OPUTHATTBHBIE MCCIELOBAHMA Tom 28, Ne 4, 2024 POCCMCKIN CEMEHBI BPAY

YK 616.988:578.834.1-07 .
DOI: https://doi.org/10.17816/RFD635932
s

Knunuko-nabopartopHasa xapaKkrepucTuka
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AHHOTALMA

06ocHosanue. OpHOW M3 MPUYMH MOBbLILLEHWS PUCKA CMEPTEIbHOTO UCXOAA ABMSETCA Pa3BUTUE LIMTOKMHOBOTO LUTOPMa —
rMnepepruyecKoro MMMYHHOTO OTBETA, XapaKTepu3yloLlerocs M3bbITKOM LMTOKMHOB. HecMoTps Ha ucnonb3oBaHue 6uonoru-
YecKoW Tepanuu, NeTanbHoOCTb OT TAxenbiX GopM COVID-19 no-npexHeMy ocTaeTcs [LOBOSIHO BbICOKOM.

Llens — npoaHanM3npoBaTh U OLEHMTb KIIMHUKO-NabopaTopHble NoKasartenu 6ombHbIX TaXensiMu popmamm COVID-19, nony-
yaBLLUMX BUoNOrMYeCKyto Tepanuio.

Mamepuanel u Memodel. [Ins GpopMUpOBaHUA BbIDOPKM UCMONB30BaH KNTACTEPHbIA METOA;: B Ka4ecTBe KacTepoB BblbpaHbi
TAXENOoe TeYeHne OCHOBHOro 3aboneBaHus u Tepanus buonormyeckuMn npenapatamu. B uccnenosanue BKOYEHB! 65 naum-
€HTOB pa3feNieHHbIX Ha [Be rpynmbl B 3aBUCMMOCTY OT Ucxoda 3abonesaHus: B rpynne 1 — 34 6onbHbIX ¢ 6naronpuaTHLIM
UCX0[0M OCHOBHOrO 3aboneBaHus, B rpynne 2 — 31 601bHON C NeTaNbHbIM UCXOAOM.

Pesynemamel. [pynnbl 3HauMMo pasnuyanuck no Bospacty (p = 0,01). Y yMepLumx naumeHToB OTMeYeHo bonbluee Konnue-
CTBO COMyTCTBYIOLWMX 3abo/eBaHMIA cornacHo MHAeKcy KomopbupHoctu Charlson (p =0,00009) u wkane koMopbuaHocTy
(Cumulative Illness Rating Scale for Geriatrics, CIRS-G; p = 0,000003). o KonnuecTBy AHeii ¢ MOMeHTa Hayana 3abonesa-
HWA 40 Ha3Ha4yeHWs BUONOrMYecKoM Tepanuu rpynnbl 3Ha4MMo pasnudyanuck (p = 0,02). Ha 3tane Tepanum 6ronornyeckumu
npenapatamu uMeno MecTo ee bonee No3gHee Havano B rpynne 2 (yMepLUMX NaUMEHTOB), YTO cnocobCcTBOBaNO COXpaHEHUIO
BbICOKOM KOHLIEHTPaLMW 0CTPO(a3oBbIx HeMKOB.

3aknoyenue. PewarowmMn daktopamMum 3O@EKTUBHOCTM Tepanuu FeHHO-MHXEHEPHBIMKM MpenapaTtamu TAKeNbIX GopM
COVID-19, npoTeKatoLLmX € LMTOKMHOBBLIM LUTOPMOM, SIBNSIIOTCS BO3PACT, HaM4Me U BbIPaXEHHOCTb COMYTCTBYHOLLMX 3abone-
BaHWI, CPOKM OT Ha4ana bosesHW Ao rocnuTanu3aLmy U BUoNorMyecKon Tepanuu.

KnioueBbie cnosa: COVID-19; taxenoe Teyenue; buonorudyeckas Tepanusi; reHHO-UHXeHepHas Tepanus; 6naronpusATHbIN
ucxon; KOMopbUAHOCT.
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ABSTRACT

BACKGROUND: One of the primary factors contributing to an increased risk of fatal outcomes in severe COVID-19 cases
is the development of a cytokine storm, a hyperimmune response characterized by excessive cytokine release. Despite using
biologic therapies, mortality rates in severe COVID-19 cases remain significantly high.

