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Abstract

Relevance. The outbreak of COVID-19 began in late 2019 in Hubei Province, China. Already in the first quarter of 2020,
the disease spread around the world. On March 11, 2020, WHO declared a COVID-19 pandemic. The first cases of the
disease in Kazakhstan were registered in March 2020.

The aim of the study: a systematic search for scientific information about the socially significant disease COVID-19 and
its immunopathogenetic basis for the severity of the course.

Search strategy: Research publications were searched in PubMed, ResearchGate, GoogleScholar databases. A total of
325 literary sources were found, of which 89 were selected for analysis.

Results: To date, clinical experience suggests a wide range of clinical manifestations of COVID-19 from asymptomatic
to severe disease with poor survival associated with an aggressive inflammatory response. There is clinical evidence that
suggests that cytokine storm is associated with the severity of COVID-19 and is also the leading cause of death.
Hyperactivation of the immune system during COVID-19 leads to a sharp increase in the levels of pro-inflammatory cytokines
- a cytokine storm that is characterized by systemic inflammation, hyperferritinemia, acute respiratory distress syndrome,
systemic inflammatory response syndrome, hemodynamic disturbances, thrombosis, disseminated intravascular coagulation,
lung damage and others. organs, multiple organ failure with a poor prognosis.

Conclusion. The cytokine storm caused by SARS-CoV-2 infection is a central mediator of lung damage and, as a result,
can cause life-threatening complications. We present several leukocyte and cytokine changes that may help determine the
progression and severity of COVID-19 from early to advanced in both mild and severe cases.

Keywords: COVID-19, cytokine storm, interleukins, SARS-CoV-2, MERS-CoV.
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MMMYHONATOrEHETUYECKUE OCHOBbI TAXECTMU
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Acusa A. EceHbaesa'*, XXanna B. MycaxaHosa??,
MaxkcyT C. Kasnimos', BakbiT6ex A. Ancanukos’,
Oacran H. Canpyanues’, NlynsHap M. Wanrym6aesa’,
Xanna Y. KosbikeHosa', AintHyp C. Kpbiknaesa',
Mepyept O. Xamurosa*, Mepyepr P. Maca6aesa'

"HAO «MeguumHCKui yHuBepcuteT Cemeir», r. Cemenr, Pecny6nuka KasaxcraH;
2 OTaeneHue onyxornen n guarHocTuyeckom natonorum YHmBepcuteta Haracaku, Haracaku, AinoHus;
® Bbiclwas wkona MeauUMHbI, PaKynbTeT MeAULMHbI U 34paBoOXpaHeHUs, KasaxcKuii HaLMOHanbHbIA
yHuBsepcuter um. Anb-®apabu, AnmaTbl, Pecny6nuka KasaxcraH;
HAO «MeauumHckui yHuBepcuteT AcTaHay, r. Hyp-CynrtaH, Pecnyonuka KaszaxcrtaH.

AktyanbHocTb. Benbiwka 6onesHn COVID-19 Hauanack B koHue 2019 roga, B nposuHUMu Xybal, Kutait. Yxe B
nepsom keapTane 2020 roaa 6onesHb pacnpocTpaHunacs no scemy mupy. 11 maprta 2020 roga BO3 o6bsiBuna o naHgemum
COVID-19. MNepBble cnyyan 3abonesaHuns Ha Tepputopun KasaxcraHa bbinm 3apeructpupoBaHbl B MapTe 2020 roga.
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Llenblo mccnepoBaHuA: CUCTEMATUYECKUIA MOWCK HAy4YHOW WMHGOPMaLMM O COUManbHO 3HauMMOM 3aboneBaHum
COVID-19 1 ero MMMHONATOrEHETUYECKNE OCHOBbI TSHKECTU TEYEHUS.

Crtpaterusi noucka: [louck HayuHbix nybnukauwin nposogunca B 6asax paHHbix PubMed, ResearchGate,
GoogleScholar. Bcero 6bino HangeHo 325 nutepaTypHbIX UCTOYHUKA, U3 KOTOPbIX ANns aHanuaa bbinv otobpats! 89.

