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COVID-19-ASSOCIATED IMMUNOPATHOLOGY MECHANISMS

Resume: At the time being, identification of COVID-19 progression mainly relies on clinical manifestation
as no biomarker was found to be reliable. Some research shows that a cytokine storm might trigger further
severe disease progression. A cytokine storm can lead to multisystem organ failure and death. For instance,
retrospective studies demonstrated a strong association between an elevated level of interleukin-6 (IL-6) and
high mortality from COVID-19. Latest research showed that cytokines not only play a key role in driving
the appearance of these clinical features but also represent the core of the development of inflammation. In
particular, patients with severe COVID-19 showed profound increases in cytokines such as IL-2, IL-7, IL-10,
GSCF, IP10, MCP-1, MIP1A and TNF-a, with the characteristics of a cytokine storm, which in turn correlates
with the severity of COVID-19 clinical course. Therefore, the aim was to outline briefly the key player in
cytokine storm, the role of T-lymphocytes and neutrophils in COVID-19 clinical course.

Materials and Methods: literature review.

Discussion: Solid body of research on circulating immune cells by flow and mass cytometry and/or single-
cell RNA sequencing showed that SARS-CoV-2 induces activation of the innate immune system resulting in
aggressive pro-inflammatory response, especially in severe COVID-19 clinical cases, nonetheless specific
and non-specific immunity is suppressed follwoing acute immune reponse, therefore further research should
be done to investigate the role of NK cells and cytotoxic proteins in order to understand the pathophysiology
behind the COVID-19 severe clinical cases.

Conclusion. One of the main challenges in this battle with COVID-19 is to develop prognostic immunological
criteria for the rapid progression of organ and system damage in post-COVID19 syndromes (macrophage
hyperactivation syndrome, thrombosis and thromboembolism) for the rightest choice of therapeutic tactics
and prevention of complications and unfavorable outcomes of patients based on the analysis of the data
obtained. Solid body of research on circulating immune cells by flow and mass cytometry and/or single-
cell RNA sequencing showed that SARS-CoV-2 induces activation of the innate immune system resulting in
aggressive pro-inflammatory response, especially in severe COVID-19 clinical cases, nonetheless specific
and non-specific immunity is suppressed follwoing acute immune reponse, therefore further research should
be done to investigate the role of NK cells and cytotoxic proteins in order to understand the pathophysiology
behind the COVID-19 severe clinical cases.
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ne. Onap 6acka BUPYCTbI )oHe ayTOUMMYHZbI aypyrnapAaH ofapbl
XKMINIKNEeH, KNMHWKanbIK afbiMbl MEH HOTUXKENEPIMEH epeKLLeneHe-
oi. Kenpge ocbiHgan cangap COVID-19 afbiMbiHaH ga ayblp 6onagpl.
SARSCov2 BrpyCbiHa UMMYHAbI XayanTblH AaMy epeKLIenikTepiH xa-
He UMMYHAbI AeBuaumsnapablH Aamy cebentepiH TYCiHy xeke agam-
[a acKblHyrnap MeHu Kepi cangapabli AamyblH 6omkamaayra kKemek-
Teceni. Onapabl angplH-any MakcaTtbliHAa AMarHoCTUKarbIK XaHe eM-
[iK Wwapanapdbl yribiMaacTblpyFa MyMKiHAik 6epeai. Kasip COVID-
19-A4blH KNMHUKanNbIK afbIMbIH AEHTUdMKaUmanay KebiHe KnuHuka-
nblk 6enrinepre cyreHin xacanbiHagbl. Cebebi 6ipae-6ip bnomap-
Kep ceHimai 6onmagbl. Kenbip 3epTTeynepre cyneHcek, ULMTOKUHAI
Oaybln aypyablH, ayblp epLuyiHe akeny MyMKiH. Mbicanbl, LUTOKUHAI
Oaybin nonvopraHapl XeTicneyLwinik neH eniMre aken CoKTbIpy MyM-
KiH. >KaHa peTpocnekTuBTi 3epTTeynepae nitepnekui-6 (UN-6) ae-
pexeciHiH xofapbinaybl MeH COVID-19 cangapblHaH KanTbic 6ony
apacblHaa koppensums 6ap ekeHairi aHbikTanabl. COHfbl 3epTTey-
nep 6oMbIHLWA, UMTOKMHAEP KaObIHYAbIH NATONOrMANbIK YPAICTEPIH-
e maHpI3abl opbiH anagel. Meicansl, COVID-19 aybip Aapexeci 6ap
Haykactapga IL-2, IL-7, IL-10, GSCF, IP10, MCP-1, MIP1A u TNF-a
cekKingi UMTOKMHAOEPAIH XKoFapbinaybl, AFHW LMTOKUHAI Aaybin aHblK-
Tangbl. On COVID-19-abIH ayblp KNMHUKanbIK AapexeciMeH Koppe-
naums xacangbl. Ocbl WoNyablH MakcaTbl LMTOKUHAI AaybINAblH He-
riari Tpurrepnepid cunatray, COVID-19-ablH, KNMHUKarnbIK aFbiMbIH-
narbl T-numdpounTTep MeH HenTpodunaepaid MaHbI3blH aHbIKTay.
Opictep: agebuetTi wony. Tankbinay. AfbiIMAbl XX8He Macc-LUTo-
MeTpust xoHe/Hemece xeke xacywanapgblH PHK cekseHupney ap-
Kblnbl aHanbIMaarbl UMMYHAbI XacyLuanapabl Xyweni 3eptrey ba-
pbicbiHaa, SARS-CoV-2 Tya naviga 6onfaH UMMyHAbI XyWeHi 6en-
ceHaipeTiHi aHblkTanabl. byn, acipece COVID-19 aybip AopexeciH-
ne, arpeccuBTi kabblHy >xayabblHa akeneai. 19 KnMHMKanbIK Xafgan-
nap 6ap. ApHaibl XeHe apHalbl eMec UMMYHUTET eaen MMMyHAbI
xayan acepiHeH 6aceHgenai. CoHgbliktaH COVID-19-abIH aybIp knu-
HUKanbIK XafgannapgblH natodumanonorusceiy 3eptrey yuwid, NK-
)acyluanap MeH UMTOKUHAI aKybl3aapablH MaHbI3biH aHbIKTay YLUiH
TEpPEH MOMNEKYNSPrbl 3epTTEYIIEP KAXKET.