AIM: To analyze and evaluate the clinical and laboratory parameters of patients with severe COVID-19 who received biologic
therapy.

MATERIALS AND METHODS: A cluster sampling method was employed, with clusters selected based on the severity
of the primary disease and biologic therapy. The study included 65 patients, divided into two groups based on disease out-
comes: Group 1 comprised 34 patients with favorable outcomes, while Group 2 included 31 patients with fatal outcomes.
RESULTS: Significant differences were observed between the groups in terms of age (p = 0.01). Patients in Group 2 (with fatal
outcomes) had a higher burden of comorbidities, as measured by the Charlson Comorbidity Index (p = 0.00009) and the Cu-
mulative Illness Rating Scale for Geriatrics (CIRS-G; p = 0.000003). Additionally, the groups differed significantly in the num-
ber of days from disease onset to the initiation of biologic therapy (p = 0.02). In Group 2, delayed initiation of biologic therapy
was associated with persistently high concentrations of acute-phase proteins.

CONCLUSIONS: Key factors influencing the efficacy of biologic therapy for severe COVID-19 with cytokine storm include
patient age, the presence and severity of comorbidities, and the timing of hospitalization and initiation of biologic therapy.

Keywords: COVID-19; severe course; biological therapy; genetically engineered therapy; favorable outcome; comorbidity.
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BACKGROUND

In March 2020, the global public health system faced
of the infection caused by the SARS-CoV-2 virus spreading
at unprecedented scale. After three years of the pandemic,
over 675 million cases of infection were registered
worldwide, including more than 6.8 million unfavorable
outcomes. In Russia, the incidence exceeded 22 million
cases, resulting in more than 388 thousand fatal outcomes.
In St. Petersburg, the number of cases exceeded 1.1 million,
with over 30,000 deaths.

A study conducted in China revealed that severe forms
of the novel coronavirus develop in 5%-14% of cases [1].

The primary risk factors for a severe disease are old
and senile age, as well as comorbidities (cardiovascular
diseases, cancer, diabetes mellitus, obesity, and pulmonary
diseases). Individuals at risk for severe COVID-19 are more
likely to develop complications and have a higher probability
of early death [2].

One of the causes of severe COVID-19 is a cytokine
storm, which increases the risk of a fatal outcome [3].
A cytokine storm is defined as a hyperergic immune
response that is characterized by an excess of cytokines
(e.g., interleukin-1, -6 [IL-1, -6], tumor necrosis factor
alpha [TNF-a], interferon, etc.). This excessive immune
response leads to hyperinflammation and damage to vital
organs and systems. The most significant pathogenic link
is activation of alveolar macrophages, followed by release
of proinflammatory cytokines. These cytokines stimulate
migration of monocytes and neutrophils from the blood through
the endothelium into the alveoli. This results in destabilization
of intercellular interactions of endothelial cells, increased
vascular permeability, changes in ventilation and perfusion,
and fluid accumulation in the alveoli. Consequently, primary
hypoxemia and ventilation dysfunction occur, creating
a favorable environment for multiplication of anaerobic
microflora and accession of secondary bacterial infection.
Acute respiratory distress syndrome (ARDS), characterized
by low oxygen saturation, is a primary cause of death
in patients with COVID-19. Although the exact mechanism
of ARDS in these patients is not fully clear, excessive
production of proinflammatory cytokines is considered
a significant contributing factor [4]. A study analyzing cytokine
profiles in patients with COVID-19 demonstrated a direct
correlation between a cytokine storm and lung damage,
multiorgan failure, and an unfavorable prognosis in severe
cases [5].

Proinflammatory cytokines were demonstrated
to increase the life span of neutrophils and promote their
migration through the walls of blood vessels, forming
neutrophil extracellular traps that cause damage to internal
organs [3]. Formation of neutrophil traps is accompanied
by massive release of histones and serine proteases into
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the bloodstream, resulting in damage to the cells of blood
vessels and other tissues [6]. This process, in turn, induces
secretion of tissue thromboplastin and additional clotting
factors, culminating in vascular thrombosis of affected
tissues and organs. In cases of substantial damage, this
may also provoke disseminated intravascular coagulation
syndrome [3]. Consequently, activation of blood coagulation
factors prompts stimulation of endothelial cells of blood
vessels and circulating monocytes, leading to additional
production of IL-6 [7]. Thus, hypercytokinemia becomes
systemic and results in the development of multiorgan failure
in the liver, kidneys, and heart [8].

