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BACKGROUND: Coronavirus disease 2019 (COVID-19) is often complicated by cytokine storm syndrome. Although many
interleukins (IL) have predictive value, the sensitivity and specificity of a single marker is limited.

AIM: The purpose of the study is to develop an objective and informative cytokine storm scale for assessing the risk of
developing a critical course in patients with COVID-19 associated pneumonia.

MATERIALS AND METHODS: A total of 226 cases of COVID-19 were investigated, 36 (16 %) of which were with poor
outcomes. The cytokines IL-1b, IL-2, IL-6, IL-8, IL-10, IL-18, TNF-a., IFNa., IFN-y were studied by enzyme immunoassay,
commercial kits manufactured by Vector-Best, RF.

RESULTS: Since IL-6, IL-10, IL-18, and procalcitonin were associated with disease severity and death, these indicators
were integrated into a 12-point scale called the cytokine storm scale. The patients who scored more than 6 points had
a high risk of a poor outcome of the disease. According to ROC analysis, the area under the curve for the cytokine storm
scale was larger than for each of the four markers separately [AUC 0.90 (95% CI 0.8455-0.9592), p < 0.001].

CONCLUSIONS: Thus, the cytokine storm scale system presents superior performance in determining patients with
favorable and fatal outcomes to each individual cytokine.

Keywords: SARS-CoV-2 coronavirus; cytokine storm; interleukin 6; interleukin 18; interleukin 10; procalcitonin; cytokine
storm scale.
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BasedeHue. KopoHaBupycHoe 3abonesanue 2019 r. (COVID-19) yacto 0CNoHHAETCA CUHAPOMOM LIMTOKMHOBOO LUTOPMA.
XoTA MHOTMe UHTEpNeKWHbI 061aAaloT MPOrHOCTUYECKOM LEHHOCTbIO, YYBCTBUTENBHOCTb M CNELUPUYHOCTb OJHOTO Map-
Kepa orpaHuyeHa.

Llenvb uccnedosanus — pa3paboTaTb 06BEKTUBHYIO U MHGOPMATUBHYIO LKAy LIMTOKMHOBOMO LUTOpPMA [NIA OLEHKM
PUCKa pasBUTUA KPUTUYECKOrO TeveHnA y naumento ¢ COVID-19-accoumMmnpoBaHHOM MHEBMOHUEMN.

Mamepuanel u Memodel. Beino nsyveno 226 cnyyaes COVID-19, 36 (16 %) u3 KoTopbix C HE6NAroNPUATHBIM MCXO-
AoM. MccnenoBaHbl LMTOKUHBL — UWHTEpRenkuH-1b, -2, -6, -8, -10, -18, ¢aKTop Hekposa onyxonu-a, UHTEPdEPOH-aL,
WHTEpPEepoH-y — MEeTOAOM MMMYHO(hEpPMEHTHOr0 aHanM3a C NOMOLLbI0 KOMMepYecKux HabopoB npon3BoacTBa Bektop-
Bect (Poccus).

Pesynemamel. [ToCKONbKY YPOBHU MHTepNenKknHoB-6, -10, -18 1 NpoKanbUUTOHMHA ObIKM CBA3AHbI C TAMKECTbIO 3a-
boneBaHus M neTabHbIM UCXOAO0M, 3TW MOKa3aTeNu BbiNM UHTErpUpoBaHbl B 12-6annbHyl0 WKy, Ha3BaHHYIO LUKaNoW
LMTOKMHOBOrO TOpMa. MaumeHTbl, HabpasLme 6onee 6 6annoB, UMEIOT BbICOKWUIM PUCK HeBNAronpuATHOro Ucxoda 3a-
bonesanus. CornacHo ROC-aHanm3y nnowwaab nofd Kpueoi anda wkanbl LI okasanack 6onblue, YeM ansA Kawaoro U3 Ye-
Tbipex MapkepoB o otaensHoctv [AUC 0,90 (95 % W 0,8455-0,9592), p < 0,001].

3axnoyenue. TakuM 06pasoM, LUKana LWTOKMHOBOrO LUTOpPMa 06/1ajaeT [OCTaTO4HO BbICOKOM WH(OPMATMBHOCTbIO
B OTHOLLIEHUM pUCKa HebnaronpuATHoro nporxo3sa TedeHus COVID-19.

