgG äî
N SARS-CoV-2 ó ïàö³ºíò³â ç òÿæêîþ ôîðìîþ
COVID-19 íàðîñòàëè ç äðóãîãî òèæíÿ (8-14
äí³â) ³ ñòàíîâèëè 2,34 [0,33; 3,41] (min-0,11,
max-4,92) ³ äî òðüîõ ì³ñÿö³â 5,50 [3,51; 7,40]
(min-1,52, max-9,30).

Ó ïàö³ºíò³â ç ñåðåäíüîòÿæêèì ïåðåá³-
ãîì õâîðîáè ñåðåäèíí³ çíà÷åííÿ IgG äî N
SARS-CoV-2 íå áóëè âèñîêèìè: 1-7 äåíü -
0,24 [0,12; 2,90] (min-0,03, max-8,37), 8-14 -
1,11 [0,65; 1,82] (min-0,08, max-5,53), 15-30 -
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0,54 [0,21; 1,89] (min-0,18, max-3,90). Âîäíî-
÷àñ ç 31 äî 90 äíÿ ñåðåäèííå çíà÷åííÿ áóëî
íàéâèùèì ³ ñòàíîâèëî 5,85 [3,19; 8,59] (min-
0,88, max-10,11). Çíà÷óùîþ ð³çíèöÿ ì³æ ïî-
êàçíèêàìè IgG äî N ñåðåäíüî¿ òÿæêîñò³ òà
òÿæêî¿ ôîðìè áóëà ëèøå íà 15-30 äåíü çàõâî-
ðþâàííÿ: 0,54 [0,21; 1,89] ïðîòè 5,55 [4,99;
5,80] â³äïîâ³äíî, (p<0,05).

Ó ïàö³ºíò³â ÿê ³ç ñåðåäíüîòÿæêèìè, òàê
³ ç òÿæêèìè ôîðìàìè õâîðîáè, ñåðåäèíí³ çíà-
÷åííÿ IgG äî N SARS-CoV-2 áóëè ïîçèòèâíè-
ìè â óñ³ ïåð³îäè äîñë³äæåííÿ, ³, íàâ³òü, ï³ñëÿ
âèäóæàííÿ ÷åðåç òðè ì³ñÿö³: 1,51 [0,59; 3,44]
(min-0,12, max-6,06) òà 1,46 [0,47; 5,04] (min-
0,19, max-12,21) â³äïîâ³äíî (p>0,05) (Ðèñ. 2).

Ïðè âèâ÷åíí³ IgG äî N SARS-CoV-2
ñïîñòåð³ãàëèñü ïåâí³ ãåíäåðí³ îñîáëèâîñò³.
Ïðàêòè÷íî ó âñ³ (îêð³ì îäíîãî) ïåð³îäè äî-
ñë³äæåíü ð³âåíü IgG äî N áóâ íåñóòòºâî
(ð>0,05) âèùèì ó õëîïö³â, í³æ ó ä³â÷àò. Çî-
êðåìà: ñåðåäèííå çíà÷åííÿ IgG äî N SARS-
CoV-2 íà ïåðøîìó òèæí³ - 0,20 [0,14; 5,19]
(min-0,08, max-13,17) ó ä³â÷àò ïðîòè 0,38
[0,14; 1,92] (min-0,03, max-6,44) ó õëîïö³â; íà
äðóãîìó òèæí³ äîñë³äæåííÿ ó ä³â÷àò - 0,76
[0,29; 1,59] (min-0,11, max-4,90), à ó õëîïö³â -

3,05 [1,15; 4,07] (min-0,08, max-5,53); ó ïåð³-
îä 15-30 äí³â - 2,45 [0,54; 5,50] (min-0,18, max-
5,86) òà 3,06 [1,02; 5,44] (min-0,18, max-7,31)
â³äïîâ³äíî. Ïðîòå ó ïåð³îä ç 31 äî 90 äíÿ
ñïîñòåð³ãàëîñÿ çíà÷íå çðîñòàííÿ ñåðåäèííîãî
çíà÷åííÿ IgG äî N SARS-CoV-2 ó ä³â÷àò, ÿêå
ñòàíîâèëî 7,52 [5,68; 9,48] (min-4,98, max-
10,11), íà â³äì³íó â³ä õëîïö³â, ó ÿêèõ
â³äáóëîñü çíèæåííÿ öüîãî ïîêàçíèêà äî ð³â-
íÿ 1,40 [1,14; 1,46] (min-0,88, max-1,52),
(p<0,05) (Ðèñ. 3). Ó äîñòóïíèõ ë³òåðàòóðíèõ
äàíèõ îïèñàíî ïîçèòèâí³ ðåçóëüòàòè IgG äî
òðüîõ ì³ñÿö³â ïîñò³íôåêö³éíîãî ïðîöåñó [15].