PesynbTatbl: K HacTosilemy BpEMEHW KITMHUYECKUI OMbIT CBUAETENbCTBYET O LUMPOKOM CMEKTPE KIMHUYECKMX
nposineHnin COVID-19 o1 6eccuMnTOMHOM [0 Tskenon popmbl 3a60neBaHMs C HU3KOW BbPKMBAEMOCTbIO, CBA3AHHOW C
arpeccyBHON BOCMANMUTENbHOM peakumei. VIMEKTCs KNWMHUYecke OaHHble, KOTOpble CBWAETENbCTBYET O TOM, YTO
LIMTOKMHOBBIN LUITOPM CBsidaH ¢ TsxkecTblo COVID-19, a Takke SBNSETCS rMaBHON NpUYMHON CMepTu. [MnepakTuBaums
MMMYyHHON cucTembl BO Bpems COVID-19 npuBoguT K pe3komy NOBbILIEHWO YPOBHEN NMPOBOCMANMTENBHbIX LIMTOKUHOB -
LWTOKMHOBOMY  LUTOPMY, KOTOPbIA XapakTepu3yeTcs CUCTEMHbIM BOCManeHuem, runepeppuTMHEMUEn, OCTPbIM
pecnMpaTopHbIM AWUCTPECC-CUHAPOMOM, CMHAPOMOM CUCTEMHOTO BOCMANMMTENBHOTO OTBETA, HApYLUEHMEM FeMOAMHAMMKN,
TPOMOO30M, AMCCEMUHMPOBAHHBIM BHYTPUCOCYAWUCTBIM CBEPTHIBAHMEM, MOBPEXAEHNEM METKMX U ApYruX OpraHos,
NONMOPraHHON HeJOCTaTOYHOCTLHO C HEBNAronpPUATHBIM NPOrHO30M.

BbiBog. LIMTOKMHOBBIA LITOPM, BbI3BaHHbIA WHPekumeir SARS-CoV-2, gBnsetcs LeHTpanbHbIM - MeauaTopom
NOBPEXAEHUS NErknx W, Kak CMeACTBME MOXET BbI3blBaTb Pa3BUTUE OCMOXHEHWW, YrpOXaLMX XU3HW yenoseka. Mol
NPEeLCTaBMAEM HECKOMBKO M3MEHEHWI NEAKOLMTOB M LMTOKMHOB, KOTOPbLIE MOTYT NOMOYb ONpeaenuTL NPOrpeccMpoBaHie 1
TshkecTb TeueHuss COVID-19 oT HayanbHOM 40 NO3AHEN CTaaui, Kak B Nerkux, Tak U B TSHKENbIX Cryyasix.

Knrouesnbie cnosa: COVID-19, yumokurossiti wmopm, uHmepnelikunbl, SARS-CoV-2, MERS-CoV.
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Kipicne: COVID-19 ingeti 2019 xbingblH coHpiHAa KbimangbiH Xy6an npoBuHumsckiHga Gactangbl. 2020 xbingsiH
OipiHwi TokcaHbiHOa aypy Oykin enemre Tapagbl. 2020 xbingblH 11 HaypbisbiHga O0Y¥ COVID-19 naHaemuscbiH
*apusnagbl. Kasakctanaa aypyabiH, GipiHwi xaraannapbl 2020 xbingblH HaypbI3 aibiHLa TipKenreH.

Makcatbl: ©OneymetTik mMaHbi3bl 6ap COVID-19 aypybl OHbIH, MMMYHONATOr€HETUKaNbIK HerisgepiHiH, ayblprbifb
Typanbl FbIbIMU @KknapatTbl Xyneni isgey.

Isgey crtpateruscbl: Makananapgel ipiktey PubMed, ResearchGate, Google Scholar anektpoHmblK AepekTep
BasacbiHga xyprisingi. bapnbiFsl 325 aaebu aepekke3 Tabbinbin, OHbIH, 89-bl TanaayFa ipikTenin ansiHgbI.

Hoatuxeci: ByriHri kyHi COVID-19 knuHukanblk Toxipubene KIMHUKANbIK KOpiHICTEPIHIH KeH ayKbiMbiH kepceTei,
BencumnTomablk hopMapaH ,ayblp aFbiMbiHa AEiiH. arpeccuBTi KabbiHy peakuyusicbiHa BannaHbicTbl. COVID-19 ayblpnbifb
LMTOKMHAIK JaybinmeH GainaHbICTbl eKeHiH xaHe eniMHiH, 6acTbl cebebi BonybIHbIH KOPCETETIH KNMHUKaNbIK Aanengep
Bap. COVID-19 aypybl ke3iHAe UMMYHABIK XYWeHiH runepakTuBaumsicbl KabbiHyFa Kapchbl LWTOKUHAEP AEHTewiHiH, KypT
apTyblHa oKenedi — UMTOKMHAIK Aaybin cunattanagbl  Kyheni  KabblHYMeH, rneptheppuTUHEMUSIMEH, Kepen
PeCnMpaTopsibIK ANCTPECC-CUHAPOMMEH, XYyiieni KabbiHy peakuust CMHAPOMbIMEH, TeMOAMHaMWKanblK Oy3binynapmeH,
TpOoM6030€eH, OUCCEMMHUPNEHTEH TaMbIPILLIMIK Koarynsauus, ©KMeHiH, 3akbiMaaHybl xoHe T.0. kenTereH MyLllenepaiH
KETKiniKciagiriMeH, emipre Kayin TOHAipeTiH bomkambl Hawwap.