KnioueBble cnoBa: KopoHaBupyc SARS-CoV-2; LMTOKMHOBBIN LUTOPM; UHTEPAENKMNH-6; UHTEPNENKKH-18; uHTepnenkuH-10;
MPOKaNbLWUTOHMH; LIKaNa LMTOKMHOBOrO LUTOpPMa.
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INTRODUCTION

The new coronavirus infection caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
[Coronavirus Disease 2019 (COVID-19)] virus was first
reported in China in December 2019 and has since spread
worldwide. Most patients with COVID-19 have asymptomatic
or mild-to-moderate acute respiratory disease. However,
in some patients, the infection can progress to interstitial
pneumonia and acute respiratory distress syndrome,
especially in elderly patients and patients with concomitant
diseases [1, 2]. SARS-CoV-2 infection can affect the functions
of the gastrointestinal tract, liver, and pancreas, and
cause neurological manifestations (anosmia), damage the
cardiovascular system, and contribute to kidney dysfunction.
In patients with severe disease, functional limitations often
persist for a long time.

Due to the genetic characteristics and virulence factors
of the virus, a delayed synthesis of interferons occurs in the
early stages of the disease, the clearance of SARS-CoV-2
is impaired, NETosis and pyroptosis increase creating
a background for a severe disease course complicated
by cytokine storm syndrome (CS) [3-5]. A distinctive
feature of CS syndrome is an uncontrolled immune
response, including constant activation of lymphocytes and
macrophages. The massive synthesis of cytokines, namely
interleukin-6 (IL-6), interleukin-8 (IL-8), interleukin-13
(IL-1B), interleukin-18 (IL-18), and tumor necrosis factor o
(TNFou), causes apoptosis of lung epithelial and endothelial
cells and damage to the microvascular and epithelial cell
barriers leading to alveolar edema and hypoxia. Although
the reason that CS develops in COVID-19 remains unclear,
CS formation is closely related to disease pathogenesis, and
its development is associated with a worse prognosis and
severe viral pneumonia.

Although many cytokines have predictive value, the
sensitivity and specificity of detecting a single marker
are limited. Combining several biomarkers can improve
the accuracy of laboratory assessments, and integrating
cytokines into one diagnostic scale can improve the prediction
of poor outcomes. This study assessed the role of various
cytokines in the severe disease course and attempted to
create a CS scale to assess the risk of developing a critical
disease course in patients with COVID-19-associated
pneumonia.

MATERIALS AND METHODS

During the “first wave” of the coronavirus infection
epidemic in St. Petersburg from May 25, 2020, to July 25,
2020, 226 patients with COVID-19-associated pneumonia
were examined. Of these, 36 (16%) had an unfavorable
outcome. COVID-19 was confirmed in all patients by
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detecting SARS-CoV-2 nucleic acid by polymerase chain
reaction using oropharyngeal and nasopharyngeal swabs
during hospitalization. Data were collected on demographic
characteristics, clinical manifestations, laboratory and
radiological results, and the values of the SOFA and NEWS2
severity scales. The protocol for assessing the severity
of the patient’s condition NEWS2 contained indicators of
respiratory rate per minute, oxygen saturation (%), the need
for oxygen insufflation, data on body temperature, systolic
blood pressure, heart rate, and changes in the level of
consciousness. The SOFA scale included an assessment of
respiratory function (p,0,/Fi0, mmHg), coagulation (platelets,
10%/ul), liver (bilirubin, pmol/l), cardiovascular system
(hypotension), central nervous system (Glasgow coma
scale), kidney (creatinine, mmol/l or diuresis). The control
group included 30 healthy individuals (5 men, 25 women)
aged 36 to 52 years.

Venous blood samples were collected in the morning on
the first day after admission. The concentration of cytokines
IL-1b, IL-2, IL-6, IL-8, IL-10, IL-18, TNFa, IFNo, and IFNy
was determined by enzyme immunoassay using commercial
kits manufactured by Vector-Best (Russia).

Graphpad Prism 8.3 software was used for statistical
analysis. Continuous and categorical variables are presented
as median (interquartile range) and n (%), respectively.
The Mann-Whitney U-test, %2 test, or Fisher’s exact test
were used to compare continuous and categorical variables.
The predictive value of cytokine concentration and the CS
scale were determined by measuring the area under the
receiver operating characteristic curve (AURQC).