Ïðè òÿæêèõ ôîðìàõ õâîðîáè IgG äî
N SARS-CoV-2 ç'ÿâëÿþòüñÿ øâèäêî òà íà ïåð-
øîìó òèæí³ õâîðîáè º âèùèìè, í³æ IgG äî S
SARS-CoV-2. Îáèäâà ³ìóíîãëîáóë³íè âèÿâëÿ-
þòüñÿ ïîçèòèâíèìè â òåðì³í³ äîñë³äæåííÿ äî
øåñòè ì³ñÿö³â, ïðè âèêëþ÷åíí³ ìîæëèâîñò³
âòîðèííîãî ³íô³êóâàííÿ. Ðåçóëüòàòè íàøèõ
äîñë³äæåíü ñï³âïàäàþòü ç äàíèìè Jacobsen
EM òà ³í. òà Maniu I òà ³í., äåìîíñòðóþ÷è òå,
ùî ³ìóííà â³äïîâ³äü ó ä³òåé çáåð³ãàºòüñÿ ïðî-
òÿãîì 6-12 ì³ñÿö³â, àëå äèíàì³÷íî çì³íþºòüñÿ
â ÿêîñò³ ç ïðîãðåñóþ÷îþ íåéòðàë³çàö³ºþ,
øèðîòîþ òà äîçð³âàííÿì ïàì'ÿò³ [6,11]. Ó ä³-

Ðèñ. 2
Ñåðåäèíí³ çíà÷åííÿ IgG-S òà IgG-N äî SARS-CoV-2 ó ð³çí³ ïåð³îäè ³íôåêö³éíîãî ïðîöåñó çàëåæíî â³ä

òÿæêîñò³ ïåðåá³ãó õâîðîáè
* - ð³çíèöÿ äîñòîâ³ðíà ì³æ ñåðåäíüîòÿæêèì òà òÿæêèì ïåðåá³ãîì õâîðîáè ùîäî IgG-N (ð<0,05)
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òåé âèÿâëåíî ìåíøèé ñïåêòð àíòè-SARS-
CoV-2-ñïåöèô³÷í³ àíòèò³ëà, ïåðåâàæíî ãåíå-
ðóþ÷³ IgG, ñïåöèô³÷í³ äëÿ S-á³ëêà, àëå íå äëÿ
N-á³ëêà [10].

Çà ðåçóëüòàòàìè íàøèõ äîñë³äæåíü
IgG äî S SARS-CoV-2 â³äïîâ³äíî äî òÿæêîñò³
ïåðåá³ãó COVID-19 âèÿâëåíî, ùî ó ä³òåé ç
ö³ºþ íåäóãîþ, ÿê ïðè òÿæêèõ, òàê ³ ïðè ñå-
ðåäíüî-òÿæêèõ ¿¿ ôîðìàõ, ñïîñòåð³ãàëîñü ïîñ-
ò³éíå çðîñòàííÿ éîãî ñåðåäèííîãî çíà÷åííÿ
äî òðüîõ ì³ñÿö³â äîñë³äíîãî ïåð³îäó. Îäíàê,
íàéâèùå ñåðåäèííå çíà÷åííÿ 9,40 [7,80;
10,60] (min-6,20, max-11,80) IgG äî S SARS-
CoV-2 âèÿâëåíî ó ïàö³ºíò³â ç òÿæêîþ ôîðìîþ
õâîðîáè â ïåð³îä ç 31 äî 90 äíÿ äîñë³äæåííÿ,
òîä³ ÿê ó ä³òåé ³ç ñåðåäíüîòÿæêîþ ôîðìîþ öåé
ïîêàçíèê áóâ íà ð³âí³ 8,72 [8,64; 8,97] (min-
0,18, max-9,32). Ïðè òÿæêèõ ôîðìàõ õâîðîáè
ó ïåð³îä äîñë³äæåííÿ â³ä òðüîõ ì³ñÿö³â äî
øåñòè ì³ñÿö³â ñåðåäèííå çíà÷åííÿ IgG äî S
SARS-CoV-2 ñòàíîâèëî 7,91 [7,90; 8,97] (min-
6,98, max-9,88) ³ áóëî íåçíà÷íî âèùèì (ð>0,05),
í³æ ó ïàö³ºíò³â ç³ ñåðåäíüî-òÿæêèì ïåðåá³ãîì
õâîðîáè - 6,79 [6,11; 8,49] (min-0,88, max-9,15)
ó öåé æå ïåð³îä (Ðèñ. 2).