KopbITbiHAbI: SARS-CoV-2 MH(eKUMACbIHAH TybIHOAFaH LMTOKMHOIK AayblN ©KMNe XapakaTbiHbIH, OpTarblK MEAMAToOpbI
Bonbin Tabbinagbl XaHe HOTUXECIHAE eMipre Kayin TOHZIPETIH acKblHynapabl TyAbIpYbl MyMKiH. bi3 neikouuTTepaiH, xaHe
LMTOKMHAEPAIH OipHelle e3repicTepiH YCbiHaMbI3, Onap XeHin xaHe ayblp xafgainapaa COVID-19-HblH epTefeH XoFapbl
AeHrelire feriH faMybl MeH ayblprblfbiH aHblKTayFa KemekTecesi.

Tytindbi ce3dep: COVID-19, yumokurOik Oaybin, uHmepnelikuHdep, SARS-CoV-2, MERS-CoV.
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Introduction Nowadays, data on the pathophysiology of COVID-19 is
In January 2020, the World Health Organization (WHO)  updating daily. Scientists and doctors from different
declared the spread of the new coronavirus infection  countries are engaged in the study of a new virus, the study
COVID-19 as a public health emergency of international ~ of epidemiology, pathogenesis, and the creation of a
concern. In March 2020, according to the WHO, the  vaccine. Nicastri E. et al. conducted an epidemiological
coronavirus infection COVID-19 acquired the character of a  study of 3711 people infected with COVID-19 on board a
pandemic [89,91], which had not only a medical but also a  cruise ship and found that 17.9% of all infected cases were
social impact on the daily lives of people around the world. ~ asymptomatic [50]. Virulence, the human immune
19 in a public health field of international concern. To date, response, and complex inflammatory responses play a
as of January 17, 2022, there have been over 330 milion ~ major role in understanding the host immune response to
confirmed cases and 5,55 million deaths associated with ~ COVID-19 virus introduction. It has been reported that
COVID-19 worldwide [74]. In the Republic of Kazakhstan, peripheral immune cells, cytokines, and their receptor
the incidence of coronovirus infection amounted to 1.16  expressions play an important role in patients suffering from
million, confirmed cases and deaths 18318 [74]. critical pneumonia in COVID-19 [84]. IL-6 is one of the key
The outbreak of COVID-19 began in Wuhan (Hubei  cytokines contributing to host defense by stimulating acute
Province), China at the end of December 2019 [77]. Several ~ phase reactions, hematopoiesis, and immune responses
cases of pneumonia of unknown origin were reported then.  [29]. Serum IL-6 levels have been reported to typically
The causative agent was identified as a new RNA- increase during infection, and critical elevations are seen in
containing virus with a [-envelope, which was named  severe cases [59]. Chen G. et al. suggest that SARS-CoV-2
severe acute respiratory syndrome coronavirus 2 SARS- infection may primarily affect T-lymphocytes, leading to a
CoV-2. SARS-CoV-2 is currently considered the newest  decrease in their number, as well as the production of IFN-y
member of lineage B of the genus Betacoronavirus (3-CoV) by CD4 + T cells, these potential immunological markers
in the family Coronaviridae of the order Nidovirales [92].  may be important due to their correlations with disease
Initial comparative genomic analysis showed that SARS-  severity in COVID-19 [10]. There is an increase in serum
CoV-2 shares almost 79% identity with SARS-CoV and  concentrations of pro- and anti-inflammatory cytokines (IL-
50% with MERS-CoV [46,90]. According to phylogenetic 2R, IL-6, TNF-a and IL-10) in severe disease, compared
analysis, SARS-CoV-2 is more similar to SARS-CoV thanto  with moderate, mild and asymptomatic [84].
MERS-CoV [27]. Cytokines play an important role in the immune
SARS-CoV and MERS-CoV viruses can rarely cause  response of the body in response to the persistence of the
lower respiratory tract infections, which are more common  virus, and cytokine gene polymorphisms affect the overall
in newborns, the elderly, and people with comorbidities,  expression and secretion of cytokines [38]. Single
while SARS-CoV-2 virus infects the lower respiratory tract  nucleotide polymorphisms can be functional and lead to an
in almost all cases, except for those who are asymptomatic. increase or decrease in the level of expression of a gene
And mild disease. The spectrum of SARS-CoV-2 disease,  product or its activity. It is believed that the presence of
or COVID-19 by its international name, is wide: from an  single nucleotide substitutions is one of the factors that
asymptomatic form of infection to acute respiratory distress  determine the individual characteristics of the course and
syndrome, most often ending in death. SARS-CoV-2 is a  prognosis of the disease. Thus, changes in the genes
recombinant, i.e. a virus in which the genetic the material  involved in the body's immune response may contribute to
was partially supplemented with an alien genome of a bat  the development and progression of viral diseases.
coronavirus and an unknown coronavirus (possibly a snake Purpose of the study. Systematic search for scientific
or pangolin) [90]. Recent data have confirmed that the  information about the socially significant disease COVID-19
SARS-CoV virus originated from a mutation in bats, and it~ and its immunopathogenetic basis for the severity of the
has acquired the ability to infect humans. Given the  course.

