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Introduction. This article is devoted to determining the level of protective antibodies
of the patients at the early and further stages after being suffered from COVID-19.
Materials and methods. On the first stage of the research 66 patients of different age
and gender were examined. All patients, with no exception, had positive PCR results on
COVID-19. All patients were relatively divided into two age groups: from 18 to 39
(n = 39) and from 40 to 65 (n = 27). The light form of disease was detected in 40
patients, the moderate form — in 15 and the severe one — in other 3 patients. 8 people
were ill without symptoms. There were 11 patients hospitalized at the department of
infectious diseases of the hospital. Afterwards the level of the antibodies was controlled
on the 60th, 90th and 150th day after the onset. All patients were tested for antibodies
to COVID-19 by enzyme-linked immunosorbent assay (ELISA) performed on the equip-
ment: enzyme-linked immunosorbent assay Tecan (Austria); PW 40 Microplate Washer
(France). ELISA set for serology COVID-19 test system IgG SARS-CoV-2 VitroTest
(Ukraine). Results. Analyzing the data obtained via laboratory research, it can be seen
that the immune response to COVID-19 was formed in 82 % of the examined patients.
The maximum level of antibodies, which remains as such up to 40th day. Results. IgG
increases from 12 to 40 days and then has not changed significantly for 60, 90 and 150
days. Only 4 patients had a noticeable decrease on day 150 (however, they still had a
positive level). Conclusion. IgG levels in patients with Sars-Cov2 remain high for at
least 150 days. The formation of antibodies is not affected by the age difference, neither
depends on the severity of the disease.

Key words: COVID-19; immunoglobulin G-class, SARS-CoV-2; antibody; humoral
immunity.

Introduction. The coronavirus-induced epidemic has caused an unprecedented
resonance in the world. Human sacrifice, tens or hundreds of thousands of patients
in almost every country in the world, combined with the wild panic in population —
is the result of a new strain of the virus. Thanks to numerous studies and observa-
tions, it has become clear that the most important answers relate to immunological
aspects. One such question is: whether humoral immunity is formed after COVID-19
is transferred and for how long, this question is extremely important for understand-
ing future forecasts. This problem is already being considered by many scientists
from around the world. There are similar works in which research data are published.
In the United States, a mass survey of 279 emergency workers for antibodies to
SARS-CoV-2 was introduced in Salt Lake City, Utah. According to the results of
the survey, about 5.6 % of seropositive individuals were recorded, which is esti-
mated as a fairly large number, considering the absence of symptoms of respiratory
disease [1]. The Journal of Infectious Diseases (JID) published a retrospective re-
search of medical records of 112 patients diagnosed with COVID-19 who were
admitted to Renmin Hospital at Wuhan University between February 1 and February
29, 2020. According to the published results, IgM and IgG were detected in 51.79 %,
only IgG was detected in 41.07 % of the subjects, and 6.25 % had no antibodies. An-
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tibodies to IgG were produced 10 days after infection and lasted a long time [3]. A
research published in “Clinical Infectious Diseases” on the 2d of May 2020 also
illustrates similar data — the average level of antibodies increased during hospitaliza-
tion and after discharge for two weeks. Antibodies to SARS-CoV-2 have also been
detected in asymptomatic patients [S]. A large-scale research published in “Clinical
& Translational Immunology” on the 6 of May 2020 states that immunoglobulins
G-class (IgG) was detected after 1 week and were kept at a high level for a long
period [8].

The launch of a targeted research sets a goal to answer the question: when class
G antibodies are formed after COVID-19 transmission and to determine their level
at an early and long term. The research also sets a goal to determine whether there
is a relationship between the quantitative level of antibodies and the severity of the
disease, age, sex and recovery time.