Ïðîâ³âøè ïîð³âíÿííÿ IgG äî S SARS-
CoV-2 çà ñòàòòþ, íàìè âèÿâëåíî, ùî ñåðåäèí-

í³ çíà÷åííÿ IgG äî S SARS-CoV-2 áóëè ïîçè-
òèâíèìè âïðîäîâæ äîñë³äíîãî ïåð³îäó ÿê â
õëîïö³â, òàê ³ â ä³â÷àò, ïðè÷îìó ó á³ëüøîñò³
ïåð³îä³â (îêð³ì îñòàííüîãî) ³ç íåçíà÷íî âè-
ùèìè çíà÷åííÿìè ó ä³â÷àò, í³æ ó õëîïö³â
(ð>0,05). Ïðè éîãî ïîñò³éíîìó çðîñòàíí³ â
óñ³õ ïàö³ºíò³â âèÿâëåíî, ùî íàéâèùèì öåé
ïîêàçíèê áóâ ó òåðì³í³ ç 31 ïî 90 äåíü ó ä³â÷àò
- 9,32 [8,72; 9,40] (min-8,64, max-11,80), ïðîòè
6,20 [3,19; 7,59] (min-0,18, max-8,97) - ó õëîï-
ö³â â öåé æå ïåð³îä. Ïðîòå ó õëîïö³â â³í óòðè-
ìóâàâñÿ äîñòàòíüî âèñîêèì äî ê³íöÿ ïåð³îäó
ñïîñòåðåæåííÿ (á³ëüøå 3 ì³ñÿö³â) ó çíà÷åíí³
8,25 [7,95; 8,57] (min-1,70, max-9,88) (Ðèñ. 3).
Àíàë³ç ðîçïîä³ëó çà â³êîì ð³âí³â IgG N òà IgG
S äî S SARS-CoV-2 ïîêàçàâ, ùî íàéâèù³ ïî-
êàçíèêè ñåðåäèííîãî çíà÷åííÿ îáîõ ³ìóíîãëî-
áóë³í³â áóëè âèÿâëåí³ ó â³êîâ³é ãðóï³ ä³òåé 10-
17 ðîê³â ç 31 ïî 90 äåíü: 9,32 [7,76; 10,56]
(min-6,20, max-11,80) IgG S òà 5,85 [4,98; 9,30]
(min-1,52, max-10,11) IgG-N äî SARS-CoV-2.
Äîñë³äæåííÿ ð³âí³â IgG N òà IgG S ïîêàçàëè
òðèâàëó íàÿâí³ñòü ¿õ ó ïàö³ºíò³â ð³çíèõ â³êî-
âèõ ãðóï ç ð³çíèì ïåðåá³ãîì õâîðîáè. Òàê, ó
òåðì³í³ ç 91 ïî 180 äåíü ó ä³òåé â³êîì â³ä îä-
íîãî äî ï'ÿòè ðîê³â ñåðåäèííå çíà÷åííÿ IgG-
S ñòàíîâèëî 8,53 [7,81; 9,01] (min-6,98, max-

Ðèñ. 3
Ñåðåäèíí³ çíà÷åííÿ IgG-S òà IgG-N äî SARS-CoV-2 ó ð³çí³ ïåð³îäè ³íôåêö³éíîãî ïðîöåñó çàëåæíî â³ä ñòàò³

* - ð³çíèöÿ äîñòîâ³ðíà ì³æ ïîêàçíèêàìè IgG-N ç 31 ïî 90 äåíü ó ä³â÷àò òà õëîïö³â (p<0,05)
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9,14), IgG N - 1,56 [1,01; 4,32] (min-0,20, max-
6,06); ó ä³òåé 5-9 ðîê³â â³äïîâ³äíî 7,08 [6,20;
8,31] (min-5,91, max-9,14) òà 2,97 [1,24; 4,29]
(min-0,59, max-6,06); ó ä³òåé 10-17 ðîê³â 7,73
[6,57; 8,51] (min-0,88, max-9,88) òà 1,21 [0,47;
4,51] (min-0,12, max-12,21) â³äïîâ³äíî (Ðèñ. 4).

²íîçåìíèìè íàóêîâöÿìè äîñë³äæåíî,
ùî ïðè ëåãêèõ ôîðìàõ SARS-CoV-2 IgÀ òà
IgÌ ç'ÿâëÿþòüñÿ ç äðóãîãî òèæíÿ çàõâîðþâàí-
íÿ ³ ¿õíÿ íàÿâí³ñòü º íåòðèâàëîþ. Íà ïðîòè-
âàãó ó ïàö³ºíò³â ç òÿæêèì ïåðåá³ãîì õâîðîáè
ÿê IgÀ, òàê IgÌ ç'ÿâëÿþòüñÿ øâèäøå, ïðîòå
òðèâàë³øå âèÿâëÿþòüñÿ IgG [12].

Ðåòåëüíå ïîïåðåäíº âèâ÷åííÿ ê³íåòè-
êè ð³çíèõ ³çîòèï³â àíòèò³ë äî SARS-CoV-2
ñòàíå çàïîðóêîþ äîö³ëüíîãî âèêîðèñòàííÿ ðå-
çóëüòàò³â äëÿ ä³àãíîñòèêè, ë³êóâàííÿ òà ïðî-
ô³ëàêòèêè õâîðîáè [7].

Âèñíîâêè
1. Ñåðîëîã³÷í³ äîñë³äæåííÿ äîçâîëÿþòü âèâ-
÷àòè ³ìóííó â³äïîâ³äü íà SARS-CoV-2, âèçíà-
÷èòè ñåðîêîíâåðñ³þ òà õàðàêòåðèçóâàòè ïå-
ðåá³ã COVID-19 ³ º âàæëèâèìè äëÿ åï³äåì³î-
ëîã³÷íèõ äîñë³äæåíü.
2. Íàéâèùèé ð³âåíü IgM äî SARS-CoV-2 ä³-