similarity of this virus to bat coronaviruses, it has been Search strategy. The search for relevant scientific
suggested that bats could be the main hosts of SARS-CoV-  publications was carried out in databases of evidence-
2[25,92]. based medicine (PubMed, ResearchGate), specialized

search engines (GoogleScholar), as well as official WHO
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reports and statistical collections. A total of 325 literary
sources were found, of which 89 were selected for analysis.
Inclusion criteria: full-text articles published in English
and Russian, search depth takes 3 years.
Exclusion criteria:  duplication or
information. Publications in the media.
Results and discussion
SARS-CoV, SARS-CoV2, and MERS-CoV infection is
accompanied by fever, dry cough, dyspnoea, myalgia,
weakness, leukopenic tendency, and signs of progressive
pneumonia, which can later cause acute respiratory distress
syndrome (ARDS). The symptoms of the SARS-CoV2 virus
seem to be milder than SARS or MERS infection, but
eventually mortality exceeds and the disease becomes
deadly [13]. This suggests that their pathogenesis may also

repetition  of

be similar [27]. Pathogenetically, SARS-CoV2 is
characterized by viremia, local and  systemic
immunoinflammatory ~ process, hyperactivity of the

coagulation cascade, endotheliopathy, hypoxia, which leads
to the development of micro- and macrothrombosis;
proceeds from asymptomatic to clinically pronounced forms
with intoxication, fever, damage to the endothelium of blood
vessels, lungs, heart, kidneys, gastrointestinal tract, central
and peripheral nervous systems with the risk of developing
severe complications. The main target of SARS-CoV-2 is
the lungs. In pathogenesis, two main mechanisms can be
distinguished that mutually aggravate each other and can
lead to the development of ARDS - this is direct viral
damage to alveocytes with the development of an
immunoinflammatory syndrome and the development of
micro- and macrothrombosis of the pulmonary vessels and
obstructive thromboinflammatory syndrome [59].

The main mechanism of transmission of coronavirus
infection is airborne (or airborne dust), in which pathogens
are localized in the mucous membrane of the respiratory
tract and transferred to a new organism through the air. In
this way of transmission, the pathogen enters the external
environment when sneezing and coughing with drops of
liquid and is introduced into the human body by inhalation of
air containing infected particles. If the particles are small,
they are in the air for some time in the form of an aerosol
(droplets suspended in the air), and if the particles are
larger, they settle on various surfaces at a distance of up to
two meters around the sick person [54]. After entering the
respiratory tract, the main targets of the virus are respiratory
tract epithelial cells, alveolar epithelial cells and vascular
endothelial cells [3]. To date, Kazakhstan has adopted a
classification according to the protocol for diagnosing and
treating COVID-19 according to the severity of the course:
mild severity - without lung damage; moderate-COVID-19
associated pneumonia affecting 25-50% of the lungs (CT-
2); severe course -COVID-19 associated pneumonia with
>75% lung involvement (CT-4); severe course - COVID-19
associated pneumonia with 50-75% lung involvement (CT-
3) and extrapulmonary manifestations, as well as the
presence of complications and concomitant diseases;
extremely severe or critical severity - bilateral subtotal
pneumonia (ARN, ARDS, shock, MODS) [17].