It is still unclear whether a cytokine storm is the result
of abnormal innate or adaptive immunity. One of the causes
of hypercytokinemia is a genetic defect in the production
and function of perforin in T cells, leading to excessive
production of interferon gamma, which stimulates the release
of IL-1, -6, -8, and TNF alpha by macrophages.

Additionally, according to some authors, major histo-
compatibility complex loci are determinants of genetic
predisposition to infectious diseases [9]. Thus, carriers of some
alleles can be classified as particularly vulnerable groups,
prone to severe clinical manifestations of the disease [10].

Proinflammatory cytokines are known to be inducible,
that is, not detectable in the blood under normal conditions.
Therefore, determination of cytokine levels, early detection
of a cytokine storm, and timely anti-inflammatory therapy
are crucial for the COVID-19 outcome. Since increased IL-6
levels are associated with high mortality [3], IL-6 receptor
antagonists and IL-6 receptor blockers are used to treat
the severe forms of COVID-19.

Glucocorticoids and drugs to correct coagulopathy are
used as pathogenetic therapy in addition to genetically
engineered drugs. Antiviral drugs are used as etiotropic
therapy to suppress SARS-CoV-2 replication.

Currently, hypercytokinemia occurs in 10%-15% of pa-
tients with severe forms of COVID-19. Despite the use
of biological therapy targeting the main pathogenesis link,
the mortality rate in severe forms of COVID-19 with a cytokine
storm remains high.

The study aimed to analyze and evaluate the clinical
and laboratory characteristics of patients with severe
COVID-19 who received biological therapy.

MATERIALS AND METHODS

A retrospective study including patients diagnosed
with COVID-19 (U07.1) was conducted at the Botkin Clinical
Infectious Diseases Hospital. A cluster sampling method
was employed, with clusters selected based on the severity
of the underlying disease and biological therapy. A total
of 65 patients were randomly selected from the general
population of patients admitted for treatment in June 2021.
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The diagnosis was confirmed by the detection of SARS-Cov-2
RNA in nasopharyngeal swabs by nucleic acid amplification
in all patients.

Inclusion criteria: verification of SARS-Cov-2 virus,
severe and extremely severe course of the underlying
disease (COVID-19), and biological therapy with IL-6 receptor
antagonists and IL-6 receptor blockers.

A retrospective analysis of patients’ medical records
was conducted to assess anamnestic data, including dates
of hospitalization and disease duration. Comorbidities
were evaluated using the Charlson Comorbidity Index (CCI)
and the Cumulative Illness Rating Scale for Geriatrics (CIRS-G).
The severity of patients’ conditions was determined using
the National Early Warning Score (NEWS). Laboratory
tests, including complete blood count and blood chemistry
and coagulation tests, as well as instrumental tests,
such as chest X-rays and chest CT scans, were analyzed.
Three test results were used as comparison points
for laboratory parameters: upon admission, after biological
therapy, and before discharge or death. An analysis was
conducted on data upon admission to the intensive care
unit (ICU) and the use of respiratory support, including
oxygen insufflation, high-flow oxygen therapy, non-invasive
ventilation, and mechanical ventilation. The enrolled
patients were divided into two groups based on disease
outcomes: 34 patients with favorable outcomes in Group 1,
and 31 patients with fatal outcomes in Group 2.

The statistical analysis of data was performed using
the Statistica 10.0 software. The quantitative data were
presented as the mean, standard deviation, and median,
whereas the qualitative data were presented as absolute
and relative frequencies. The Student’s t-test was used
to compare parametric data, and the Mann-Whitney U test
was used to compare nonparametric data.

