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In many ways, arterial hypertension and obesity determine the likelihood of a severe course and lethal outcomes in COVID-19.
This fact justifies the expediency of an early use of drugs with a direct antiviral action, the analysis of their efficacy not only
in the acute, but also in the postcovid period.

The aim of the research was to analyze the outpatient cards and case histories of the COVID-19 patients to study the effect
of the early (up to the 5% day after the onset of the first symptoms of the disease) use of the drug based on favipiravir, on
the frequency of patients’ hospitalizations with arterial hypertension and obesity, as well as to determine the cytokine status
characteristics of this patient category in the postcovid period.

Materials and methods. “An open prospective comparative study of the “Areplivir®” (favipiravir) efficacy in the debut of
COVID-19 in comorbid patients” was carried out in the Republic of Mordovia (the analysis of the hospitalizations frequency
and blood levels of M-CSF, EPO in 218 patients, in terms of the use of the antiviral preparation).

Results. According to the results of the analysis, it was found out that, despite the presence of comorbid conditions that
increase the risk of developing a severe course of COVID-19, i.e. obesity and essential arterial hypertension, in the group of
patients taking favipiravir, the need for hospitalization was twice as low (p < 0.05), in relation to the comparison group. The
analysis of the cytokine status revealed that in the postcovid period, in the group that took the drug based on favipiravir at
the outpatient stage, the average level of M-CSF was significantly lower (p> 0.05), and EPO was higher (p> 0.05) than in the
patients from the group “without antiviral drugs at the outpatient stage”. Indirectly, according to the previously obtained
data, that acts as a potential marker for reducing the risk of long-term cardiovascular complications of COVID-19.
Conclusion. This study showed that an early prescription of favipiravir contributes to a decrease in the rate of COVID-19
patients’ hospitalization even against the background of concomitant hypertension and obesity, due to a decrease in the
likelihood of moderate and severe courses of the disease, and also leads to an earlier objective and subjective recovery. The
results demonstrated a high potential benefit of an early favipiravir use in the novel coronavirus infection and in the preven-
tion of postcovid complications.
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Abbreviations: AH — arterial hypertension; DM — diabetes mellitus; ACA — Acute Cerebrovascular Accident; TCA — Transient
Cerebrovascular Accident; MI — myocardial infarction; ALT — alanine aminotransferase; AspAT — aspartate aminotransferase;
BMI — body mass index; CT — computerized tomography; PCR — polymerase chain reaction; ECG — electrocardiogram; VED
— Vital and Essential Drugs; EAH — essential arterial hypertension; MCSF — macrophage colony stimulating factor; RNA — ribo-
nucleic acid; enzyme-linked immunosorbent assay; ELISA —enzyme immunoassay; Cl — confidence interval; GCS(s) — glucocor-
ticosteroids; WHO — World Health Organization; TNF-a — tumor necrosis factor alpha; 1B-1I —interleukin.
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ApTepuanbHaa runepTeH3nA U OXXUPEHME, BO MHOTOM, ONpPeaenatoT BEPOATHOCTb TAXKENOro TeYeHUA U NeTaNbHbIX UCXOA08B
npu COVID-19. 37oT dpakT 060CHOBbLIBAET LenecoobpasHOCTb PAHHEr0 NMPUMEHEHUA IEKAPCTBEHHbIX CPEACTB NPAMOro npo-
TMBOBUPYCHOIO AENCTBUA C aHAaNN30M 3PPEKTUBHOCTU HE TONILKO B OCTPOM, HO U MOCTKOBUAHOM Nepuose.

Lienb. MpoBecTv aHanM3 ambynaTopHbIX KapT U UcTopuii 6onesHn naupeHtos ¢ COVID-19 ana nsyyeHua BAUAHUA paHHEro
(&0 5-ro AHA OT MOMEHTa NoABAEHUA NepPBbIX CUMNTOMOB 601€3HMN) NPUMEHEHMA NpenapaTa Ha OCHoBe GaBMNUpaBMpa Ha
YacToTy roCnNUTanM3aLmi y NaLMeHTOB C apTePUaNbHON TMNEPTEH3NEN N OXKMPEHMEM, A TaKXKe onpesenTb 0CobeHHOCTH
LLMTOKMHOBOFO CTaTyca NaLMeHTOB JaHHOM KaTeropmMm B MOCTKOBUAHOM Nnepuoae.

