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Pesiome. B jaHHOM McciaemoBaHUM paccMaTpUBAIOTCS JOJTOCPOUYHbIE TocaeacTBust nHgekiumn SARS-
CoV-2 B OTHOILIEHUY UMMYHHOTO CTaTyca. YUUThIBasI JJIUTEIbHYIO U TIIyOOKYI0 UMMYHHYIO TUCPETYIISIIIUIO,
HabmogaeMyto Bo BpeMsi octpoit uHpexkuuu SARS-CoV-2, Heo6XoauMoO OMNpenennThb, MePexXousT JU ITU
M3MEHEHUS B MOCIEAYIONIYIO TUCGHYHKIIMIO UMMYHHOI CUCTEMbI Y BbI3MOpaBIMBaIOIIMX Jtoaeit. B cBs3u ¢
STUM LIeJIbIO UCCAEI0BAHUS SIBUJIOCH U3YYEeHUE MapaMeTPOB UMMYHHOI CUCTEMBbI Y NAlIMEHTOB, MEPEHECIIINX
SARS-CoV-2-nHdpeknuio.

Bruto nmpoBeneHo obcenenoBanue 150 mameHToB, mepeHecinx SARS-CoV-2 uHdekuuo mo 96 napame-
TpaM METOJOM MPOTOYHOI LuTOMeTpur. OOLIMIT aHaIU3 KPOBU MpoBoausics Ha nmpudope Medonic (I1IBe-
1LMs1); METOAOM MMMYHO(MEPMEHTHOTO aHajiu3a onpeeaeHbl YpOBHU o01IuX u cneuudpuueckux IgM, IgG,
IgA, dparmenTsl KommiuMmeHTa (AO «BekTop-bect», Poccust); corstacHO o0ILIEMPUHSATON METOIMKE UCCIe-

JoBaHa aKTUBHOCTb (1)3.FO]_II/ITOB.
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B xome mccitemoBaHMs YCTAHOBJICHO, YTO Y MAIIEHTOB BBISIBIISICTCS MUHUMYM 4 (beHOTHIIA HapYILICHUIA
MMMYHHOI1 cucteMbl. [lepBble ABa (peHOTHUIA OTHOCSTCS K HAPYLIEHUIO BPOXAESHHBIX (DAKTOPOB UMMYHHO
CHUCTEMBI M CBSI3aHbI CO CHIKeHneM KoandectBa CD46" n NK-kinerok. OrMedeHo, yTo cHmkeHne CD46" co-
XpaHsIeTCsl y 3HAUMTEIbHOTO YKcia MepeOosIeBIINX MAllUEeHTOB HAa MPOTSKEHU Y JUTUTESIbHOTO BPEMEHHU, UYTO
MOogYEPKUBACTCST HAPYIICHUSIMH 3KCIIPECCUM 3TOT0 MapKepa Ha pa3IMYHBIX CyOITONYIISIIUASIX TUM(BOIINTOB.
CHIKeHUE YPOBHS HATYPalbHbBIX KUJLJIEPOB COMIPOBOXKIAIOCH KOMIIEHCATOPHBIM MOBBILLIEHUEM KOJIUYECTBA
T-nmumpoumTos, ipenMyiiecTBeHHO 3a cueT T-xeanepoB 1 TNK-nmumdonnuToB 1 pocra obumx B-kieTok
namsTu. JIBa Apyrux BbISIBIEHHBIX (DEHOTUIIA XapaKTepU3YIOTCs MOBPexkXAeHUEM (haKTOPOB MPHOOPETEHHOIO
MMMYHHOTO OTBETa M CBSI3aHEI ¢ MOBpexXacHNEeM B-kieTok 1 T-ninToToKcmuecknx KiteTok. [TokazaHa CBSI3b
TaKUX HAPYLIEHUH C MOBPEXIEHUEM SPUTPOLIUTAPHOIO U TPOMOOLIUTAPHOTO POCTKOB KPOBETBOPEHMUSI, CITO-
COOCTBYIOIIUX MOSIBJICHUIO TUITIOKCHUM 1 BO3MOXHOMY HApYIIEHUIO CUCTEMbI CBEPThIBAHUSI KPOBHU.

