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AIM: Searching for predictors of cytokine storm in patients with COVID-19 and creating a risk scale for this complication
for practical implementation.

MATERIALS AND METHODS: The study included 458 patients with confirmed COVID-19 with signs of viral lung lesion
according to computer tomography. The patients were divided into 2 groups: with a stable course of moderate severity
(100 patients) and with progressive moderate, severe and extremely severe course (358 patients).

RESULTS: It has been established that the main risk factors for the development of cytokine storm in COVID-19 patients
are interleukin-6 concentration >23 pg/ml, the dynamics of the index according to the NEWS scale =0, ferritin concentra-
tion >485 ng/ml, D-dimers >2,1, C-reactive protein >50 mg/l, the number of lymphocytes in the blood <0,72 - 10%/1, age
>40 years. Cytokine storm incidence correlates with an increase in the number of risk factors. For practical use the scale is
applied in 3 groups. In the patients of the first group (0-1 factor) almost no cytokine storm risk was detected, in the second
group (2-3 factors) the probability of a storm was 55 % (increased by 35.5 times), in the third group (=4 risk factors) reaches
96 % (increased by 718 times).

CONCLUSIONS: Diagnostic and monitoring criteria of cytokine storm in the patients with COVID-19 were established.
The developed prognostic scale allows to identify patients at high risk of developing cytokine storm for early anti-inflam-
matory therapy.
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Llene — nouCK NPeanKTOPOB LIMTOKMHOBOMO LUTOpMA Y naumeHToB ¢ COVID-19 u co3pgaHue LWKanbl pucka pasBuTHA
3TOM0 OC/IOMHEHUA [NIA NPAKTUYECKOW paboTbl.

Mamepuane! u Memodel. B nccneposanue Bowwnm 458 naumeHTos ¢ nogreepxaeHHon COVID-19 u npusHakamu Bupyc-
HOro NOpaXKeHUs NIEFKMX NPY KOMMbIOTEPHOM ToMorpaduu. NauneHTbl pa3aeneHbl Ha 4Be Fpynnbl: O CTabUNbHBIM TEYEHU -
eM cpefHeit TaxecTy (100 naumeHTOB) U C NPOTrPECCUPYIOLLMM TEYEHWEM CPEAHEN, TAMENON U KpaliHe TAMENOoN CTeneHu
(358 naumenTOB).

Pesynomamel. YCTaHOBNEHO, YTO OCHOBHbIMM (AKTOpaMMU pUCKa PasBUTUA LUTOKMHOBOIO LUTOPMA Yy MaLMEHTOB
¢ COVID-19 sBnAwTCA KOHLEHTpaUMA UHTepNeKkuHa-6 >23 nr/mn, AMHaMMKa uHaekca no wrane NEWS =0, KoHueHTpauums
depputnHa >485 Hr/mn, D-gumepa >2,1, C-peakTusHoro 6enka >50 Mr/n, KonmuecTso numMdoLmTos B Kposu <0,72 - 10%/n,
Bo3pacT =40 net. YacToTa ciyyaeB LIMTOKMHOBOO LUTOPMa KOpPPENMPYET C YBENIMUEHWUEM YnCna (aKTopoB pucKa. [1na npak-
TUYECKOr0 NPUMEHEHMA LUKaMbl BbiAeNeHb! TPU Ipynnbl pucka. Y naumentos nepsoi rpynnbl (0—1 GaKkTop) pUCK LIMTOKMHO-
BOr0 LUTOPMa MPaKTUYECKM OTCYTCTBYET, BO BTOPOM rpynne (2—3 daKTopa) BepoATHOCTb cocTaBnAeT 55 % (yBenmumBaetcs
B 35,5 pasa), B TpeTbew rpynne (=4 dakTopoB pucka) gocturaet 96 % (yBenuumsaetca B 718 pas).

3aknoyenue. Y naumentos ¢ COVID-19 onpegeneHbl KpUTEPMU ONArHOCTUKM M KOHTPONA LIUTOKMHOBOIO LTOpMa. Pas-
paboTaHHasA NPOrHOCTMYECKanA LKasa NO3BOJIAET BbIAEUTb MNALMEHTOB C BHICOKMM PUCKOM Pa3BUTUA LIUTOKMHOBONO LUTOP-
Ma [J1A paHHero HasHa4YeHnA NPOTMBOBOCMANMUTENBHOW Tepanuu.