Marepuanbl u metoapl. [poseseHo «OTKPbITOE NPOCNEKTUBHOE CPAaBHUTENbHOE UCCef0BaHNE 3GDEKTUBHOCTU NPUMEHE-
HUA npenapata «Apenansup®» (pasmnupasup) B aebrote COVID-19 y KomopbuAHbIX NaumMeHToB» B Pecnybimke Mopaosus
(aHanm3 yacToTbl rocNUTaNN3aLUmM U cogepkaHua B Kposn M-CSF, EPO y 218-T1 60/1bHbIX B 3aBUCMMOCTU OT NPUMEHEHUA
NPOTUBOBMUPYCHOTO Npenaparta).

Pe3synbratbl. [0 pe3ynbTraTam NPoOBEAEHHOr0 aHaAn3a YCTaHOBNEHO, YTO, He CMOTPA Ha Ha/iMyMe KOMOPOMAHbIX COCTOS-
HUI, NOBbLIWAKLNX PUCK Pa3BUTUA TAXKenoro TedeHna COVID-19, a MMEHHO OXMPEHWUA U 3CCEHLMANbHOM apTepuasibHOM
rMnepTeH3uu, B rpynne nauMeHToB, NpUHUMaBLLMX GpaBunmnpasup, HEO6XO4MMOCTb B FOCNUTANN3aLLMK bbina B 2 pasa HUKe
(p<0,05), N0 OTHOWEHMIO K rpynne cpaBHeHUA. AHANN3 LMTOKMHOBOIO CTaTyca BbIAABMA, YTO B rpynne, MpMHUMABLUEN npe-
napaT Ha ocHoBe paBMnNUpaBupa Ha ambynaTopHOM 3Tane, cpegHUn yposeHb M-CSF B nocTkoBuaHOM nepuogae bbin gocTo-
BepHO Huxe (p>0,05), a EPO — Bbiwe (p>0,05), 4yem y naumeHToB U3 rpynnbl «6e3 NPoTUBOBUPYCHbLIX MPenapaTos Ha amby-
JIaTOPHOM 3Tane», YTO KOCBEHHO, NO NOJIy4YEHHbIM PaHee AaHHbIM, BbICTyNaeT NOTEHLMaIbHbIM MapKEPOM CHUXEHUA PUCKa
OTZa/IEHHbIX CEPAEYHO-COCYAMUCTbIX OCOXKHEHNU COVID-19.

3aKknoyeHune. PaHHee HasHauyeHue ¢aBuMMMpaBMpa CNOCOBCTBYET CHUMMEHMIO YacTOTbl TOCMMUTAAM3ALMUM MALMEHTOB C
COVID-19 paxke Ha ¢oHe conyTcTyroWwmMX Al U OXKUPEHUA U3-33 YMEHbLIEHUA BEPOATHOCTU CPEAHETANKENOr0 U TAXKENOro
TeyeHusn 3aboneBaHMsA, a TaKXKe NPUBOSUT K bosee paHHEMY 06 bEKTUBHOMY U CYObEKTMBHOMY BbI340POBAEHMIO. MOKa3aHa
BbICOKaA MOTEHLMAIbHAA NO/b3a PAaHHEro NpuMeHeHnsa GbaBUNMpaBMpa NPU HOBOW KOPOHABMPYCHOM MHOEKLIMU U B OTHO-
LWeHUM NPOGUNAKTUKM NOCTKOBUAHBIX OC/TOMKHEHWNA.