RESULTS

The studied cohort included 138 (61%) men and
88 (39%) women, whose mean age was 56.82 + 13.9 years
(range, 23 to 87 years). The number of deaths of patients
under 45 years old was 3 (7.31%), from 45 to 65 years —
12 (10.5%), whereas the largest number of deaths was
observed in the group of patients aged 65 to 85 years
(21%-58.3%). The body mass index (BMI) in 42% of patients
exceeded 30 kg/mZ. The BMI in women was 33.0 + 1.4 kg/m?
and was significantly (p < 0.01) higher than the average BMI
in men (29.3 + 0.7 kg/m?).

All patients examined had fever above 38°C, cough
(158%—-69.9%), and pain and compression in the chest
(137%-31%). Diarrhea (11%-25%) and anosmia (18.5%—-42%)
were more common among patients with a favorable course
of COVID-19 than in those with an unfavorable course.

The prevalence of concomitant pathology was 70%,
while hypertension was noted in 57.8% (n = 130), coronary
heart disease in 27% (n=61), diabetes mellitus was
detected in 16.2% (n = 36), and chronic heart failure was
diagnosed in 8.6% (n=19) patients. Also, 9.6% (n=21)
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Table 1. Demographic and clinical characteristics of patients with COVID-19
Tabnuua 1. [leMorpaduyeckme 1 KNIMHUYECKME XapaKTePUCTUKK NaumeHTos ¢ COVID-19

- All patient Recove Death P
Characteristics (np= 2; 6)S (::19[?; (n=36) y:cdoev;l;‘y)
Demaographics
Age up to 45 years, % (n) 17.8 (41) 18.9 (36) 8.3(3) <0.05
Age 45-65, % (n) 50.4 (114) 52.6 (100) 30.5(11) <0.05
Age 65-85, % (n) 31.4 (71) 26.8 (51) 58.3 (21) <0.05
Male, % (n) 61.0 (138) 60.5 (115) 63.8 (23) n/a
Body mass index, kg/m? 29.41 (25.9-33.8) 29.7 (26.2-34.2) 27.9 (24.9-31.96) n/a
Clinical manifestations

Temperature, °C 38.9 (38.5-39) 39.0 (38.3-39.1) 38.8 (38.5-39.0) n/a
Cough 69.9 (158) 70.5 (134) 66.6 (24) <0.0001
Chest pain and tightness 137 (31) 13.1 (25) 16.6 (6) <0.05
Diarrhea 11 (25) 12.1(23) 5.55(2) <0.05
Anosmia 18.58 (42) 21.57 (41) 2.7(1) <0.05

Note. n/a — not statistically significant.

of patients had oncological diseases in the active stage,
and 3.7% (n=8) had chronic kidney disease of stage IlI
or more. It should be noted that a high incidence of
concomitant diseases was observed in critically ill patients
and patients with fatal outcomes (Fig. 1). Chronic kidney
disease, coronary heart disease, and cancer were directly
correlated with deaths.

Comorbidity / ConytcTByiowan natonorus

CKD / Xb - : T —— S—

CAD / UIBC D —a
Cancer / OHKonorua - Y —a—

COPD / X0B/1 4 —
AH/TB - ——i

CHF / XCH - ———

T2D /CA2 - ——
Without CM / Be3 C3{ +—e—H

o N N RN

0dds ratio for the risk of death
OTHOLLIEHME LUAHCOB NeTanbHoro ucxoaa

Fig. 1. Forest graph showing the relationship of various
comorbidities with the risk of death. Groups of comorbidity with
the highest odds ratios are highlighted in red. CKD — chronic
kidney disease; CAD — coronary artery disease; COPD — chronic
obstructive pulmonary disease; AH — arterial hypertension;
CHF — congestive heart failure; T2D — type 2 diabetes; CM —
comorbidity

Puc. 1. Qopect-rpaduK, oTpaxalolmid CBA3b Mey Hanuimem
COMyTCTBYKOLMX 3ab0MeBaHUM M PUCKOM NETaNbHOro MCXoAa.
KpacHbIM BbigeneHbl rpynnbl CONYTCTBYIOLLEN NaTONOrUM C Hau-
60onblUMM 3HayeHMeM OTHoweHWA waHcoB. XBIl — xpoHnye-
CKanA bonesHb novek; MBC — wuweMnyeckan 6onesHb cepaua;
XOBJ1 — xpoHuuecKkan obcTpyKTUBHAA bonesHb nerkux; b —
runepToHuyeckasn bonesHb; XCH — xpoHuueckan cepeyHas He-
[JoctaTtoyHocTb; C[12 — caxapHbii anabet 2-ro tmna; C3 — co-
nyTcTBylOLMe 3aboneBaHmA