KnioueBblie cnoBa: COVID-19; UMTOKMHOBBIN LUTOPM; paHHAA AMArHOCTMKA U MOHUTOPUHT.
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INTRODUCTION

COronaVirus Disease 2019 (COVID-19), caused by
the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), remains as a global health problem. Most
people infected with SARS-CoV-2 have a mild disease
course. In some patients, the immune response becomes
unregulated that leads to severe lung damage manifested
as acute respiratory distress syndrome with subsequent
development of acute respiratory failure, extrapulmonary
organ dysfunction, and high mortality. COVID-19, especially
in severe cases, is commonly associated with increased
levels of inflammatory biomarkers, cytokines, and
chemokines. In addition, lymphocytopenia and neutrophilia
with a significant decrease in CD8+ T-cells, CD4+ T-cells,
and natural killer cells are common [6]. The mortality rate
of hospitalized patients reaches 15-20% or higher in patients
who required intensive care [12].

Immune dysfunction with a pronounced uncontrolled
generalized systemic inflammatory response due to
increased production of inflammatory cytokine, i.e., cytokine
storm (CS), takes a crucial place in the pathophysiology
of COVID-19. CS is accompanied by fever, cytopenia,
hyperferritinemia, coagulopathy, and lung damage (including
acute respiratory distress syndrome), with abnormal levels
of hepatic parameters [5]. In all these conditions, cytokines,
namely, interleukin (IL)-1pB, IL-18, interferon-y, and IL-6,
are the main mediators of hyperinflammation. COVID-19-
associated CS is a unique form of hyperinflammatory
response, so developing criteria for its diagnosis is
necessary [13].

The aim of this study is to search for biomarkers that
are predictors of CS in patients with COVID-19 and to create
a predictive scale for the risk of CS development for use in
daily medical work.

MATERIALS AND METHODS

This study follows an observational clinical design.
The study analyzed case histories of 458 patients with COV-
ID-19 who were treated at the City Hospital No. 40 of St. Pe-
tersburg from April 18, 2020, to November 21, 2020, with
positive SARS-CoV-2 RNA test results performed by nucleic
acid amplification technique in the polymerase chain reac-
tion. These patients presented with fever, general weakness
and malaise, cough and dyspnea, and changes resembling
those of viral pneumonia in non-contrasted computed to-
mography of the lungs (such as bilateral lower lobe, peri-
pheral, perivascular, and multilobular changes; multiple pe-
ripheral indurations in the form of frosted glass with round
shape and various sizes; flattening of the interlobular inter-
stitium like a cobblestone; foci of consolidation; abnormal air
bronchogram findings; among others) [1].
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Anamnestic data were collected from all patients with
specification of the characteristics of the disease course: an
objective examination with assessment of hemodynamics
and respiratory system parameters (including respiratory
rate, heart rate, blood pressure, S,0,, and degree of
respiratory failure), assessment according to the National
Early Warning Score (NEWS) scale recommended for use
in patients with COVID-19 [11], chest computed tomography
scan with assessment of the disease form according to the
4-digit scale (CT-1, CT-2, CT-3, and CT-4), laboratory tests
[clinical blood count, minimum biochemical blood assay,
determination of ferritin, C-reactive protein (CRP), IL-6, and
D-dimer levels, and lactate dehydrogenase (LDH) activity],
electrocardiography, additional instrumental methods of
diagnosis if necessary.

Statistical analysis. Data obtained were evaluated
using Statistica for Windows (version 10, license BXXR310F-
964808FA-V). Comparison of quantitative parameters (age,
NEWS index, D-dimer, CRP, IL-6 levels, etc.) and determi-
nation of the normality of sample distribution in the patient
groups was carried out using Mann—Whitney, Kolmogorov—
Smirnov tests, median 2, and analysis of variance module
in all parameters (excluding age) without normal distribu-
tion. Frequency characteristics of qualitative parameters
(sex, pathological process degree and form, and complaints)
were assessed using nonparametric methods, including ¥?,
Pearson test, and Fisher test.

Threshold levels for age, NEWS index, and laboratory
findings were determined using classification trees (CT) [3].