àãíîñòîâàíî ó ïàö³ºíò³â ç òÿæêèì ïåðåá³ãîì
ç 15 äî 30 äíÿ õâîðîáè ³ç ñåðåäèííèì çíà÷åí-
íÿì 4,42[2,08; 6,38], ÿêèé çíà÷íî çíèæóºòüñÿ
ï³ñëÿ 90 äíÿ â³ä ïî÷àòêó çàõâîðþâàííÿ.
3. IgA äî SARS-CoV-2 âèù³ ðåôåðåíòíèõ çíà-
÷åíü ç'ÿâëÿþòüñÿ ç äðóãîãî òèæíÿ õâîðîáè ó
ïàö³ºíò³â ç òÿæêîþ ôîðìîþ õâîðîáè, òîä³ ÿê
ó ïàö³ºíò³â ç ñåðåäíüîòÿæêîþ ôîðìîþ çàõâî-
ðþâàííÿ ð³âåíü öèõ ³ìóíîãëîáóë³í³â íå ïå-
ðåâèùóº íîðìè. Íà ïåðøîìó òèæí³ õâîðîáè
IgA äî SARS-CoV-2 íåãàòèâíèé ó ïàö³ºíò³â
ÿê ç ñåðåäíüîòÿæêèì, òàê ³ ç òÿæêèì ïåðåá³ãîì
õâîðîáè (p<0,05). Ñåðåäèííå çíà÷åííÿ IgA äî
SARS-CoV-2 ó â³êîâ³é ãðóï³ 10-17 ðîê³â íà
15-30 äåíü õâîðîáè áóëî ä³àãíîñòè÷íèì íà
ïðîòèâàãó íåãàòèâíîìó ðåçóëüòàòó ó ä³òåé â³-
êîì 5-9 ðîê³â (p>0,05).
4. Ðàííÿ ïîÿâà òà òðèâàëà íàÿâí³ñòü IgG äî
N- òà IgG äî S-á³ëêà SARS-CoV-2 ó êðîâ³ ñïî-
ñòåð³ãàºòüñÿ â óñ³õ ïàö³ºíò³â. Ïðîòå ñåðåäèí-
íå çíà÷åííÿ IgG-S º âèùèì ó âñ³ ïåð³îäè äî-
ñë³äæåííÿ, ç íàéâèùèì éîãî ïîêàçíèêîì 8,85
[8,03; 9,34] äî òðüîõ ì³ñÿö³â ïîñò³íôåêö³éíîãî
ïðîöåñó. Òàêîæ ñåðåäèííå çíà÷åííÿ IgG-S º
íàéâèùèì ïðè òÿæêèõ ôîðìàõ ó ä³â÷àò â ïå-
ð³îä ç 31 ïî 90 äåíü.

Ðèñ. 4
Ñåðåäèíí³ çíà÷åííÿ IgG-S òà IgG-N äî SARS-CoV-2 ó ð³çí³ ïåð³îäè ³íôåêö³éíîãî ïðîöåñó ó ä³òåé òðüîõ â³êîâèõ ãðóï

Clinical medicine                                                                                                                              Êë³í³÷íà ìåäèöèíà
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Introduction
SARS-CoV-2 infection in children is characterized
by a much milder course compared to adults. In
the majority of cases, it is asymptomatic or
characterized by clinical signs of acute
respiratory infection [1,2]. One hypothesis for
the milder course of COVID-19 in children is
the protective effect of cross-reactive antibodies
from other coronaviruses (HCoV), more
commonly encountered in pediatric patients.
Typically, children demonstrate lower viral loads
associated with the low expression of ACE2, the
coronavirus receptor [3]. However, the
development of severe disease, complicated by
pneumonia and ARDS, can occur in children as
well [4]. The variability of COVID-19 indicates
that individual immune response to SARS-CoV-
2 may play a crucial role in determining the
clinical course [5]. COVID-19 is diagnosed
using both PCR for SARS-CoV-2 RNA from
nasal and oropharyngeal swabs and the detection
of IgM and IgA against S antigen and N protein
in serum.

The results of studies on IgM, IgA, and
IgG responses to SARS-CoV-2 in researchers are
contradictory. Researchers from the University
of Barcelona found higher levels of anti-S IgG
and IgM in the serum and saliva of pediatric
patients with mild or asymptomatic courses of
the disease compared to children with a severe
variant, suggesting a potentially better local
immunity [3]. However, scientists from Romania
found that IgM and IgG to SARS-CoV-2 in serum
were higher in severe cases of the disease [6].
Therefore, for a comprehensive understanding of
the immune response to COVID-19, further
scientific research is needed, taking into account
the clinical and epidemiological significance of
serological studies, which depend on the antigens
of SARS-CoV-2.

These serological analyses are essential
for assessing susceptibility or resistance to
subsequent reinfection and are also used for

KINETICS OF IGM, IGA, IGG TO SARS-COV-2 IN CHILDREN WITH COVID-19
IN LVIV REGION IN DIFFERENT PERIODS OF THE INFECTIOUS PROCESS
DEPENDING ON THE SEVERITY OF THE COURSE AND AGE

screening donor blood in adults. The results of
these studies can be utilized in the development
of passive antibody therapy. The timing of
investigations of relevant immunoglobulins is
crucial for their interpretation and rational use.
The study of the kinetics of IgM, IgA, and IgG
is crucial for the diagnosis, understanding of the
disease, its duration, treatment, the development
of post-infection immunity, and disease
prevention [7-9].

The nature of the immune response to
SARS-CoV-2 in children with various clinical
manifestations, ranging from asymptomatic to
critically severe forms of COVID-19, requires
further investigation. The generation of virus-
specific antibodies that neutralize or block
infectivity plays a crucial role in the development
of protective immunity against various infections
and the design of vaccines [10].

The study aims to analyze the kinetics of
IgM, IgA, and IgG to SARS-CoV-2 in children
based on age and the severity of COVID-19.

