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ABSTRACT

Background. Interleukin-1p plays an important role in the pathogenesis of coronavirus disease (COVID-19) and may also be informative as
a prognostic marker of infection. Other widely used diagnostic and prognostic markers include C-reactive protein and ferritin. Objective.
To evaluate the effect of transcranial electrical stimulation on the serum levels of interleukin-1p, C-reactive protein, and ferritin in moderate
to severe COVID-19 patients who do not receive targeted anti-cytokine therapy. Methods. The conducted randomized prospective study
included patients treated at the Regional Clinical Hospital No. 2 (Ministry of Health of the Krasnodar Krai) in the period from June 24,
2021 to February 23, 2022. The patients diagnosed with moderate to severe COVID-19 were divided into two groups: comparison group
(n = 20) receiving standard treatment as per the current guidelines and a group (z = 15) in which, in addition to standard therapy, the pa-
tients received transcranial electrical stimulation (one session per day until day 7 of stay in the COVID ward). The study excluded patients
receiving specific anti-cytokine therapy (monoclonal antibodies, kinase inhibitors, and recombinant cytokine receptor antagonists). The
levels of interleukin-1p, C-reactive protein, and ferritin were assessed prior to treatment and at the end of the first week of therapy. Statistical
analysis and data visualization were performed in the R environment (The R Foundation, Austria). Differences were considered statistical-
ly significant at p < 0.05. Results. Prior to treatment, no statistically significant differences were observed in the levels of interleukin-1p,
C-reactive protein, and ferritin between the groups. By the end of the first week, the level of interleukin-1f decreased by 11.8% (p =0.7) in
the comparison group, which was not statistically significant. In the group receiving transcranial electrical stimulation, interleukin-1 levels
exhibited a significant decrease (by 71%) from the baseline (p = 0.007). In addition, interleukin-1p levels in this group were 52% lower than
in the comparison group (p = 0.005). Also, C-reactive protein levels decreased significantly in both groups, while ferritin levels did not ex-
hibit any statistically significant changes. Conclusion. The use of transcranial electrical stimulation in combination therapy for moderate to
severe COVID-19 patients results in a more pronounced decrease in serum interleukin-1p levels as compared to standard therapy, which may
indicate the anti-inflammatory potential of this method.
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AHHOTAIIMA

Bgenenue. HTepnelikuH-13 urpaeT BaXKHYIO POJIb B MaToreHese KoponasupycHoi nadexnuu (COVID-19), a Takke MoxkeT OBITH HHPOpMATH-
BEH B Ka4eCTBE MPOrHOCTHYECKOr0 Mapkepa HHGEKIHH. J[pyrie MHpoKo HCTIONIb3yeMble THaArHOCTHYECKUE M IPOTHOCTHYECKHUE MapKephl —
C-peakTuBHbIH Oenok u GepputuH. Ilejap Hccea0BaHUA: OLEHKA BIMSHUSA TPAaHCKPAHHAIBHON 3JNEKTPOCTHMYJISLUHM Ha KOHLEHTPAIHIO
nHTepneiiknHa-1p, C-peakTuBHOrO O€nKa, peppuTrHa B KpoBH y nanueHToB ¢ COVID-19 cpeqHeTsKenoro u TSKEI0ro TeUeHHs, He ToJTyda-
IOIMX TapreTHOH IPOTHBOLIMTOKMHOBOH Tepanuu. MeTobl. PaHI0MH3HPOBAHHOE TPOCHEKTHBHOE HCCIIEIOBAHHIE OXBATHJIIO MAIIUEHTOB, ITPO-
XOZIMBIIHMX JICYCHUE B TOCYJAPCTBEHHOM OFOKETHOM YUPEXICHHUH 3/ipaBooxpaHeHus «Kpaesas kinHndeckas 6onpauma Ne 2 MuHHCTEpCT-
Ba 3paBoOXpaHeHns KpacHomapckoro kpas B iepuon ¢ 24.06.2021 mo 23.02.2022. [TareHTH! ¢ AHarHO30M HOBOM KOPOHABUPYCHOM HHPEKITUN
(COVID-19) cpemaHeTsKENO0ro 1 TSHKEIOro TeUSHHs pa3iesieHbl Ha TPYITy cpaBHeHUS (# = 20), moayyaBIIyIo CTAaHJAPTHOE JICYCHHE B COOTBET-
CTBUH C JISHCTBYIOIIMMH METOANYECKUMH PEKOMEHIAIIMAMH, U IPYIIY TPAHCKPAHUAIBHOI 3JIEKTPOCTUMYJISLNY (7 = 15), B KOTOPO# K CTaH-
JTAPTHOM Tepariy JOMOIHUTENILHO MPUMEHSIACh TPAHCKPAHUAIbHAS SIEKTPOCTUMYJISLUS (OMH CEaHC B JIEHb JI0 7-T'0 JHS FOCUTAIN3alNH
B COVID-otaenenue). U3 uccnenoBaHus NCKITIOYAIUCH MAIUCHTHI, MOTYYaBIINe CICIU(UIECKYI0 aHTHIIUTOKHHOBYIO TEPANHIO (MOHOKJIO-
HaJIbHBIC aHTUTENA, KWHA3HBIE HHTHOUTOPHI, PEKOMOMHAHTHBIE aHTarOHUCTHI PELeTITOPOB HIUTOKHHOB). YpoBHH IL-1f, C-peakTuBHOrO O€Ka
u (peppHUTHHA OLIEHUBAJIH 10 HAYaJIa JISYUCHHUS U 1O 3aBEPLICHUH NepBOH Helenu Tepanui. CTaTUCTHYECKUH aHaIM3 M BU3YallU3alisl JaHHBIX
BeimonHeHH B cpene R (The R Foundation, ABctpus). Pasnuuns cauranuck cTaTucTHdecku 3HaUUMBIMH ITpH p < 0,05. Pe3yasrarsl. [lo Hagana
neyenns ypoBaH IL-1B, C-peakTuBHOTrO Oenka u heppuTHHA MEXAY IPyNIIaMU CTATUCTHYECKH 3HAYMMO HE pa3nuyainch. K KoHIy mepBoit
HeJIeNK B Tpymne cpaBHeHUs ypoeHb IL-1B cuusmics Ha 11,8% (p = 0,7), 9T0 HE SABIANOCH CTATHCTHYECKH 3HAUYMMBIM. B rpymme TpaHc-
KpPaHUAJIbHON 3JIEKTPOCTUMYIALUH HAOII0AaI0Ch JOCTOBEPHOE CHIDKeHNe KoHIeHTpanuu IL-1B na 71 % ot ncxomguoro yposas (p = 0,007).
K tomy xe xornentparus IL-1B B rpynme TpaHcKkpaHHAIBHOM ANIEKTPOCTUMYJIISIINY Ob1Ta Ha 52 % Hibke, ueM B rpymne cpaBHeHus (p = 0,005).
VYpoBeHb C-peakTHBHOrO Oeika 3HAYMMO CHU3HJIICS B 00€HX TpyINax, TOra Kak ypoBeHb peppUTHHA CTATHCTHYECKH 3HAYMMO HE H3MEHHJICS.
3akaio4enue. BkitoueHre TpaHCKpaHUATBHON IIEKTPOCTUMYIISIUHU B KOMITJIEKCHOE JiedeHne nanueHToB ¢ COVID-19 cpenneTsikenoro u -
XKEJIOT0 TEYEHHUs COCOOCTBYET Oosee BBIPa)KEHHOMY CHIDKEHHIO CHIBOPOTOYHOH KOHLICHTPAllMM HHTEpIIeHKHUHA-1B 10 CpaBHEHHUIO CO CTaH-
JTAPTHOW Tepamnuei, YTO MOJKET CBU/ICTENILCTBOBATH O MPOTHBOBOCTIAIUTENIFHOM TIOTEHIHAE JAHHOTO METO/IA.

