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The article presents modern scientific data on long-term clinical and pathogenetic effects of the antiviral drug Areplivir (Favi-
piravir) in patients with metabolic syndrome in the post-COVID period.

The aim of the article is to study long-term cytokine-mediated (IL-6/sIL6r and LIF/sLIFr) pathogenetic effects of the favipiravir
(Areplivir®) based drug on the incidence of complications in patients with metabolic syndrome in the post-COVID period.
Material and methods. With the approval of the local ethics committee at the N.P. Ogarevs Mordovia State University (Pro-
tocol No. 5 dated May 17, 2020) “An open prospective comparative study of the Areplivir® (Favipiravir) drug effectiveness in
reducing the risk of complications in the post-COVID period in patients with metabolic syndrome” in the Republic of Mordo-
via was carried out.

The study included 190 metabolic syndrome patients who received the outpatient treatment for COVID-19 at Saransk poly-
clinics from February 2021 to March 2021. The case of COVID-19 was diagnosed in accordance with the current Temporary
Guidelines for the prevention, diagnosis and treatment of the new coronavirus infection.

Results. The analysis of the metabolic syndrome patients’ follow-up within 1 year after undergoing COVID-19, revealed sig-
nificant differences in the incidence of complications depending on the intake of the favipiravir based drug. The patients who
were administrated with favipiravir at the early stage of infection, were characterized by lower serum levels of four mem-
bers of the interleukin 6 family — IL-6 (IL-6, sIL6r and LIF, sLIFr) 10, 30 and 180 days after a clinical and laboratory recovery
(p<0.001). The average statistical changes in the IL-6 /sIL6r system of the group administrated with favipiravir, were 90%, and
they were higher than in the group not administrated with antiviral drugs. In the group of the patients administrated with
favipiravir, there was a significant (p<0.001) positive dynamic of the sLIFr indicator, while in the comparison group, there was
an increase in this indicator.

A protective effect of the early favipiravir use was characterized by a decrease in the frequency of cardiovascular complica-
tions, a 2.66-fold decrease in the risk of a stroke and the ACS in the post-COVID period.

Conclusion. The areplivir therapy in the acute period of coronavirus infection made it possible to timely reduce the viral load.
It helps to correct the pro-inflammatory vector of the immune response at the post-COVID stage and, accordingly, reduces
the risk of progression of atherosclerosis, transient cerebrovascular accidents with a cognitive decline, an endothelial dys-
function, and can be considered a secondary prevention of life-threatening cardiovascular complications.
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Abbreviations: MS —metabolic syndrome; AH — arterial hypertension; DM — diabetes mellitus; ACVE — Acute Cerebrovascular
Event; ACS — acute coronary syndrome; MI — Miocardial Infarction; ALT — Alanine transaminase; AST — aspartate aminotrans-
ferase; BMI — body mass index; PCR — polymerase chain reaction; ECG — electrocardiogram; VED — vital essential drugs; RNA
— ribonucleic acid; ELISA — enzyme-linked immunoelectrodiffusion essay; Cl — confidence interval; IL-6 — interleukin 6; sIL-6R
—soluble interleukin 6 receptor; sLIFr — leukemia inhibiting factor soluble receptor; LIF — Leukemia inhibitory factor (leukemia
inhibitory factor); iNOS — Nitric oxide synthase; inducible (inducible nitric oxide synthase); eNOS — endothelial nitric oxide
synthase (endothelial nitric oxide synthase); ADMA — asymmetric dimethylarginine (asymmetric dimethylarginine); SDMA —
symmetric dimethylarginine (symmetrical dimethylarginine); NO — nitric oxide; PWVcf — carotid to femoral artery pulse wave
velocity; EchoCG — echo-cardiography; PVR — peripheral vascular resistance; GFR — glomerular filtrate rate; gp — glycoprotein;
STAT3 - signaling protein and transcription activator of signal transducers and activators of transcription (STAT).
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B cTatbe npeacTaBieHbl COBPeMEHHbIe Hay4YHble AaHHble B OTHOLWEHUW OTAANEHHbIX KAMHUKO-NAaTOreHeTuYeckmx abheKTos
NpPOTMBOBUPYCHOrO Npenapata Apenavsup (GaBnnupasmp) B NOCTKOBUAHOM Nepuoae y NaLMeHToB C MeTaboIMYeCcKUM CUHA-
pomom.

Lienb. M3yuntb OTAaNEeHHbIe LMTOKUH-onocpeaoBaHHble (IL-6/sIL6r u LIF/sLIFr) natoreHeTnyeckne addekTbl NpUMeHeHns
npenapaTa Ha ocHoBe daBunupaBupa («ApenanBrMp®») Ha YacTOTy Pa3BUTUA OCIOKHEHUI Y NALLMEHTOB C METabONNYECKUM
CMHAPOMOM B NOCTKOBMAHOM Mepuoae.

Martepuan u metoapl. C ogo6peHna NoKasbHOro aTnyeckoro Komuteta npu ®reO0Y BO «MrY um. H.M. Orapesa» (npoTokon
Ne 5 ot 17 mana 2020) npoBefeHo «OTKPbITOE NPOCMNEKTUBHOE CPaBHUTE/IbHOE UcCcaeaoBaHMe 3GDEKTUBHOCTU NPUMEHEHUA
npenapata «Apenausnp®» (baBnnmMpasmp) B OTHOLIEHWUW CHUMEHUA PUCKA PA3BUTUA OC/IOKHEHWUIA B MOCTKOBUAHOM Mepuo-
e y NauMeHToB ¢ MeTabonnyeckum cuHapomom» B Pecnybanke Mopzosus.

B nccnepoBaHue BkAtoYeHbl 190 naumeHToB ¢ MeTaboNMyYeckMm CUHAPOMOM, MOYYaBLLUMX aMbyNaTOPHOe ieYeHne B CBA3U
¢ COVID-19 Ha 6a3e nonvKAUHUK . CapaHcKka B nepuog ¢ pespans 2021 no mapt 2021. AnarHos COVID-19 6bin BbiCTaBieH
B COOTBETCTBME C aKTya/lbHbIMW BPEMEHHbIMU METOANYECKUMWN PEKOMEHAALMAMM MO NPOPUNAKTUKE, ANATHOCTUKE U leve-
HUIO HOBOM KOPOHaBUPYCHOM MHPERLNMN.

Pe3ynbratbl. AHaNM3 HabMOAEHWA NALMEHTOB C METaboNMYECKMM CUHAPOMOM B TeyeHue 1 roga nocne nepeHeceHHoro
COVID-19 onpeaenvn AOCTOBEPHbIE OTINYMA B YAaCTOTE OCNOMKHEHMUI B 3aBUCMMOCTM OT NpUEMa NIEKAapCTBEHHOroO npena-
paTa Ha ocHoBe dasunupasupa. MaumeHTbl, NoNyYaBLLMe GaBUNMPABMP Ha PAHHEM 3Tarne 3aparkeHus, XapaKTepmM3oBaanCh
60/1€e HU3KMM YPOBHEM COAEPIKAHMA B CbIBOPOTKE KPOBU YETbIPEX NPEACTaBUTENEN CEMeNCTBa MHTepIeMKUHa 6-IL-6 (IL-6,
sIL6r u LIF, sLIFr) yepes 10, 30 u 180 aHei nocne KAMHUKO-NabopaTopHOro BbizaoposaeHus (p<0,001). CpeaHectaTUCTUYe-
CKMe n3meHeHus B cucteme IL-6/sIL6r rpynnbl, npuHMMatoLLmx dasunupasmp, coctasnaam 90% v 6biam Bbille, Y4em Yy rpynnbl
6e3 npuema NPOTUBOBUPYCHbIX NPenapaTos. B rpynne nauveHToB, NpMHUMaBLUNX daBUNUpaBup, Habaoaanacb 3Ha4YMmMas
(p<0,001) nonoxutenbHaa AMHaMUKa nokasatens sLIFr, Torga Kak B rpynne cpaBHeHWA Habaoaanca pocT AaHHOMO NOoKasa-
Tensd.