RESULTS

Group 1 (patients with a favorable outcome) included
11 (32.4%) men and 23 (67.6%) women. Group 2 (patients
with a fatal outcome) consisted of 18 (58.1%) men
and 13 (41.9%) women. A statistically significant difference
in age was observed between the two groups. The mean
age in Group 1 was 49.8 + 16.3, whereas in Group 2, it was
60.7 + 17.9 (p = 0.01).

The disease duration in Group 1 was found to be
292 + 9.3 days, with patients being hospitalized
6.3 + 2.9 days after the disease onset, and their hospital
stay being 22.9 + 9.9 bed days. In Group 2, the disease
duration was 23.19 + 8.2 days, the patients were hospitalized
8.2 + 4.9 days after the disease onset, and the hospitalization
lasted 14.9 + 8.8 bed days.

Of the entire sample, 21 (32.3%) patients had no comor-
bidities. Of these, 18 (52.9%) patients were in Group 1, while
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3 (9.7%) patients were in Group 2. The other 44 (67.7%) pa-
tients had unfavorable premorbid background, with a pre-
dominance of cardiovascular diseases (such as hypertension,
ischemic heart disease, and chronic heart failure), as well as
type 2 diabetes mellitus and obesity. The prevalence
of chronic obstructive pulmonary disease, chronic kidney
disease, hepatobiliary system and gastrointestinal tract dis-
eases were significantly less common. A higher prevalence
of comorbidities was observed in the deceased patients, with
amean CCl of 1.4+ 2.1 and 4.4 + 3.5 in Groups 1 and 2, re-
spectively (p = 0.0000). The mean sum of CIRS-G comorbidity
scale scores was 4.6 + 2.5 and 8.5 + 3.6 in Groups 1 and 2,
respectively (p = 0.000003).

The severity of patients’ conditions upon admission
was evaluated using the NEWS scale, which includes
several physiological parameters such as respiratory
rate, oxygen saturation, body temperature, systolic blood
pressure, heart rate, and level of consciousness. This
scale categorizes patients by the risk for developing critical
conditions as low, medium, or high. In Group 1, 17 (50.0%),
10 (29.4%), and 7 (20.6%) patients were classified as
having low, medium, or high risk, respectively. In Group 2,
the distribution was as follows: 11 (35.5%) patients were
classified as having a low risk, 9 (29.0%) patients were
classified as having a moderate risk, and the remaining
11 (35.5%) patients were classified as having a high risk
of developing severe disease.

The first point of comparison between the groups was
laboratory tests upon admission. The results of the com-
parison of laboratory indicators in the groups are presented
in Table 1.

Blood oxygen saturation levels upon admission were
found to be less than 92% in 16 (47.0%) patients from Group 1
and 19 (61.3%) from Group 2. The 50% lung damage according
to chest X-rays was found in 9 (26.5%) patients in Group 1
and 17 (54.8%) patients in Group 2.

Upon detection of clinical and laboratory characteristics
of a cytokine storm, all patients were prescribed pathoge-
netic biological therapy with genetically engineered drugs.
The distribution of genetically engineered drugs used in pa-
tients of Groups 1 and 2 is shown in Fig. 1.

As illustrated in Fig. 1, the majority of patients received
treatment with IL-6 receptor antagonists (tocilizumab,
levilimab), with a smaller proportion receiving IL-6 receptor
blockers (olokizumab). The latter were prescribed based
on abnormal changes in the lungs classified as CT1-CT4,
in conjunction with two or more signs demonstrating
the intensity of the inflammatory process, including elevated
IL-6 levels.

In Group 1, the patients received biological therapy
8.9 + 2.8 days after the disease onset, whereas in Group 2,
it was administered 10.9 + 3.9 days after the disease onset,
that is, at a later disease stage.
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Table 1. Laboratory indicators of patients at admission
Ta6nuua 1. JlabopatopHble NoKasaTe/n NaLMEHTOB NPU NOCTYMIEHUN

POCCMCKIN CEMEHBI BPAY

Laboratory indicators Group 1 Group 2 p-value
White blood cells, x10%/L 68+3.6 16 +4.0 p>0.05
Absolute neutrophil count, x10°/L 54+35 6.3+4.0 p>0.05
Absolute lymphocyte count, x10¢/L 0.98 + 0.4 0.8+ 4.1 p>0.05
Lactate dehydrogenase, U/L 349.6 £ 1173 423.1 £152.3 p=0.035
C-reactive protein, mg/L 7198 +74.7 93.8+73.4 p>0.05
Ferritin, pg/L 431.6 + 320.3 946.8 + 674.6 p=10.002
Interleukin-6, pg/mL 42.7 + 596 56.1+78.7 p>0.05
D-dimer, ng/mL 0.78 + 1.4 1.03+15 p=0.014

The second point of comparison was the laboratory
tests after the biological therapy. A comparative analysis
of the main indicators is given in Table 2.