KJIFIOUEBBIE CJIOBA: TpaHCKpaHHuanbHas JIEKTPOCTUMYJISLNS, HOBask KopoHaBupycHas nHdekuus (COVID-19), supyc SARS-CoV-2,
HHTepIeKnH-1P, CHHIPOM BBIOpOCA IUTOKHHOB
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INTRODUCTION

Coronavirus disease (COVID-19) constitutes a serious chal-
lenge for modern medicine and healthcare [1, 2]. Its pathogen-
esis and fatal complications are associated with systemic im-
mune dysregulation, including an abnormal secretion profile
of various cytokines. Among them, a central role is played by
interleukin (IL)-1B. Hyperproduction of proinflammatory sub-
stances underlies the pathogenesis of severe, life-threatening
disease manifestations: cytokine release syndrome, thrombo-
sis, and secondary hemophagocytic lymphohistiocytosis (mac-
rophage activation syndrome), which can ultimately lead to
multiple organ failure [1-3]. In spite of the progress made in
targeted anti-cytokine therapy, it is necessary to continue the
search for treatment methods that can address immune dys-
regulation and other components of COVID-19 pathogenesis.

Attention of clinicians around the world is drawn to methods
of non-invasive electrical brain stimulation. These methods can
be classified as transcranial direct current stimulation (tDCS),
transcranial alternating current stimulation (tACS), and tran-
scranial pulsed current stimulation (tPCS) [4]. The transcranial
electrical stimulation (TES therapy) developed under the super-
vision of Valery Lebedev combines pulsed- and direct-current
stimulation, even though in foreign literature it is often referred
to as tPCS; the term “Lebedev’s currents” is also used [4, 5].
Although transcranial electrical stimulation is being extensive-
ly studied in various contexts by domestic and foreign scien-
tists [5-8], no studies on its effects in COVID-19 are current-
ly available. The same cannot be said about other methods of
non-invasive electrical stimulation of the nervous system. For
example, Pinto et al. (2023) studied the effects of a single tDCS
session (current magnitude of up to 2 mA) in 20 patients aged
between 18 and 80 years who had been hospitalized with acute
SARS-CoV-2 infection but without extremely severe symp-
toms. The authors showed that the procedure is safe and has no
serious side effects (i.e., those related to the infection, as well
as other side effects); they also revealed a number of positive
effects of the procedure. As compared to 20 patients in the con-
trol group, the tDCS group exhibited normalization of heart rate
variability (which the researchers attribute to the modulation of
cardiac autonomic regulation) and increased oxygen saturation
[9]. Noteworthy is that these phenomena were observed after
a single session of the procedure. Another study conducted by
Andrade et al. (2022) involved 56 intensive care patients, in-
cluding 28 patients who received tDCS (up to 3 mA) two times
per day for 10 days. No difference in side effects was observed
between the stimulation and control groups. In the tDCS group,
a higher number of ventilator-free days were reported (primary
endpoint), and the patients showed more pronounced positive
changes in organ failure indicators (Sequential Organ Failure
Assessment score) [10]. A large number of studies consider the
use of electrical stimulation methods to address the long-term
effects of infection, including long COVID [11]. At the stage of
rehabilitation, the stress-limiting, anxiolytic, and antinocicep-
tive effects of these methods are of particular importance. Some
of these studies also focus on TES therapy [12].

The positive effects of non-invasive electrical stimulation on
the nervous system can be explained as follows. First, it modu-

lates the activity of brain centers involved, among other things,
in regulating respiration, hemodynamics, and immunity [13].
For example, the parasympathetic nervous system is known
to inhibit excessive immune responses; conversely, sympath-
oadrenal hyperactivation (characteristic of many critical con-
ditions) adversely affects the cardiovascular system, blood
rheology (promoting thrombosis), metabolism, and thermo-
regulation, as well as potentiating endothelial dysfunction, in-
flammation, etc. [13]. It has been discussed that a sympathetic
(adrenergic) storm plays an important role in the development
of neurogenic pulmonary edema and respiratory failure, simi-
larly to what happens under other critical conditions [14, 15].
The combination of stress (Takotsubo) cardiomyopathy and
COVID-19 may also be attributed to hypersympathicotonia
and hypercatecholaminemia, as well as other mechanisms [16].

TES therapy, which has demonstrated its positive effects in
various nosologies, involves the stimulation of antinociceptive
brain areas (endorphinergic, serotonergic, and dopaminergic),
which perform a variety of functions beyond pain suppression,
including immunomodulation and stress response inhibition
[7,17,18]. For example, TES therapy was shown to reduce the
blood levels of a number of proinflammatory substances, such
as IL-1, tumor necrosis factor (TNF), IL-6, and IL-2 [18, 19].
Similar effects were described both in laboratory animals with
the use of models of various pathologies and in the clinical
context in patients with inflammatory diseases of microbial
and non-microbial etiology [18-20].