MpoTeKkTMBHOE AENCTBME NPU PAHHEM UCMONb30BaHUN paBMNMPaABMPa XapPaKTEPU30BAIOCh YMEHbLLEHMEM YacTOTbl cepaey-
HO-COCYAMCTbIX OC/IOMKHEHWUI, CHUM¥EHMEM pucKa pa3suTua OHMK n OKC B 2,66 pa3a B NOCTKOBUAHOM Nepuoae.
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3akntoueHue. Tepanua apenvMB1MpoM B OCTPOM NEPUOAE KOPOHABUPYCHOM MHBEKLMM NO3BOANIA CBOEBPEMEHHO CHU3UTL
BMPYCHYIO HArpysKy, 4To cnocobCTBYET KOPPEKTUPOBKE NPOBOCMANUTE/NIbHOIO BEKTOPA MMMYHHOIO pearmpoBaHua Ha NocT-
KOBMAHOM 3Tane 1, COOTBETCTBEHHO, CHUXAET PUCK NPOrpeccMpoBaHNA aTePOCKAEP03a, TPAH3UTOPHbIX HAPYLLUEHWUIA MO3rO-
BOr0 KPOBOOBOPALLEHNA CO CHUMKEHNEM KOTHUTUBHbIX GYHKLMWI, SHAOTENNANbHON AUCHYHKLMM U MOXKET PacCMaTpMBaTLCSA B
KayecTBe BTOPUYHOM NPODUNAKTUKM KUSHEYTPOXKAIOLLMX CEPAEUYHO-COCYANCTLIX OCIOKHEHUA.

KnioueBble cnosa: Apenavsup; dasunupasup; COVID-19; NOCTKOBUAHbIV CUHAPOM; METabONNYECKUA CUHAPOM

CnUCoK coKpalueHunit: MC-meTabonnyeckuini cuHapom; Al — apTepuanbHas runepteHsus; CL — caxapHbiii anabet; OHMK
— OCTpOE HapyLeHne Mo3roBoro KpoBoobpaleHue; OKC — ocTpblit KOPOHAPHbIV cMHAPOM; UM — MHGAPKT M1oKapaa; AnT —
aNaHUHamuHoTpaHcdepasa; AcT — acnapTatamuHoTpaHcdepasa; UMT — nHaeke maccol Tena; MNUP — nonmmepasHas uenHas
peakuwmsa; IKT — anekTpokapamnorpamma; HHBJIM — M3HeHHO HeobXoAMMble BaykHeNLMe eKapcTBEHHbIe npenapaTtbl; PHK
— puboHyKNenHoBas Kkucnota; NOA — ummyHodbepmeHTHbIV aHanus; AU — goBepuTenbHbli MHTepBan; IL-6 — MHTepaenKuH
6; SIL-6R — pacTBOpMMbIl peuenTop UHTepaenKnHa 6; sLIFr — pacTBOpUMbIV peLenTop NerKemMua-MHriMbupytoLLero GakTopa;
LIF — neikemus-uHrnbunpyrowmii daktop; iNOS —MHAYUMBUNBbHAA CMHTa3a oKkcuaa a3oTa; eNOS — sHAoTeNnanbHaA CMHTa3a
oKcuaa asota; ADMA — acMMMETPUYHbIA AUMeTUNApPTMHUH; SDMA — CUMMETPUYHbIN gumeTunapruinH; NO — oKcug, a3oTa;
ClMBKd — CKOpOCTM Ny/IbCOBOM BOJIHbI Ha KAPOTUAHO-PemopanbHOM cermeHTe; IXO-KI — axokapaunorpadus; OMNCC — obuiee
nepudepuyeckoe conpoTmsieHne cocynos; CK® — ckopocTb KayboukoBon dunbTpaumm; gp — rMnKonpoTtenH; STAT3 — cur-

HaNbHbIM 60K M aKTUBATOP TPAHCKPUNLLMK U3 cemeicTBa 6enkos STAT.

INTRODUCTION

A significant proportion of people who have had
COVID-19, suffer from persistent pathological symptoms
that reduce the quality of life and increase the risk of dis-
ability. In a number of sources, it is referred to as post-
COVID syndrome [1-3]. Herewith, the term “post-COVID
syndrome” has a number of limitations that do not allow
to unambiguously consider the progression of concom-
itant diseases after SARS-CoV-2 infection, in particular,
arterial hypertension, increased glucose levels, etc., as
components of post-COVID syndrome [4]. The data from
the studies analyzing cytokine-mediated mechanisms of
non-communicable diseases immunopathogenesis (in-
cluding essential arterial hypertension (EAH) and meta-
bolic syndrome (MS) in the post-COVID period, demon-
strating the relevance of the problem, have already been
published [5]. The changes in the cytokine regulation
associated with complications in the post-COVID period,
are studied by many international scientific groups [6].
The data on the “unexpected” increase in the levels of
pro-inflammatory markers after 7-8 months in the pa-
tients who have undergone the SARS-CoV-2 infection as-
ymptomatically, have been presented [7]. In the severity
of post-infection changes, heterogeneity may be also
associated with differences in therapy during the acute
period of COVID-19. It is known that the earliest possible
use of etiotropic therapy is the most important thera-
peutic tactics for the timely relief of an increasing viral
load and reducing the risk of developing a complicated
course of the disease. Blocking the virus vital activity in
the body due to the drugs of a direct antiviral action al-
lows, in its turn, to reduce the pathological effect of the
virus and, accordingly, will help to reduce the severity of
post-infection complications [8].

One of the most studied modern molecules used in
the treatment of COVID-19 and able of suppressing the
reproduction of RNA viruses is favipiravir (6-fluoro-3-hy-
droxy-2-pyrazinecarboxamide). The effectiveness of this
compound has been proven against various RNA viruses
(influenza, including strains HIN1, H5N1, H7N9, arena-
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viruses, flaviviruses, alphaviruses, etc.), which has been
demonstrated in clinical and experimental studies [9-11,
13]. The active form of favipiravir selectively interacts
with RdRp, is included in the emerging viral RNA chain,
or binds to preserved polymerase domains, blocking the
viral RNA replication, which leads to the utilization of the
“defective” RNA and disappearance of the viral genome.
The drug-induced “fatal” mutagenesis in widespread
coronaviruses, as well as a selective inhibition of RdRp,
allows us to consider favipiravir as a universal inhibitor
of epidemiologically significant RNA-containing viruses
—the main causative agents of seasonal ARVI [14, 15].

According to the clinical trials, in COVID-19 patients,
the favipiravir-based direct antiviral drug Areplivir, regis-
tered in Russia and widely used, has manifested a high
efficacy and safety in comparison with the standard
therapy [16]. The use of favipiravir for the treatment
of the infection caused by the SARS-CoV-2 coronavirus,
reduces the clinical improvement period by an average
of 4 days compared with the standard therapy, reach-
es, according to the computer tomography (CT) data,
the lungs state improvement and eliminates the virus in
more than 90% of patients. All these factors contribute
to the acceleration of recovery. Timely initiation of ther-
apy with favipiravir (Areplivir) improves the prognosis of
the disease and reduces the global socio-economic bur-
den of the current pandemic [8, 9].

The scheme of the early and effective direct etiotro-
pic favipiravir therapy at the outpatient stage, preserved
in the Interim Guidelines? for the Prevention, Diagnosis
and Treatment of a New Coronavirus Infection, Version
15, takes priority and prevents the development of se-
vere forms of infection.

The etiotropic therapy of acute respiratory viral in-
fections in a pandemic, even with a negative polymerase
chain reaction (PCR) test for COVID-19, is reasonable in
comorbid patients in the context of preventing the pro-

! Interim guidelines “Prevention, diagnosis and treatment of a new
coronavirus infection (COVID-19)”. Version No. 15 of 22 Feb 2022.
Available from: https://static-0.minzdrav.gov.ru/system/attachments/
attaches/000/059/392/original/BMP_COVID-19_V15.pdf. Russian
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gression of the disease to a more severe form and the
development of life-threatening conditions, minimizes
the risk of post-infectious complications and improves
the quality of patients’ life [10, 12, 16].

It is important to study the long-term effects of fa-
vipiravir not only in terms of registering clinical differ-
ences (complication rates, etc.), but also through the
analysis of immune-regulatory mechanisms, and, most
significantly, in the group of patients with mild and mod-
erate COVID-19 forms. Having pantropism and a proven
importance in the COVID-19 pathogenesis, cytokines
are relevant candidate molecules that determine post-
COVID complications. The IL-6 family is being paid addi-
tional attention: a number of researchers argue that IL-6
is an independent predictor of severity and mortality
from COVID-19 [17].

THE AIM of the article is to study long-term cyto-
kine-mediated (IL-6/sIL6r and LIF/sLIFr) pathogenetic
effects of the favipiravir (Areplivir®) based drug on the
incidence of complications in patients with metabolic
syndrome in the post-COVID period.