The coronavirus genome encodes four major proteins:
spike (S), nucleocapsid (N), membrane (M), and envelope
(E). The S protein is the most immunogenic part of
coronaviruses, it binds to angiotensin-converting enzyme-2
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(ACE-2) receptors for insertion into the host cell [40]. About
75% of the SARS-CoV2 genome is similar to the SARS-
CoV genome. The virus entering the cell binds the
peplomer protein to the ACE-2 receptor, then releases the
RNA genome in the cytoplasm of the cell and replicates,
which leads to the formation of new viral particles and its
spread along the communicating airways. At this stage, the
infection is asymptomatic, but the person is contagious and
the virus can be detected by PCR [30]. The infection then
spreads to the rest of the upper respiratory tract, resulting in
symptoms of fever, malaise, and dry cough. During this
period, infected cells release the chemokine ligand
CXCL10, interferons beta and gamma, and the immune
response may be sufficient to prevent further spread of
infection, which occurs in most cases. In about a fifth of
those who become ill, the infection spreads to the lower
respiratory tract with the development of more severe
symptoms [2]. When the virus affects the alveoli, a local
inflammatory reaction occurs with the release of a large
number of cytokines and chemokines by immune effector
cells. In patients infected with SARS-CoV2, high levels of
pro-inflammatory cytokines and chemokines were found in
the blood, including: IL1-B, IL1RA, IL7, IL8, IL9, IL10 and
others [57]. Increased levels of pro-inflammatory cytokines
are associated with the severity of lung damage (increased
ground glass effect). In some patients, this activation
becomes so massive that a cytokine storm develops. The
ensuing cytokine storm triggers a strong inflammatory
immune response that contributes to the development of
ARDS, a fatal multiple organ failure. In severe cases of
SARS-CoV-2 infection, similar to SARS-CoV and MERS-
CoV infections [30,47]. Patients infected with COVID-19
showed higher white blood cell counts and increased levels
of pro-inflammatory cytokines [27]. The direct cause of
death from COVID-19 is the complications of the cytokine
storm, damage to the lungs and other organs: the heart,
kidneys and liver [48,58,67,69].

ZhangWetal found that in patients with severe COVID
19 disease, a decrease in the level of T-lymphocytes,
including CD4 and CD8 subtypes and especially NK cells in
the blood [85]. The number of regulatory T cells is also very
low. An early sign of the disease is severe lymphopenia,
which precedes the clinical manifestations of pneumonia
and tends to normalize as the patient's condition improves.
In many countries, one of the diagnostic criteria for the
severity of the disease is lymphopenia. Even with low levels
of CD4- and CD8-T-lymphocytes express a high amount of
HLADR4 and CD38, thereby they show hyperactivity. In
severe cases of the disease, the total number of leukocytes
and neutrophils, as well as the neutrophil/llymphocyte ratio
(NLR), increases. In patients with COVID-19 infection, NLR
can be used as a follow-up parameter [41,81]. CD8 T-
lymphocyte levels are restored after 2-3 months, recovery
of CD4 T-lymphocytes during SARS-CoV infection can take
almost a year [44,62,83,85]. The results of the autopsy
showed that in addition to the low number of lymphocytes in
the blood, there is also atrophy of secondary lymphoid
organs, including the Iymph nodes and spleen.
Immunohistochemical staining revealed a decrease in the
number of CD4-positive and CD8-positive T cells in the
lymph nodes and spleen [79,80]. In the other half of
patients, on the contrary, the number of monocytes and
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macrophages increases, which leads to an increase in the
level of pro-inflammatory cytokines, such as interleukin IL-6,
IL-1, tumor necrosis factor (TNF) a and IL-8, which
contribute to the emergence of a cytokine storm in patients .
A persistent increase in D-dimer levels worsens the
prognosis in patients with COVID-19. The development of
DIC is another problem characterized by prolonged
prothrombin time and activated partial thromboplastin time,
high levels of fibrin degradation products, and severe
thrombocytopenia, which can be life-threatening [86].

High levels of inflammatory mediators and
immunoglobulins can lead to increased blood viscosity;
mechanical ventilation and central venous catheterization
may additionally cause damage to the vascular endothelium
in severely or critically ill patients. Anticardiolipin antibody
levels were also high in the small groups. Thus, in people
infected with COVID-19, the combination of all of the above
factors can lead to deep vein thrombosis or even fatal
pulmonary thromboembolism [86,87]. COVID-19 infection is
accompanied by an aggressive inflammatory response with
the release of large amounts of pro-inflammatory cytokines
known as a “cytokine storm [21].” The release of cytokines
in response to infection can lead to mild or severe clinical
manifestations [30].