Drawing on these data, we can formulate the hypothesis that
TES therapy may provide an additional sanogenic effect in the
combination treatment of COVID-19 by suppressing the hy-
perproduction of proinflammatory cytokines. In addition, it is
informative to evaluate laboratory indicators of acute phase
response — C-reactive protein (CRP) and ferritin [21, 22].
Also, a ferritin level indicates the severity of cytolysis and im-
balance in the systemic iron response [22]. Thus, the present
authors find it reasonable to study the effect of TES therapy on
these indicators for an integrative assessment of the applicabil-
ity of this method in the combination pathogenetic treatment
of the considered disease.

The study aims to evaluate the effect of transcranial electri-
cal stimulation on the serum levels of IL-1, CRP, and ferritin
in moderate to severe COVID-19 patients not receiving target-
ed anti-cytokine therapy.

METHODS
Study design

The conducted randomized prospective study included
35 patients with moderate to severe COVID-19; these patients
were treated at Ward No. 3 for adult COVID-19 patients who
do not require mechanical ventilation (Regional Clinical Hos-
pital No. 2, Ministry of Health of Krasnodar Krai).
Eligibility criteria
Inclusion criteria

Moderate to severe course of the disease as per “Interim
Guidelines: Prevention, Diagnosis, and Treatment of the Coro-
navirus Disease (COVID-19)” of the Ministry of Health of the
Russian Federation, which were effective during the patient’s
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hospital stay (versions 11-15'); positive response to standard
therapy in the first two days of treatment in terms of clinical
and laboratory indicators (for this reason, patients were not
prescribed additional anti-cytokine therapy); age of patients
from 18 to 70 years; informed voluntary consent from the par-
ticipants.
Exclusion criteria

Present or suspected bacterial co-infection; presence of de-
compensated chronic diseases; presence of contraindications
to TES therapy.
Removal criteria

Discontinuation of TES therapy at the patient’s request; the
need to add any specific anti-cytokine therapy to the treatment;
present or suspected secondary bacterial co-infection.

Study conditions

The study was conducted at the Regional Clinical Hospi-
tal No. 2 (Ministry of Health of Krasnodar Krai) and at the
Department of General and Clinical Pathophysiology of the
Kuban State Medical University (Ministry of Health of the
Russian Federation).

Duration of the study

The study lasted nine months (June 2021-February 2022).
The patients were observed during the first seven days of their
hospital stay.

Description of the medical procedure

The COVID-19 diagnosis was verified using nucleic acid
amplification to identify SARS-CoV-2 virus RNA. The se-
verity of the disease was determined in accordance with the
interim guidelines of the Ministry of Health of the Russian
Federation (versions 11-152).

According to the specified guidelines, the standard treatment
included the starting maximum dose of glucocorticoid drugs
(20 mg of dexamethasone per day), followed by a 20-25%
reduction in the administration/day dose during the first two
days and then by a 50% reduction every 1-2 days until dis-
continuation®. The patients also received anticoagulants (low
molecular weight heparins): enoxaparin sodium at a dose of
40 anti-Xa [U administered subcutaneously once daily, as well
as dalteparin sodium or nadroparin calcium in equivalent dos-
es (depending on availability); the patients with a body mass
index of over 30 kg/m? received 80 anti-Xa IU of enoxaparin.

Transcranial electrical stimulation was performed in the
supine position using rectangular pulse current. The stimu-

lation parameters were as follows: a pulse duration of 3.75 +
0.25 ms, a current of 3 mA, and a frequency of 77 Hz. The
electrodes were placed on the forehead and in the mastoid
region. The first session, which was aimed at helping the pa-
tients adapt to the procedure, lasted 15 minutes. Subsequent
procedures were carried out for 45 minutes daily for six days
(one session per day).

Study outcomes
Main study outcome

The serum levels of IL-1B, CRP, and ferritin at two time
points: on the day of admission to the COVID ward and at the
end of the first week of treatment.

Additional study outcomes

No additional outcomes are intended.
Methods for recording outcomes

Biological material (venous blood) was collected upon ad-
mission to the COVID ward and at day 7 of hospitalization.

The serum was obtained through the centrifugation of ve-
nous blood for ten minutes at 3000 rpm.

Determination of laboratory parameters

Serum IL-1p levels were determined by means of an Inter-
leukin-1 beta-EIA-BEST kit (A-8766; Vector-Best, Russia) as
per the manufacturer’s instructions using the enzyme-linked
immunosorbent assay: measurement unit — pg/mL; analytical
sensitivity — <1 pg/mL.

The levels of CRP were measured via turbidimetry using
an Architect c8000 analyzer (Abbott, USA) and a CRP Vario
kit (Abbott Laboratories, USA): measurement unit — mg/L;
analytical sensitivity — 0.2 mg/L; measurement range — 0.2—
320 mg/L.

Ferritin levels were measured via chemiluminescent mi-
croparticle immunoassay using an Architect 12000 analyzer
(Abbott, USA) and an ARCHITECT Ferritin 7K59 kit (Abbott
Laboratories, USA) as per the manufacturer’s recommenda-
tions: measurement unit — ng/mL; analytical sensitivity —
<1 ng/mL.

Analyzed clinical history characteristics

The following additional variables were taken into account:
presence of comorbidities (diabetes mellitus, hypertension,
chronic obstructive pulmonary disease, obesity with a body
mass index of >30 kg/m?); features of concomitant therapy
(use of angiotensin-converting enzyme inhibitors (ACE in-
hibitors), angiotensin II receptor blockers (ARBs), statins, and
metformin).

! Ministry of Health of the Russian Federation. Interim Guidelines: Prevention, Diagnosis, and Treatment of the Coronavirus Disease (COVID-19).
Version 11 (May 7, 2021). Available: https://static-0.minzdrav.gov.ru/system/attachments/attaches/000/055/735/original/B%D0%9C%D0%A0_COVID-19.pdf
Ministry of Health of the Russian Federation. Interim Guidelines: Prevention, Diagnosis, and Treatment of the Coronavirus Disease (COVID-19).
Version 12 (September 21, 2021). Available: https://static-0.minzdrav.gov.ru/system/attachments/attaches/000/058/075/original/%D0%92%D0%9C%D0%A0

COVID-19_VI12.pdf
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Tolerability assessment of transcranial electrical stimulation

Individual patient responses to the TES procedure (subjec-
tive discomfort, sleep disturbances, headache, etc.) were also
recorded, followed by a qualitative tolerability assessment of
the method.