Takum o0Opa3oM, MOJIyYeHHbIE Pe3yJIbTaThbl CBUIECTEILCTBYIOT O JUIMTEIbHOM BBIPAXKEHHOM TMOBPEXKIE-
HUU UMMYHHOM CHUCTEMBI MTOCTKOBUIHBIX ITAIIMEHTOB, TPEOYIOIINX MMMYHOKOPPEKIIMK JaHHBIX HapyIlle-
Huii. [Ipu 3TOM HapyllleHUsI BPOXIEHHBIX U MPUOOPETEHHBIX ITapaMeTPOB UMMYHHOM CUCTEMBI (4 HOBBIX
(heHOTHIA NOCTKOBUAHON MMMYHOIIATOJIOIMK) COIIPOBOXKAAIOTCSI TTIOBPEXICHUSIMU 3PUTPOUTHOIO U TPOM-
OOLIMTAapHOI'O0 POCTKOB KpoBeTBOpeHUs. JlaHHbIe U3MEHEHUsI MOTYT CITOCOOCTBOBATh (POPMUPOBAHUIO KaK
HapyILIeHW, CBI3aHHBIX C TUITOKCOMUYECCKIMH TIPOIECCaMHU, TaK U CIIOCOOCTBOBATH TPOMOOOOPA30BAHUIO
Y IMIOCTKOBHIHBIX MAaIIUEHTOB. TNTeIbHOE COXpaHEeHNEe TaKUX MMOBPEXKACHUI BCeX POCTKOB KPOBETBOPCHUS
MOXET MPUBOIUTH K HAPYUIEHUSIM U IPYTUX CUCTEM OpraHu3Ma (CepaeuyHO-COCYIMUCTON, HEPBHOW U 9HJIO-
KPUHHOI), YTO TPeOYyeT MOMOJTHUTEIbHBIX UCCIICIOBAHUI B 3TUX HAIIPaBJICHUSIX.

Knroueswie cnosa: SARS-CoV-2, nocmkosuonsie nayuenmot, CD-munuposanue, UMMYHHAS cUCmeMA, UMMYHO2A00YAUHbL,
Komnaemenm, pazoyumol

POST-COVID IMMUNOPATOLOGY SYNDROME:
CHARACTERISTICS OF PHENOTYPICAL CHANGES IN THE
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Abstract. This study examines the long-term effects of SARS-CoV-2 infection on immune status. Given
the prolonged and profound immune dysregulation observed during acute SARS-CoV-2 infection, it remains
to be determined whether these changes translate into subsequent immune system dysfunction in recovering
individuals. In this sense, the aim of the study was to study the parameters of the immune system in patients
who had undergone SARS-CoV-2 infection.

150 patients who underwent SARS-CoV-2 infection were examined according to 96 parameters using
flow cytometry. A complete blood count was performed using a Medonic device (Sweden); ELISA method
determined the levels of general and specific IgM, IgG, IgA, compliment fragments (JSC Vector-Best, Russia).
The activity of the phagocytes was studied according to the generally accepted method.

The study found that at least four phenotypes of immune system disorders are detected in patients. The
first two phenotypes are related to the impairment of innate immune system factors and are associated with a

792



2023, T. 25, Ne 4
2023, Vol. 25, No 4

IlocmkoeuoHbLll CUHOPOM UMMYHONAMOAOUU
Post-covid immunopatology syndrome

decrease in the number of CD46% and NK cells. It has been observed that a decrease in CD46" persists for a
long time in a significant number of recovered patients, highlighted by the impaired expression of this marker
in various subpopulations of lymphocytes. The decrease in the level of natural killers was accompanied by a
compensatory increase in the number of T lymphocytes, mainly due to T helpers and TNK lymphocytes, and
the growth of total memory B cells. Two other identified phenotypes are characterized by damage to acquired
immune response factors and are associated with damage to B cells and T cytotoxic cells. The relationship
of such disorders with damage to hematopoiesis erythrocyte and platelet sprouts, which contribute to the

appearance of hypoxia and possible violation of the blood coagulation system, has been shown.
Therefore, the results obtained indicate a long-term pronounced damage to the immune system in post-
COVID patients that requires immunocorrection of these disorders.

Keywords: SARS-CoV-2, post-COVID patients, CD typing, immune system, immunoglobulins, complement, phagocytes

The study was carried out under the state assign-
ment “Immunophysiological and pathophysiological
mechanisms of regulation and correction of body
functions” (122020900136-4) and was supported by
the RFBR and NSFC grant 20-515-55003.

Introduction

Recent studies have significantly improved
our understanding of SARS-CoV-2 infection by
highlighting profound and disease-specific changes
in the innate and adaptive immune compartments [2,
3, 4]. Lymphopenia and altered lymphocyte function
in COVID-19 patients are correlated with disease
severity, indicating the key role of T and B cells in
pathology [2, 3, 4].

Given the profound and long-term immune
dysregulation observed during acute SARS-CoV-2
infection, it is necessary to determine whether these
changes translate into long-term immune changes
and subsequent dysfunction in recovering individuals.
However, the long-term consequences of SARS-
CoV-2 infection are still poorly understood. The
literature suggests significant and long-term changes
in T cell populations and key events associated with the
pathogenesis of COVID-19 in affected patients [6].
Furthermore, specific neutralizing antibodies against
SARS-CoV-2 and T cell responses have been found
to persist even 12 months after initial infection,
according to the literature [7]. Some patients may also
experience a variety of mental and somatic symptoms,
including chronic fatigue, myalgia, altered memory,
and emotional state, as well as signs of fibrotic lesions
of the lungs and diseases of the pulmonary vessels [8].