In the case of SARS, infected hematopoietic cells,
macrophage monocytes, and other immune cells induce
increased secretion of pro-inflammatory cytokines such as
TNF-a, IL-6, and IFN-a/-y with reduced levels of anti-
inflammatory cytokines [5,15,75]. Similarly, MERS-COV
infection results in delayed but increased production of IFN-
a and pro-inflammatory cytokines like IL-6, IL-8 and IL-1
[37,66,89]. Such elevated levels of cytokines have been
associated with multiorgan dysfunctional syndrome (MODS)
and ARDS due to the accumulation of multiple immune cells
such as macrophages, neutrophils, and dendritic cells in the
lungs, causing alveolar damage and edema [24,34,49,66].
Similarly, in patients with COVID-19, the secretion of
cytokines and chemokines that attract immune cells to the
lungs has been increased, causing ARDS, which is fatal for
the critically ill [20,66,88]. Signature cytokines in critically ill
COVID-19 patients were consistent with those in SARS and
MERS patients, i.e. increased expression of IL-6, TNF-q,
macrophage inflammatory protein 1-a (MIP-1a), MCP3,
GM-CSF, IL- 2, and IP-10 along with elevated chemokines
(IP-10, CCL2/MCP1, CXCL1, CXCL5) have also been
detected in  SARS-CoV  coronavirus-2 infection
[18,48,66,73,91]. In children, elevated inflammatory
markers include IL-6, IL-1, and C-reactive protein along with
serum procalcitonin [64,66]. In a case study, a 14-year-old
child with a cytokine storm was treated with anakinra (an IL-
1 receptor antagonist) to stabilize respiratory disease and
other clinical symptoms [39,51]. Transcriptome analysis of
PBMC and BALF showed that a number of immune
regulators were activated, especially CXCL10, in relation to
BALF. This study also reported that several apoptotic genes
and P53 signaling molecules were upregulated, indicating a
possible cause of lymphopenia in these patients [66,78].

Cytokines are produced by several immune cells,
including innate macrophages, dendritic cells, natural killer
cells, and adaptive T and B lymphocytes. The three most
important pro-inflammatory cytokines of the innate immune
response are IL-1, TNF-a, and IL-6 [21]. Tissue
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macrophages, mast cells, endothelial and epithelial cells
are the main source of these cytokines. The "cytokine
storm" is the result of a sudden surge in pro-inflammatory
cytokines, including IL-6, IL-1, TNF-a, and interferon [21].
An increase in cytokines leads to an influx of various
immune cells, such as macrophages, neutrophils and T
cells, from the circulation to the site of infection with a
devastating effect on human tissues as a result of
destabilization of endothelial cellular interactions with cells,
damage to the vascular barrier, damage to capillaries,
diffuse alveolar damage, multiple organ failure and
ultimately death [21,30]. Lung injury is one of the
consequences of the cytokine storm, which can progress to
acute lung injury or its more severe form ARDS [21,60].
Although the exact mechanism of ARDS in patients with
COVID-19 is not fully understood, excessive production of
pro-inflammatory cytokines is thought to be one of the major
contributing factors [12,21,27,30,36]. Plasma cytokine
levels in 41 confirmed cases of COVID-19 in China
revealed elevated levels of IL-1B, IL-7, IL-8, IL-9, IL-10,
FGF, G-CSF, GM-CSF, IFN-y, IP-10, MCP-1, MIP-1A,
MIP1-B, PDGF, TNF-a and VEGF in patients admitted to
the intensive care unit, as well as patients not requiring
resuscitation, compared with healthy individuals [21]. All
patients included in this study had pneumonia and 1/3 of
the patients were admitted to the intensive care unit, and six
of these patients died [21,27]. A multicenter retrospective
study of 150 COVID-19 patients in China assessed
predictors of mortality from COVID-19 [21,58]. The study
analyzed data from 82 cases that resolved from COVID-19
and 68 cases that died from COVID-19 and reported
significantly higher levels of IL-6 in deaths than in cases
that resolved [21,58]. Another study analyzing data from 21
patients in China reported elevated levels of IL-10, IL-6 and
TNF-a in severe cases (n=11 patients) compared to
moderate cases (n=10 patients) [10,21]. A similar study by
Gao et al. evaluated 43 patients in China and reported that
IL-6 levels were significantly higher in severe cases (n=15)
than in mild cases (n=28) [21,24]. Also, Chenetal. studied a
total of 29 patients with COVID-19 divided into three groups
according to relevant diagnostic criteria and found that IL-6
was higher in critical cases (n=5 patients) than in severe
cases (n=9 patients), and that IL-6 was higher in severe
cases than in mild cases (n=15 cases) [11,21].