Randomization

Fifty-seven patients meeting the inclusion criteria were in-
vited to participate in the study. The personal data of these
patients (age, sex, medical history, information about comor-
bidities, etc.) were entered into Microsoft Excel spreadsheets
(Microsoft, USA). Each participant was assigned a unique,
anonymous identification number.

Randomization was performed using the Microsoft Excel
random number generator (FRAND() function), which en-
sured an equal distribution of participants across two groups:
the TES therapy group (n = 28) receiving transcranial electri-
cal stimulation in addition to the standard treatment; the com-
parison group (n = 29) receiving only the standard treatment.

In the study, the clinical condition of the patients and the
course of COVID-19 were monitored daily. In cases where
the condition worsened, a bacterial co-infection developed, or
specific anti-cytokine therapy was needed, the patient was re-
moved from the study.

The final statistical analysis included data on 35 patients:
15 patients from the TES therapy group and 20 from the com-
parison group.

Data anonymity assurance

The collection and subsequent processing of patient data
were conducted anonymously. The division of patients into
groups and the analysis of results were carried out by the au-
thors without the involvement of third parties.

Statistical analysis
Principles behind sample size determination

The sample size was not determined in advance, as this pilot
(exploratory) study was aimed at analyzing trends in IL-1,
CRP, and ferritin levels associated with the administration of
transcranial electrical stimulation in COVID-19 patients. The
obtained results were intended to serve as a basis for designing
subsequent studies with a priori sample power determination
and calculation of the required number of participants.
Methods of statistical data analysis

Data analysis and visualization were performed in the R
environment* [23]. The normality of quantitative data distri-
bution was tested using the Shapiro—Wilk test. Since most
parameters did not follow a normal distribution, the descrip-
tive statistic is presented as Me (Q1l; Q3) — medians and
quartiles.

The intergroup comparison of quantitative indicators
(TES group vs. comparison group) was performed using the
Mann-Whitney U test. The effect size of intergroup differenc-
es was expressed in terms of probability of superiority (PS)
using the rcompanion software’® [24].

The PS values are interpreted as follows:

- PS = 0.5 — no differences (equivalence of groups);

-PS — 0 or PS — 1 — maximum effect size (the probability
that the value of the indicator in one group is higher than in
another tends to 0 or 100%).

Intragroup trends (before and after treatment) were assessed
using the Wilcoxon signed-rank test with Pratt correction and
the Coin software [25].

For dependent samples, the effect size was expressed in
terms of the matched-pairs rank biserial correlation coefficient
(rc) calculated using the rcompanion software.

The rc values are interpreted as follows [26, 27]:

- |rc| < 0.1 — negligible effect;

- 0.1 <rc| < 0.3 — small effect,

- 0.3 <|rc| < 0.5 — medium effect,

- |rc| > 0.5 — large effect.

Differences were considered statistically significant at
p <0.05.

RESULTS
Study participants

Between June 24, 2021 and February 23, 2022, 57 patients
were invited to participate in the study. They were randomly
divided into two study groups: the TES therapy group (n = 28)
receiving transcranial electrical stimulation in addition to the
standard treatment and the comparison group (n = 29) receiv-
ing the standard treatment. As a result of daily monitoring,
thirteen people from the TES therapy group were removed
from the study (of these, twelve patients required anti-cytokine
therapy, and one was removed due to the presence of a bacte-
rial co-infection), as well as nine people from the comparison
group (due to the need for anti-cytokine therapy). Thus, the
final analysis of the data was performed for 15 patients in the
TES therapy group and 20 patients in the comparison group
(see block diagram of the study design, Fig. 1).

All the patients had moderate disease severity upon admis-
sion, except for two patients from the comparison group. Upon
admission, the severity of disease in these patients was assessed
as severe based on oxygen saturation (92 and 90%). After the
first day of treatment, oxygen saturation consistently exceeded
93%, which was consistent with moderate severity (Table).

Thus, the two study groups were comparable in terms of the
main analyzed indicator in addition to their comparability in
terms of the severity of the underlying disease, demographic
characteristics, comorbidity, treatment of concomitant patholo-
gies, and the standard treatment of the disease (according to the
interim guidelines on the prevention, diagnosis, and treatment of
COVID-19 effective at the time of hospitalization) (see Table).

Main study results

Figure 2 shows the serum IL-1f levels of the group receiving
transcranial electrical stimulation and the comparison group
prior to treatment (first measurement). The median value of
this indicator in TES therapy group (2.4 [1.0; 3.7] pg/mL)

4R Core Team. R: A Language and Environment for Statistical Computing. R Foundation for Statistical Computing, Vienna, Austria. 2024 Available: https://

www.R-project.org/

> Mangiafico S. rcompanion: Functions to Support Extension Education Program Evaluation. version 2.4.36. Rutgers Cooperative Extension. New Brunswick,
New Jersey. 2024. Available: https://CRAN.R-project.org/package=rcompanion
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Impossibility of further | | Impossibility of further
g observation (n =0). observation (n = 0).
= Discontinued Discontinued
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é the analysis (n = 13) the analysis (n = 9)

Fig. 1. Block diagram of the study design

Note: The block diagram was created by the authors (as per CON-
SORT recommendations). Abbreviation: TES — transcranial elec-
trical stimulation.

Puc. 1. brok-cxema gu3aiiHa UccaeIOBaHUS

Tlpumeuanue: 610K-cxema 8bINOIHEHA ABMOPAMU (CO2TNACHO PEKO-
menoayuam CONSORT). Coxpawenue: TES — mpanckpanuans-
HASL DIEKMPOCTUMYIAYUL.

was 41.2% higher than in the comparison group (1.7 (1.1;
2.9) pg/mL; however, the difference between the groups was
statistically insignificant (p = 0.7; effect size — PS =0.5[95%
confidence interval (CI) 0.3-0.7]).

In the comparison group, the patients exhibited a statistically
insignificant downward trend in the level of the specified indi-
cator (Fig. 2; second measurement): from 1.7 (1.1; 2.9) pg/mL
to 1.5 (0.9; 2.8) pg/mL (by 11.8%) (p = 0.7, effect size —
rc =0.09 [95% CI —0.4-0.6]) by day 7 of hospitalization.