Despite the administration of full pathogenetic ther-
apy in patients of both groups, the severity of the dis-
ease course determined the need to continue treatment
in the ICU.

In Group 1, 11/34 (32.4%) patients were transferred
to the ICU, with an average delay of 2.5 + 2.8 days. Notably,
4 (36.4%) patients required treatment in the ICU from
the moment of admission to the hospital, with a median stay
of 3.2 + 1.7 bed days.

In Group 2, the predominant proportion of patients
(28, 90.3%) received treatment in the ICU. The average time
between the initiation of inpatient treatment and transfer
was 6.4+ 5.6 days. Notably, 4/28 (14.3%) patients were
immediately admitted to the ICU upon admission.

When comparing the timing of biological therapy
administration in patients treated in the ICU, it was
found that genetically engineered drugs in Group 1 were
administered on average three days earlier than in Group 2
(71+2.8 and 10.7 + 3.9 days after the disease onset,
respectively).

The majority of patients were transferred to the ICU
due to worsening of respiratory failure. Oxygen insufflation

Table 2. Laboratory parameters of patients after biological therapy

4.6%

21.32%

40.62%

# Olokizumab
Onokusymab

® Levilimumab = Tocilizumab
JleBunumMab Tounnuzymab

Fig. 1. Distribution of used genetically engineered drugs in patients
of groups 1 and 2

Puc. 1. Pacnpepenenne ucnonb3yeMblx reHHO-WUHXEHEPHbIX npe-
napatoB y bonbHbIx rpynn 11 2

was indicated to the patients with a saturation level below
95%. In cases of respiratory failure worsening, high-
flow nasal oxygenation (HFNO) was used or non-invasive
ventilation if HFNO was ineffective. If this approach
was also unsuccessful, mechanical ventilation was
initiated. In Group 1, respiratory support was required
in 4/11 (36.3%) patients. In Group 2, 24/28 (85.7%) patients
were hospitalized in the ICU and died while on mechanical
ventilation, whereas 4 (14.3%) patients died while on non-
invasive ventilation.

Ta6nuua 2. JlabopaTopHble Nokasatenu NaluMeHToB nocse BUONOrMYECKol Tepanim

Laboratory indicators Group 1 Group 2 p-value
White blood cells, x107/L 108 +3.6 14.0£72 p=0.03
Absolute neutrophil count, x107/L 11.5+£15.5 121+ 6.0 p>0.05
Absolute lymphocyte count, x10¢/L 0.9+04 0.7+04 p=0.002
Lactate dehydrogenase, U/L 484.0 + 160.4 7294 +292.9 p=10.001
C-reactive protein, mg/L 67.5 £ 58.4 597 £ 435 p>0.05
Ferritin, pg/L 853.4 + 637.0 1353.6 + 10795 p>0.05
Interleukin-6, pg/mL 1975 £ 1793 224.1 £183.3 p>0.05
D-dimer, ng/mL 1.3+£15 29+37 p=0.02
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Table 3. Laboratory indicators of patients in the outcome of the disease
Tabnuua 3. JlabopatopHble NoKa3aTenu NaUMeHToB B Ucxoae 3aboneBaHus

Laboratory indicators Group 1 Group 2 p-value
White blood cells, x10%/L 96+4.2 212 £ 14.4 p =0.000026
Absolute neutrophil count, x10°/L 6.8+4.0 191+13.8 p =0.000001
Absolute lymphocyte count, x10¢/L 1.9+0.8 0.9+0.7 p = 0.000002
Lactate dehydrogenase, U/L 300.8 + 139.3 1068.3 + 560.0 p = 0.000008
C-reactive protein, mg/L 6.4 +13.1 78.8 + 998 p =0.000000
Ferritin, pg/L 650.2 + 498.6 2376.3 + 1748.7 p =0.008629
Interleukin-6, pg/mL 128.3 + 2274 375.3 £292.5 p>0.05
D-dimer, ng/mL 0.6+10 355+£35 p =0.000001

The primary end point of comparison was the results
of blood count, biochemistry, and coagulation tests, which
are presented in Table 3.