Kntouesble cnosa: ¢pasmnumpasmp; COVID-19; HoBas KoOpoHaBUpPYCcHaa nHbeKuua; Apenanmsup

CnUcoK coKpaleHuii: Al — apTepuanbHana runepteHsus; CO — caxapHbiii anabet; OHMK — ocTpoe HapylueHne Mo3roBoro
KpoBoobpatieHne; THMK — TpaH3MTOpHOE HapyLLieHre MO3roBoro KposoobpateHusa; UM — nHdapKT mmokapaa; AnT — ana-
HWHaMWHOTpaHcdepasa; AcT — acnapTatamuHoTpaHcdepasa; MMT — uHaeKke maccel Tena; KT — KomnbloTepHaa Tomorpadus;
MUP — nonvmepasHas uenHasa peakuua; DKl — anekTpokapanorpamma; XHBJIM — KU3HEHHO HeobXoAMMble BayKHelLwne
NIeKapCcTBEHHbIE Npenapatbl; Al — acceHUManbHas apTepuanbHas runepteHsns; M-CSF — makpodaranbHbiii KOJIOHUECTUMY-
nupyowuii paktop; PHK — puboHyknenHosas kuciota; MGA — ummyHobepmeHTHbIN aHanus; AN — noBepuTeibHbIA UHTEp-
Ban; MKC — rntokoKopTukoctepounabl; BO3 — BcemupHas opraHusauma 3apaBooxpaHerns; TNF-a — dakTop HeKpo3a onyxonu
anbda; 1B—IIB — MHTepnenKkuH.

INTRODUCTION

The pandemic of the novel coronavirus infection
continues to pose new challenges to the health care sys-
tem. The issues of diagnosis and prevention of COVID-19
have been mainly determined, but the treatment strat-
egies continue to be developed [1]. The latest six ver-
sions of the domestic temporary guidelines emphasize
the need for early specific etiotropic therapy (including
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favipiravir) at the outpatient stage of the disease (Tem-
porary guidelines version 7—-13%).

Arterial hypertension and obesity (the most fre-
guent comorbidities in coronavirus patients) mainly de-
termine the likelihood of a severe course and lethal out-
comes in COVID-19 [2]. This fact justifies the expediency

t Temporary guidelines “Prevention, diagnosis and treatment of new
coronavirus infection (COVID-19)” of the Ministry of Health of Russia
(version 13.1 of 11/09/2021). Russian
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of an early use of drugs with a direct antiviral action,
followed by the analysis of their efficacy not only in the
acute, but also in the postcovid periods [3, 4].

Previously, the efficacy of favipiravir preparations
had been established in terms of the rate of the virus
elimination, positive dynamics of the lung tissue state
according to the computerized tomography (CT) data
during SARS-CoV-2 infection [5]. However, the published
data demonstrating a decrease in the incidence of a
severe course and lethal outcomes of the coronavirus
infection while taking favipiravir drugs, are insufficient
[6], especially in high-risk comorbid patients (with arte-
rial hypertension, obesity, and diabetes mellitus). When
carrying out a comparative analysis of the favipiravir and
arbidol efficacy for the treatment of COVID-19, Chen S.
et al. found out the following. In the patients with con-
comitant hypertension and/or diabetes mellitus in a
moderate course of disease, the time period before the
normalization of the body temperature and the disap-
pearance of cough was significantly shorter in the group
using favipiravir, compared with group using arbidol
(p<0.001) [7].

The published results demonstrate the maximum ef-
ficacy of antiviral therapy [8, 9] when carried out in the
first 5 days of the disease, which actualizes the use of
the drug and the analysis of its efficacy starting from the
outpatient stage of treatment, especially in the patients
at risk. That is why, by order of the Government of the
Russian Federation dated October 14, 2021 No.2626-r?,
favipiravir was included in the List of Vital and Essential
Drugs (VED), which made it possible to compensate for
the costs of purchasing drugs from the compulsory med-
ical insurance fund and start the treatment as soon as
possible.

In the Republic of Mordovia, since September 2021,
a complication of the situation with the novel corona-
virus infection has been notified. So, in October 2021,
according to recent reports of the autonomous public
health care institution “Medical Information and Ana-
lytical Center for the Republic of Mordovia”*, 13,414 cas-
es® of the novel coronavirus infection COVID-19 have been
registered (1722.0 per 100 thousand population), which is
7098 cases more than in September 2021 (6316 cases —
810.8 per 100 thousand population). In other words, the
increase in the incidence was 112.4%, and the features
of the course of the coronavirus infection caused by the
delta strain, are the rapid progression of the disease and
a tendency to a severe course. In this situation, the Execu-
tive Board of the republic took a number of organization-
al measures in the form of an increase in the additional
bed fund of the infectious profile by 185% (from 1503 to
2780 beds). Nevertheless, even in this situation, inpatient
beds worked at full capacity, which actualized the need
for a more active treatment of COVID-19 at the outpatient