MATERIALS AND METHODS

With the approval of the local ethics committee at
the National Research Ogarev Mordovia State University
(Protocol No. 5 dated May 17, 2020) “An open prospec-
tive comparative study of the Areplivir (Favipiravir) drug
effectiveness in reducing the risk of complications in the
post-COVID period in patients with metabolic syndrome”
in the Republic of Mordovia was carried out. The study
included 190 metabolic syndrome patients who received
the outpatient treatment for COVID-19 at Saransk poly-
clinics from February 2021 to March 2021. The case of
COVID-19 was diagnosed in accordance with the current
Temporary Guidelines for the prevention, diagnosis and
treatment of the new coronavirus infection?.

The study included patients of both sexes aged 50-
65 years with laboratory and clinically confirmed mild
and moderate forms of the novel coronavirus infection,
in combination with metabolic syndrome (AH, the in-
creased body mass index), established before the SARS-
CoV-2 infection. Previously, the blood pressure control
had been reached with antihypertensive drugs and
low-density lipoproteins (LDL) levels — with drugs from
the statin group, in case the duration of COVID-19 before
the prescription of treatment had lasted no more than 5
days. Two groups were formed as follows: the patients
who, along with the anti-inflammatory, anticoagulant
and symptomatic therapy, were administrated with the
antiviral drug Areplivir® at the outpatient stage during
the acute course of COVID-19; and a comparison group
— the patients who, according to the Temporary Guide-
lines?, were administrated with the basic anti-inflamma-

2 Interim guidelines “Prevention, diagnosis and treatment of a new
coronavirus infection (COVID-19)”. Version No.13.1 of 09 Nov 2021).
Available from: https://static-0.minzdrav.gov.ru/system/attachments/
attaches/000/058/211/original/BMP-13.pdf. Russian

3 Ibid.
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tory, anticoagulant, symptomatic (antibacterial) therapy
for the coronavirus infection, and did not receive, for
various reasons, antiviral drugs.

The favipiravir based drug was administered 30
minutes before meals p. 0., according to the following
scheme. For the patients weighing less than 75 kg — 1600
mg (8 tablets) twice on the 1 day of therapy, then 600
mg (3 tablets) twice per day from the 2" to the 10* day;
for the patients weighing more than 75 kg — 1800 mg
(9 tablets) twice on the 1st day of therapy, then, in ac-
cordance with the instructions for use of the medicinal
product, 800 mg (4 tablets) twice per day from the 2" to
the 10t day of therapy)*.

The exclusion criteria were: associated clinical condi-
tions in past medical history — acute cerebrovascular ac-
cident (CVA), myocardial infarction (Ml), angina pectoris,
coronary revascularization, renal failure, type 1 diabetes
mellitus, autoimmune, allergic diseases, symptomatic
hypertension, use of glucocorticosteroids, hydroxychlo-
roquine, other antiviral drugs (except Areplivir®) and / or
immunomodaulators at the outpatient stage, a history of
vaccination for the prevention of COVID-19, a patient’s
refusal to a long-term participation in the study.

Within one year (once every 2 months), at the post-
COVID stage, 170 patients of these groups were inter-
viewed with the registration of the post-COVID period
features according to the developed questionnaire and
the verification of the changes based on the outpatient
records analysis. Within one year on days 10, 30 and 180
after a clinical and laboratory recovery (2 negative PCR
test results for coronavirus RNA), all patients underwent
blood sampling with the entry into the outpatient cards
to determine the levels of ALT, AST, blood creatinine to
calculate glomerular filtration, as well as the LDL control.
The patients’ characteristics at the time of the acute pe-
riod of COVID-19 are presented in Table 1. The mean age
of patients was 59 (95% CI [50-65]) years.

Obtaining biological material (blood) for the study,
was carried out taking into account the provisions of
World Medical Association’s Declaration of Helsinki®
(2013) and the protocol of the Convention of the Coun-
cil of Europe on Human Rights and Biomedicine (1999),
taking into account the additional protocol to the Con-
vention on Human Rights and Biomedicine in the field of
biomedical testing® (2005). Additional blood sampling in
this category of patients was carried out after two nega-
tive PCR results on the presence of SARS CoV-2 virus RNA
on days 10, 60, 180 in the morning on an empty stomach

4 State Register of Medicinal Products of the Russian Federation.
Areplivir®. Avaialable from: https://grls.rosminzdrav.ru/NM-007609-
171121.

> World Medical Association. World Medical Association Declaration
of Helsinki: ethical principles for medical research involving human
subjects. JAMA. 2013 Nov 27;310(20):2191-4. DOI: 10.1001/
jama.2013.281053.

5 Kholodova El, Turshuk LD. Bioethics and Human Rights: International
Legal Regulation and Ways of its Implementation. Actual
Problems of Russian Law. 2017;(3):193-198. DOI: 10.17803/1994-
1471.2017.76.3.193-198. Russian
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(12 hours without eating). The blood was centrifuged,
followed by separation of the serum and storage in
labeled test tubes at -30°C for no more than 45 days.
Then, the parameters were analyzed, their choice had
been justified by the data of the previously conducted
study of their own, including 32 cytokines and 5 vasoac-
tive substances (NO, SDMA, ADMA, iNOS, eNQS). They
demonstrated the significance of the blood levels role of
IL-6 family members in the pathogenesis of cardiovascu-
lar complications [5], as well as the literature data on the
pathogenetic role of representatives of the IL-6 family in
the pathogenesis of COVID-19 [18].

The levels of cytokines (IL-6, sIL-6r, LIF, sLIFr), as
well as vasoactive substances (NO, SDMA, ADMA, iNOS,
eNOS) were determined by the enzyme-linked immu-
noelectrodiffusion essay (ELISA) in the laboratory of the
Department of Immunology, Microbiology, Virology with
a course of clinical immunology and Allergology at the
National Research Ogarev Mordovia State University on
the enzyme immunoassay analyzer “Personal Lab TM”
(Adaltis, Italy). The following test systems were used: LIF
(eBioscience (Bender MedSystems, Austria) — the analyt-
ical sensitivity of the test system: 0.66 pg/ml, the Detec-
tion interval: 0.66—-200 pg/ml; sLIF-R/gp190 (eBioscience
(Bender MedSystems, Austria) Austria) — the analytical
sensitivity of the test system: 0.052 ng/ml, the detec-
tion interval: 0.052-5 ng/ml; IL-6 (eBioscience (Bender
MedSystems, Austria) — the detection interval: 0.92-100
pg/ml, the analytical sensitivity test system: 0.92 pg/
ml; sIL-6R (eBioscience (Bender MedSystems, Austria) —
the analytical sensitivity of the test system: 0.01 ng/ml,
the detection interval: 0.01-5 ng/ml; NO (R&D Systems,
USA) — the detection interval: 0.78-200 umol/L, the an-
alytical sensitivity of the test system: 0.78-200 umol/L;
iNOS (USCN Life Science, Malaysia) — the detection in-
terval: 0.064-10 ng/L ml, the analytical sensitivity of the
test system: 0.064 ng/ml; eNOS (USCN Life Science, Ma-
laysia) — the detection interval: 5.5-1000 pg/ml, the an-
alytical sensitivity of the test system: 5.5 pg/ml; ADMA
(Imm undiagnostik, Germany) — the detection interval:
0.0-2 umol/l, the analytical sensitivity of the test sys-
tem: 0.04 umol/l; SDMA (Immundiagnostik, Germany)
— the detection interval: 0.05-4 umol/l, the sensitivity:
0.05 pumol/I.

Based on the results of non-invasive arteriography,
the following indicators were analyzed: SPVkf, as well as
calculated hemodynamic parameters with the introduc-
tion of the EchoCG data: PVR (DIN * sec / ml) = 1332 *
Mean BP / Minute blood volume’.

Statistical processing of results
Statistical processing of the obtained data was
carried out using Stat Soft Statistica 13.5. Results are

7 Savitsky NN. Biofizicheskie osnovy krovoobrashcheniya i klinicheskie
metody izucheniya gemodinamiki [Biophysical bases of blood
circulation and clinical methods for studying hemodynamics]. Medical
Sciences Academy of the USSR. 3rd ed., rev. and addit. Leningrad:
Medicine. Leningrad. dept. 1974: 311 p. Russian
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shown with median (Me) and percentiles (Q 0.25-Q
0.75). The distribution of the indicators differed from
the normal distribution of Gauss — Laplace, therefore,
when comparing the dependent samples, the Wilcox-
on test was used; for the unrelated samples, it was
the Mann-Whitney U-test, the Spearman’s correlation
coefficient (significant at p<0.05). The absolute and
relative risks were calculated with the determination
of 95% confidence interval (Cl), the sensitivity and
specificity (x?). A multivariate correlation analysis was
carried out based on the construction of the Cox re-
gression model.