Materials and Methods
A prospective study was conducted involving 88
children with COVID-19 (SARS-CoV-2), treated
at the "Lviv City Pediatric Clinical Hospital
"OKHMATDYT" from 2020 to 2021. Their
average age was 9.4 years (min - 1 year, max -
17.8 years). Within the study cohort, there were
36 individuals identified as male, constituting
40.91%, and 52 individuals identified as female,
constituting 59.10%. Among the investigated
individuals, 27 individuals (30.68%) resided in
rural areas, while 61 children (69.32%) lived in
urban settings. Three age groups were
distinguished: the first group - aged one to five
years (inclusive, 1-4 years); the second group -
from five to ten years (inclusive, 5-9 years); the
third group - from ten to eighteen years
(inclusive, 10-17 years). Based on the severity
of COVID-19, two groups were formed:
moderate-severity group (61 children, 69.31%,



51

ISSN 1029 - 4244 (Print)                                                               Ëüâ³âñüêèé ìåäè÷íèé ÷àñîïèñ 2023. Ò. 29. ¹ 3-4
eISSN 2415-3303 (Online)                                                                               Acta Medica Leopoliensia 2023;29(3-4)

Clinical medicine                                                                                                                              Êë³í³÷íà ìåäèöèíà

including 37 females (60.66%) and 24 males
(39.34%) and severe-severity group (27 children,
30.68%, including 15 females (55.56%) and 12
males (44.44%).

All patients signed informed consent to
participate in the study.

The diagnosis verification was based on
clinical signs of acute respiratory infection with
the detection of RNA SARS-CoV-2 and its
fragments from nasal and oropharyngeal swabs
using PCR with the CFX 96 Bio-Rad amplifier.
To explore the humoral aspect of the immune
response in children with SARS-CoV-2,
antibodies of various classes were investigated.
The levels of IgM, IgA, and IgG to S and N
proteins of SARS-CoV-2 were analyzed in 380
serum samples using a qualitative method of
indirect immunofluorescence assay (IFA) with
the VITROTEST system (positivity index 1.1).
IgA, IgM, and IgG to S and N proteins of SARS-
CoV-2 in serum were studied at different periods
of the infectious and post-infectious process:
from days 1-7, 8-14, 15-30, 31-90, and 91-180.
Levels of IgM to SARS-CoV-2 were studied at
various stages of the infectious process in 102
serum samples from 79 patients. Repeat
investigations of IgM to SARS-CoV-2 were
conducted for 21 children. A third study was
carried out for two patients.

IgA levels to SARS-CoV-2 were examined
in 78 blood samples, with this indicator initially
studied in 70 patients and repeated in seven
patients, and the dynamic assessment of this
indicator was conducted only for one patient.

The IgG-N (nucleocapsid) index to
SARS-CoV-2 was studied in 101 blood samples
throughout the research. The first determination
of this immunoglobulin was performed for 50
patients, repeated for 44, and the third
investigation was conducted for 7 children.

Statistical analysis of the obtained results
was carried out using methods of variation
statistics with the determination of medians and
quartiles (Me [25%; 75% percentile], minimum
(min), and maximum (max) values of the
obtained indicators. Qualitative characteristics
are presented as absolute and relative numbers

(%). Intergroup comparisons were made using
the Pearson criterion (for relative indicators) and
the Mann-Whitney criterion (for median values).
The minimum level of significance in statistical
data testing was set at p<0.05.

Results and Discussion
The IgM to SARS-CoV-2 findings during the
initial week of the illness showed a median value
of this parameter at 0.24 [0.14; 1.39] (min-0.03,
max-14.63). By the second week (8-14 days),
there was a twofold increase in the IgM to SARS-
CoV-2 level, reaching 0.49 [0.30; 2.87] (min-
0.07, max-14.63).

The highest level of IgM for SARS-CoV-
2 was observed in the period from 15 to 30 days
after the onset of the disease, and it was 2.5 times
higher than in the previous time interval,
reaching 2.50 [0.56; 6.21] (min-0.07, max-
12.66). The subsequent determination of IgM for
SARS-CoV-2, conducted from day 31 to 90,
showed a significant decrease in the median
value of IgM for SARS-CoV-2 to 0.52 [0.19;
0.76], approaching the threshold reference value.
In examined children after 3 months, the median
value of IgM for SARS-CoV-2 was 0.05 [0.02;
0.09] (min-0.01, max-0.37), indicating the
completion of the acute disease process.

The median IgA values for SARS-CoV-
2 were 0.13 [0.10; 0.33] (min-0.05, max-3.93)
during the initial week and 0.22 [0.14; 0.40]
(min-0.08, max-2.22) in the second week. The
highest median value of IgA for SARS-CoV-2,
0.33 [0.24; 1.00] (min-0.13, max-6.35), was
detected from day 15 to 30. After 30 days of
illness, the median value of IgA for SARS-CoV-
2 was 0.24 [0.20; 0.28] (min-0.11, max-0.35).
In the early specific humoral response to SARS-
CoV-2, IgA antibody reactions dominate,
significantly contributing to virus neutralization
[10]. The presentation of IgA in serum can occur
early, reaching its peak in the third week of
illness [7] and decreasing by day 28 [5].

The level of IgG to N SARS-CoV-2 in
the first week of illness was 0.24 [0.13; 3.58]
(min-0.03, max-13.17). An increase in the
median value of IgG to N SARS-CoV-2 was
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observed from the second week of illness,
reaching 1.13 [0.52; 3.17] (min-0.18, max-7.31)
with its peak value of 5.68 [2.39; 8.86] (min-0.88,
max-10.11) within the three months. Over six
months, this indicator decreased by more than two
times to the level of 1.46 [0.57; 4.51] (min-0.12,
max-12.21) in 35 patients.