KopbiTbiHabl. COVID-19 xeHyaeri Heri3ri MmakcatTapablH Gipi -
COVID-19 keniHri cuHgpomaapaarbl (Makpodartap runepakrmpaums
CUHAPOMbI, TPOM603 6eH Tpomboambonus) aFzanap MeH xynenep
3aKbIMAanybIHbIH Te3 yaeyiHiH 6omkamabl UMMYHOMNOTUSITbIK KaFu-
nanapbiH onnan Taby. AnblHFaH ManiMeTTepre CymeHin, HaykacTap-
bl emaey MeH ackbliHynapabl angblH anyablH AypbIC XOorblH Tabyra
6onaabl. ApHalbl XXeHe apHalibl eMeC UMMYHUTET Xeaen UMMYHAbI
xayanTtaH coH TemeHgengi. ConabiktaH COVID-19 ayblp knnHuKa-
NbIK XXaFgannapablH NatouanonorusaceiH TyciHy ywid NK-xacyLwa-
nap MeH LUMTOTOKCUKanbIK akybl3aapablH MaHbI3biH aHbiKTayFa ap-
HarFfaH 3epTTeynep Xyprisy Kepek.

Tyningi cespep: umToknHA gaybin, umMmyHonatonorus, COVID-2019
acKblHynapsbil.