As regards the relative risk of CS, certain outcome
probability ratio in the experimental groups was analyzed
using fourfold contingency tabulation and calculation of the
standard formula and confidence limits. If there were zero
values in the table, the Haldane correction was used for
calculation.

RESULTS AND DISCUSSION

Characteristics of patient groups at hospital
admission. Demographic data, epidemiological history
data, and comorbidities in the study cohort are presented
in Table 1.

According to the literature, the prevalence of concomitant
diseases in our patients significantly exceeds this parameter
in adult patients with COVID-19 (31%) [71. The high incidence
of concomitant pathology in the examined patients is
associated with a certain profile, that is, treatment of patients
with severe and extremely severe disease course. Moreover,
221 (48%) patients were transferred to the intensive care unit
from other departments and hospitals due to the progressive
disease course.

At admission, the following signs were recorded:
fever in 365 (80%), cough in 329 (72%), dyspnea in
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Table 1. Demographic. epidemiological. and anamnestic data of the patients
Tabnuua 1. leMorpaduueckue. anMOeMUoorMieckme 1 aHaMHECTUYECKME JaHHbIe NaLMEHTOB

Parameters n (%)

Age (years)

<39 38 (8.30%)

40-49 58 (12.66%)

50-59 123 (26.86%)

60-69 139 (30.35%)

>70 100 (21.83%)
Contact with patients having COVID-19 100 (22.22%)
Went out of the place of residence within the last14 days 45 (9.83%)
Presence of “cold” symptoms, such as fever, cough, and weakness, in close relatives 44 (9.61%)

History of diseases
Essential hypertension
Coronary artery disease
Cerebrovascular disease
Post-stroke status
Post-acute myocardial infarction status
Post-surgery status
Rheumatoid arthritis and other autoimmune diseases
Diabetes mellitus
Chronic kidney disease (stages IlI-V)
Malignant neoplasms
Chronic obstructive pulmonary disease
Chronic bronchitis
Bronchial asthma

260 (56.77%)
222 (48.47%)
139 (30.35%)
97 (21.18%)
34 (7.42%)
89 (19.43%)
65 (14.19%)
63 (13.76%)
32 (6.99%)
22 (4.80%)
20 (4.37%)
20 (4.37%)
13 (2.84%)

265 (57.86%), muscle pain in 43 (9.39%), general weakness
in 344 (75.11%), headache in 36 (7.86%), sore throat in
29 (6.33%), runny nose, rhinorrhea in 46 (10.04%), chest pain
in 51 (11.14%), diarrhea in 34 (7.42%), nausea and vomiting
in 13 (2.84%), and decreased sense of smell and taste in
40 (8.73%) patients. One or more disease symptoms were
noted in 450 (98.25%) patients, and CT signs of pneumonia
were found in 458 (100%) patients.

Patients were divided into two groups comparable in
age. Group 1 consisted of 100 (21.8%) patients with clinical
and radiological features specific for a stable course of
moderate disease. Group 2 included 358 (78.2%) patients
with progressive moderate, severe, and extremely severe
disease course (Table 2). Treatment of COVID-19 and its
complications in Group 1 included antibacterial and antiviral
drugs, prevention of hypercoagulability and disseminated
intravascular coagulation, symptomatic treatment, and
oxygen therapy. In Group 2, in accordance with the severity
of the condition for the prevention or treatment of CS,
standard therapy was supplemented with the appointment
of convalescent pathogen-reduced plasma, anticytokine
drugs such as inhibitors of the IL-6 receptor (tocilizumab,
olokizumab, and levilimab), IL-1 (canakinumab and RH104),
janus kinases (tofacitinib, ruxolitinib, and baricitinib),

tyrosine kinase Bcr — Abl (radotinib), and glucocorticoids (in
some cases). According to the indications, patients received
staged respiratory therapy, modified antibiotic therapy,
extracorporeal membrane oxygenation, and treatment of
sepsis and septic shock (extracorporeal detoxification,
hemocorrection, etc.) [1].