Laboratory data were analyzed to assess the prognosis
of disease outcomes based on which significant differences
were revealed between patients who died from COVID-19
and those who survived (Table 2). Thus, among patients with
unfavorable disease outcomes, leukocytosis was significantly
more frequent [26 patients (72%) versus 55 (28.9%);
p < 0.001] and lymphopenia [25 (69.4%) patients versus
69 (36%); p < 0.001]. The average number of leukocytes and
neutrophils in patients who died was significantly higher,
and the average number of lymphocytes and platelets was
significantly lower than in patients who recovered (Table 2).
Also, there was a significant difference between the levels
of several biochemical and coagulation parameters. Thus,
it should be noted that in 16 (44%) of 36 deceased patients
and 53 (27%) of 190 recovered patients, the D-dimer
concentration was higher than 1000 ng/ml. The blood content
of C-reactive protein and ferritin in deceased patients was
significantly higher than in the recovered group (60 vs.
144 mg/l and 605 vs. 1243 pg/l, respectively).

Pro-inflammatory markers and cytokines

The concentrations of IL-2, IL-1b, and TNFo in patients
with pneumonia were significantly higher than in healthy
donors, but no differences were found between the deceased
and surviving patients. In most patients with pneumonia,
the concentrations of IFNy and IFNo were undetectable.
In deceased patients, increased blood concentrations of
IL-6, IL-10, and IL-18 were more often observed than in
recovered patients (Fig. 2b—d). At the same time, the level of
IL-6 directly correlated with the degree of respiratory failure
(R=0.49, p<0.00001), NEWS clinical scales (R=0.32,
p <0.001), and SOFA (R = 0.35, p < 0.0001). In addition, the
blood concentration of IL-18 was positively associated with
the degree of respiratory failure (R=0.32, p < 0.001), the
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Table 2. Laboratory indicators of patients recovered from COVID-19 and patients with fatal outcomes
Tabnuua 2. JlabopaTopHble NoKasaTenu Bbi3aoposeBLwKX naumeHTos ¢ COVID 19 1y 60nbHbIX C NeTanbHbIM UCX040M

Laboratory parameters Recovery Death P
General clinical
Platelets, x10°/1 (150-400) 257 (168-347) 215 (126.5-287.3) <0.05
Leukocytes, x10%/ (4.00-8.80) 7.16 (4.99-10.43) 12.89 (9.76-16.23) <0.0001
Neutrophils, x10%/l (2.20-4.80) 5.6 (3.32-8.87) 11.64 (7.45-14.11) <0.0001
Lymphocytes, x10%/1 (1.2-2.5) 1.00 (0.8-1.6) 0.7 (0.42-1.4) <0.05
Biochemical
Glucose, mmol/l (3.90-6.10) 6.8 (6.05-8.05) 8.5 (6.85-11.85) <0.0001
Lactate dehydrogenase, U/l (0.0-248.0) 351 (262-467) 591 (391-891) <0.0001
Creatinine, pmol/l (53-115) 87 (76-102) 116 (82-226) <0.0001
Creatine Glomerular filtration rate, ml/min/1.73 m? (>90) 72 (60-85) 34 (12.45-64.50) <0.0001
Coagulation
Prothrombin time, sec (11.5-14.5) 11.6 (11-12.65) 13 (12-14) <0.001
Activated partial thromboplastin time, sec (27.0-37.0) 32 (28.4-36) 37 (30-53.6) <0.001
D-dimer, ng/ml (<500) 812 (473-1451) 3096 (627.3-9422) <0.001
C-reactive protein, mg/l (0.01-5.00) 60 (19.67-135.9) 144 (50.20-244) <0.0005
Ferritin, pg/l (23.9-336.0) 605 (339.5-1074) 1243 (758-2113) <0.0001
IL-6 / NI1-6
a b *kkk
PCT /KT e
100 000 + 1000 5
L L Aps A
10 000 4 n Aat
100 -l ATTT,
o 1000 o Afauat
S S
< 1004 Axix
10 4
1 T T T 1 '_..I'. ! T
Healthy Recovery Death Healthy Recovery Death
individuals BbiamopoBnene  CMepTb individuals ~ BbiagopoBneHve CmepTb
3popoBble nMua 3nopoBble nnua
c IL-18/WN-18 d IL-10/ WUN1-10
‘IUOUD - *kkk 1000 3 *kkk
.IUU 4 *kkk
o 1000 o 10
g g
1 3 [ ]
100 -
0.1
10 T T T 0.01 T T T
Healthy Recovery Death Healthy Recovery Death
individuals BeispgopoBnenve CMepTb individuals Bbi3gopoBnenne  CMepTb
3nopoBble nua 3nopoBble nua