In the group receiving transcranial electrical stimulation,
conversely, the IL-1f level reached 0.7 (0.1; 1.1) pg/mL by
the time of the second measurement (Fig. 2), i.e., it decreased
by 70.8% relative to the baseline (2.4 (1.0; 3.7) pg/mL)
(p = 0.007; effect size — rc = 0.8 (95% CI 0.4—1)). By the end
of the observation period, the TES therapy group exhibited a
53.3% lower level of the analyzed indicator (1.5 (0.9; 2.8) pg/
mL in the comparison group versus 0.7 (0.1; 1.1) pg/mL in
TES therapy group) (p = 0.005; effect size — PS = 0.2 (95%
CI0.06-0.4)).

The administration of transcranial electrical stimulation
was associated with a more pronounced decrease in the se-
rum cytokine level, which apparently reflects the anti-inflam-
matory effect of this treatment method. Thus, IL-1p levels
decreased in 12 out of 15 patients. The maximum value of
this indicator in the group receiving transcranial electrical
stimulation amounted to 3.8 pg/mL by the time of the sec-
ond measurement (with the baseline level of 12.3 pg/mL in
this patient). In the comparison group, the maximum cyto-
kine level was equal to 20.9 pg/mL (with the baseline level
of 7.1 pg/mL in this patient). Among the three patients in
the TES therapy group whose cytokine level increased, the
maximum value during the second measurement amounted
to 3.7 pg/mL.

In the comparison group, the CRP level (Fig. 3) was equal
to 55.2 (17.9; 67.6) mg/L prior to treatment, whereas in the
group receiving transcranial electrical stimulation, it reached
46.1 (26.7; 85.5) mg/L. At baseline, intergroup differences
were statistically insignificant (p = 0.9; effect size — PS =0.5;
95% CI 0.288-0.719). Thus, both groups of patients exhibited
a markedly elevated CRP level against the standard reference
range of 0-5 mg/L°. Such hypersynthesis of acute phase pro-
teins is characteristic of COVID-19 and is widely used as an
indicator of inflammation severity and the need for therapy
adjustment and prognosis [21].

By the time of the second measurement, the comparison group
showed a CRP level of 3.4 (1.5; 5.7) mg/L, which corresponds
to a 93.8% decrease in this marker relative to the baseline value
(55.2 (17.9; 67.6) mg/L) (p = 0.0003; effect size — rc = 0.95;
95% CI 0.8-1). In the group receiving transcranial electrical
stimulation, the CRP level was equal to 3.3 (2.2; 5.5) mg/L at
day 7, which means a 92.8% decrease relative to the baseline
level (46.1 (26.7; 85.5) mg/L) (p = 0.0006; effect size —rc=1).
At day 7, the intergroup comparison showed no statistically sig-
nificant differences in the level of this inflammatory response
marker (p = 0.6; PS = 0.5; 95% CI 0.3-0.7). All patients in the
TES therapy group exhibited a positive change in this indica-
tor. In the comparison group, a CRP decrease was recorded in
19 out of 20 patients; in one participant, the level of acute phase
protein increased from 14.6 to 31 mg/L. The obtained results
indicate a marked decrease in the inflammatory response in-
tensity in both groups by day 7 of observation, which can be
considered to be a favorable prognostic sign in COVID-19.
Noteworthy is that literature data suggest the possibility of a
secondary (late) CRP level peak occurring after the 11th day of
the disease, which may complicate severity assessment, as well
as the selection of the optimal treatment strategy [21].

In the comparison group, the pre-treatment ferritin level
(Fig. 4) was equal to 316 (212.3; 433) ng/mL. In the group
receiving transcranial electrical stimulation, this indicator was
comparable, amounting to 349.8 (156.4; 567.9) ng/mL. The
intergroup comparison revealed no statistically significant dif-
ferences before treatment (p = 0.8; PS = 0.45). Noteworthy is
that in both groups, the ferritin levels were elevated relative

¢ Reference values established by the laboratory of the Regional Clinical Hospital No. 2, Ministry of Health of Krasnodar Krai

7 Ibid.
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Table. Demographic, anthropometric, and clinical history characteristics of patients in the study groups
Ta6una. JlemorpaduuecKkue, aHTPOIOMETPUYECKUE U KJIMHUKO-aHAMHECTHUYECKHE MIOKA3aTeN! MAI[HEHTOB UCCIIEAYEMBIX IPYIIIT

Parameter Comparison Group TES Therapy Group Statistical significance
(n=20) (n=15) level of differences’, p
Age, years; ) )
Me (Ol: 03) 41.5 (34.7; 54.5) 48 (36.0; 55.5) 0.10 MWU)
Sex, abs. (%)
Women 11 (55) 6 (40)
Men 9 (45) 9 (60) 0.38 (FET)
Severity upon admission, abs. (%)
Moderate 18 (90) 15 (100)
Severe 2 (10) — 0.21 (FET)
Treatment of the underlying disease
Glucocorticoids, abs. (%) 19 (95) 14 (93.3) 0.83 (FET)
Anticoagulants, abs. (%) 20 (100) 15 (100) —
Comorbid nosologies
Diabetes mellitus, abs. (%) 2 (10) 0 (0) 0.21 (FET)
Body mass index exceeding 30 kg/m?,
abs. (%) 15 1(6.7) 0.83 (FET)
Hypertension, abs. (%) 6 (30) 2 (13.3) 0.25 (FET)
Chronic obstructive pulmonary dis-
ease, abs. (%) 00) 0) B
Treatment of concomitant diseases
ACE inhibitors or ARBs, abs. (%) 0 (0) 1(6.7) 0.24 (FET)
statins, abs. (%) 0 (0) 0 (0) —
metformin, abs. (%) 0(0) 0 (0) —
Baseline for the analyzed laboratory blood parameters
IL-1B, pg/mL; . .
Me (O1: 03) 1.7 (1.1; 2.9) 2.4 (1.0, 3.7) 0.70 (MWU)
C-reactive protein, mg/L; ) ]
Me (O1: 03) 55.2 (17.9; 67.6) 46.1 (26.7; 85.5) 0.90 MWU)
Ferritin, ng/mL; ) )
Me (01 03) 316.0 (212.3; 433.0) 349.8 (156.4; 567.9) 0.80 MWU)

Note: The table was compiled by the authors. IMWU — Mann-Whitney U test, FET — Fisher’s exact test. Abbreviations: ARBs — angioten-
sin Il receptor blockers;, ACE inhibitors — angiotensin-converting enzyme inhibitors;, TES — transcranial electrical stimulation.