Materials and methods. For the first stage of the study, 66 patients of different
ages and genders were examined. Some patients were treated in Kyiv in KMKL
Ne 4 in the infectious department, the other part had an ambulatory treatment. Some
patients who suffered from the disease in a very mild form did not see a doctor, but
were tested as contact persons. All patients, without exception, had a positive PCR
result for COVID-19. The result was issued by the Central Laboratory of the Min-
istry of Health of Ukraine. A certified private laboratory in Kyiv, the DNA Labora-
tory, which has all the permits and equipment to operate at this level, was involved
in the laboratory test. All patients were tested for antibodies to COVID-19 by en-
zyme-linked immunosorbent assay (ELISA) performed on the equipment: enzyme-
linked immunosorbent assay Tecan (Austria); PW 40 Microplate Washer (France).
ELISA set for serology COVID-19 test system IgG SARS-CoV-2 Vitro Test (Ukraine).
The results were calculated in international units (IU).

All patients can be divided into two age groups — from 18 to 39 (n = 39) and
the second from 40 to 65 (n = 27). Among the examined patients, 8 people were
asymptomatic. Mild course of the disease was observed in 40 people, moderate — in
15 people, severe — 3 people. 11 patients were hospitalized in an infectious hospital.
The second stage of the study was to determine the level of antibodies at a longer
time, such as 60—80 days and 130-150 days. The control group consisted of 41 in-
dividuals.

Results. According to the results of enzyme-linked immunosorbent assay, the
presence of class G antibodies to COVID-19 was detected in 54/66 patients (82 %).
12 individuals (21 %) did not develop antibodies.

The quantitative level of antibodies in the subjects ranged from 4.32 to 10.17 (IU).
In eight patients the level of antibodies is below the threshold level, in four more
patients the result is doubtful.

Subsequent follow-up of a control group of 40 patients found that over the next
30 days after the first antibody control (day 60), antibody levels increased pre-
dominantly, except in a single case (patient X., fig. 1).

On the 90 day, all subjects had positive antibody levels that exceeded cutoff. In
4 patients out of 40 subjects had a drop in antibodies from 1.5 to 2.8 times (fig. 2).
On the 150th day, all patients had positive antibody levels, but two had more than
a 2.5-times drop and their levels were close to the positive limit. 5 patients had a
decrease in antibody levels in the range of 2—1.5 times. The rate of decline of an-
tibody levels was quite individual (fig. 2).

It must be mentioned that within 150 days after the disease there was no change
of seroconversion from the positive to the negative level.

All patients were divided into two age groups. We find that young patients in
contrast to older one have moderate or low levels of IgG anti COVID-19 (fig. 3).
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Fig. 1. Levels of IgG anti COVID-19 on 20 and 60™ days after PCR+ test
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Fig. 2. Levels of IgG anti COVID-19 on 20™, 60", 90" and 150" days after PCR+ test

We also not fined any associations between IgG levels and severity of the dis-
case. Both mild and severe forms of diseases produce similar anti-COVID-19 anti-
body levels.
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Fig. 3. Association of patients age with anti-COVID-19 IgG levels on 20 day after PCR+ test

Discussion. Unequivocally, most people develop a specific humoral immunity
after suffering from COVID-19 disease. Already on the 12th day, a fairly high
level of IgG is diagnosed, which remains so for a long time. Such data do not con-
tradict the research conducted in China [1, 3, 5, 8]. On average, the maximum
level of antibodies was recorded at 16-20 days from the begin of the disease.

It should be noted that the results illustrate: both mild and severe, equally char-
acterized by the appearance of high levels of antibodies. These results coincide with
the results of a large-scale survey in February 2020 from Tongji Hospital, Wuhan,
China Severe and critical cases had higher levels of IgM than mild, while IgG lev-
els in critical cases were lower than in mild and severe cases. This may be due to
high disease activity and / or impaired immune response in critical cases [8].

A group of subjects (10 people) who did not develop immunity, suffered from
the disease in mild or erased form.

However, there are patients (two people) who had a fever for a month, but hu-
moral immunity was not formed. Although similar cases have been reported by
other researchers [4], this suggests some assumptions. First, the possibility of false-
positive PCR determinations should not be ruled out. Second, patients may have
certain genetic features of the antibody response to the virus. The spectrum of the
humoral response may not include antibodies to a particular peptide to which the
test system is sharpened. But the main role is still given to the natural resistance
and a strong level of barrier function of the mucous membranes. Innate immunity
can still be strong enough to eliminate SARS-CoV-2 [4]. These issues remain debat-
able and require further research and evidence.