2 Order of the Government of the Russian Federation dated 12.10.2020
N0.2626-r. Available from: http: //publication.pravo.gov.ru/Document/
View/0001202010140014. (Date of access 24 Nov 2021). Russian

3 GAUZ of the Republic of Mordovia “Medical Information and
Analytical Center”. Available from: http://miacrm.ru.
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stage to potentially reduce the number of patients requir-
ing hospitalization. As a part of the charitable program,
on 01.10.2021 and 12.10.2021, the Ministry of Health of
the Republic of Mordovia received 16,038 packages of the
drug “Favipiravir” (Areplivir®) (film-coated tablets, 200 mg
No. 40) for the outpatient treatment of the novel corona-
virus infection, which made it possible to determine the
aim of the study.

THE AIM of the research was to analyze the outpa-
tient cards and case histories of the COVID-19 patients
to study the effect of the early (up to the 5% day after the
onset of the first symptoms of the disease) use of the
drug based on favipiravir, on the frequency of patients’
hospitalizations with arterial hypertension and obesity,
as well as to determine the cytokine status characteris-
tics of this patient category in the postcovid period.

MATERIALS AND METHODS

Approval by the local ethics committee at Nation-
al Research Ogarev Mordovia State University (Protocol
No. 5 dated May 17, 2020) “An open prospective com-
parative study of the efficacy of the drug “Areplivir®” (fa-
vipiravir) in the debut of COVID-19 in comorbid patients”
was conducted in the Republic of Mordovia. The study
included 1200 patients who received outpatient treat-
ment at the outpatient clinics of Saransk. For 340 hospi-
talized patients of them, the data from the case histories
from March to May 2021, as well as during October 2021
(the time of the maximum use of favipiravir at the out-
patient stage), were analyzed. The COVID-19 diagnosis
was aligned with the current interim guidelines for the
prevention, diagnosis and treatment of the novel coro-
navirus infection®.

The study included patients of both sexes with labo-
ratory and / or clinically confirmed new mild and moder-
ate kinds of coronavirus infection. They were aged 48-80
years, suffered from the combination of obesity and es-
sential arterial hypertension (EAH), stage Il, established
before getting infected with SARS-CoV-2 and controlled
by antihypertensive drugs. Herewith, a duration of
COVID-19 before treatment was to be no longer than 5
days. 2 groups of patients were formed. The comparison
group consisted of the patients who received basic an-
ti-inflammatory, anticoagulant, symptomatic (according
to the indications — antibacterial) therapy for the coro-
navirus infection, according to temporary guidelines®,
and the ones who did not receive, for various reasons,
antiviral drugs. The second group consisted of the pa-
tients selected according to the case-control type, who,
alongside with anti-inflammatory, anticoagulant and
symptomatic therapy, received the antiviral drug Arepli-
vir® already at the outpatient stage.

In accordance with the instructions for the use of a
medicinal product, the drug based on favipiravir, was to
be administered orally 30 minutes before meals, accord-

* Temporary guidelines “Prevention, diagnosis and treatment of new
coronavirus infection (COVID-19)” of the Ministry of Health of Russia
(version 13.1 of 11/09/2021). Russian
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ing to the following scheme: the patients weighing less
than 75 kg were to be administrated with 1600 mg (8
tablets) twice on the 1st day of therapy, then, from the
2" to the 10™ day — 600 mg (3 tablets) twice/day; the
patients weighing more than 75 kg were to be admin-
istrated with 1800 mg (9 tablets) twice on the 1% day of
therapy, then (from the 2" to the 10™ day of therapy) —
800 mg (4 tablets) twice/day)°.