RESULTS

Within a year after suffering COVID-19, the obser-
vational analysis of patients with MS (AH, an increased
body mass index) revealed significant differences in the
incidence of complications depending on the intake
of the drug from the favipiravir group. Thus, the pa-
tients whose therapy regimens included favipiravir at
the outpatient stage were characterized by a decrease
in the incidence of ACVE and ACS by 2.66 times (Table
2). Despite the risks of concomitant diseases complica-
tions due to timely viral load relief, in a greater number
of cases, the patients in this group compared with the
group without antiviral therapy, retained glucose toler-
ance without taking hypoglycemic drugs and control of
blood pressure levels without changing antihyperten-
sive drug regimens. The results obtained were statically
confirmed based on the calculation of Pearson’s coef-
ficient and the assessment of the strength of the re-
vealed correlations. The maximum strength of the cor-
relation was determined between taking favipiravir and
a decrease in the frequency of an increase in the LDL
blood level when compared with the period before the
SARS-CoV-2 infection (Table 2). That indicates a positive
protective effect of favipiravir therapy on the patients’
lipid profile. Herewith, there were no significant differ-
ences in the frequency analysis of the decrease in GFR
and an increase in ALT, AST and bilirubin (p>0.05) in the
patients of both groups. That confirms the available
data on a favorable safety profile of the therapy even in
comorbid patients.

In the authors’ previous studies, a significant effect
of changes in the level of cytokines on the pathogenesis
of cardiovascular complications (ACVE, transient cere-
brovascular accidents with a cognitive decline, acute
coronary syndrome) in AH patients at stage Il in the post-
COVID period, was shown [5]. The recent publications
also describe the role of members of the IL-6 family in
the pathogenesis of COVID-19 [18]. To understand the
immunopathogenesis of the above listed complications
and reduce the risk of their development when using a
favipiravir based drug in the patients in the acute stage
of COVID-19, the content dynamics of IL-6 /sIL6r and
LIF/sLIFr in the peripheral blood serum, was analyzed
(Table 3).
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Table 1 - Characteristics of COVID-19 patients (Me [Q,,,—-Q,,,]) included in the study

Parameters of patients’ anamnesis and conditions Without takipg antiviral drugs at Taking.favipiravir at the
the outpatient stage (n=64) outpatient stage (n=68)

Iliness-term before therapy (days) 4.16 [2.17-5.22] 4.17 [2.91-4.56]
Ma>.<imum percentage of lungs damage during disease 12.7 [6-28.2] 8.12 [5.24-27.2]
period (%)
Presence of comorbid diseases = =
AH 100% 100%
Past medical history of type 2 diabetes mellitus 40% 100%
Obesity 100% 100%
BMI 37.4 [35.2-40.4] 38.9 [36.3-42.7]
SpO., % 97.98 [96.4-98.6) 98.1 [96.3-99]
C-, mg/l 6.43 [6.65-9.13] 5.46 [4.05-8.54]
D-dimer, ng/ml 238 [196-435] 223 [187-305]
Glucose, mmol/I 4.41[2.8-5.2] 4.23 [2.72-5.92]
Hemoglobin, g/I 125 [112-137] 122 [117-141]

Table 2 — Analysis of correlation between complications development depending on the use of favipiravir based
drug for COVID-19 (Me [Q,,—Q,,,]) in MS patients, in post-COVID period

Indicators Favipiravir (n=68)

No antivirals (n=64)

Numbers of ACVEs and ACSs 3

12

Relative Risk

2.66 [1.23-14.1] *

(Se-0.8, Sp-0,55), x*=6.73 (p=0.01), medium correlation

First recorded increase in blood glucose
above 10 against the background of diet 5
and / or use of hypoglycemic agents

13

Relative Risk

2.72[1.03-7.2] *
(Se-0.72, Sp-0.54) x?=4.7 (p=0.031), medium correlation

Changing antihypertensive therapy

regimen due to its inefficiency 2

27

3.19 [1.63-6.25]*

Relative Risk (Se-0.75, Sp-0.61) x?>=13.9 (p<0.001), relatively strong correlation
Increase in LDL levels 9 24

. 2.83[1.43-5.62]*
Relative Risk (Se-0.73, Sp-0.6) x*=10.3 (p=0.002), medium correlation
Increase in ALT, AST, bilirubin 6 5
Relative Risk ) 0.88[0.28-2.76] )

(Se-0.45, Sp-0.51) x?>=0.044 (p=0.83), insignificant correlation

Decrease in GFR 6 4
Relative risk 0.710.21-2.39]

(Se-0.4, Sp-0.51) x*=0.31 (p=0.58), insignificant correlation

Note: * — significant difference in the analysis of risk ratios.

Table 3 — Dynamics of changes in the content of IL-6 family cytokines depending on the intake of favipiravir
based drug for COVID-19 Me [Q,,,—Q_,, ], in MS patients in post-COVID period

Therapy Favipiravir (n=68) No antivirals (n=64)

Period In 10 days In 30 days In 180 days In 10 days In 30 days In 180 days

IBGADe ol 24.2 16.8** 13.1%12 34.2 *! 25.9%24 25.1 *34
[22.8-27.3] [14.1-21.4] [10.7-16.3] [28.5-36.7] [23.8-31.2] [22.9-31.1]

sIL-6r, pg/ml 2160 1850 1615*1A2 3100 ** 3620 *24 2971 *3%
[1548-2430] [1240-2060] [1470-1820] [2330-3470] [2980-4634] [2156-3365]

W ] 9.17 7.22 7.47 123 15.7%24 15.5%34
! [8.23-11.3] [6.2-9.24]** [6.15-9.12]** [10.3-14.8]** [12.7-19.5] [11.2-18.7]

SLIFr, pg/ml 3520 4100 2800 *12 4810*! 6200%* 7460 *345

[2980-4260] [3420-4900] [2170-3120] [3970-5530] [4500-7610] [6120-9400]

Note: * — p<0.001, A — p<0.01, — p<0.05 - significance level in accordance with the specified group based on the Wilcoxon test for related
populations and the Mann-Whitney U-test for unrelated populations.
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Table 4 - Influence analysis of IL-6, sIL-6, LIF, LIFr contents in patients with stage Il MS on the incidence
of complications (95% Cl) within 1 year after suffering COVID-19

Exponent

Variables Beta Standard t-value Wald P
Beta
IL-6 (>23.8 pg/ml) 1.07 0.63 1.69 2.17 2.73 0.062
sIL-6r (>2212 pg/ml) 1.17 0.67 1.77 1.38 2.34 0.072
LIF (>9.78 pg/ml) 1.12 0.79 1.95 2.04 1.6 0.093
sLIFr (>5074 pg/ml) 2.29 0.33 6.93 4.75 13.3 0.009

Note: Cox regression model and multivariate analysis are presented.

Table 5 — Correlation matrix of cytokine content in peripheral blood serum and hemodynamic parameters
in MS patients in post-COVID period

ndicators Interleukine IL-6 sIL-6r LIF sLIFr

NO 0.64. p<0.05 0.46 p>0.05 0.49 p<0.05 ~0.47 p<0.05
ADMA 0.52. p>0.05 0.4 p>0.05 0.58 p<0.05 0.86 p<0.001
SDMA 0.34. p>0.05 0.29 p>0.05 0.16 p>0.05 0.88 p<0.001
eNOS ~0.62 p<0.05 ~0.67 p<0.05 ~0.12 p>0.05 ~0.72 p <0.001
iNOS 0.78 p<0.001 0.49 p>0.05 0.51 p<0.05 0.36 p>0.05
PVR 0.55 p<0.05 0.39 p>0.05 0.89 p<0.001 0.81 p<0.001
PWVcf 0.51 p<0.05 0.34 p>0.05 0.51 p<0.05 0.87 p<0.001

The table shows that the patients administrated with
Areplivir at the early stage of infection, were character-
ized by lower serum levels of the four members of the
IL-6 family (IL-6, sIL6r and LIF, sLIFr) 10 days after their
clinical and laboratory recovery (p<0.001). This pattern
persisted 30 and 180 days after COVID-19. Significant dif-
ferences in the dynamics of cytokine parameters were
revealed. In the patients administrated with Areplivir in
past medical history, a dynamic decrease in IL-6 and its
soluble receptor is recorded both in the interval from
day 10 to day 30 (by 31 and 25%, respectively) and from
day 30 to day 180 (by 19 and 23%, respectively) after suf-
fering COVID-19. In the persons not administrated with
antiviral drugs, the dynamics was different: a decrease
in IL-6 from day 10 to day 30 by 24% (p<0.01), but there
was no dynamics from day 30 to day 180 (p>0.05). The
concentration of sIL-6r in the blood was characterized by
an increase by 24% in the interval from day 10 to day 30
(p<0.001) and a decrease up to the level of day 10 in the
period from day 30 to day 180 (Table 3). The presented
average statistical patterns of changes in the IL-6 /sIL6r
system are typical for 90% (77 people out of 86) from
the group taking the favipiravir based drug during the
COVID-19 period, and 85% (54 people out of 64) from
the group not taking antiviral drugs. The differences
were statistically significant (p<0.01).