Fig. 2. Concentration of interleukin 6, interleukin 18, interleukin 10, procalcitonin in the healthy individuals, recovered and the deceased
patients with COVID-19-associated pneumonia. IL-6 — interleukin 6, IL-18 — interleukin 18, IL-10 — interleukin 10, PCT — procalcitonin

Puc. 2. KoHueHTpauma uHTepnenkuHa-6, HTepnenkuHa- 18, uHtepnenkuda-10, NpoKanbUMTOHMHA Y 300POBbIX L, BbI3A0POBEBLUMX
1 ymepLumx nauuentoB ¢ COVID-19-accoummpoBanHoi nHeBMoHuen. UI1-6 — mHTepnenkuH-6, UJ1-18 — uHtepneikund-18, UN-10 —
nHTepnenkunn-10, NMKT — npokanbunToHUH
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Table 3. Cytokine storm scale
Tabnuua 3. [oKkasaTenu LWKanbl LUTOKMHOBOMO LUTOPMA
0 points 1 point 2 point 3 point
Serum biomarkers
norm threshold threshold threshold

IL-6, pg/ml 0-10 10-40 40-100 >100

IL-18, pg/ml 0-300 300-650 650-1000 >1000

IL-10, pg/ml 0-5 5-10 10-30 >30

PCT, ng/ml 0-0.25 0.25-0.99 1.0-2.0 >2.0

Note. IL-6 — interleukin-6; IL-18 — interleukin-18; IL-10 — interleukin-10; PCT — procalcitonin.

Table 4. Parameters of ROC curve analysis

Tabnuua 4. MapameTpbl pe3ynbraTtoB aHanunsa ROC-Kkpueor

Marker Area under the curve p Se?;ét;/:ig,) % SP?;Lfli}Zité’lv) % Thres:;/lillalue,
PCT 0.8156 (0.6870-0.9441)  <0.0001 68.75 (41.34—-88.98%) 89.22 (81.52-94.49%) 0.3250
IL-6 0.7248 (0.6338-0.8159)  <0.0001 51.35 (34.40-68.08%) 82.98 (76.83-88.06%) 71.31
IL-18 0.7806 (0.7016-0.8596)  <0.0001 64.71 (46.49- 80.25%) 78.19 (71.60-83.87%) 657.9
IL-10 0.8485 (0.7900-0.9070)  <0.0001 86.49 (71.23-95.46%) 70.2 (163.13-76.65%) 10.63
CS scale 0.9023 (0.8455-0.9592)  <0.0001 83.33 (62.62-95.26%) 84.82 (76.81-90.90%) 6

Note. IL-6 — interleukin-6; IL-18 — interleukin-18; IL-10 — interleukin-10; PCT — procalcitonin; CS scale — cytokine storm scale.

degree of lung damage according to the results of computed
tomography (R =0.26, p <0.001), NEWS scale (R =0.28,
p <0.001), and SOFA scale (R=0.35, p<0.0001). Also,
IL-10 correlated with the SOFA scale (R =0.33, p < 0.001).