The exclusion criteria were: the history of associat-
ed clinical conditions — acute cerebrovascular accidents
(ACVs), myocardial infarction (Ml), angina pectoris, cor-
onary revascularization, renal failure, type 1 diabetes
mellitus, autoimmune, allergic diseases, symptomatic
hypertension, the use of glucocorticosteroids, hydrox-
yl-chloroquine, the use of other antiviral drugs (except
“Areplivir®”) and/or immunomodulators at the outpa-
tient stage, vaccination for the prevention of COVID-19
in history, a patient’s refusal from a long-term participa-
tion in the study. At the postcovid stage, for 4 months
(once every 2 months), a survey of 218 patients of the
indicated groups was carried out, with the registration of
the features of the postcovid period according to the de-
veloped questionnaire and the verification of the chang-
es based on the analysis of the outpatient records. The
indicator of “the number of days before the subjective
recovery” was assessed according to the period, which
was named by the patient during the telephone survey,
subjectively notifying the restoration to working condi-
tion. From the 1st day of health encounter, after signing
a written informed consent, a blood sample was taken
with the release of serum, which was frozen for storage
and subsequent determination of the level of cytokines.
There were 48 patients (out of 91) whose treatment
had been completed without hospitalization and who
were taking favipiravir on the outpatient basis, and 42
patients (out of 53) who were not taking any antiviral
drugs. During the period of therapy, the analysis of the
outpatient records focused on the levels of ALT, AST, and
blood creatinine with the calculation of the glomerular
filtration rate, as well as the control of dyspeptic com-
plaints of all the patients, was carried out. The charac-
teristics of the patients included in the study, are pre-
sented in Table 1.

Obtaining biological material (blood) for research
was carried out taking into account the provisions of
the Helsinki Declaration of the World Medical Associa-
tion (WMA) (2013)” and the Protocol of the Council of
Europe Convention on Human Rights and Biomedicine
(1999), taking into account the additional protocol to
the Convention on Human Rights and Biomedicine in
the field of biomedical research (2005)%. In this cate-

6 State Register of Medicines of the Russian Federation. Areplivir®.
Available from: https://grls.rosminzdrav.ru/LP-007609-171121. Russian
7 Association WM. World Medical Association Declaration of Helsinki:
Ethical Principles for Medical Research Involving Human Subjects.
JAMA. 2013;310(20):2191-4.

8 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. Russian. DOI: 10.17803/1994-
1471.2017.76.3.193-198.
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gory of patients, additional blood sampling was carried
out 10, 60, 180 days after two negative results of the
polymerase chain reaction (PCR) for the presence of
SARS CoV-2 RNA in the morning on an empty stomach
(12 hours without food). The blood was centrifuged,
followed by separation of serum and storage in labeled
tubes at —30°C for no longer than 45 days. The levels
of erythropoietin (EPO) and the macrophage colo-
ny-stimulating factor (MCSF) were determined by ELISA
in the laboratory of the Department of Immunology,
Microbiology, Virology of National Research Ogarev
Mordovia State University on an enzyme immunoassay
analyzer “Personal Lab TM” (Adaltis, Italy). The choice
of the above-listed cytokines is based on the data of
the authors’ earlier studies, which included 32 cyto-
kines. The research is devoted to the study of the cy-
tokine-dependent mechanisms of the essential arterial
hypertension progression (10 years of 480 patients’
dynamic follow-up), with the inclusion of the analysis
in the period after the coronavirus infection (1.5 years
of the dynamics). This made it possible to identify the
prognostic significance of an increase in MCSF (above
389 pg/ml) [4] and a decrease in EPO as risk factors
for cardiovascular complications in patients with EAH in
the postcovid period, and the markers of the efficacy of
the outpatient use of favipiravir in relation to isolated
COVID-19 related complications.

The average age of patients was 59 (75% CI [48-80])
years.

Statistical processing of results

Statistical processing of the data obtained was car-
ried out using Stat Soft Statistica 13.5. The results are
shown with the indication of the median (Me) and per-
centiles (Q 0.25—-Q 0.75). The distribution of indicators
differed from the normal Gaussian-Laplace distribution,
therefore, when comparing dependent samples, the
Wilcoxon test was used; for unconnected samples, the
Mann-Whitney U-test. Absolute and relative risks were
calculated with determination of 95% confidence inter-
val (Cl), sensitivity and specificity, x> with Yates correc-
tion.