IgG to the S protein of SARS-CoV-2
plays a crucial role in protecting against potential
reinfections (10). Throughout the study periods,
median values of antibodies to the Spike protein
increased, reaching their highest levels in the
three months following the illness at 8.85 [8.03;
9.34] (min-0.18, max-11.80). After the third
month, a slight tendency towards decrease was
observed at 7.9 [6.54; 8.62] (min-0.88, max-
9.88). The results of the study on all specific
immunoglobulins to SARS-CoV-2 in patients'
serum are presented in Figure 1.

In contrast to the median value of IgG-
S, the IgG-N index was found to be three times
lower, suggesting that in the infection process
and its immune response, the S protein of SARS-
CoV-2 plays a more critical role than the N
protein, and antibodies to the S protein persist
longer, providing more reliable specific
protection. According to Weisberg SP et al., a
significant negative correlation of anti-N IgG
titers depending on age was observed, with

younger individuals having lower anti-N titers
than older adults, and pediatric patients showing
low anti-N titers across all age groups. IgG to the
S protein of SARS-CoV-2 increased over time after
the appearance of clinical symptoms in both
children and adults [10]. Immune response in
children persists for six months but dynamically
changes, enhancing virus neutralization and
influencing the duration of immune memory [11].

The results of the study on IgM values for
SARS-CoV-2 based on the severity of the course
showed that in the majority of hospitalized children,
IgM values were positive from the first to the seventh
day of illness. In children with severe SARS-CoV-2,
the median value of IgM in serum during this period
was 1.39 [1.36; 4.07] (min-0.11, max-14.63).
Meanwhile, this indicator in children with a moderate
course was lower than reference values and
significantly lower than the severe form (p<0.05),
amounting to 0.22 [0.14; 0.58] (min-0.03, max-8.49).

Analyzing the results of IgM research on
SARS-CoV-2 in children with moderate and
severe COVID-19, it was found that from the
8th to the 14th day of illness, median IgM values
to SARS-CoV-2 increase in children, amounting
to 0.41 [0.27; 2.73] (min-0.073, max-12.66) and
2.77 [0.36; 3.23] (min-0.073, max-6.79),
respectively (p>0.05).

In a cohort study, Andrea Padoan et al.

Fig. 1
Median values of IgM, IgA, IgG-N, and IgG-S at different stages of the infection process
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found that an increase in IgM and IgG against
SARS-CoV-2 was detected in almost all patients
by day 5 after symptom onset, with 88% of
patients having the highest IgM levels and 100%
having the highest IgG levels on day 12 of illness
[12]. Similar results were obtained by researchers
from Italy and Germany, revealing that anti-
SARS-CoV-2 IgG and NAb were low within 7
days of onset but increased in 100% of patients
by days 14-28 after symptom onset. IgM levels
peaked on days 10-12 and significantly
decreased by day 18 [7]. This pattern becomes
evident during the third to fourth weeks
following the initiation of hospitalization in
participants of our study experiencing a severe
form of the disease, with the median IgM value
for SARS-CoV-2 recorded at 4.42 [2.08; 6.38]
(min-0.18, max-12.66).

In patients from both cohorts (differing
in disease severity), three months post-COVID-
19, the median IgM value for SARS-CoV-2 was
0.09 [0.05; 0.09] (min-0.01, max-0.16) for the
moderate group and 0.02 [0.02; 0.04] (min-0.02,
max-0.37) for the severe form (p>0.05).

Analysis of the distribution of IgM levels
by gender revealed that median IgM values for
SARS-CoV-2, both in males and females, were
positive during the first month of examination.
Specifically, during the first week, the values
were 0.26 [0.14; 0.95] (min-0.03, max-14.63) in
females and 0.24 [0.15; 1.78] (min-0.07, max-
4.31) in males (p>0.05).

By the second week, median IgM values
to SARS-CoV-2 in males doubled, reaching 0.55
[0.35; 3.87] (min-0.087, max-14.63). The pattern
of elevation in this parameter among males is
noticeable until the 30th day of examination,
peaking at 4.52 [2.08; 6.38] (min-0.21, max-
6.48). Beyond the 30-day mark of the illness,
the median IgM values for SARS-CoV-2 in males
dropped below the reference values, registering at
0.67 [0.59; 0.75] (min-0.51, max-0.83).

In females, median IgM values to SARS-
CoV-2 during different study periods were slightly
lower than in males (p>0.05). However, they were
positive from day 30 to 90 and ranged from 0.49
[0.20; 2.81] (8-14 days) to 2.02 [0.53; 5.11] (15-30

days). The generation of coronavirus-specific IgM
is transient and results in a shift to IgA and IgG
isotypes [13]. According to scientists, there were
no gender differences in IgM levels to SARS-CoV-
2 in both children and adults [10,14].