Ipumeyanue: mabaruya cocmasnena asmopamu. IMWU — kpumepuu Manna — Yumnuu, FET — mounvii kpumepuii Quuwepa. Coxpauye-
Hus: ARBs — aumazonucmol peyenmopos k aneuomensuny I, ACE — uneubumopsl aneuomensunnpespawarowezo epmenma, TES —

MPpAHCKPAHUATIbHAS IIEKMPOCMUMYIAYUS.

to reference values (21.8-274.6 ng/mL7). An elevated ferritin
level is widely regarded in the literature as a significant diag-
nostic and prognostic biomarker for COVID-19 [22]. Hyper-
ferritinemia is associated with a combination of pathological
processes induced by the infection: increased ferritin synthesis
by hepatocytes in response to proinflammatory cytokines (pri-
marily IL-6) and at least two additional mechanisms, which
will be discussed in detail below.

The second measurement yielded a ferritin level of
361.5 (286.7; 498.4) ng/mL in the comparison group. As
compared to the baseline level, the median value increased by
14.4% (baseline level — 316 (212.3; 433) ng/mL); however,
the changes were statistically insignificant (p = 0.6; rc = 0.2).
In the group receiving transcranial electrical stimulation,
this indicator also increased and amounted to 387.9 (192.5;
563) ng/mL. The median increase by the end of the first
week was equal to 10.9% (baseline level — 349.8 (156.4;

567.9) ng/mL) and was also statistically insignificant
(p =0.7; rc = 0.2). At this point in time, the intergroup com-
parison revealed no statistically significant differences in the
ferritin (p = 0.8; PS = 0.45).

Unlike the CRP level, the ferritin level increased in a sig-
nificant proportion of patients by the end of the first week of
treatment in both the group receiving transcranial electrical
stimulation and the comparison group. These results may in-
directly indicate the pathogenetic significance of iron metabo-
lism disorders and cytolysis processes (see discussion below),
whose dynamics are not necessarily synchronized with the in-
flammatory response.

Thus, the combination of transcranial electrical stimulation
with the standard treatment of the disease caused no increase
in the IL-1B level, did not provoke cytokine release syndrome
(Fig. 2), and did not exacerbate the laboratory manifestations
of the acute phase response (see Table). The standard therapy,
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which did not include targeted anti-cytokine therapy, had lit-
tle effect on the IL-1p level (Fig. 2). In the standard treatment
group, the patients exhibited a decrease in the level of CRP but
not in ferritin. Conversely, the combination of transcranial elec-
trical stimulation with the standard therapy had a significant ef-
fect on the IL-1p level, which exceeded 3 pg/mL only in one pa-
tient in this group by the end of the observation period (Fig. 2).

Additional study results
No additional results were obtained during the study.

Adverse events

No lethal cases were reported in either group. No adverse
events associated with the use of transcranial electrical stimu-
lation were observed.

DISCUSSION
Summary of the main study result

In this study, the patients receiving the standard therapy
(without targeted anti-cytokine drugs) showed no statistically

Fig. 2. Median serum levels of interleukin-1f in the study
groups at days 1 (first measurement) and 7 (second mea-
surement) of hospitalization

Note: The figure was created by the authors. Significance levels:
p, — significance level of differences between days 1 and 7 in the
group receiving transcranial electrical stimulation (intra-group
comparison); p, — significance level of differences between days
1 and 7 in the comparison group (intra-group comparison); p, —
significance level of differences between the comparison group
and the group receiving transcranial electrical stimulation before
treatment (day 1); p, — significance level of differences between
the comparison group and the group receiving transcranial elec-
trical stimulation at day 7 of stay. The intragroup comparisons
(p, p,) were performed using the Wilcoxon test with Pratt cor-
rection (for dependent samples). The intergroup comparisons (p,,
p,) were performed using the Mann—Whitney U test (for inde-
pendent samples). In the intergroup comparison, the effect size is
expressed in terms of the probability of superiority (PS), where-
as in the intragroup comparison, it is expressed in terms of the
rank-biserial correlation coefficient (rc). Abbreviation: TES —
transcranial electrical stimulation.

Puc. 2. 3HaueHne MenuaH CHIBOPOTOYHON KOHLIEHTPAI[UU
uHTepinelikuHa-1p, 1-e (nepBoe u3Mepenue) u 7-e (BTopoe u3-
MEPEHHE) CYTKU TOCIUTANIN3AIUU B UCCIIEAYyEMbIX TPyIax
Tpumeuanue: pucynox geinoanen asmopamu. Obosnavenus ypog-
Hell 3HAYUMOCIU. P, — YPOGeHb SHAYUMOCIU PAZIUYUL 6 2pYRne
TOC-mepanuu mexncoy I-m u 7-m cymrxamu (8Hympuepynnogoe
cpasnenue); p,— ypo6eHs 3HAUUMOCMU PASAUYUL 6 2PYRNeE CPA6-
Henusa medncoy 1-mu 7-m cymxamu (6Hympuepynnogoe cpagnenue);
P, — Ypoeens 3Hauumocmu pasiuduti mexcoy epynnamu (TIC-
mepanus u cpasnenue) 00 nauaira nevenus (l-e cymxu); p, —
YposeHb 3Hauumocmu pasauyuti mesicdy epynnamu (T2C-mepa-
nus u cpasmenue) na 7-e cymku eocnumanuzayuu. Ioscnenue:
Buympuzpynnosvie cpagnenus (p, p,) 6bINOIHEHbL C NOMOUBIO
Kkpumepus Bunxokcona ¢ nonpaexou Ilpamma (015 3asucumvix
6b100poK). Meoicepynnoevie cpasnenus (p, p,) — ¢ nomoubio
kpumepus Manna — Yumnu (015 Hezagucumvlx 61060pok). Pas-
mep aghpexma npu medcepynno6oM CpasHeHuU 8blpA’CEH Uepes
probability of superiority (PS), a npu éenympuepynnogom — ue-
pe3 panzosulil bucepuatvbHuli Kodgguyuenm rxoppensyuu (rc).
Coxpawenusn: TES — mpanckpanuanvuas s1exmpocmumyisayus.

significant decrease in the IL-1f level during the observation
period. Conversely, the TES therapy group showed a marked
decrease in the serum IL-1fB level, with administration of
TES therapy causing no complications in the COVID-19 pa-
tients. Both groups exhibited a significant decrease in the
CRP levels, while no positive changes were observed in the
ferritin levels.