Analyzing the obtained data, it can be seen that 79 % of patients developed an
immune response to COVID-19. Among those examined by ELISA, specific anti-
bodies to COVID-19 are reliably detected at an early stage. There is an assumption,
illustrated by the obtained data, that the level of formed antibodies is not affected
by the age. We can also see that the level of the formed antibodies does not depend
on the severity and course of the disease. Antibodies have a fairly high level on the
12th day after the onset. From 16—18 days it is already possible to diagnose the
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maximum level of antibodies, which remains as such up to the 90th day. On the
150th day, there is a noticeable tendency to a gradual decrease in antibody levels,
but even on the 5th month, this decrease is still insignificant. The presence of co-
morbidities such as hypertension and diabetes did not affect the formation of im-
munity. The obtained data do not contradict the research in China and USA, view-
ing the fact that the results are similar [1-7].

Low levels of antibodies in young people are probably caused by high natural
resistance to respiratory diseases. It is also possible to participate in the formation
of immune defense by powerful T cells, which does not lead to the full formation
of a humoral response. It should be taken, into account that all those who did not
give a confident humoral immunity were ill in a mild form.

The issue about those patients who have not developed immune response (18 %)
remains open. Additional examinations and separate monitoring for this group of
patients are required.
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JUHAMIKA PIBHS CIIEHUOIYHUX IMYHOTJIOBYJIIHIB KJIIACY G
J0 COVID-19 V¥V NTAIICHTIB IIICJISA OAYXXKAHHSA

€. I [yoposcokuii, b. B. JJoncwvkoti (Kui)

Beryn. Pobora mpucBsucHa BH3HAYCHHIO PIBHS 3aXHUCHHUX AHTHTIN, IO IIEPEXBOPITH HA
COVID-19, Ha paHHIX Ta OLTBII BigmaneHHX cTpokax. Marepiaaum ta meronm. s mepiioro
eTamny JOCIi/KeHHsT Oyso o0cTexeHo 66 mMmalieHTa pi3HOro BiKy Ta cTtaTi. Bel maiieHTH Manu
000B’s13k0BO Mo3uTHBHUK pe3ynbsraT Ha COVID-19 metomom IJIP. YacTrHa namieHTiB 3HAXOAM-
nach Ha JikyBaHHi B iHdekuiiinomy Biaainenni KMKII Ne 4, inmu nikyBanuch amOynatopHo. Beix
HalieHTIB 32 BIKOM yMOBHO posainwin Ha aBi rpynu: I (39 oci6) — Big 18 mo 39 poxis; I (27
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oci6) — Bix 40 no 65. Cepen obcrexeHnx § ocid xBopimu 6e3cumnromHo. Jlerkuit mepe0ir Bin-
miuaBcs y 40 oci0, cepenHboBakkHii — y 15 0c¢i0, Baxkkuii — y 3 oci6. ['ocmitanizoBaHi B iH(ek-
niHuit cramionap 11 mamientis. Hamani KOHTposib piBHS aHTHUTLN Oyno mpoBeneHo Ha 60-Ty,
90-ty Ta 150-Ty 100y BiJ ImouyaTKy 3aXBOprOBaHHs. Bcim marieHTam Oyino MpoBeIeHO O0CIiKECH-
Hs Ha aHtuTina Ha COVID-19 metomom imyHodepmentHoro ananizy (I®A), BUKOHaAHOMY Ha
oOmnanHanHi: imyHo(epmenTHuii ananizarop Tecan (ABcrpisi); PW 40 Microplate Washer (®pan-
uisn); Habip ELISA s ceponorii COVID-19 tect cucremamu Ha IgG SARS-CoV-2 VitroTest
(Ykpaina). PeyabraTu. AHanizyroun OTpUMaHi JaHi, MO)KHa T00aduTH, mo y 82 % o0CcTexeHnx
chopmyBasiack imyHHa Bianosiae Ha COVID-19. IgG 36inbimyBascs 3 12 10 40-ty 100y, a nOTiM
CYTT€BO He 3MiHIOBaBcs Ha 60-Ty, 90-Ty Ta 150-Ty 100Yy. Y 4 mamieHTiB ciocTepiragocsi moMiTHE
3MmeHmeHHs Ha 150-1y 100y (ofHaK BOHM BCE IE Maji MO3UTHBHUI piBeHb). BucHOBOK. PiBeHb
IgG y nanienTiB, 1o nepexsopiau Ha Sars-Cov2, 3alUIIa€TbCd BUCOKUM LIoHaliMeHIe 150 aHiB.
Mu nomitiiy, mo Ha (OpPMyBaHHS TyMOPATBHOI BIAMOBIAI BIK Ta TSHKKICTH Hepebiry 3aXxBopro-
BaHHS HE BILUIMBAE.