The study of IgA levels to SARS-CoV-2
in groups with different severity of disease in
children showed that median values of this
immunoglobulin in the first week of illness in
patients with moderate and severe disease were
lower than reference values, amounting to 0.11
[0.09; 0.17] (min-0.05, max-3.93) and 0.33 [0.28;
0.36] (min-0.09, max-0.52), respectively. The
median value of this immunoglobulin from 15
to 30 days after the first clinical symptoms
appeared in patients with a severe form was 1.48
[0.52; 1.82] (min-0.38, max-6.35), and its value
in this period in patients with a moderate form
was 6.17 times lower than in children with a
severe form (p<0.05) and lower than reference
values, amounting to 0.24 [0.16; 0.30] (min-0.13,
max-0.33). In studies conducted in Zurich,
patients with a severe course of COVID-19
demonstrated a significant increase in titers of
SARS-CoV-2-specific serum IgA and IgG on
days 12-14 after symptom onset. Systemic
production of antibodies against SARS-CoV-2
mainly occurs in patients with a severe course
of COVID-19, with very high titers of IgA
observed in patients with acute respiratory
distress syndrome, while mild illness may be
associated with temporary production of SARS-
CoV-2-specific antibodies, which can stimulate
mucosal secretion of SARS-CoV-2-specific IgA
[13]. From the second month to 90 days after the
onset of the illness in patients of both groups, the
level of IgA to SARS-CoV-2 remained negative.

Various investigations on the development
of specific antibodies to SARS-CoV-2 have
indicated the appearance of IgA around 10 days
from the onset of initial symptoms, with an
increase observed over three weeks, aligning
with the outcomes of our research. In individuals
with severe COVID-19, such as those studied
by Cervia C. et al., serum titers of IgA and IgG
specific to the SARS-CoV-2 S protein became
positive in samples obtained on average 3-5 days
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after symptom onset. These antibody responses
showed a strong correlation with the duration of
the illness but were independent of the patient's
age and gender. Particularly high serum titers of
S-protein-specific IgA, but not IgG, correlated
with severe SARS-CoV-2 infection [6,7].

In our research, we found that in children
of the older age group (10-17 years), the median
value of IgA to SARS-CoV-2 between 15-30
days was 0.93 [0.33; 1.74] (min-0.26, max-6.35).
Meanwhile, in children aged 5-9 years, the
median IgA value to SARS-CoV-2 was 0.22
[0.14; 0.33] (min-0.13, max-0.52) (p>0.05). In
other age groups and at different stages of the
study, median IgA values for SARS-CoV-2 were
lower than the reference values.

Gender distribution revealed that IgA
titers to SARS-CoV-2 were diagnostic in both
females and males during the period from 15 to
30 days, with values of 0.26 [0.18; 0.32] (min-
0.13, max-6.35) and 1.00 [0.49; 1.57] (min-0.38,
max-1.82), respectively (p>0.05). Our research
results on IgA to SARS-CoV-2 demonstrated no
gender dependence, consistent with findings
from Swiss scientists.

Interesting results were obtained from the

investigation of IgG to N SARS-CoV-2 based
on the severity of COVID-19. Median IgG values
to N SARS-CoV-2 in patients with severe
COVID-19 increased from the second week (8-
14 days) and were 2.34 [0.33; 3.41] (min-0.11,
max-4.92) up to three months, where it reached
5.50 [3.51; 7.40] (min-1.52, max-9.30).

In patients with moderate disease,
median IgG values to N SARS-CoV-2 were not
high: 1-7 days - 0.24 [0.12; 2.90] (min-0.03, max-
8.37), 8-14 days - 1.11 [0.65; 1.82] (min-0.08,
max-5.53), 15-30 days - 0.54 [0.21; 1.89] (min-
0.18, max-3.90). However, from day 31 to 90,
the median value was highest and amounted to
5.85 [3.19; 8.59] (min-0.88, max-10.11). The
significant difference between the IgG values for
moderate severity and severe forms was only on
days 15-30 of the illness: 0.54 [0.21; 1.89] versus
5.55 [4.99; 5.80], respectively (p<0.05).

In patients with both moderate and severe
forms of the disease, median IgG values to N
SARS-CoV-2 were positive throughout the study
period and even after recovery at three months:
1.51 [0.59; 3.44] (min-0.12, max-6.06) and 1.46
[0.47; 5.04] (min-0.19, max-12.21), respectively
(p>0.05) (Figure 2).

Fig. 2
Median values of IgG-S and IgG-N to SARS-CoV-2 at different stages of the infectious process depending on the

severity of the disease
* - The difference is statistically significant between moderate and severe disease courses regarding IgG-N (p<0.05)
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While investigating IgG against N
SARS-CoV-2, certain gender-specific features
were observed. In almost all (except one) study
periods, the level of IgG against N was
nonsignificantly (p>0.05) higher in males than
in females. Specifically, the median value of IgG
to N SARS-CoV-2 in the first week was 0.20
[0.14; 5.19] (min-0.08, max-13.17) in females
compared to 0.38 [0.14; 1.92] (min-0.03, max-
6.44) in males; in the second week of the study,
in females, it was 0.76 [0.29; 1.59] (min-0.11,
max-4.90), and in males, it was 3.05 [1.15; 4.07]
(min-0.08, max-5.53); in 15-30 days, it was 2.45
[0.54; 5.50] (min-0.18, max-5.86) and 3.06 [1.02;
5.44] (min-0.18, max-7.31), respectively.
However, in the period from 31 to 90 days, a
significant increase in the median value of IgG
to N SARS-CoV-2 was observed in females,
reaching 7.52 [5.68; 9.48] (min-4.98, max-
10.11), unlike in males, where this indicator
decreased to the level of 1.40 [1.14; 1.46] (min-
0.88, max-1.52) (p<0.05) (Figure 3). Positive
results of IgG up to three months post-infection
process have been described in available
literature [15].