Thus, the advisability of the early etiotropic favipira-
vir based therapy was also shown in terms of reducing
the risk of developing long-term consequences of the
coronavirus infection.

In the comparison of groups, the indicators analysis
of the LIF system and its soluble receptor revealed multi-
directional dynamics of changes. The patients taking the
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favipiravir-based drug are characterized by a decrease
in serum LIF from day 10 to day 30 by 22% (p<0.001),
but there was no further decrease from day 30 to day
180. The patients without taking antiviral drugs in past
medical history were characterized by an increase in
peripheral serum LIF content in the period from day 10
to day 30 by 22% (p<0.001), without dynamics — from
day 30 to day 180. In the favipiravir group, there was a
slight increase in the sLIFr levels from day 10 to day 30
by 24%, with a pronounced decrease by 32% (p<0.001)
from day 30 to day 180. In the group without favipira-
vir in past medical history, there was an increase in the
content of sLIF in the blood serum from day 10 to day 30
by 23% and from day 30 to day 180 by 17%, (p<0.001).
It is important to note the importance of the analysis of
patients’ individual indicators. Thus, in the group with an
official favipiravir intake in past medical history, 4 out of
68 patients were characterized by individual dynamics
corresponding to the patients without antiviral drugs.
There was an increase in the sLIFr serum by 23% from
day 10 to day 30 and by 21% from day 30 to day 180; 3
of them suffered a stroke during the next 6 months of
the observation. Herewith, in 10 patients from the group
without favipiravir in past medical history, there was an
increase in sLIFr by 54% from day 10 to day 30 and by
48% from day 30 to day 180; 8 of them suffered ACVE
and ACS in the subsequent observation period. The data
obtained confirm the hypothesis of a negative impact of
the growth of the above listed indicators on the progno-
sis, and serve as a rationale for the positive pathogenetic
effect of the early favipiravir therapy on reducing the risk
of ACVE and ACS in the post-COVID period even in the
patients with comorbid conditions.
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Taking into account the identified potential corrella-
tions between the degree of increase in the content of
IL-6 family cytokines in the blood serum and the risk of
complications in the post-COVID period, a multivariate
correlation analysis was carried out in order to identify
the most significant marker for the development of car-
diovascular complications of the coronavirus infection.
The critical levels for entering the analyses system were
determined based on the interquartile analysis data (Ta-
ble 4). The obtained results demonstrate an increase in
the blood serum of MS patients in the post-COVID pe-
riod of the sLIFr level, which has the greatest influence
(among the IL-6representatives) on the increase in the
risk of developing cardiovascular complications during a
year after COVID-19. The above-described pathological
processes are observed in the group of patients without
taking antiviral drugs in past medical history. In order
to construct a potential pathogenetic scheme, taking
into account MS as a symptom complex on the basis of
which, after COVID-19, cardiovascular complications de-
veloped in some patients, an analysis of the correlations
of the analyzed cytokines with vasoactive substances
(NO ADMA, SDMA, eNQS, iNOS) and indicators, reflect-
ing peripheral vascular resistance — OPSS and PWVcf,
was made (Table 5). ADMA and SDMA are markers of
the endothelial dysfunction and blockers of the NO syn-
thesis by reducing the eNOS formation [19]. ADMA acts
as an oxidative stress mediator by downregulating eNOS
and uncoupling NO synthesis pathways [20], increasing
the expression of inflammatory genes. It was fouare nd
out that in MS patients in the post-COVID period, the
most pronounced (p<0.001) relationships are between
an increase of sLIF in the peripheral blood serum and
the levels of conditioned vasopressors ADMA and SDMA
with a secondary decrease in the vasorelaxant eNOS, as
well as an increase in the functional parameters of TPVR
and PWVcf. Symmetrical correlation lines but of lesser
strength (p<0.05) were registered for LIF. It is important
to note that IL-6 blood levels are directly associated with
an increase in iNOS (p<0.001) without correlation with
ADMA and SDMA (p>0.05). The presented data demon-
strate the potential of the early antiviral therapy in
terms of blocking the post-COVID immunopathogenetic
vector — “COVID-19 in anamnesis-growth of IL-6 family
members-increase in vasopressors-decrease in-eNOS in-
duced nitric oxide.”

DISCUSSION

The problem of complications development in co-
morbid patients in the post-COVID period is becoming
increasingly relevant [21]. At the same time, persistent
endotheliopathy during recovery is not limited to those
who have experienced severe COVID-19 [21], which up-
dates the information obtained in the present study. An
important aspect is the analysis aimed at identifying the
factors of the acute infectious period, such as compo-
nents of therapy and / or the use of additional methods
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for assessing the laboratory / functional characteristics
of the pathological process, which are associated with
a change in the incidence of complications after suffer-
ing COVID-19. A dynamic observation of patients for 1
year in the post-COVID period, demonstrates a decrease
in the frequency of both cardiovascular complications
(ACVE, transient cerebrovascular accidents with a cog-
nitive decline, acute coronary syndrome), and the risk
of increased blood glucose and LDL levels, the growth
of which is a prognostic marker for the development
of cardiovascular complications. These effects are un-
doubtedly pathogenetically associated with a decrease
in the viral replication and viral load [22-26] with a sec-
ondary blocking of the components of a potentially ex-
cessive cytokine response, which was demonstrated in
this study using representatives of the IL-6 family as an
example.

It is important to note that the study included only
MS patients under clinically comparable COVID-19 medi-
cal treatment, regardless of taking an antiviral drug. But a
deeper study of a cytokine regulation of the post-COVID
period revealed fundamental differences in this group.
Higher peripheral blood serum levels of both IL-6 and its
soluble receptor (sIL-6r), which expands the spectrum
of cells sensitive to this cytokine (endothelial cells are a
significant component in the development of hyperten-
sion), express gp130 and not IL-6R. Therefore, these cells
can respond to IL-6 only in the presence of sIL-6R [27],
which is pathogenetically associated with a decrease in a
significant NO vasorelaxant that determines the progres-
sion of atherosclerosis and an endothelial dysfunction
with changes in the vascular tone (the study revealed
the relationship of this cytokine with PVR and PWVcf). At
the same time, it is important to note the change in the
dynamic characteristics of IL-6: in the patients taking fa-
vipiravir during the acute infection period, a decrease in
this cytokine in the blood is observed from day 10 to day
180 in the post-COVID period. At the same time, in the
group without antiviral drugs, despite a decrease in the
concentration of IL-6 in the first 30 days, a “plateau” is
subsequently recorded, and the decrease in the level of
the “dangerous” cytokine stops at the values that exceed
those in the group with favipiravir. Moreover, persistent
elevated levels of IL-6 are accompanied by an increase
in soluble IL-6 receptor up to day 30 in the post-COVID
period. Thus, the absence of the etiotropic therapy in
the acute period of an infectious disease increases the
risk of the components progression of the metabolic
syndrome (AH, dyslipidemia, etc.).

The data on a long-term increase in IL-6 (3 or more
months) in the post-COVID period and the association
of this imbalance with symptoms of chronic fatigue,
headaches, and changes in the metabolic processes
of the brain indicating a greater degree of severity in
women, have been published [28]. So, in the study by
Durstenfeld M.S. et al., a hypothesis about the signifi-
cance of the drugs aimed at blocking IL-6 in the post-
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COVID period and indicating the importance of study-
ing all immunopathophysiological processes associated
with the IL-6 family, is expressed [29]. In particular, IL-6
itself promotes myocardial hypertrophy through the
gp130 stimulation, activates the transcription through
STAT3, causing adverse effects on the progression of a
heart failure [30, 31] and hypertension as an MS com-
ponent. A long-term pronounced physiological decrease
in IL-6 observed in the patients taking Areplivir at the
early stages of a COVID infection, indicates a decrease in
the risk of developing not only life-threatening diseases
(a heart failure, ACVE, etc.), but also the conditions that
sharply worsen the quality of patients’ life (chronic fa-
tigue, headaches, etc.).