In a study on IL-6 and TNF, Yangetal studied 48
cytokines in patients with COVID-19, 14 of which were
markedly increased [30,87]. Among these 14 cytokines, IP-
10, MCP-3 and IL-1ra have been identified as biomarkers of
disease severity and mortality [30]. They also found that IP-
10 levels were markedly higher in patients with severe
disease compared to those with mild disease [30,32]. A
report of 10 severely ill COVID-19 patients showed a
marked increase in CCL5 (CC chemocin ligand 5,
RANTES); It is important to note that treatment with CCR5-
blocking antibody led to a decrease in the level of IL-6 in the
blood, a decrease in the expression of genes associated
with IFN, a decrease in the SARS-CoV-2 viral load, and the
restoration of immune homeostasis [30,53]. Liu et al. [45]
reported that 38 cytokines from COVID-19 patients were
significantly increased and 15 cytokines (IL-12, IL-1ra, IP-
10, PDGF-BB [platelet growth factor-BB], TNF, IFN-y, M-
CSF [macrophage CSF], IL-17, HGF, G-CSF, IL-2, IL-4, IL-
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10, IL-1a and IL-7) were associated with disease severity.
In addition, some inflammatory markers such as CRP and
D-dimer were also markedly elevated [28,30]. However, in
contrast to the results in patients with SARS, patients with
COVID-19 showed an increase in anti-inflammatory
cytokines such as IL-10 and IL-4 [30,72], suggesting an
increased Th2 response and subsequent pulmonary
interstitial fibrosis. Finally, single-cell RNA sequencing
results from early recovering patients infected with SARS-
CoV-2 indicated that IL-18 and M-CSF may be novel
mediators in the cytokine storm-associated inflammatory
response [30,68,72]. SARS and MERS patients also
experienced a Th17-type cytokine storm caused by the
mobilization of Th17 responses [22,30,31]. It has been
reported that a large number of CCR4 CCR6 Th17 cells,
which are at least partially attributed to this
immunopathology, were also present in a COVID-19 patient
with ARDS [30,76] markedly elevated cytokines (i.e., IL-1,
IL-17, TNF, and GM -CSF) in COVID-19 patients have been
associated with Th17 responses [22,30,31,45]. These data
suggest that a Th17-type cytokine storm may lead to or be
associated with the onset of organ damage commonly seen
in patients with severe COVID-19 [30,77].

High levels of IL-6 may also contribute to an increase in
neutrophil cells and a decrease in lymphocytes. Clearly, IL-
6 may influence the development of ARDS in patients with
COVID-19 [30,87], and an increase in IL-6 may be a useful
marker for the onset of severe disease. Furthermore, since
mildly centric coagulopathy may also play an important role
in the pathophysiology of severe COVID-19 patients
[23,30], IL-6 may contribute to this pathology by inducing
coagulation cascades [30,33]. However, hypercoagulability,
together with high levels of D-dimers, fibrinogen, and CRP,
in patients with COVID-19 differs from the disseminated
intravascular coagulation described in more severe
inflammatory conditions [30,52,66]. In addition, IL-6 levels
may vary in patients with COVID-19 in relation to disease
severity [28,30,83].

The trigger for a cytokine storm is an uncontrolled
immune response leading to the continuous activation and
expansion of immune cells, lymphocytes and macrophages
that produce a huge amount of cytokines, resulting in a
cytokine storm [30]. The clinical outcomes of CS are
associated with the action of pro-inflammatory cytokines
such as IL-1, IL-6, IL-18, IFN-y, and TNF-a [60].

Release of cytokines by natural killer (NK) cells and
macrophages, along with activated T cells and humoral
responses, may help eliminate infection accompanied by
effector mechanisms such as antibody-dependent cellular-
mediated cytotoxicity (ADCC) [4,30]. These reactions are
triggered to keep the pathogen under control. For example,
local cytokines such as IFN-a/f and IL-1f produced by
epithelial cells can protect nearby cells by stimulating IFN-
stimulated gene expression while simultaneously activating
immunocompetent cells such as NK cells [30]. This
increases the lytic potential of the NK cell and fuels the
secretion of IFN-y [9,30]. In addition to NK cells, once
myeloid cells, such as resident macrophages, are activated
by IFN-y, this enhances subsequent TLR-mediated
stimulation. This includes the release of high levels of TNF,
IL-12 and IL-6, which in turn can further modulate NK cells
[8,30]. Although IL-12 acts to increase NK IFN-y secretion,
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high levels of IL-6 may also limit the immune response by
its effect on NK cell cytotoxic activity by reducing
intracellular perforin and granzyme levels [16,19,30].