Procalcitonin is also an inflammatory mediator closely
related to cytokines. Procalcitonin levels exceeded normal

100 -

[}
o
L

Sensitivity, %
YyBCTBUTENBHOCTL, %

0 20 40 60 80 100
Specificity, % / CneunduuHocTb, %
-@- (S scale / Wkana LLL — CRP/CPB
— D-dimer / D-gumep —— Ferritin / ®epputuH
—— Neutrophils / Herttpodunei —=— LDH/NAar

Fig. 3. ROC curves of the cytokine storm scale, C-reactive protein,
lactate hydrogenase, ferritin, D-dimer, neutrophils for predicting
the critical course of COVID-19. CS — cytokine storm; CRP —
C-reactive protein; LDH — lactatdehydrogenase

Puc. 3. ROC-KkpuBble LWKanbl LMTOKMHOBOrO LUTOpPMa, C-peak-
TMBHOro benka, naktataeruaporeHassl, gepputuHa, D-guMepa,
HeMTPOPUNOB ANA NPOrHO3MPOBAHUA KPUTMYECKOrO TeueHud
COVID-19. UL — umToKuHoBBIN WwTopM; CPB — C-peakTuBHbIN
6enok; JIAI — naktatgermgporeHasa

values in 17 (47%) of 36 patients who died and in only
25 (13%) of 190 recovered patients (the norm is 0-0, 25 ng/ml,
Fig. 2a). However, procalcitonin levels had a significant
positive correlation with the degree of respiratory failure
(R =0.45; p < 0.00001).

Cytokine storm scale

Since the indicators of IL-6, IL-10, IL-18, and procalcitonin
were associated with the severity of the disease and death,
they were integrated into a 12-point scale, the CS scale.
The concentration ranges of IL-6, IL-18, IL-10, procalcitonin,
and the corresponding points are presented in Table 3.
The thresholds for these ranges were established based on
ROC analysis. The cut-off values between low and medium
levels were determined based on the studied laboratory
parameter concentrations and characterized by a sensitivity
of 60% and a specificity of 75%. In contrast, the values
between the medium and high levels were characterized by
a sensitivity of 40% and a specificity of 90%.

The CS scale is a 12-point scale that includes different
levels of IL-6, IL-18, IL-10, and procalcitonin (Table 3). Scores
from 1 to 3 correspond to normal, borderline, medium, and
high levels of these biomarkers. Patients with scores of 6 or
more have a high risk of an unfavorable disease outcome.
According to ROC analysis, the area under the curve for the
CS scale was greater than for each of the four markers
separately [AUC 0.90 (95% confidence interval {CI} 0.8455-
0.9592), p < 0.001] (Table 4). Other ROC analysis results in-
clude the area under the curve for IL-6, IL-10, IL-18, procal-
citonin, sensitivity, specificity, and cut-off values (Table 4).
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Fig. 4. Cytokine storm scale and age (a); Cytokine storm scale and comorbidity (b). CM — comorbitidies; CS — cytokine storm

Puc. 4. VHOeKc LMTOKMHOBOO LUTOPMA Y MaLMEHTOB PasfiUyHbIX BO3PACTHBIX MPynn (a); MHAEKC LMTOKMHOBOMO LUTOPMA Y NaUUeHTOB
C CONYTCTBYIOLLMMM 3aboneBaHnsaMU M 6e3 TakoBbIxX (b). C3 —conyTcTaytowme 3abonesanus; UL — unTOKMHOBLIN WTOpPM

ROC curves of the levels of D-dimer, neutrophils,
C-reactive protein, ferritin, and lactate dehydrogenase
were constructed to compare the predictive value of the CS
scale and other pro-inflammatory and general laboratory
biomarkers (Fig. 3). The area under the curve was the largest
for neutrophils and amounted to 0.8055 (0.7337-0.8772)
with a sensitivity of 65.63% (range, 46.81% to 81.43%) and
a specificity of 84.48% (range, 78.23% to 89.52%). For the
diagnosis of critical COVID-19, the area under the curve for
lactate dehydrogenase was 0.7712 (range. 0.6618 to 0.8806),
for D-dimer — 0.7043 (range, 0.5793 to 0.8292). For such
pro-inflammatory markers, such as C-reactive protein and
ferritin, the area under the ROC curve was 0.6904 (0.5920 to
0.7889) and 0.739 (0.6456 to 0.8323), respectively.

For the CS index, a tendency to higher values was
observed in persons of older age groups (Fig. 4a) and
patients with concomitant diseases (Fig. 4b).