(MIS-C). 311 0CnoXHeHUs HOCAT HEOObIYHBIN XapakTep, Pe3ko oT-
NMYasicb OTHOCUTENbHO BbICOKON YAaCTOTON M LienbiM psijloM 0CO-
6eHHOCTeN B KMMHUYECKOM TEHYEHUM M MCXOAdaX, OT OMUCaHHBIX Npu
OPYrMx BUPYCHBIX 1 ayTOUMMYHHbIX 3abonesaHusx. B psge cnyya-
AX Takue NocneacTBus HOCAT Bonee TsHKenbIn XxapakTep, Yem Teve-
Hue camoro COVID-19.

MoHnmaHne ocobeHHOCTEN pa3BUTUS MMMYHHOIO OTBETa Ha
SARSCov2 1 npuynH pasBuTns MUMMYHHbIX AeBuaL M NO3BONAT
NPOrHO31POBaTh HE TONbKO BEPOSITHOCTb Pa3BUTUS OCIIOXKHEHWI 1
HebnaronpuATHLIX NOCMNEACTBUIA ANS KaXA0ro OTAeNbHOro MHANBU-
Ayyma, HO 1 BbICTpPauBaTb ANArHOCTUYECKYH 1 nevebHyto cTparte-
Mo B LIENOM AN MX NpeaynpexaeHus.

B HacTosiLee Bpems naeHTUdMKaLmsa KIIMHUYECKOro TeYeHus
COVID-19 B 0OCHOBHOM OCHOBbIBAETCH Ha KIMHUYECKMX NPOsiBre-
HUSIX, MOCKOIbKY HW 0AMH BromMapkep He okasancs HadexHbIM. He-
KOTOpble NCCMNEAOoBaHMS NOKa3bIBatoT, YTO LIUTOKMHOBBIN LLUITOPM MO-
XeT nNpMBeCTU k bonee TsKenoMmy nNporpeccmpoBaHuio 3abonesa-
HUS1, K NPUMEPY, LIUTOKMHOBBIV LUTOPM MOXET NPUBECTU K NMOMMop-
raHHON HeAOCTaTOMHOCTU U CcMepTW. HeaaBHWe peTpocnekTUBHbIe
“ccnefoBaHus nokasanu, YTo CyLecTBYET KOppensumusa Mexay no-
BbILLEHHbIM YPOBHEM UHTepnerknHa-6 (UJ1-6) n BbICOKO CMepPTHO-
ctbto ot COVID-19. MNMocnegHue nccrnenoBaHus nokasanu, Yto um-
TOKWHbI UrPatoT KIYEBYHO POSib B NATONOMMYeCcKMX npoLeccax Boc-
naneHus, K npumMepy, y naumeHToB c Tshxenoun gopmort COVID-19
Habntoganock 3Ha4YMTENbHOE NOBLILLEHWE YPOBHSI LIUTOKMHOB, Ta-
Kmx kak IL-2, IL-7, IL-10, GSCF, IP10, MCP-1, MIP1A n TNF-a, ¢ xa-
paKkTepucTMKaMu LIMTOKMHOBOTO LUTOPMA. YTO, B CBOO OYepespb, Kop-
penupyeT C TSHKeCTbIo KnMHu4Yeckoro TedeHns COVID-19. Lienbto
[aHHoro o63opa sIBMseTCA onMcaHne KroYeBbIX TPUITEPOB LUTO-
KWMHOBOTO LUTOPMA, porb T-nMMOoUNTOB N HENTPOMUIOB B KMUHU-
yeckoM TeveHun COVID-19.

Matepuanbi n Metogbl: 0630p nuTepaTtypsbl.