The data on changes in the LIF/sLIFr system due to
their multidirectional dynamics in the post-COVID period
in MS patients, depending on the past medical history
of taking a favipiravir-based drug, are of great interest.
LIF is a pleiotropic cytokine of the IL-6 family, the effect
of which depends on the localization of the target cells
[29]. The role of LIF in the regulation of the cardiovas-
cular system has been described [29]. In the first month
after COVID-19, an increase in the LIF and sLIFr periph-
eral blood serum is blocked in the group of patients tak-
ing a favipiravir-based drug, while in MS patients who
did not undergo the antiviral therapy; an increase in the
level of the above-mentioned indicators is recorded. At
the same time, the data on the LIF effect on the vas-
cular wall in AH are controversial [32,33], since against
the background of the increased blood pressure, the
LIF effects are distorted with the abolition of protection
against the myocardium and endothelium. According to
the data presented in the article, LIF correlates with the
NO, SDMA level, thereby confirming the previously put
forward hypothesis about the negative effect of this cy-
tokine growth in the blood serum of patients with hyper-
tension, including the ones within MS.

When analyzing the relationships between the stud-
ied cytokines and the frequency of cardiovascular com-
plications, a multivariate correlation analysis revealed
the priority of an increase in sLIFr in the peripheral blood
serum as a risk marker of the developing ACVE and MI.
sLIFr is a factor with a potentially antagonistic effect on
LIF [34]. At the same time, in the earlier studies, there
were the data on potential intrinsic sLIFr effects which
have been undeservedly not studied [35,36] though
their search is relevant. Previously, the research group
published the data [37] demonstrating negative dose-de-
pendent sLIF effects (at the level of more than 4800 pg/
ml) on the AH progression, including the ones through
positive correlations with SDMA and ADMA. That has
also been confirmed in MS patients in the post-COVID
period. In the patients without the antiviral therapy, the
guantitative characteristics of the sLIF content in the
post-COVID period correspond to a pathogenetically crit-
ical level (more than 4800 pg/ml) with a further increase
and a correlation with an increase in SDMA and ADMA
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against the background of a decrease in NO and eNOS.
That was clinically accompanied by a deterioration in the
severity of the metabolic syndrome components.

It should be noted that an important component of
the study was the analysis of hepatorenal complications.
Their frequency did not differ in the groups of patients
who received and the ones who did not receive favipira-
vir, which indicates a high safety profile of the therapy.

The most important protective effect of the early
etiotropic therapy based on favipiravir is a significant
reduction in the incidence of cardiovascular complica-
tions (ACS, ACVE) in the post-COVID period, which can
be explained by blocking the components of the ana-
lyzed vector: “the iNO-dependent progression of the
endothelial dysfunction — tissue remodeling of the car-
diovascular complex — cardiovascular complications”.
According to Merkler A.E. et al. [38], the frequency of
cerebral strokes in the post-COVID period reaches 1.6%
and is 8 times higher than the frequency of similar com-
plications in patients with influenza. It is assumed that
this is due to the development of the acute endothelial
dysfunction and a shift of hemostasis to the procoagu-
lant side in COVID-19. Taking into account the number
of patients who have survived a novel coronavirus infec-
tion, and the cost of one completed case of treating a
patient with an ischemic stroke®, the economic burden
of ACVE alone associated with the suffered COVID-19
may be more than 20 billion rubles over the past pan-
demic period. Taking into account the above-mentioned
results of the present study, the earlier administration
of the favipiravir-based etiotropic therapy is appropriate
not only clinically, but also pharmacoeconomically, by
minimizing the risks of post-COVID complications, espe-
cially in comorbid patients.

CONCLUSION

It is important that the COVID-19 therapy regimen
determines not only the risk of a severe and an extreme-
ly severe course of an infectious disease, but can directly
affect the risk of both the progression of the patient’s
concomitant diseases and the development of new
pathological conditions in the post-COVID period.

The Areplivir therapy in the acute period of the
coronavirus infection allows a timely reduction of the
viral load, which contributes to the correction of the
pro-inflammatory vector of the immune response at the
post-COVID stage. Accordingly, it reduces the risk of the
atherosclerosis progression, transient cerebrovascular
accidents with a cognitive decline, an endothelial dys-
function, and can be considered as a secondary preven-
tion of cardiovascular complications.

The study provides valuable information on the
complication patterns seen in after COVID-19 patients in

8 Decree of the Government of the Russian Federation of December 7,
2019 No.1610 “On the Program of State Guarantees of Free Provision
of Medical Care to Citizens for 2020 and for the Planning Period of
2021 and 2022” (with amendments and additions). Available from:
https://base.gar. Russian
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ical practice, and strengthens the evidence that the
piravir-based drug can be considered in the context

of a positive effect on minimizing the symptoms in the
post-COVID period.
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Taking into account the frequency of decrease in IL-6
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levels in the study drug group, it can be concluded that
etiotropic therapy in the early stages helps to reduce the
risk of life-threatening conditions and postcovid compli-
cations by 82% during the first year after COVID-19 in
comorbid patients.

This study did not receive financial support from third parties.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

AUTHORS CONTRIBUTION
Olga A. Radaeva — development and implementation of research design, research, aim setting, results analysis,
text writing; Larisa A. Balykova — development and implementation of research design, text writing and editing;
Kira Ya. Zaslavskaya — results analysis, text writing; Aleksey V. Taganov — results analysis, text editing;
Petr A. Bely — results analysis; Yuliya A. Kostina — statistical processing of the experiment results;

Elena V. Negodnova — statistical processing of the experiment results, study aim setting, results analysis;
Svetlana V. Mashnina — statistical results processing, study aim setting, results analysis, Denis D. Bessheinov —
statistical results processing, study aim setting, results analysis; Maria S. Iskandyarova — results analysis,
text writing; Vitaliy V. Eremeev — control of material intake; Nikita M. Chumakov — statistical data processing.

REFERENCES

Shah SM, Odanovic N, Kunnirickal S, Feher A, Pfau SE,
Spatz ES. Chest pain and coronary endothelial dysfunction
after recovery from COVID-19: A case series. Clin Case
Rep. 2022 Apr 8;10(4):e05612. DOI: 10.1002/ccr3.5612.
Davis HE, Assaf GS, McCorkell L, Wei H, Low RJ, Re’em Y,
Redfield S, Austin JP, Akrami A. Characterizing long COVID
in an international cohort: 7 months of symptoms and
their impact. EClinicalMedicine. 2021 Aug;38:101019.
DOI: 10.1016/j.eclinm.2021.101019.

Besnier F, Bérubé B, Malo J, Gagnon C, Grégoire CA, Juneau
M, Simard F, LAllier P, Nigam A, Iglésies-Grau J, Vincent T,
Talamonti D, Dupuy EG, Mohammadi H, Gayda M, Bher-
er L. Cardiopulmonary Rehabilitation in Long-COVID-19
Patients with Persistent Breathlessness and Fatigue: The
COVID-Rehab Study. Int J Environ Res Public Health. 2022
Mar 31;19(7):4133. DOI: 10.3390/ijerph19074133.
Sanyaolu A, Marinkovic A, Prakash S, Zhao A, Balendra V,
Haider N, Jain I, Simic T, Okorie C. Post-acute Sequelae in
COVID-19 Survivors: an Overview. SN Compr Clin Med.
2022;4(1):91. DOI: 10.1007/s42399-022-01172-7.
Radaeva OA, Simbirtsev AS, Kostina YuA, Iskandiarova MS,
Mashnina SV, Bessheynov DD, Negodnova EV, Kulyapkin
VV. Changes in blood levels of IL1 family cytokines in pa-
tients with essential hypertension after having COVID-19.
Bulletin of RSMU. 2021; (3): 23-8. DOI: 10.24075/
brsmu.2021.026.

Acosta-Ampudia Y, Monsalve DM, Rojas M, Rodriguez Y,
Zapata E, Ramirez-Santana C, Anaya JM. Persistent Auto-
immune Activation and Proinflammatory State in Post-
COVID Syndrome. J Infect Dis. 2022 Jan 25:jiac017. DOI:
10.1093/infdis/jiac017.

Tserel L, Jogi P, Naaber P, Maslovskaja J, Haling A, Salumets
A, Zusinaite E, Soeorg H, Lattekivi F, Ingerainen D, Soots M,
Toompere K, Kaarna K, Kisand K, Lutsar |, Peterson P. Long-
Term Elevated Inflammatory Protein Levels in Asymptom-
atic SARS-CoV-2 Infected Individuals. Front Immunol. 2021
Sep 17;12:709759. DOI: 10.3389/fimmu.2021.709759.
Balykova LA, Radaeva OA, Zaslavskaya KY, Kostina YuA,

10.