DISCUSSION

Predicting the course of COVID-19 infection is of
fundamental importance for the timely and adequate
distribution of efforts in the face of limited time and material
resources caused by the massive admission of patients.
A significant number of clinical algorithms and models
have been proposed to solve this problem. Several studies
have evaluated using previously developed clinical scales to
assess the risk of developing a severe course, including the
pneumonia severity index, scales for assessing the severity of
pneumonia CURB-65 and CRB-65, A-DROP and SMART-COP,
a scale for assessing the severity of the condition patient
NEWS2, sequential assessment of organ failure gSOFA, and
criteria for systemic inflammatory response syndrome [7].
Thus, the NEWS2 scale was superior to qSOFA and others
in predicting the critical course of hospitalized patients [6].
New scales for assessing the severity of COVID-19 were

also developed, based on demographic data, the presence
of concomitant diseases, the results of instrumental studies,
saturation data, and laboratory indicators [7]. A large-
scale study of the informativeness of this approach was
conducted in China. In this study, the area under the ROC
curve of the clinical risk scale was 0.88 (95% Cl, 0.85-0.91),
with validation also 0.88 (95% CI 0.84-0.93). The American
10-point scale for assessing the severity of COVID-19,
considering age, indicators of blood oxygen saturation, blood
pressure, blood urea, C-reactive protein, and the value of
the international normalized ratio, was characterized by
similar prognostic indicators [8]. Despite the decisive role of
cytokines and CS development, these data are not included in
risk stratification algorithms because they are not performed
as routine measurements in most clinical laboratories.

Several studies of cytokines in COVID-19 demonstrated
that in patients with severe COVID-19 and those who died
from this infection, the levels of cytokines, such as IL-1p,
IL-2 and its soluble receptor, IL-6, IL-8, IL-17, IL-18, TNFq.,
chemoattractant protein of monocytes 1 (MCP1 or CCL2),
inflammatory protein of macrophages 1-alpha (MIP-1a
or CCL3), and anti-inflammatory cytokine IL-10, were
significantly higher than in the group of patients with slighter
forms of COVID-19 [1, 9]. At the same time, the blood levels
of IL-2, IL-1b, TNFa., and IL-8 in patients with COVID-19-
associated pneumonia were significantly higher than in
healthy donors. However, no significant differences were
found between deceased and surviving patients.

In COVID-19, the rapid expression of IFN type 1 is inhibi-
ted since many SARS-CoV2 proteins act as IFN antagonists.
Antagonism of the interferon response promotes viral repli-
cation, which leads to an increase in the release of pyropto-
sis products, which can further induce aberrant inflammato-
ry responses. It should be noted that the majority of patients
in the study cohort had undetectable concentrations of IFNy
and IFNo., consistent with the data of other studies [21, 22].
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The pro-inflammatory cytokine IL-6 is synthesized
by T-lymphocytes, fibroblasts, endothelial cells, and
monocytes. IL-6 is an essential mediator during the acute
phase response in sepsis and other infections [10]. The level
of this cytokine is increased in both severe and mild cases
of COVID-19. In contrast, it is directly correlated with the
volume of the affected lung tissue in patients with acute
respiratory distress syndrome. Giofoni et al. (2020) showed
that the predictive value of an IL-6 level of 25 pg/ml in
the blood is an independent risk factor for the progression
of severe COVID-19 [11]. In another study, IL-6 levels
>80 pg/ml were associated with the need for mechanical
ventilation [12]. In our study, the IL-6 level >71 pg/ml was
an unfavorable factor regarding the risk of death.

Several studies found that the concentration of IL-18
in the blood significantly correlates with the severity
of COVID-19 and damage to the vital organs [13]. It is
noteworthy that the increase in blood levels of IL-18 due to
the activation of NLRP3/inflammasome is characteristic of
both COVID-19 and autoinflammatory diseases. In the cohort
we studied, the concentration of IL-18 in deceased patients
was significantly higher than in survivors. At the same time,
the levels of IL-18 correlated with the severity of respiratory
failure, the degree of lung damage according to computed
tomography data, and indicators according to the NEWS and
SOFA scales.

A unique feature of COVID-19 is an increase in IL-10
in patients with severe disease [15-17]. IL-10 is also one
of the key cytokines in sepsis and systemic inflammatory
processes. On the one hand, the induction of IL-10 synthesis
at the initial stage of COVID-19 inhibits cellular immunity.
On the other hand, as the production of endogenous IL-10
increases, it can stimulate the production of other CS
mediators. In endotoxemia and sepsis, IL-10 can enhance
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