ObcyxaeHnue. MMybokne nccnenoBaHns LMPKYNMPYOLWMX UIMMYH-
HbIX KNETOK C MOMOLLbIO MPOTOYHON M MaCC-LMTOMETPUN U/ Cek-
BeHunpoBaHusa PHK otaenbHbIx kneTtok nokasanu, 4to SARS-CoV-2
VHOYLMPYET akTUBaLMIO BPOXAEHHOW MMMYHHOW CUCTEMBI, YTO NpW-
BOAWT K arpeccMBHOMY NPOBOCManNMUTENbHOMY OTBETY, 0COGEHHO Npw
Tskenon gpopme COVID-19. 19 KNMHNYECKMX CryvaeB, TEM HE Me-
Hee, cneumdnyecknin n Hecneunryecknii UMMyHUTET NOLABNS-
eTcsl BCNeACTBME OCTPOro UMMYHHOTO OTBETa, NO3TOMY TpebytoTcs
rnybokme MonekynspHble nccnegoBanus Ans nsydexHms ponu NK-
KNETOK ¥ LIUTOTOKCMYECKUX BenkoB Ans ndyyeHns natocmanonormm
TSKENbIX KNuHuYecknx cnyyaes COVID-19.
3aknoueHue. OgHol 13 OCHOBHbLIX 3aaad B aTon butee ¢ COVID-19
ABnseTcs pa3paboTka NPOrHOCTUYECKUX MMMYHOMNOTMYECKUX KpUTe-
pveB BbICTPOro MPOrpPeCcCcMpPOBaHNS NOPAKEHNS OPraHOB U CUCTEM
npu noct-COVID19-cuHapomax (CMHAPOM ryunepakTuBaLmm Makpo-
(paros, Tpomb03bl 1 TPOMG03IMBONUK) ANs Hanbonee NPaBUITbHOIO
Bblbopa ne4YebHoOM TakTUKM 1 NPOUNAKTUKA. OCIIOKHEHWI 1 Hebna-
rONpUSATHBLIX UCXOA0B Y BOMNbHBLIX HA OCHOBE aHanu3a nomnyyYeHHbIX
OaHHbIX. TeM He MeHee, cneunduyeckun n HecneunUYeckun M-
MYHWUTET NOAABMSETCS Nocsie 0CTPOro MMMYHHOTO OTBETa, NMO3TOMY
HeobxoaMMOo NpPoBECTU AanbHeNLLIEe NCCEA0BAaHUS AN N3yYeHUs
ponu NK-KneTok u LMTOTOKCUYECKNX BenkoB, YTOObl MOHATL NaTo-
dr3monoruo Tsenbix KnuHudeckmx cnyvyaes COVID-19
KntoueBble crnoBa: LIMTOKMHOBbLIV LUTOPM, MIMMYHONATONOrUS,
ocnoxHenns COVID-2019
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Introduction. The Severe Acute Respiratory Syndrome Coro-
navirus has introduced global changes into the healthcare sys-
tem worldwide. At the time being, identification of COVID-19
progression mainly relies on clinical manifestation as no bio-
marker was found to be reliable. Some research shows that a
cytokine storm might trigger further severe disease progression
[1]. A cytokine storm also called hypercytokinemia is a physio-
logical reaction leading to excessive release of pro-inflamma-
tory signaling molecules called cytokines; and thus leading to
multisystem organ failure and death. For instance, retrospective
studies demonstrated a strong association between an elevat-
ed level of interleukin-6 (IL-6) and high mortality from COVID-19
[2]. SARS-CoV-infected patients demonstrated acute lung in-
jury, systemic inflammatory response syndrome and acute re-
spiratory distress syndrome [3]. Latest research showed that
cytokines not only play a key role in driving the appearance of
these clinical features but also represent the core of the devel-
opment of inflammation [4]. In particular, patients with severe
COVID-19 showed profound increases in cytokines such as IL-
2, IL-7, IL-10, GSCF, IP10, MCP-1, MIP1A and TNF-q, with the
characteristics of a cytokine storm, which in turn correlates with
the severity of COVID-19 clinical course [4]. Therefore, the im-
mune system can be a double-edged sword, so at the begin-
ning it plays pro-inflammatory, so to say, antiviral role, but fol-
lowing strong cytokine storm can be damaging to the organism.
Thus, using effective therapeutic strategies to manage effec-
tively the response of immune system can help to alleviate the
damaging outcomes and reduce the mortality rate. This review
aims to investigate most recent research on COVID-19 immu-
nopathology and underlying ones associated pathologies such
as cytokine storm and lymphopenia.