RESULTS

According to the results of the analysis, it was found
out that, despite the presence of comorbid conditions
that increase the risk of developing a severe course of
COVID-19 - obesity and essential hypertension, in the
group of patients taking favipiravir, the need for hospi-
talization was twice as low (p<0.05 ), in relation to the
comparison group (in the group “favipiravir” — 29 people
were hospitalized (24.2%), in the group “without antivi-
ral drugs” — 45 people (45.9%), including the decrease
(p<0.01) in the number of people with severe COVID-19
(hospitalization was carried out according to the criteria
described in the recommendations®. As follows from the

® Temporary guidelines “Prevention, diagnosis and treatment of new
coronavirus infection (COVID-19)” of the Ministry of Health of Russia
(version 13.1 of 11/09/2021). Russian
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data presented in Table 2, during hospitalization against
the background of the disease progression in patients
who had not received antiviral drugs, the risk of a se-
vere course of the disease was 3.36 times higher (95%
Cl [1.57-7.23]%. The sensitivity was 0.86; the specificity
was 0.6, x? with Yates’ correction equal to 10 (p=0.002);
Pearson’s coefficient was 0.31 (the relationship was
more moderate than in the patients receiving the drug
based on favipiravir).

The early antiviral therapy based on favipiravir,
reduces the length of a hospital stay: the number of
bed-days without antiviral therapy at the outpatient
stage is 21.7 days (18-31), with antiviral therapy (fa-
vipiravir) — 14.3 (9.7-17.1, p<0.01). It also increases
the frequency of significant improvements in the lung
tissue state according to the CT data on the 10th day
of treatment. Positive dynamics in CT at discharge (by
2 or more points on the WHO scale) without antiviral
therapy at the outpatient stage comprises 23 people
(51.1%), with antiviral therapy (favipiravir) — 21 people
(72.4%), p<0.01.

During the recovery period (2 and 4 months after the
iliness), the analysis of the telephone survey data deter-
mined a 2-fold decrease in the number of days before
the subjective recovery in COVID-19 convalescents with
hypertension and obesity, when starting antiviral therapy,
no later than the 5" day of illness compared to the group
without early antiviral therapy (p<0.001). In the group
of patients who did not take antiviral drugs, in a great-
er number of cases (34 people (75.5%) versus 10 people
(34.5%), in the group with the early use of favipiravir at
the stage of inpatient treatment, antibacterial drugs were
prescribed due to the secondary bacterial infection.

The analysis of the cytokine status revealed that in
the group who took the drug based on favipiravir at the
outpatient stage, the average level of MCSF in the post-
covid period was significantly lower (p>0.05), and EPO
was higher (p>0.05) than in the patients from the group
“without antiviral drugs at the outpatient stage” (Table
3). At the same time, at the onset of the disease, the
patients of both groups were comparable in terms of the
content of these cytokines.

The patients with COVID-19, concomitant EAH
and obesity, who had not required hospitalization and
had not taken outpatient antiviral drugs, had lower
average serum EPO levels on days 10, 30 and 180 af-
ter clinical and laboratory recovery than the patients
who had been treated with a drug based on favipiravir
(p<0.001), at the outpatient stage. The opposite trend
was revealed when analyzing the content of MCSF in
blood serum: higher average levels of this cytokine
were recorded in the patients “without antiviral ther-
apy” with the progression of negative dynamics in the
postcovid period.

Thus, even in patients with hypertension and obe-
sity, at an early start of taking Areplivir®, there was no
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imbalance in the production of the cytokines EPO and
M-CSF, which indirectly, according to previously ob-
tained data, may be a marker for reducing the risk of
cardiovascular COVID-19 complications.

The results of the questionnaire (survey) of the
coronavirus infection convalescents in hypertension and
obesity patients who had received treatment on an out-
patient basis without hospitalization 180 days after the
recovery showed that at an early start of the antiviral
therapy with a drug from the favipiravir group, the cri-
sis course of hypertension was observed less frequently
than in the control group. Moreover, in the considered
group, there was no need to change the regimen and
dose of antihypertensive drugs, less often symptoms of
asthenia were observed: increased fatigue, weakness,
dizziness, emotional lability, pain in joints and muscles
(Table 4).