11.

12.

13.

Iskandyarova MS, Negodnova EV, Eremeev VV, Sabirov
LF, Semeleva EV. Study of clinical and pathogenetic ef-
fects of anti-viral drug based on favipiravir in comorbid
patients with COVID-19 at the outpatient stage of treat-
ment. Pharmacy & Pharmacology. 2021;9(6):454—64. DOI:
10.19163/2307-9266-2021-9-6-454-464.

Amon E.P,, Esaulenko E.V., Taganov A.V., Shiryaeva M.A,,
Malinnikova EY. Terapiya ostryh respiratornyh virusnyh
infekcij v ambulatornoj praktike v usloviyah pandemii
COVID-19 [Therapy of acute respiratory viral infections
in outpatient practice during the COVID-19 pandem-
ic]. Therapy. 2022; 8(3).16-28. DOI: 10.18565/thera-
py.2022.3.1426. Russian

Munblit D, Nekliudov NA, Bugaeva P, Blyuss O, Kislova
M, Listovskaya E, Gamirova A, Shikhaleva A, Belyaev V,
Timashev P, Warner JO, Comberiati P, Apfelbacher C, Bez-
rukov E, Politov ME, Yavorovskiy A, Bulanova E, Tsareva
N, Avdeev S, Kapustina VA, Pigolkin YI, Dankwa EA, Kart-
sonaki C, Pritchard MG, Fomin V, Svistunov AA, Butnaru D,
Glybochko P; Sechenov StopCOVID Research Team. Stop
COVID Cohort: An Observational Study of 3480 Patients
Admitted to the Sechenov University Hospital Network
in Moscow City for Suspected Coronavirus Disease 2019
(COVID-19) Infection. Clin Infect Dis. 2021 Jul 1;73(1):1-
11. DOI: 10.1093/cid/ciaal535.

McArthur L, Sakthivel D, Ataide R, Chan F, Richards JS,
Narh CA. Review of Burden, Clinical Definitions, and Man-
agement of COVID-19 Cases. Am J Trop Med Hyg. 2020
Aug;103(2):625-38. DOI: 10.4269/ajtmh.20-0564.
Granovskaya MV, Zaslavskaya KYa, Balykova LA, Push-
kar DYu. COVID-19 — a set of symptoms or a systemic
pathology? Clinical lecture. Part 2. Areplivir (favipira-
vir) in the treatment of patients with coronavirus infec-
tion: background of use and first results. Infektsionnye
bolezni: novosti, mneniya, obuchenie [Infectious Dis-
eases: News, Opinions, Training]. 2020; 9 (3): 10-7. DOI:
10.33029/2305-3496-2020-9-35-10-17. Russian
Rocha-Pereira J, Jochmans D, Dallmeier K, Leyssen P, Nasci-
mento MS, Neyts J. Favipiravir (T-705) inhibits in vitro nor-

Volume X, Issue 2, 2022



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2022-10-2-217-228

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

ovirus replication. Biochem Biophys Res Commun. 2012
Aug 10;424(4):777-80. DOI: 10.1016/j.bbrc.2012.07.034.
Zmurko J, Marques RE, Schols D, Verbeken E, Kaptein S,
Neyts J. The Viral Polymerase Inhibitor 7-Deaza-2’-C-Meth-
yladenosine Is a Potent Inhibitor of In Vitro Zika Virus
Replication and Delays Disease Progression in a Robust
Mouse Infection Model. PLoS Negl Trop Dis. 2016 May
10;10(5):e0004695. DOI: 10.1371/journal.pntd.0004695.
Furuta Y, Takahashi K, Kuno-Maekawa M, Sangawa H, Ue-
hara S, Kozaki K, Nomura N, Egawa H, Shiraki K. Mecha-
nism of action of T-705 against influenza virus. Antimicrob
Agents Chemother. 2005 Mar;49(3):981-6. DOI: 10.1128/
AAC.49.3.981-986.2005.

Furuta Y, Komeno T, Nakamura T. Favipiravir (T-705), a
broad spectrum inhibitor of viral RNA polymerase. Proc
Jpn Acad Ser B Phys Biol Sci. 2017;93(7):449-63. DOI:
10.2183/pjab.93.027.

Balykova LA, Granovskaya MV, Zaslavskaya KYa, Simaki-
na EN, Agaf’ina AS, lvanova AYu, Kolontarev KB, Pushkar
DYu. New possibilities for targeted antiviral therapy for
COVID-19. Results of a multicenter clinical study of the
efficacy and safety of using the drug Areplivir. Infektsion-
nye bolezni: novosti, mneniya, obuchenie [Infectious Dis-
eases: News, Opinions, Training]. 2020; 9 (3): 16—29. DOI:
10.33029/2305-3496-2020-9-3-16-29. Russian

Halim C, Mirza AF, Sari MIl. The Association between
TNF-q, IL-6, and Vitamin D Levels and COVID-19 Severity
and Mortality: A Systematic Review and Meta-Analysis.
Pathogens. 2022 Feb 1;11(2):195. DOI: 10.3390/patho-
gens11020195.

Neves JA, Oliveira RCM. Biomarkers of endothelial func-
tion in cardiovascular diseases: hypertension. J Vasc Bras.
2016; 15(3):224-33. DOI:10.1590/1677-5449.000316.
Chandra D, Poole JA, Bailey KL, Staab E, Sweeter JM,
DeVasure JM, Romberger DJ, Wyatt TA. Dimethylarginine
dimethylaminohydrolase (DDAH) overexpression enhanc-
es wound repair in airway epithelial cells exposed to agri-
cultural organic dust. Inhal Toxicol. 2018 Feb;30(3):133-9.
DOI: 10.1080/08958378.2018.1474976.

Fogarty H, Townsend L, Morrin H, Ahmad A, Comerford
C, Karampini E, Englert H, Byrne M, Bergin C, O’Sullivan
JM, Martin-Loeches |, Nadarajan P, Bannan C, Mallon PW,
Curley GF, Preston RIS, Rehill AM, McGonagle D, Ni Cheal-
laigh C, Baker RI, Renné T, Ward SE, O’Donnell JS; Irish
COVID-19 Vasculopathy Study (iCVS) investigators. Per-
sistent endotheliopathy in the pathogenesis of long COVID
syndrome. J Thromb Haemost. 2021 Oct;19(10):2546-53.
DOI: 10.1111/jth.15490.

Doi Y, Hibino M, Hase R, Yamamoto M, Kasamatsu Y, Hirose
M, Mutoh Y, Homma Y, Terada M, Ogawa T, Kashizaki F, Yo-
koyama T, Koba H, Kasahara H, Yokota K, Kato H, Yoshida J,
Kita T, Kato Y, Kamio T, Kodama N, Uchida Y, Ikeda N, Shi-
noda M, Nakagawa A, Nakatsumi H, Horiguchi T, lwata M,
Matsuyama A, Banno S, Koseki T, Teramachi M, Miyata M,
Tajima S, Maeki T, Nakayama E, Taniguchi S, Lim CK, Saijo
M, Imai T, Yoshida H, Kabata D, Shintani A, Yuzawa Y, Kon-
do M. A Prospective, Randomized, Open-Label Trial of Ear-
ly versus Late Favipiravir Therapy in Hospitalized Patients
with COVID-19. Antimicrob Agents Chemother. 2020 Nov
17;64(12):e01897-20. DOI: 10.1128/AAC.01897-20.

Gao Y, Yan L, Huang Y, Liu F, Zhao Y, Cao L, Wang T, Sun
Q, Ming Z, Zhang L, Ge J, Zheng L, Zhang Y, Wang H, Zhu
Y, Zhu C, Hu T, Hua T, Zhang B, Yang X, Li J, Yang H, Liu Z,

Tom 10, Beinyck 2, 2022

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Xu W, Guddat LW, Wang Q, Lou Z, Rao Z. Structure of the
RNA-dependent RNA polymerase from COVID-19 virus.
Science. 2020 May 15;368(6492):779-82. DOI: 10.1126/
science.abb7498.

Shiraki K, Daikoku T. Favipiravir, an anti-influenza drug
against life-threatening RNA virus infections. Phar-
macol Ther. 2020 May;209:107512. DOI: 10.1016/j.
pharmthera.2020.107512.