Discussion. Clinical features of COVID-19 infection. COVID-19
belongs to the family of RNA viruses with the diameter of 60-
140 nm [5]. The transmission appears trough respiratory drop-
lets during coughing or sneezing followed by entry into the na-
sal system after inhaling [6]. The symptoms of COVID-19 in-
clude fever, fatigue and respiratory symptoms such as cough,
sore throat, and shortness of breath [7]. The patients devel-
op lymphopenia and pneumonia with the pulmonary ground-
glass opacity on chest computed tomography scan [7]. None-
theless, approximately 20% of the infected patients developed
pulmonary infiltrates leading to moderate and severe clinical
outcomes [8].

The deadliest player in cytokine storm. There are heteroge-
neous immune responses against viruses, but intervention of
innate immunity with its cellular and soluble components is crit-
ical in early phases of a primary infection by cytopathic virus-
es [9]. Recent research indicated that several cytokines might
play an important role in the development of cytokine storm.
For instance, significantly high levels of pro-inflammatory cyto-
kines are characteristic to the majority of the patients, in partic-
ular, a recent study showed that 19 of 30 analyzed cytokines/
chemokines or immune-related molecules were significantly in-
creased in blood of patients with COVID-19 compared to the
controls (all p adjusted = 0.05 to < 0.001 [10]. Moreover, me-
ta-analysis by Lui et al. showed that according to a total of 149
distinct studies serum levels of Interleukins (IL)-2, IL-2R, IL-4,

IL-6, IL-8, IL-10 and tumor necrosis factor a were significant-
ly upregulated in severe COVID-19 patients; strikingly that IL-
6 and IL-10 were of the greatest difference in non-severe and
severe COVID-19 cases. On the other hand, the levels of IL-5,
IL-1B and Interferon (IFN)-y showed no difference to a statisti-
cal significance. Thereby suggesting that the combination of cy-
tokines, especially IL-6 and IL-10, as well as T cell related im-
mune signatures might represent potential biomarkers as prog-
nostic criteria for the severity of SARS-CoV-2 clinical course
[11]. Furthermore, according to meta-analysis by Ulhag et al, IL-
6 levels were significantly increased in COVID-19-infected pa-
tients with severe condition compared with those with non-se-
vere condition (SMD = 0.71, 95%CI -0.31-1.12, P = 0.0005).
However, one should note that meta-analysis was limited only
to nine studies and there was high heterogenecity (12 = 89%;
P < 0.00001) [12]. In addition, systematic and meta-analysis
by Khinda and colleagues on COVID-19 disease severity and
mortality in association with laboratory markers indicated that
in acute phase reactants, IL-6 levels were increased and were
higher for fatal than for severe; moreover, IL-10 levels were al-
so found to be increased [13]. In addition, some papers sug-
gest that IL-10 could also be regarded as a critical driver of cy-
tokine storms during COVID-19 [14] A recent meta-analysis by
Mojtanabi et al indicated markedly higher serum levels of IL-6
in the severe group compared to the non-severe group with a
mean difference of +23.1 pg/mL (95% CI: 12.42-33.79) and the
overall effect of 4.24 (P-value < 0.001). Moreover, meta-regres-
sions the mean difference was independent on neither age nor
sex [15]. Therefore, this study suggests that IL-6 can be a trig-
ger in the development of cytokine storm.

One the other hand, another systematic review and meta-anal-
yses on comparison IL-6 in COVID-19 and other inflammato-
ry conditions showed that IL-6 might not represent a key player
in COVID-19 severe clinical course. So, in particular, mean IL-
6 concentrations were almost 100 times higher in patients with
cytokine release syndrome (3110-5 pg/mL, 632-3—-15302-9 pg/
mL; p<0-0001) [16]. Nonetheless, FDA approved two monoclo-
nal antibodies targeting the IL-6 receptor, tocilizumab and sa-
rilumab, as well as an investigative antibody targeting IL-6 di-
rectly (clazakizumab) [17].