At admission, patients in Group 1 were significantly more
likely to have CT-1 disease form, while patients in Group 2
were more likely to have more severe forms (CT-2, CT-3,
and CT-4). Despite the predominance in the second group
of CT signs of moderate lung damage (CT-2) at admission,
patients showed signs of progressive respiratory failure
and fever (Table 3). A significant difference was found
according to the NEWS scale. In Group 1, the NEWS index
at admission averaged 2 points, and the average duration of
hospitalization was 11 days. In Group 2, the NEWS index at
admission averaged 4 points; it was 5 points at the beginning
of therapy with an anticytokine drug, anti-COVID plasma, and
hemosorption; and the average duration of hospitalization
was 12 days. Patients in Group 2 with severe and extremely
severe disease course had the highest mortality rate
because of complications (28.8% in the group, 22.5% in the
entire cohort). Such patients initially had an unfavorable
disease prognosis due to age, comorbidity, clinical severity
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Tabnuua 2. XapaI-(TepVICTMKa TAMKECTU TeYEHWA 3aboneBaHunaA B rpynnax nauneHToB

Group 1 Group 2
Parameters Total p
n % n %

Women 58 58.0 159 hb.4 217 0.016
Men 42 42.0 199 55.6 241
Severity of disease course

average 100 100.00 153 42.74 253 0,000

severe and extremely severe 0 0.00 205 57.26 205
Disease form according to CT-1-4 at admission

CT-1 57 57.0 82 22.9 139

CT-2 43 43.0 223 62.3 263

0.000

CT-3 0 0.0 bt 12.3 47

CT-4 0 0.0 9 25 9
Disease outcomes

survivors 100 100.0 255 71.2 355 0.000

deceased 0 0.0 103 28.8 103

Table 3. Comparison of patient groups according to the NEWS scale, admission time, and length of hospital stay
Ta6bauua 3. CpasHeHue rpynn naumexTos no wrkane NEWS. cpokam nocTynneHus B CTaumMoHap M LUTENbHOCTY FrocnmuTanm3aumm

Group 1 Group 2
Parameter P
n Value n Value
NEWS index at admission M+SD 100 2417 356 4527 <0.001
min—max 0-8 0-14
NEWS index at the start of cytokine M+ SD 100 1516 357 5.68 +2.82 <0.001
storm therapy min—max 0-6 0-14
NEWS index at discharge M+SD 100 0.2+1.02 349 3.29 +5.42 <0.001
min—max 0-9 0-16
Number of days from disease onset M+SD 100 8.8+59 356 6.63+5.39 <0.001
to hospitalization min—max 0-37 0-57
Day of illness by the beginning M+SD 100 9.0+6.0 357 10.35+5.98  <0.017
of cytokine storm therapy min—max 1-37 1-59
(anticytokine drug, plasma,
and hemosorption)
Length of hospitalization terms, bed-days M+SD 100 11.8£4.9 355 13.6 £ 6.7 <0.012
min—max 3.2-29.0 0-44.1

in terms of the degree of respiratory failure, NEWS index,
prevalence, and subsequent negative dynamics of changes
in lung tissues according to the CT data (Table 3).

The absolute lymphocyte count, LDH activity, and
levels of CRP, ferritin, D-dimer, and IL-6 demonstrated an
infectious process of viral etiology which resembles a CS
(lymphopenia, hypercytokinemia, and hyperinflammation)
12, 8.

In a comparative analysis of the clinical, instrumental,
and laboratory data in the selected groups of patients, the
most important parameters characterizing the signs of the
development of CS are indicated in Table 4.

The dynamics of the NEWS index was qualitatively
different in patients of different groups. In Group 1, the

index decreased [dynamics of -1 (-2; 0) points], and in
Group 2 with a progressive disease course, the index
increased [dynamics +1 (0; 2) score] (p < 0.001). Significant
differences in laboratory parameters (absolute number of
lymphocytes and levels of CRP, ferritin, D-dimer, and IL-6)
were found between the groups, which are consistent
with the dynamics of the patients’ condition according to
the NEWS scale from admission to the beginning of CS
treatment.

CT method identified the threshold levels of risk factors
for CS development (Table 5).