As the disease progresses, T cell and antibody
responses generate additional cytokine responses, resulting
in more or sustained antigen release and added TLR
ligands due to viral cytotoxicity [30,42]. Once these
responses are triggered, host or pathogen related factors
(such as decreased viral load, anti-inflammatory responses,
etc.) kick in to prevent an unregulated response or CRS if
the pathogen or host related responses are not sufficient to
suppress the production of pro-inflammatory cytokines. ,
then tissue damage can occur and go into multiple organ
failure [30]. For example, the absence of a negative
feedback mechanism in IL-10 and IL-4 is expected to
increase the severity of cytokine responses to pathogenic
CRS or cytokine storm [30,63].

The relative frequencies of circulating activated CD4+
and CD8+ T cells and plasmablasts are increased in Covid-
19 [47]. In addition to elevated levels of systemic cytokines
and activated immune cells, some clinical and laboratory
changes are also observed in Covid-19, such as elevated
levels of CRP and d-dimer, hypoalbuminemia, renal
dysfunction, as in cytokine storm disorders. It has been
found that laboratory test results  reflecting
hyperinflammation and tissue damage suggest worse
outcomes with Covid-19 [6]. Cytokine storm is one of the
common causes of death during the recently declared
COVID-19 pandemic. SARS-CoV-2 infection-induced
cytokine storm is generally thought to be a central mediator
of lung injury and, as a result, ARDS found in patients with
COVID-19 in severe or critical illness [30]. We present
several leukocyte and cytokine changes that can help
determine the progression of COVID-19 from early to
advanced in both mild and severe cases [30].

In public health, population vaccination is the most
important measure to protect people from COVID-19
because SARS-CoV-2 is a highly contagious virus [1]. In
the first 9 months since the emergence of the virus,
preclinical development of more than 200 vaccines began,
36 of which entered clinical trials [65]. On March 13, 2020,
the first doses of the vaccine were tested in humans. By
September 24, 2020, the SARS-CoV-2 vaccination
landscape included 43 clinical trial candidates and more
than 200 candidates [65]. The main problem in the
development of a vaccine against SARS-CoV-2 is the
likelihood of a rapid disappearance of antibodies.
Previously, it was found that CoV infection is unable to
induce a long-lived antibody response, leading to re-
infection of people with the same virus after a long period,
although this phenomenon is not widespread [65]. Another
challenge associated with the development of a vaccine
against SARS-CoV-2 is to ensure the prevention of disease
exacerbations. A vaccinated person may develop a more
severe condition with COVID-19 than an unvaccinated
person. This phenomenon is supported by a study on an
experimental SARS vaccine in which vaccinated ferrets
developed critical liver inflammation in response to a viral
infection [70]. A significant challenge in COVID-19 vaccine
development is the frequent mutations in the SSARS-CoV-2
protein, the most common target antigen in current efforts,
limiting the effectiveness of first-generation COVID-19
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vaccines and even requiring recovered patients to be
vaccinated against the mutated virus [35,71,81]. Therefore,
an ideal COVID-19 vaccine platform should allow easy and
rapid deployment of newly mutated and identified antigens.
Current preclinical and clinical studies of COVID-19
vaccines primarily aim to generate neutralizing antibodies
against SARS-CoV-2 and desirably induce the production of
memory T and B cells [14,55,94]. Effective and long-term
protection against SARS-CoV-2 infection requires well-
organized innate, humoral, and cellular immunity.

Thus, COVID-19 has affected both the healthcare
system and other economic, sociocultural systems. The
COVID-19 pandemic may end, but the consequences will
remain and continue to create serious problems. COVID-19
starts as a simple viral infection, but after a while it gets out
of control and progresses to death with the development of
a cytokine storm and serious damage organs.

Conclusion. We hypothesize that it is likely that a
certain percentage of people have genetic predisposing
factors that contribute to the development of the cytokine
storm that leads to severe COVID-19. The search for
genetic markers for the possibility of taking timely
preventive measures to prevent severe and extremely
severe course of the coronavirus infection is a priority
strategy of modern medicine.
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