One should note, that there are limitations in meta-analyses. In
particular, meta-analyses assessing the impact of COVID-19 on
laboratory markers have difficulties with various methodological
issues such as potential datasets overlapping, imprecise esti-
mation of study means and error. Moreover, general mortality
rate estimation studies often neglect other comorbidities that
can affect the study results. Although, the body of COVID-19 re-
search is increasing exponentially therefore there will be chang-
es further as deeper we investigate the virus and the body’s im-
mune system mechanisms. For example, some single-cell tran-
scriptome and flow-cytometry-based studies showed that naso-
pharyngeal viral load correlates with plasma levels of interfer-
ons and cytokines IFNa, IFNy and TNF, suggesting that viral
load might be critical trigger for the cytokine storm. Although,
one should note that investigating the levels of cytokines in the
blood serum exclusively without studying the levels of their pro-
duction within cells and receptors in integrated way cannot ex-
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plain all the clinical and immunological phenomena observed
in COVID-19.

The role of T-lymphocytes in COVID-19 clinical course
Arecent study by He et al. showed that the decrease of CD3+,
CD4+ and CD8+ T lymphocyte correlated with the course of
patients with COVID-19 pneumonia, especially in severe cas-
es. Moreover, the study results also suggest that the level of T
lymphocyte might be used as a prognostic indicator for the se-
verity of COVID-19 pneumonia [18]. Flow cytometry study of
52 confirmed hospitalized patients with COVID-19 at the day
of admission and after 7 days of care showed that there was
an increase in CD4+ T cells (p = 0.019), CD8+ T cells (p =
0.001) compared to “nonresponders”, who were the patients
who died [19]. Huang et al. showed that T lymphocytes (total,
CD4+, and CD8+ cells) demonstrated a downward trend until
the fourteenth day following gradual return to the normal levels,
therefore, it was suggested that irreversible damage of cellular
immunity occurs in the early stages of COVID-19 [20]. In ad-
dition, another similar study also showed that measured lym-
phocyte levels counts weekly, in particular, there is a decline
during the first week, following stable trend within the second
week after the onset of symptoms [21]. Moreover, meta-anal-
ysis by Mulchandani et al, on cytokine storm showed that se-
vere COVID-19 is characterized by significantly increased lev-
els of pro-inflammatory cytokines and reduced T lymphocytes.
The study included 23 studies, mean cytokine levels were sig-
nificantly higher (IL-6: MD, 19.55 pg/mL; Cl, 14.80, 24.30; IL-
8: MD, 19.18 pg/mL; ClI, 2.94, 35.43; IL-10: MD, 3.66 pg/mL;
Cl, 2.41,4.92; IL-2R: MD, 521.36 U/mL; Cl, 87.15, 955.57; and
TNF-alpha: MD, 1.11 pg/mL; CI, 0.07, 2.15) and T-lympho-
cyte levels were significantly lower (CD4+ T cells: MD, -165.28
cells/uL; Cl, -207.58, -122.97; CD8+ T cells: MD, —106.51
cells/uL; Cl, -128.59, -84.43) among severe cases as com-
pared to non-severe ones [22]

Nonetheless, the kinetics of T cell responses following
COVID-19 infection and how cellular immunity is developed at
the time being, is poorly understood. For example, a recent
cohort of 2043 health care workers and longitudinally collected
serum samples in the spring and summer of 2020 during the
first wave of COVID-19 activity in Pennsylvania, USA showed
that recent additional infections potentially limit the duration of
symptoms following COVID-19 infections through mechanisms
that do not involve cross-reactive antibodies. Moreover, cel-
lular immune responses elicited by recent common infections
transiently reduce symptom duration following SARS-CoV-2 in-
fections. In addition, this study showed that antibody respons-
es elicited by SARS-CoV-2 are long lived and detectable up to
140 days following infection in the majority of individuals [23].
Moreover, some studies suggest that there are autoantibodies
can also trigger severe COVID-19 clinical outcomes.
Neutrophils as hidden players in covid-2019 clinical course
Most recent studies showed that activated neutrophils and neu-
trophil extracellular traps (NETs) could be the key players in
COVID-19 mediated fatal cases. NETs represent extracellular
webs of DNA, histones, and microbicidal proteins released from
activated neutrophils in order to trap and kill pathogens [24];
however, NETs may also be key players in the pathophysiology