Itis important to notify that in the group of COVID-19
and EAH convalescents who had not taken antiviral drugs
at the outpatient stage of treatment (98 people) within
180 days of the observation after the clinical and labo-
ratory recovery, 5 cases of cardiovascular complications
(5.1%) were recorded: 3 cases were transient cerebro-
vascular accidents, 1 case was an acute cerebrovascular
accident, 1 case was myocardial infarction. Of these, 4
patients were characterized by a significant (twice or
more times) individual increase in the M-CSF content
in the blood during the observation period against the
background of a 35% decrease in EPO. In the group
treated with favipiravir at the outpatient stage, there
were no cases of cardiovascular complications during
the convalescence period after COVID-19 (the patients
with an individual increase in M-CSF blood by 100% or
more were not identified.

Thus, on the one hand, an early initiation of favi-
piravir therapy reduced the risk of hospitalization and
aggravation of the condition, and, on the other hand, it
was beneficial in a faster recovery from the coronavirus
infection and reduced risk of the associated cardiovascu-
lar complications.

According to the analysis of the outpatient records
during the treatment of the acute phase of the coro-
navirus infection, an increase in the level of ALT and/or
AST was detected in 4 patients out of 91 (4.39%) in the
group taking the drug based on favipiravir and in 1 out
of 53 (1, 88%) in the group “without antiviral drugs”.
Subjective complaints of nausea, heaviness in the right
hypochondrium in the favipiravir group were notified in
8 people (8.79%), in the group “without antiviral drugs”
—in 4 patients (7.55%). No increase in the level of cre-
atinine (a glomerular filtration rate), and of urea above
the reference values, was recorded. The data obtained,
confirm the predictable favorable safety profile of the
investigational drug based on favipiravir (Areplivir®) and
are consistent with the data of the international studies
[5,7, 10, 11].
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Table 1 — Characteristics of patients with COVID-19, included in the study

Patient history and condition
parameters

Without anti-viral medication
at the outpatient stage (n=98)

With anti-viral medication
(favipiravir) at the outpatient stage
(n=120)

Duration of illness before starting therapy
(days)

3.12 [1.28-4.73]

3.17 [1.33-4.47]

Percentage of lung damage on the 5" day

of llness (%) 6.82 [0-10.7] 8.12 [0-13.2]
Presence of comorbid diseases = =

AH 100% 100%

Type 2 diabetes mellitus 31.6% (31 persons) 51.6% (62 persons
Obesity 100% 100%

BMI 36.2 [34.2-39.6] 37.6 [35.4-40.5]
SpO,, % 98.4 [97.6-99.8] 97.9 [96.3—99]
C-reactive protein, mg/I 6.3 [6.76—8.9] 5.7 [4.17-8.33]
D-dimer, ng/ml 242 [180-430] 310 [287-402]

Glucose, p/L

5.41 [4.8-11.2]

6.22 [4.66-10.9]

Hematoglobulin, g/I

125 [112-137]

122 [117-141]

Table 2 — Use of favipiravir group drugs at the outpatient stage and features
of the COVID-19 course in patients with EAH and obesity (Me [Q__.—Q__. ]

25% 75%:
. Group Number of Time until temperature Per.IOd. Severity of the
Groups considered . returns to normal to subjective
number disabled days course, pers (%)
(days) recovery (days)*
.Patl.ents WI.thout hosplltal- _ _ Without GCS _ _
ization during the period
Without antiviral therapy Mild course —
at the outpatient stage, 1 15.3 5.47 61 [32-95] 42 pers. (79.2%)
n =53 people [12.4-18.8] [4.32-7.45] Moderate course —
11 pers. (20.8%)
Use of Favipiravir at the Mild course —
outpatient stage, ) 12,7 3.78 31 [16-49] 84 pers. (92.3%)
n =91 people [10.1-14.3] [2.16-4.22] Moderate course —
7 pers. (7.7%)
Statistical significance - p*2<0.05 p*2<0,05 p*2<0,001 p*2<0.05
The hospitalized after
the 5% day of outpatient - - With GCS - -
therapy
Without antiviral therapy Moderate course —
at the outpatient stage, 21 (46.7%)
n=45 people 3 21 ?;4’12 1 ) 43;’91 23 74 [41-120] Severe course —
[21.5-42.1] [2.45-4.23] 22 (48.8%)
CT-2 (4.5%)
Use of favipiravir at the Moderate course —
q _ 0
E:ZF;: et siage, e 4 1s 225 ‘298 4 5 64;_ lf 68 35 [29-58] Sejgrisfc;ir/:)e =
e A5 [afaiesekl 8 (27.6%)
CT-1 (3.5%)
Statistical significance p>“<0.01 p>*>0.05
- p-3<0.001 p1-3<0.05 p*4<0.01 p*4<0.01
p?<0.01 p?*>0.05