Therefore, this study aims to investigate the
parameters of the immune system in patients who
have undergone SARS-CoV-2 infection.

Materials and methods

A survey was carried out in 150 patients 6-12
months after being diagnosed with COVID-19 in
Chelyabinsk, Russian Federation, on 1 May 2021 to
30 December 2022. The sample size was determined
based on previous work [1, 5, 12]. The inclusion crite-

ria for the study groups were a confirmed diagnosis of
SARS-CoV-2 infection by polymerase chain reaction
(PCR), the presence of IgM, IgG, and IgA in the
SARS-CoV-2 virus, and data from the computed
tomography from previous pneumonia. The study was
carried out no earlier than 6 months after pneumonia
caused by SARS-CoV-2 infection.

All patients were previously examined by a general
practitioner and an immunologist-allergist to identify
concomitant diseases. The groups were randomly
assigned by sex, age, and comorbidities according
to the y? test. Depending on the examination, the
patients were divided into groups with altered immune
system parameters and normal immune parameters.
The data presented in the monograph by Zurochka et
al. (2018) [9] were used. All studies were approved by
the Independent Local Ethics Committee at the City
Clinical Hospital No. 1, Chelyabinsk, Protocol No. 8
dated April 11, 2022.

Flow cytometry was used to determine CD45" and
CD46™ (panleukocyte markersforgatinglymphocytes),
CD45" and CD46", CD3* (T lymphocytes), CD45"
and CD46", CD3*, CD4" (helper inducers), CD45*
and CD46", CD3*, CD8" (cytotoxic T lymphocytes),
CD45* and CD46%, CD3*, CD56" (TNK cells),
CD45" and CD46*, CD3-, CD56" (natural killers),
CD45" and CD46*, CD3-, CD19" (B lymphocytes),
CD45" and CD46", CD3*, CD4", CD25" (activated
helpers, early activation of lymphocytes), CD45" and
CD46", CD3*, HLA-DR (activated T lymphocytes,
late activation of lymphocytes). A general blood test
was also carried out on Medonic Device (Sweden),
and the levels of general and specific IgM, IgG, IgA,
complement fragments (“Vector-Best”, Russia) were
determined by the enzyme immunoassay method.
The activity of phagocytes was studied according to
the generally accepted method.

Results and discussion

The present study selected patients with a violation
of natural killers among those who underwent
COVID-19, as described in published works [9, 10].
Among the 150 patients examined, 50.9% had a
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markedly reduced level of natural killers when gated
with the CD45 panleukocyte marker, and an even
lower level of natural killers when gated with the CD46
panleukocyte marker. Additionally, an increase in
T lymphocytes, T helper cells and TNK lymphocytes
(likely compensatory), as well as memory B cells, was
observed against the background of disturbances in
the natural level of killers, accompanied by a decrease
in the level of total IgM. Platelet levels, thrombocrit,
and erythroidhemotopoietic germs also showed
decreased levels of blood cortisol. These data indicate
that patients with post-COVID syndrome exhibit a
phenotype associated with impaired innate immunity
systems.

Furthermore, the study found a pronounced
decrease in CD46" expression (the receptor for the
complement fragment) in T lymphocytes in 57.9% of
patients with post-COVID syndrome. This indicates
the involvement of CD46 in the immunopathogenesis
of the disease. According to the literature, CD46
controls at least three key metabolic events, inclu-
ding the translocation of the y-secretase-treated
intracellular domain of CYT-1 CD46 to the nucleus,
where it induces the expression of carrier proteins
(GLUTI1, LATI and CATI) and the assembly of
mTORCI. Activation of CD46 also induces increased
expression of metabolic enzymes, such as fatty
acid synthases and GAPD, as well as activation of
intracellular C5 pools with intracellularly generated
C5a, which stimulates mitochondrial C5aR1 and
drives ROS production and activation of the NLRP3
inflammasome in CD4*T cells.

These changes contribute to increased glycolysis
and OXPHOS and ROS production, which are
necessary for induction of IFNy production and
granzyme B expression, and ultimately lead to the
implementation of protective effector responsesof Th1
and T killers [11]. However, more research is needed
to determine whether the observed changes are caused
by the direct interaction of the virus and CD46. In
particular, the identified complex of changes persists
for a long time in a significant number of recovered
patients, as highlighted by the impaired expression of
this marker in various subpopulations of lymphocytes.

Additionally, the study detected two types of
phenotypic changes in the immune status of patients
with post-COVID syndrome that are related to
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