of thromboinflammation in COVID-19 [25]. In particular, a recent
Elisa study on measurement of anti-NET antibodies in 328 in-
dividuals hospitalized with COVID-19 showed that the patients
who required mechanical ventilation demonstrated a greater
burden of anti-NET antibodies compared to those not requir-
ing oxygen supplementation. Levels of anti-NET IgG and anti—
NET IgM had an inverse correlation with the efficiency of NET
degradation by COVID-19 sera [25]. Descriptive cross-section-
al study showed that high neutrophil count was found to be pre-
dictive of severe clinical course and death in the patient. There-
fore, research should be done further on neutrophils’ role in
COVID-19 pathology.

Conclusion. COVID-19 global pandemics showed that re-
search on human immunology systems is still under its way.
There are many potential key triggers in immunopathologi-
cal processes, nonetheless, it should be noted the research
should not only investigate cytokines separately, but the ra-
tio of pro/anti-inflammatory cytokines can be the key in under-
standing the COVID-19 phenomenon. Therefore, in order to
understand fundamentally the COVID-19 pathology further re-
search on the process of restoring the function of the immune
system (CD-profile and functional lymphocytes of peripheral
blood) of patients who underwent COVID-19 in the dynamics of
the infectious process in mild, moderate, severe and extreme-
ly severe courses (with the development of ARDS and acute
damage to the myocardium, kidneys, central nervous system)
should be performed. One of the main challenges in this battle
with COVID-19 is to develop prognostic immunological criteria
for the rapid progression of organ and system damage in post-
COVID19 syndromes (macrophage hyperactivation syndrome,
thrombosis and thromboembolism) for the rightest choice of
therapeutic tactics and prevention of complications and unfa-
vorable outcomes of patients based on the analysis of the data
obtained. Solid body of research on circulating immune cells
by flow and mass cytometry and/or single-cell RNA sequenc-
ing showed that SARS-CoV-2 induces activation of the innate
immune system resulting in aggressive pro-inflammatory re-
sponse, especially in severe COVID-19 clinical cases, nonethe-
less specific and non-specific immunity is suppressed follwoing
acute immune reponse, therefore further research should be
done to investigate the role of NK cells and cytotoxic proteins in
order to understand the pathophysiology behind the COVID-19
severe clinical cases.
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Bknan aBTOpoB. BCce aBTOPbI MPMHMMAanNV paBHOCUITbHOE y4acTue Npu HanmcaHnm AaHHOW CTaTbu.

KoHdnuKT nHTepecoB — He 3asBreH.

[aHHbIi MaTepuan He Obin 3asBneH paHee, Ana nybnvkauuy B APYrux U3NaHNaX U He HaxoAWTCS Ha pacCMOTPEHUN APYrMU uspaternb-
cteamu. [pu NnpoBeAeHn aHHON paboTbl He BbINI0 (PUHAHCUPOBaHMSA CTOPOHHUMM OPraHN3aLMAMI U MEAULIMHCKUMW NPeaCcTaBUTENbCTBA-
MU. PrHAHCUPOBAHUE — HE MPOBOAMIOCH.

ABTopnapabiH yneci. bapnbik aBTopnap ocbl MakanaHbl xasyfa TeH Aapexeae KaTbICTbl.

Myanenep KakTbIFbICbl — MAMIMAENTEH XKOK.

Byn martepuan 6acka 6acbinbimaapaa xapuanay yiiH 6ypeliH ManimaenviereH xasHe 6acka 6acbinbiMaapAbiH kapayblHa YCbIHbIIMaraH.
OcCbl XXyMbICTbI XYPridy Ke3iHAe CbIpTKbl ybiMAAP MEH MeAuuMHanbIK eKinaikTepain KapXblnaHabipybl acanfaH Xok. Kapxbinanabipy
Xyprisinveai.
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