Discussion of the main study result

Cytokine hyperproduction lies at the heart of cytokine re-
lease syndrome in the considered disease [1]. This phenom-
enon adversely affects the patient’s prognosis and requires a
search for treatment methods. Among the key proinflammato-
ry cytokines, of note is IL-1f, which plays a pivotal role in the
development of a maladaptive immune response. Laboratory
studies confirmed the ability of the SARS-CoV-2 virus to in-
duce inflammasome assembly responsible for the partial prote-
olysis of pro-IL-1p (by the enzyme caspase-1) to active IL-1
(as well as pro-IL-18 to IL-18), which leads to its hyperpro-
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duction [2, 3]. The mechanism seems to involve the direct ac-
tivation of functionally related proteins (NLRP3, TRAF3, and
ASC) by viral proteins (nucleocapsid protein (N) and Orf3a vi-
roporin) [2, 28]. In addition to immune response amplification,
the described processes produce other cytopathic effects. An
important example is the activation of gasdermin D (GSDMD)
that increases cell membrane permeability, a central event in
the pathogenesis of programmed cell death by pyroptosis [2].
The latter further exacerbates life-threatening multi-organ fail-
ure. Also, cell disruption is associated with the release of tis-
sue thromboplastin and the initiation of coagulation cascades.
Furthermore, IL-1B contributes to thromboinflammation in a
variety of other ways: it promotes megakaryocyte maturation,
platelet adhesion, and the release of neutrophil extracellular
traps (which, in turn, leads to the Hageman factor autoacti-
vation and suppresses antithrombin and tissue factor pathway
inhibitor), as well as affecting the endothelium [3, 29]. The
latter factor is particularly important since activated endotheli-

Fig. 3. Median serum levels of C-reactive protein in the
study groups at days 1 (first measurement) and 7 (second
measurement) of hospitalization

Note: The figure was created by the authors. Significance levels:
p, — significance level of differences between days 1 and 7 in the
group receiving transcranial electrical stimulation (intra-group
comparison); p, — significance level of differences between days
1 and 7 in the comparison group (intra-group comparison); p, —
significance level of differences between the comparison group
and the group receiving transcranial electrical stimulation before
treatment (day 1); p, — significance level of differences between
the comparison group and the group receiving transcranial elec-
trical stimulation at day 7 of stay. The intragroup comparisons
(p, p,) were performed using the Wilcoxon test with Pratt cor-
rection (for dependent samples). The intergroup comparisons (p,,
p,) were performed using the Mann—Whitney U test (for inde-
pendent samples). In the intergroup comparison, the effect size is
expressed in terms of the probability of superiority (PS), where-
as in the intragroup comparison, it is expressed in terms of the
rank-biserial correlation coefficient (rc). Abbreviation: TES —
transcranial electrical stimulation.

Puc. 3. 3nauenue mMeanan KoHUEHTpauuu C-peakTHBHOTO
Oernka, 1-e (mepBoe u3MepeHue) u 7-¢ CyTKU (BTOpOe H3Me-
peHue) rocnuTaaInu3aluy B UCCIEYeMBIX TPyIIax
Tpumeuanue: pucynox geinoanen asmopamu. Obosnavenus ypog-
Hell 3HAYUMOCIU. P, — YPOGeHb SHAYUMOCIU PAZIUYUL 6 2pYRne
TOC-mepanuu mexncoy I-m u 7-m cymrxamu (8Hympuepynnogoe
cpasnenue); p,— ypo6eHs 3HAUUMOCMU PASAUYUL 6 2PYRNeE CPA6-
Henusa medncoy 1-mu 7-m cymxamu (6Hympuepynnogoe cpagnenue);
P, — Ypoeens 3Hauumocmu pasiuduti mexcoy epynnamu (TIC-
mepanus u cpasnenue) 00 nauaira nevenus (l-e cymxu); p, —
YposeHb 3Hauumocmu pasauyuti mesicdy epynnamu (T2C-mepa-
nus u cpasmenue) na 7-e cymku eocnumanuzayuu. Ioscnenue:
Buympuzpynnosvie cpagnenus (p, p,) 6bINOIHEHbL C NOMOUBIO
Kkpumepus Bunxokcona ¢ nonpaexou Ilpamma (015 3asucumvix
6b100poK). Meoicepynnoevie cpasnenus (p, p,) — ¢ nomoubio
kpumepus Manna — Yumnu (015 Hezagucumvlx 61060pok). Pas-
mep aghpexma npu medcepynno6oM CpasHeHuU 8blpA’CEH Uepes
probability of superiority (PS), a npu éenympuepynnogom — ue-
pe3 panzosulil bucepuatvbHuli Kodgguyuenm rxoppensyuu (rc).
Coxpawenusn: TES — mpanckpanuanvuas s1exmpocmumyisayus.

um becomes a source of cytokines, eicosanoids, free radicals,
and proaggregatory/procoagulant substances (von Willebrand
factor), while the production of anticoagulants (thrombomod-
ulin) declines [3]. In addition, endothelial cells strongly ex-
press adhesion molecules (P-selectins, intercellular adhesion
molecules, and vascular cell adhesion molecules), to which
leukocyte surface proteins attach, leading to the activation of
the latter [1, 3].

Hyperproduction of IL-1f (along with TNF and IL-6) con-
stitutes one of the main mechanisms underlying the pathogen-
esis of acute phase response, which includes a range of sys-
temic effects of inflammation (fever, synthesis of acute-phase
proteins/peptides, systemic iron metabolism reorganization,
stimulation of leukopoiesis and stress-induced splenic erythro-
poiesis, postreceptor inhibition of insulin signal transduction,
etc.) [1, 30]. Extremely high levels of these cytokines have a
direct cytopathic systemic effect on vital organs, further con-
tributing to multiple organ failure. A special related problem is
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secondary hemophagocytic lymphohistiocytosis (macrophage
activation syndrome), which results in a cytokine storm and
additional organ damage [1].