In severe forms of the disease, IgG to N
SARS-CoV-2 appears quickly and in the first week
of the disease is higher than IgG to S SARS-CoV-
2. Both immunoglobulins remain positive during
the study period of up to six months, excluding the
possibility of secondary infection. Our research
results align with the findings of Jacobsen EM et
al. and Maniu I et al., demonstrating that the
immune response in children persists for 6-12
months but dynamically changes in terms of
progressing neutralization, breadth, and memory
maturation [6,11]. Children were found to have a
narrower spectrum of anti-SARS-CoV-2-specific
antibodies, predominantly generating S-protein-
specific IgG, not N-protein-specific [10].

According to the results of our study, IgG
to S SARS-CoV-2, based on the severity of
COVID-19, revealed that in children with this
disease, both in severe and moderate forms, there
was a continuous increase in its median value
up to three months of the study period. However,
the highest median value of 9.40 [7.80; 10.60]

(min-6.20, max-11.80) IgG to S SARS-CoV-2
was found in patients with a severe form of the
disease from 31 to 90 days of the study, while in
children with a moderate form, this indicator was
at the level of 8.72 [8.64; 8.97] (min-0.18, max-
9.32). In severe forms of the disease, during the
study period from three to six months, the median
value of IgG to S SARS-CoV-2 was 7.91 [7.90;
8.97] (min-6.98, max-9.88) and was slightly
higher (p>0.05) than in patients with moderate
disease - 6.79 [6.11; 8.49] (min-0.88, max-9.15)
during the same period (Figure 2).

Comparing IgG to S SARS-CoV-2 by
gender, we found that median values of IgG to S
SARS-CoV-2 were positive throughout the study
period in both males and females, with slightly
higher values in females in most periods (except
the last one) (p>0.05). With its continuous increase
in all patients, it was found that the highest value
was in females from 31 to 90 days - 9.32 [8.72;
9.40] (min-8.64, max-11.80), compared to 6.20
[3.19; 7.59] (min-0.18, max-8.97) in males during
the same period. However, in males, it remained
sufficiently high until the end of the observation
period (more than 3 months) at 8.25 [7.95; 8.57]
(min-1.70, max-9.88) (Figure 3).

An analysis of age-related distribution
revealed that the highest median values of both
IgG N and IgG S to SARS-CoV-2 were observed
in the group of children aged 10-17 years from
day 31 to day 90: 9.32 [7.76; 10.56] (min-6.20,
max-11.80) for IgG S and 5.85 [4.98; 9.30] (min-
1.52, max-10.11) for IgG-N to SARS-CoV-2.
Studies of IgG N and IgG S levels demonstrated
their long-term presence in patients of different
age groups with different courses of the disease.
Thus, in the period from 91 to 180 days in
children aged one to five years, the median value
of IgG-S was 8.53 [7.81; 9.01] (min-6.98, max-
9.14), IgG N - 1.56 [1.01; 4.32] (min-0.20, max-
6.06); in children aged 5-9 years, it was 7.08
[6.20; 8.31] (min-5.91, max-9.14) and 2.97 [1.24;
4.29] (min-0.59, max-6.06), respectively; in
children aged 10-17 years - 7.73 [6.57; 8.51]
(min-0.88, max-9.88) and 1.21 [0.47; 4.51] (min-
0.12, max-12.21), respectively (Figure 4).

Foreign researchers have investigated
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that in individuals with mild cases of SARS-
CoV-2, IgA and IgM become detectable starting
from the second week of the illness, and their
presence is temporary. Conversely, in individuals
experiencing a severe course of the disease, both
IgA and IgM manifest earlier, yet IgG remains

detectable for an extended period [12].
A comprehensive preliminary examination

of the kinetics of diverse antibody isotypes to
SARS-CoV-2 will guarantee the meaningful
application of findings in the diagnosis,
treatment, and prevention of the disease [7].

Fig. 3
Median values of IgG-S and IgG-N to SARS-CoV-2 at different stages of the infectious process based on gender

* - The difference is statistically significant between IgG-N indicators from 31 to 90 days in females and males (p<0.05)

Fig. 4
Median values of IgG-S and IgG-N to SARS-CoV-2 at different stages of three age groups
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Conclusions
1. Serological studies allow for the investigation
of the immune response to SARS-CoV-2,
identification of seroconversion, and characterization
of the course of COVID-19, making them crucial
for epidemiological research.
2. The highest level of IgM to SARS-CoV-2 was
detected in patients with a severe course of the
disease from 15 to 30 days, with a median value
of 4.42 [2.08; 6.38], which significantly
decreases after 90 days from the onset of illness.
 3. IgA to SARS-CoV-2 exceeds reference values
from the second week of the disease in patients
with a severe form of the disease, while in patients
with a moderate form of the disease, the level of
these immunoglobulins does not exceed the norm.
In the first week of the disease, IgA to SARS-CoV-
2 is negative in patients with both moderate and
severe forms of the disease (p<0.05). The median
value of IgA to SARS-CoV-2 in the age group of
10-17 years on days 15-30 of the disease was
diagnostic, in contrast to a negative result in
children aged 5-9 years (p>0.05).
4. Early appearance and prolonged presence of IgG
to N and IgG to S proteins of SARS-CoV-2 in the
blood are observed in all patients. However, the
median value of IgG-S is higher in all study periods,
with its highest indicator being 8.85 [8.03; 9.34]
up to three months post-infection. Additionally, the
median value of IgG-S is highest in severe forms
in females from 31 to 90 days.
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