Exceeding the threshold values of the main predictors
of CS was significantly more frequently observed in
Group 2 (Table 6). Subsequently, a comprehensive

D0I: https://doi.org/10.17816/mechnikov61889
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Table 4. Main parameters for diagnosing a cytokine storm at the beginning of proactive anti-inflammatory therapy

Tabnuua 4. OcHoBHbIe NOKa3aTeNy, UMeloLLMe 3HaYeHWUe B AMArHOCTUKe LUTOKMHOBOMO LUTOPMa, K Havany ynpemualou.teﬁ

npomaoaocnanmeanon Tepanuun

Group 1 Group 2
Parameters ) M +SD ) M +SD ]
min—-max min—max
Age, years 100 57.53 + 15.06 358 60.5 + 13.37 0.05
21-86 24-89
Lymphocytes, 107/L 98 1.49 £ 0.59 349 1.28 £ 1.39 <0.01
0.46-3.2 0.23-24.62
Lactate dehydrogenase, U/L 27 357.78 + 155.3 149 410.17 £191.24 <0.1
169-914 134-1492
C-reactive protein, mg/L 91 54.61 + 64.92 346 106.71 £ 79.58 <0.001
0.5-274.9 0.8-361.9
Ferritin, ng/mL 20 328.57 £ 185.15 190 696.28 + 792.88 <0.01
57.1-781.3 0-7759.4
D-dimer, pg/mL 29 1.26 £+ 2.75 147 1.84 £2.79 <0.05
0.27-15.34 0.15-18.69
Interleukin-6, pg/mL 65 15.02 + 23.64 318 161.26 + 4425 <0.001
0-127.2 1.5-4894
Dynamics of the NEWS index from 100 -0.96+1.19 356 1.24 £ 1.86 <0.001
admission to the start of treatment —h—ly —3-11

for cytokine storm

assessment of the CS risk was carried out with the ranking
of parameters, which, in accordance with the rank of
prognostic significance obtained by the CT method, by
the beginning of CS therapy were as follows: dynamics
of the index according to the NEWS scale, IL-6 level
>23 pg/ml; CRP level =50 mg/l; absolute lymphocyte count
<0.72 - 10%/1, positive result of SARS-CoV-2 RNA test, and
age 240 years. These biomarkers can be used as criteria
for assessing the risk of CS. Gender differences were not
significant in the subsequent comprehensive assessment of
the risk of CS development.

Fig. 1 shows the increase in the risk of CS depending on
the value of the laboratory parameters.

An increase in the frequency of CS cases correlates
with an increase in the number of risk factors (correlation
coefficient Rg = +0.91, p <0.001) (Table 6, Fig. 2). Any of
the above factors, in combination with the largest number of
other factors, increased the risk of developing CS.

For the practical application of our predictive model,
the following risk categories have been identified: first
category (0-1 factor), there is practically no risk of
CS; second category (2-3 factors), the risk of CS rises
sharply to 55% and increases by 35.5 times in comparison
with the first category; and third category (=4 factors),
the risk of CS reaches 96% and increases 718 times in
comparison with the first category. The results of our study

are consistent with the assessment of CS risk factors in
COVID-19 in other studies [4, 10] and allow us to justify
the choice of treatment strategies with early prescription of
proactive anti-inflammatory therapy and anti-COVID plasma
of convalescents for patients at high risk of CS development.

Since no convincing prognostic criteria for CS deve-
lopment in COVID-19 have been developed, we analyzed
the predictive power of clinical, instrumental, and labora-
tory parameters available for the study using a sample of
458 patients with various disease courses to find coherent
groups or clusters of those that are useful to formulate
a forecast and establish their predictive power. To do this,
we recorded clinical signs and symptoms at hospital admis-
sion and anamnesis demographic, epidemiological informa-
tion, and clinical characteristics; assessed the severity of
the condition using the NESW scale, severity of COVID-19,
and comorbidity; and analyzed changes in the dynamics of
lung tissue (frosted glass + consolidation) on computed to-
mography images of the lungs according to the standard
protocol without intravenous contrast enhancement [1] as
well as values of laboratory blood parameters [9] within
24 h before or after the diagnosis of CS and during the next
7 days of hospitalization. Over the next 10 days, the results
of the SARS-CoV-2 RNA test and duration of inpatient treat-
ment and disease outcomes were evaluated. Comparative
characteristics of patients with clinical and radiological signs

D0I: https://doi.org/10.17816/mechnikov61889
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Table 5. Threshold values of predictors of cytokine storm development in groups 1 and 2 at the beginning of proactive anti-inflammatory
therapy