DISCUSSION

The findings obtained from the analysis of the sex
and age structure, as well as the comorbidities of patients,
are in accordance with the prevailing perspectives
on the epidemiology of COVID-19. The predominance of male
mortality was confirmed in several studies [11, 12]. Moreover,
the advanced age and the presence of comorbidities was
demonstrated to have a substantial effect on the severity
of the disease’s progression and the subsequent patient
outcome [2].

A statistical analysis of the first point of comparison
in Group 2 revealed significant differences in the indicators
reflecting the intensity of the inflammatory process. Lactate
dehydrogenase (LDH), ferritin, and D-dimer were identified
as prognostic markers of severe course and unfavorable
prognosis in patients with COVID-19 [13]. Furthermore,
the neutrophil to lymphocyte ratio (NLR), a measure
of the patient's overall inflammatory status, exhibited
a higher value in Group 2 patients (10.3, median 6.4)

At admission [ 349.6
Mpy nocTynneHnm 423.1

After therapy N 484

Mocne Tepanum 729.4
In the outcome [N 300.8
B ncxope 1068.3
U/L
En/n 0 200 400 600 800 1000 1200
M Group 1 Group 2
lpynna 1 lpynna 2

Fig. 2. Dynamics of changes in lactate dehydrogenase levels in pa-
tients from groups 1 and 2

Puc. 2. [InHaM1Ka M3MEHEHUs YPOBHS NTaKTaTAernaporeHass! y na-
LmenToB M3 rpynn 1m 2

compared to Group 1 patients (7.3, median 4.3). According
to studies conducted in Italy, an increase in NLR is associated
with an escalation of the disease severity and is a risk factor
for a fatal outcome in COVID-19 [14].

At the second comparison point, a significant difference
was observed in the prognostic markers of severe disease
and unfavorable outcome. An increase in white blood cell
and neutrophil levels compared to levels at admission
is generally considered as an indirect sign of secondary in-
fection (including as a side effect of genetically engineered
drugs). However, complications in the form of bacterial in-
fection were included in the diagnosis in only 3 (4.6%) pa-
tients. Nevertheless, the NLR coefficient was high: 7.5 (me-
dian 4.1) and 22.1 (median 14.5) in Groups 1 and 2,
respectively. These findings indicate that higher NLR coef-
ficient values are associated with an unfavorable progno-
sis in Group 2 patients at the stage of biological therapy.
Furthermore, the findings revealed regularities consistent
with the progression of coronavirus infection following
treatment with genetically engineered biological drugs.
These regularities manifested as a substantial decrease
in the serum level of C-reactive protein in patients across
both groups compared to their initial values upon admis-
sion.

At admission il 6.4

Mpu noctynneHumn 8.8

After therapy |REEEG_—N 67.5

Mocne Tepanuu 59.7

In the outcome | EEG—_—— 7.8

B ncxope 93.8
mg/L
Mr/n 0 20 40 60 80 100
M Group 1 Group 2
Mpynna 1 [pynna 2

Fig. 3. Dynamics of changes in the level of C-reactive protein
in patients from groups 1 and 2

Puc. 3. [lnHamuka n3meHeHus ypoBHA C-peakTuBHOro besika y na-
LueHToB M3 rpynn 11 2
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At admission [ 431.6

Mpu noctynnexum 946.8

After therapy N 853.4

Mocne Tepanum 1353.6
In the outcome | 650.2
B ucxope 2376.3
Lo 50 1000 1500 2000 2500
MKr /1
H Group 1 Group 2
pynna 1 lpynna 2

Fig. 4. Dynamics of changes in the level of ferritin in patients from
groups 1 and 2
Puc. 4. [InHamMuKa n3MeHeHUs YpoBHA deppuTMHA Y NaLMEHTOB
u3 rpynn 1u 2

Elevated D-dimer levels are indicative of the develop-
ment of thromboemboli (immune-inflammatory thrombo-
sis), which is a direct pathogenic consequence of hypercy-
tokinemia. In hypercytokinemia, immunothrombosis leads
to intensification of inflammation [3]. Given the significantly
higher levels of IL-6 observed in both groups compared
to those recorded upon admission, it can be assumed that
the elevated D-dimer levels are a consequence of prolonged
hypercytokinemia.