Kuawuosi cioBa: COVID-19; imynornooynin G; SARS-CoV-2; antutina; rymopanbHHM
IMYHITET.

JUHAMUKA YPOBHS CIHEHUOMYECKNX UMMVYHOIJIOBYJIMHOB KJIACCA G
K COVID-19 V ITAIIMEHTOB ITOCIJIE BbI3JJOPOBJIEHU A

E. U. Jlyoposcxuii, B. B. [onckoii (Kuen)

Beenenue. Jlannas paboTa MOCBALIEHA ONPEACICHUIO YPOBHS 3alIMTHBIX AHTUTEI Ha PAHHUX
cpokax y nanueHToB, nepedonesmnx COVID-19. MaTtepuaJisl 1 MeToabl. B nepsom srane uc-
ciefoBaHMs ObLIO 00CIeIoBaHO 66 MAIMEHTOB Pa3HOTO BO3pacTa U Imoiia. Bee manueHTsl IMeTH
nonoxkuTenbHbN pesynbrar Ha COVID-19 metogom IT1[P. Beex mamueHTOB 110 BO3pacTy YCIOBHO
paznenunu Ha ase rpynnsl: [ (n = 39) — ot 18 no 39 ner, II (n = 27) — or 40 no 65 net. Cpenu
o0ciieioBaHHBIX 8 uesoBek Oonenn GeccumnToMHO. JI€rkas ¢opma 3aboneBaHusl OTMEUanach y
40 uenoBek, cpenHel TsxecTu — y 13, Tspkénas — y 3 uenoBeka. [ocnuTanu3upoBaHbl B UHGEK-
LUOHHBIM cTauuoHap 11 manuentoB. Ilocnenyromuil KOHTPOIb YPOBHS aHTUTEN ObLI MPOBEIEH
Ha 60; 90 n 150-i nenp mocie Hadana 3aboeBaHus. BceM mamueHTaM mpoBeeHO UCCIeI0OBaHNE
Ha antutena Ha COVID-19 meronom nMmyHodepmenTHoro anannsa (MDA), BBIIIOTHEHHOM Ha
o0opynoBaHUN: UMMYHO(pEepMeHTHBINH aHanu3atop Tecan (ABctpusi) PW 40 Microplate Washer
(®panuust); nadop ELISA mns ceponorun COVID-19 tect cucremamu Ha IgG SARS-CoV-2
VitroTest (Ykpauna). Pe3yabTarbl. AHaNIU3UpYsl MOJNy4YEHHbIE AaHHBIE, BBIIBIECHO, UTO y 82 %
obcnenoBaHHBIX chopMupoBaics nMMyHHBIH oTBeT Ha COVID-19. Tutp IgG HapocTan ¢ 12- no
40-ro mHs, a 3aTeM CYIIECTBEHHO He MeHsics Ha 60-i, 90-it u 150-i nenp. Tompko y 4 maruen-
TOB HaOJIIOANOCh 3aMETHOE €ro yMeHblneHne Ha 150-i neHb (ogHako oHM BCE emié UMeNn Mo-
JIOKUTENbHBIA ypOoBeHb). BuiBoA. YpoBens IgG y manuenTos, nepedoneBmux Sars-Cov2, ocra-
ércst BICOKUM He MeHee 150 nueii. Ha dopMupoBaHue ryMOpagbHOIO OTBETA BO3PACT U TSKECTD
TeueHHs 3a00JIeBaHMs HE BIIMSCT.

Kurouesblie cioBa: COVID-19; ummynornoOynua G; SARS-CoV-2; anTHTeNa; ryMOpabHbIii
AMMYHUTET.