Tabnuua 5. Moporosble 3HaYeHWUA NPEAMKTOPOB Pa3BUTUA LIMTOKMHOBOIO LUTOPMa B NepBOiA W BO BTOPOIA Ipynnax Ha MOMEHT Havyana
ynpexsaatoLLieit NpoTMBOBOCTaNMUTENBHOM Tepanuu

Group 1 Group 2 Total
Parameter P
n % n % n
Lactate dehydrogenase, U/L
<390 20 19.80 81 80.20 101 <0.1
>390 7 9.33 68 90.67 75
Age
<40 years 16 42.11 22 57.89 38 <0.01
>40 years 84 20.00 336 80.00 420
SARS-CoV-2 RNA test
negative 39 43.82 50 56.18 89 <0.001
positive 53 18.28 237 81.72 290
C-reactive protein, mg/L
<50 56 38.10 91 61.90 147 <0.001
=50 35 12.07 255 87.93 290
Blood lymphocytes, 107/L
>0.72 94 25.47 275 74.53 369 <0.001
<0.72 4 5.13 Th 94.87 78
D-dimer, pg/mL
22.1 28 19.44 116 80.56 144 <0.05
<2.1 1 3.13 31 96.88 32
Ferritin, ng/mL
=485 18 15.93 95 84.07 113 <0.01
<485 2 2.06 95 97.94 97
NEWS scale index, points
<0 62 74.70 21 25.30 83 <0.001
>0 38 10.19 335 89.81 373
IL-6, pg/mL
<23 54 52.94 48 47.06 102 <0.001
>23 1 3.91 270 96.09 281
Blood IL-6 level >23 | q
YposeHb IL-6 KpoBu >23
Index dynamics (NEWS scale) >0 ! i
[lnHammKa nHekca no wkane NEWS >0
Blood ferritin >485 ! j
DeppuUTvH KpoBm >485
Blood D-dimer >2.1 ! i
D-anmep Kposu >2,1
Blood lymphocytes <0.72
JinmdouuTel Kposm <0,72
C-reactive blood protein 250
C-peaKTuBHbIA 6enoK Kposu >50
SARS-CoV-2 RNA by PCR+
PHK SARS-CoV-2 metogom MNLP+
Age 240
Bospact 240
Blood lactate dehydrogenase >390 |
JlakTatgernaporeHasa kposu >390
Gender (male)
Mon (MyK.)
0 5 10 15 20 25 30

Fig. 1. Increased risk of developing a cytokine storm with unfavorable indicator values
Puc. 1. YBenuueHune pucka passUTUA LIMTOKMHOBOMO LUTOPMA NpU HEBNAronpUATHBIX 3HAYEHWAX NOKasaTenei

D0I: https://doi.org/10.17816/mechnikov61889
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Fig. 2. The incidence of cytokine storms with different number of risk factors
Puc. 2. Yactota cnyyaeB LMTOKMHOBOrO LUTOPMA NPY PasiMYHOM Koniu4yecTBe GaKTopoB pUCKa
Table 6. The incidence of cytokine storms with different number of risk factors
Tabnuua 6. YacroTa cny4aeB LMTOKMHOBOTO LUTOPMA NPU pPasiM4HOM Yucie GaKTopoB pycKa
Number of risk factors Group 1 Group 2 T
. otal
for cytokine storm n % n %
No 2 100.00 0 0.00 2
One 12 100.00 0 0.00 12
Two 14 63.64 8 36.36 22
Three 21 37.50 35 62.50 56
Four 9.68 56 90.32 62
Five 1.64 120 98.36 122
Six 0.00 34 100.00 34
Total 57 18.39 253 81.61 310
of CS and patients without signs of CS revealed potentialrisk CQONCLUSIONS

factors for the development of CS.

The increase in the NEWS index characterizes the clinical
severity of the disease and progression of hemodynamic
disorders. Thus, at admission, patients in Group 1 had NEWS
index no more than 4 points, which decreased during therapy
by 1-2 points, whereas patients in Group 2 had NEWS index
increased by 1.24 + 1.86 points with an initial overly high
index. Significant differences between Groups 1 and 2 were
obtained when analyzing the levels of IL-6, CRP, and ferritin
and number of lymphocytes.

Thus, with the progressive disease course, there is
an increase in the indices of biomarkers involved in the
implementation our prognostic scale of CS.
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