Ferritin and CRP belong to acute-phase proteins; their pro-
duction by the liver is stimulated by proinflammatory cyto-
kines (especially IL-6) [1, 21, 22]. Ferritin is also a key par-
ticipant in systemic iron metabolism. During inflammation,
this metabolism is disrupted depending on the severity of the
disease, which is pathogenetically associated with an imbal-
ance of regulatory substances (hepcidin, erythroferone, bone
morphogenetic protein 6, and growth differentiation factor
15), the direct effect of cytokines on the red bone marrow, and
systemic dysfunction of CD163-positive cells of the phago-
cytic mononuclear system [22, 30—32]. The latter are also a
source of hyperferritinemia during inflammation. Finally, fer-
ritin present in cells deposits iron; therefore, during cytolysis,
an increase in the extracellular protein level is observed [22].
Cytolysis, in turn, can be caused by respiratory or ischemic

Fig. 4. Median serum levels of ferritin in the study groups
at days 1 (first measurement) and 7 (second measurement)
of hospitalization

Note: The figure was created by the authors. Significance levels:
p, — significance level of differences between days 1 and 7 in the
group receiving transcranial electrical stimulation (intra-group
comparison); p, — significance level of differences between days
1 and 7 in the comparison group (intra-group comparison); p,—
significance level of differences between the comparison group
and the group receiving transcranial electrical stimulation be-
fore treatment (day 1); p, — significance level of differences
between the comparison group and the group receiving tran-
scranial electrical stimulation at day 7 of stay. The intragroup
comparisons (p, p,) were performed using the Wilcoxon test with
Pratt correction (for dependent samples). The intergroup com-
parisons (p,, p,) were performed using the Mann—Whitney U test
(for independent samples). In the intergroup comparison, the ef-
fect size is expressed in terms of the probability of superiority
(PS), whereas in the intragroup comparison, it is expressed in
terms of the rank-biserial correlation coefficient (rc). Abbrevia-
tion: TES — transcranial electrical stimulation.

Puc. 4. 3HayeHue MeauaH KOHICHTpanuu (EeppUTHHA,
1-e (mepBoe u3MepeHue) u 7-e CyTKU (BTOPOE U3MEPEHUE)
TOCIUTAJIN3ALUHU B UCCIEAYEMbIX IPyIIIaXx.

Ipumeuanue: pucynox evinonnen agmopamu. Ob6o3nauenus
YyposHell 3HAUUMOCMU: D, — YPOGeHb SHAYUMOCMU pPA3TU-
yuil 6 epynne TOC-mepanuu medxncoy I-m u 7-m cymxamu (8Hy-
mpu2pynnogoe cpasnenue); p, — ypoeeHs SHAUUMOCHIU PA3IUYUIL
6 epynne cpagnenus mexncoy I-m u 7-m cymramu (@nympuepyn-
noeoe cpagmenue); p, — ypoeerb SHAYUMOCTIU PASIULUL MediC-
oy epynnamu (TOC-mepanus u cpasnenue) 00 Hauania neye-
nus (I-e cymxu); p, — ypo6ens SHAUUMOCMU PASIULUL MeXHCOY
epynnamu (TOC-mepanus u cpasnenue) Ha 7-e CYMKU 20CHU-
manusayuu. Ilosicnenue: Buympuepynnoevie cpagnenus (p, p,)
BBINOIHEHbL C NOMOWbIO Kpumepusi Buikokcona ¢ nonpaskoi
Ilpamma (05 3a8ucumeix 6vib6opok). Medcepynnogvie cpas-
nenus (p, p,) — ¢ nomowwio kpumepus Manna — Yumnu (015
He3asucumblx 8blO0pox). Pazmep agpghexma npu mearcepynnogom
cpasHenuu svipadicer uepes probability of superiority (PS), a npu
6HYMPUSPYNNOBOM — Hepe3 PAH208blll bucepuanbhulii Kodgpu-
yuenm xoppensyuu (rc). Coxpawenus: TES — mpanckpanuans-
Hasl 2NeKMPOCMUMYIAYUSL.

(e.g., due to thrombosis) tissue hypoxia, as well as the cyto-
pathic effects of the virus, inflammatory mediators, and other
substances (e.g., catecholamines in the context of an adrener-
gic/sympathetic storm) in COVID-19 [33]. Thus, at least three
mechanisms behind a ferritin level increase due to inflamma-
tion can be identified.

In the present study, the standard treatment, which includes
glucocorticoid therapy without targeted anti-cytokine drugs,
had no effect on the serum IL-1P and ferritin levels. Similar
results were reported in other studies. For example, Alon-
so-Dominguez et al. (2023) showed that the levels of IL-1§,
TNF, and macrophage inflammatory protein la (MIP-1a) can
remain elevated one month after the onset of infection [28].
Moreover, this trend observed only in these three indicators
but not the others in the long list under study—IL-3, IL-6, IL-
8, IL-18, interferon-y (IFN-y), IFN-y induced protein 10, IFN-y
induced monokine, and MIP 1B—is associated with the risk of
long-term consequences of infection and long COVID-19. As
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the predictive threshold level, Alonso-Dominguez et al. (2023)
offer an IL-1p level of over 7.36 pg/mL. In this case, the prog-
nostic value of this indicator is higher than that of the TNF
and MIP-1a levels: the area under the characteristic curve of
0.709 versus 0.682 and 0.691, respectively [28].

As we have shown in this study, the comparison group
patients experienced a marked decrease in the CRP level by
the end of the observation period, which can probably be at-
tributed to the successful elimination of the pathogen by the
immune system and the effect of treatment. The differences
between CRP and IL-1p level dynamics can be speculatively
explained by the pivotal role of IL-6 in stimulating the syn-
thesis of acute phase proteins. Of interest is the study of how
IL-6 level dynamics correlate with changes in the CRP and
IL-1B levels. We also hypothesize that CRP cannot serve as a
laboratory indication of IL-1f dysfunction (although the clin-
ical significance of this is unclear). As mentioned above, the
ferritin level is affected by a combination of pathological pro-
cesses. In this context, it would be interesting to compare the
dynamics of this indicator with changes in the IL-6 level (in
order to assess the contribution of acute phase response to the
development of hyperferritinemia) and cytolysis markers, for
example, aminotransferases.

The combination of TES therapy with the standard treatment
resulted in a marked decrease in the IL-1f level (Fig. 2). In
this group, all patients with the initially high cytokine level
exhibited a pronounced decrease by the end of the first week.
Only several patients with the initially low IL-1p level showed
a slight increase, which did not exceed 1.2 pg/mL. As well
as in the comparison group, the patients exhibited a marked
decrease in the CRP but not in the ferritin level. Transcranial
electrical stimulation caused no serious complications, specifi-
cally cytokine release syndrome. Such results pathogenetically
justify further study of this treatment method in COVID-19.

The obtained data are consistent with previous studies
demonstrating the effect of the TEP therapy on neuroimmu-
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