The statistical difference in the timing of administration
of genetically engineered drugs (with patients in Group 1
receiving therapy on average three days earlier than those
in Group 2) indicates that the earlier initiation of pathogenetic
biological therapy is a crucial factor in predicting the outcome
in patients with COVID-19. According to a Japanese study,
in the absence of immediate and adequate therapeutic
intervention, patients develop ARDS as a result of acute lung
damage, which subsequently leads to multiorgan failure
and death [15]. The delayed initiation of biological therapy
in Group 2 was likely to contribute to the development
of critical conditions in a significant number of patients,
necessitating transfer to the ICU.

Presumably, the most important factor influencing the de-
velopment of complications is the severity of comorbidities.
However, a comparison of the comorbid status of patients
in both groups, treated and untreated in the ICU, using the CCI
and CIRS-G scales, revealed no statistically significant differ-
ence in the sum of the scores. This does not exclude the pres-
ence of other factors that exacerbate the course of COVID-19.

At the third comparison point, positive laboratory changes
over time were observed in the surviving patients (Group 1).
Figures 2-5 illustrate the change in acute-phase C-reactive
protein and adverse outcome markers related to COVID-19
in patients of both groups during hospitalization.

The level of ferritin, considered as an acute-phase protein
together with C-reactive protein, may indicate the destruction
of organ tissues [16]. In addition, some authors admit that
mechanisms of ferritin-cytokine interaction may exist. These
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Fig. 5. Dynamics of changes in the level of D-dimer in patients
from groups 1 and 2
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mechanisms involve the ability of cytokines to induce ferritin
expression, and vice versa, with ferritin having the ability
to regulate the expression of pro- and anti-inflammatory
cytokines [17]. The high concentration of D-dimer suggests
that thromboembolism is irreversible. Studies showed that
ARDS is the primary cause of mortality among patients [18].
According to autopsy results, ARDS was listed as the cause
of death in 22 (70.9%) patients in Group 2.

CONCLUSION

The study found that even in the outpatient setting,
patients in the fatal outcome group (Group 2) had higher
levels of LDH, ferritin, and D-dimer (early markers of a high
risk of unfavorable outcomes) than patients in Group 1,
which may be due to significant age differences and more
severe comorbidities. In addition to the above factors, later
treatment may have influenced the unfavorable outcome.
At the stage of biological therapy, treatment in patients from
the group with the fatal outcome was initiated on a later date.
This contributed to the persistence of high concentrations
of acute-phase proteins and markers of poor prognosis.
Furthermore, the NLR, which reflects the inflammatory
status of patients, increased. Due to the progression
of pathogenetic mechanisms, patients developed conditions
that required respiratory support. Consequently, a higher
proportion of patients in the fatal outcome group required
transfer to the ICU compared to the patients in the survival
group. The laboratory data obtained during the disease course
fully reflected the pathogenetically determined conditions
in the form of vascular thrombosis, the development
of bacterial complications, prolonged hypercytokinemia,
and the further increase in systemic organ damage.
These conditions were manifested by high levels of LDH,
C-reactive protein, ferritin, and neutrophils. Therefore,
age, comorbidities, time to hospitalization, and initiation
of biological therapy may be critical factors in the efficacy
of genetically engineered therapies for successful treatment
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of severe cases of COVID-19 with a cytokine storm. Obviously,
these factors are not the cause of hypercytokinemia; rather,
they are critical in predicting outcomes.

In conclusion, a severe and extremely severe course
of COVID-19 accompanied by a cytokine storm was also
observed in young and middle-aged patients without
comorbidities, which should be further investigated.
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