Furuta Y, Gowen BB, Takahashi K, Shiraki K, Smee DF, Bar-
nard DL. Favipiravir (T-705), a novel viral RNA polymerase
inhibitor. Antiviral Res. 2013 Nov;100(2):446-54. DOI:
10.1016/j.antiviral.2013.09.015.

Delang L, Abdelnabi R, Neyts J. Favipiravir as a potential
countermeasure against neglected and emerging RNA vi-
ruses. Antiviral Res. 2018 May;153:85-94. DOI: 10.1016/j.
antiviral.2018.03.003.

Rose-John S. Interleukin-6 Family Cytokines. Cold Spring
Harb Perspect Biol. 2018 Feb 1;10(2):a028415. DOI:
10.1101/cshperspect.a028415.

Ganesh R, Grach SL, Ghosh AK, Bierle DM, Salonen BR,
Collins NM, Joshi AY, Boeder ND Jr, Anstine CV, Muel-
ler MR, Wight EC, Croghan IT, Badley AD, Carter RE,
Hurt RT. The Female-Predominant Persistent Immune
Dysregulation of the Post-COVID Syndrome. Mayo
Clin Proc. 2022 Mar;97(3):454-64. DOI: 10.1016/j.
mayocp.2021.11.033.

Durstenfeld MS, Hsue PY, Peluso MJ, Deeks SG. Find-
ings From Mayo Clinic’s Post-COVID Clinic: PASC Phe-
notypes Vary by Sex and Degree of IL-6 Elevation. Mayo
Clin Proc. 2022 Mar;97(3):430-432. DOI: 10.1016/j.
mayocp.2022.01.020.

Meléndez GC, Mclarty JL, Levick SP, Du Y, Janicki JS,
Brower GL. Interleukin 6 mediates myocardial fibrosis,
concentric hypertrophy, and diastolic dysfunction in rats.
Hypertension. 2010 Aug;56(2):225-31. DOI: 10.1161/HY-
PERTENSIONAHA.109.148635.

Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflammation,
immunity, and disease. Cold Spring Harb Perspect Biol.
2014 Sep 4;6(10):a016295. DOI: 10.1101/cshperspect.
a016295.

Wu R, Wyatt E, Chawla K, Tran M, Ghanefar M, Laakso M,
Epting CL, Ardehali H. Hexokinase Il knockdown results
in exaggerated cardiac hypertrophy via increased ROS
production. EMBO Mol Med. 2012 Jul;4(7):633-46. DOI:
10.1002/emmm.201200240.

Zgheib C, Zouein FA, Kurdi M, Booz GW. Differential STAT3
signaling in the heart: Impact of concurrent signals and
oxidative stress. JAKSTAT. 2012 Apr 1;1(2):101-10. DOI:
10.4161/jkst.19776.

Rose-John S. Interleukin-6 signalling in health and disease.
F1000Res. 2020 Aug 20;9:F1000 Faculty Rev-1013. DOI:
10.12688/f1000research.26058.1.

Horowitz MC, Levy JB. The LIF/IL-6 Subfamily of Cytokines
Induce Protein Phosphorylation and Signal Transduction
by Nonreceptor Tyrosine Kinases in Human and Mu-
rine Osteoblasts. Calcif Tissue Int. 1995; 56: 32—4. DOI:
10.1007/BF03354650.

Tomida M. Structural and functional studies on the leu-
kemia inhibitory factor receptor (LIF-R): gene and soluble
form of LIF-R, and cytoplasmic domain of LIF-R required
for differentiation and growth arrest of myeloid leukemic
cells. Leuk Lymphoma. 2000 May;37(5-6):517-25. DOI:
10.3109/10428190009058503.

227



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

37. Radaeva OA, Kostina YuA. Analysis data of mechanism of
drugs recommended for the treatment of COVID-19. In-
fektsionnye bolezni: novosti, mneniya, obuchenie [Infec-
tious Diseases: News, Opinions, Training]. 2021; 10 (3):
106-17. DOI: 10.33029/2305-3496-2021-10-3-106-117.
Russian

38. Merkler AE, Parikh NS, Mir S, Gupta A, Kamel H, Lin E,

Lantos J, Schenck EJ, Goyal P, Bruce SS, Kahan J, Lansdale
KN, LeMoss NM, Murthy SB, Stieg PE, Fink ME, ladecola
C, Segal AZ, Cusick M, Campion TR Jr, Diaz |, Zhang C, Navi
BB. Risk of Ischemic Stroke in Patients With Coronavirus
Disease 2019 (COVID-19) vs Patients With Influenza. JAMA
Neurol. 2020 Jul 2;77(11):1-7. DOI: 10.1001/jamaneu-
rol.2020.2730.

AUTHORS

Olga A. Radaeva — Doctor of Sciences (Medicine),
Associate Professor, Head of the Department of Immu-
nology, Microbiology and Virology with a Course of Clini-
cal Immunology and Allergology of the Medical Institute,
N.P. Ogarevs Mordovia State University. ORCID ID: 0000-
0003-1383-2474. E-mail: radaevamed@mail.ru

Larisa A. Balykova — Doctor of Sciences (Medicine),
Professor, Corresponding Member of the Russian Acad-
emy of Sciences, Head of the Department of Pediatrics,
Directress of Medical Institute, N.P. Ogarevs Mordo-
via State University. ORCID ID: 0000-0002-2290-0013.
E-mail: larisabalykova@yandex.ru

Kira Ya. Zaslavskaya — Assistant of the Depart-
ment of Biological and Pharmaceutical Chemistry with
a course of organization and management of pharmacy
of the Medical Institute, N.P. Ogarevs Mordovia State
University. ORCID ID: 0000-0002-7348-9412. E-mail:
kiryonok@yandex.ru

Aleksey V. Taganov — Doctor of Sciences (Medicine),
Professor of the Department of Dermatovenereology
with a course of cosmetology of the Faculty of Continu-
ous Medical Education of the Medical Institute, Peoples’
Friendship University of Russia. ORCID ID: 0000-0001-
5056-374X. E-mail: matis87177 @yandex.ru.

Petr A. Bely — Candidate of Sciences (Medicine),
Senior Laboratory Assistant, Department of Propaedeu-
tics of Internal Diseases and Gastroenterology, Moscow
State University of Medicine and Dentistry n. a. A.l
Evdokimov. ORCID ID: 0000-0001-5998-4874. E-mail:
pbely@ncpharm.ru.

Yuliya A. Kostina — Candidate of Sciences (Medi-
cine), Associate Professor of the Department of Immu-
nology, Microbiology and Virology with a course of clini-
cal immunology and allergology of the Medical Institute,

228

N.P. Ogarevs Mordovia State University. ORCID ID: 0000-
0003-1383-2474. E-mail: bazunova.2013@mail.ru

Elena V. Negodnova — assistant of the Department of
Immunology, Microbiology and Virology with a course of
clinical immunology and allergology of the Medical Insti-
tute, N.P. Ogarevs Mordovia State University. ORCID ID:
0000-0002-1581-618X. E-mail: el.negodnova@gmail.com

Svetlana V. Mashnina — post-graduate student of
the Department of Immunology, Microbiology and Virol-
ogy with a course of Clinical Immunology and Allergolo-
gy of the Medical Institute, N.P. Ogarevs Mordovia State
University. ORCID ID: 0000-0001-7506-3688. E-mail:
svetlana_belyaeva93@mail.ru

Denis D. Bessheinov — post-graduate student of the
Department of Immunology, Microbiology and Virology
with a course of clinical immunology and allergology
of the Medical Institute, N.P. Ogarevs Mordovia State
University. ORCID ID: 0000-0001-9722-7102. E-mail:
bessheynovdd@mail.ru

Maria S. Iskandyarova — Assistant of the Department
of Immunology, Microbiology and Virology with a course
of clinical immunology and allergology of the Medical In-
stitute, N.P. Ogarevs Mordovia State University. ORCID ID:
0000-0001-9465-7668. E-mail: iskandiarova.m@yandex.ru

Vitaliy V. Eremeev — post-graduate student of the
Department of Immunology, Microbiology and Virolo-
gy with a course of clinical immunology and allergology
of the Medical Institute, N.P. Ogarevs Mordovia State
University. ORCID ID: 0000-0002-2293-1987. E-mail:
vital.eremeev2010@mail.ru

Nikita M. Chumakov — 6 year student, Faculty of
Medicine of the Medical Institute, N.P. Ogarevs Mordo-
via State University. ORCID ID: 0000-0001-9834-591X,
E-mail: chum9714akov@mail.ru

Volume X, Issue 2, 2022