Note: * — according to the survey data after the laboratory recovery, the Mann-Whitney test was used for related aggregates; when specifying

the degree of confidence.
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Table 3 — Comparative characteristics of EPO and MCSF levels (pg/ml) in the blood serum of patients
with hypertension and obesity 10, 30 and 180 days after COVID-19 (Me [Q,.,-Q._, 1)

Without antiviral therapy,

n=42 people

EPO

M-CSF

Initiation of therapy

98.3 [89,9-107]

287 [254-327]

10 days after recovery

102
[95.5-108]

587 [538-702]

30 days after recovery

105 [97.1-126]

724 [623-810]

180 days after recovery

127 [98.8-140]

742 [669-856]

Statistical significance

p>0.051—2, 2-3,3-4
p<0.05%*

p<0,001%21-3.1-4,2-3,2-4
p>0,05**

Favipiravir, n = 48 persons

EPO

M-CSF

Initiation of therapy

95.4 [91,7-121]

307 [269-336]

10 days after recovery

148 [110-169]

297 [248-410]

30 days after recovery

162 [155-176]

307 [204-416]

180 days after recovery

177 [159-202]

299 [242-457]

Statistical significance

p>0,05%°
p<0,05677-8

p<0.0015—6, 5-7,5-8,2-6,3-7,4-8,6-8

p>0 051—5, 5-6, 5-7,5-8, 6-7, 7-8, 6-8

p<0.0012637, 48

Note: the confidence level in accordance with the specified group based on the Wilcoxon criterion for related aggregates and the Mann-Whitney

U-test for unrelated aggregates).

Table 4 — Analysis of subjective and objective characteristics of patients with hypertension and obesity 180 days
after suffering COVID-19 (without hospitalization)

Estimated characteristics

Without antiviral therapy,
n=53 pers.

Favipiravir, n=91 pers.

Crisis course of AH

26 pers. (49%)

8 pers. (8.79%)

Changing antihypertensive therapy regimen

21 pers. (39.6%)

12 pers. (13.2%)

Fatigue 42 pers. (79.2%)

32 pers. (35.1%)

Dizziness 7 pers. (13.2%)

2 pers. (2.2 %)

Muscle and joint pain

24 pers. (45.3%)

14 pers. (15.4%)

Taking into account the ongoing charity event (16,672
packages of the drug were distributed among 8,336 sick
patients), the analysis of the pharmaco-economic effect
of increasing the frequency of the early prescription
of Areplivir® in the Republic of Mordovia in the period
from October 1, 2021 to November 1, 2021, revealed a
decrease in the hospitalization rate by 1757 people for 1
month when compared with September 2021. So, accord-
ing to the Ministry of Health of the Republic of Mordo-
via, despite the fact that the number of infected people
during the period under review had increased by more
than three times, the total number of patients in the
need for the inpatient treatment (24/7 beds of an infec-
tious profile), decreased from 49.3% to 36.2%. Taking into
account the average cost of treating one patient in hos-
pital under the compulsory medical insurance system in
the Republic of Mordovia, this made it possible to reduce
budgetary costs by more than 260 million rubles.

The tariff agreement in the system of compulsory
health insurance of the Republic of Mordovia was vali-
dated on 02/14/2021 (as amended on 09/30/2021)]%.

10 Tariff agreement in the compulsory health insurance system of the
Republic of Mordovia dated 02.14.2021 (as amended on 09.30.2021).
Available from: https: //docs.cntd.ru/document/571071803. Russian
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Moreover, according to the presented study, the use of
the drug based on favipiravir, made it possible to reduce
the duration of hospital stay by more than 1.5 times
compared to the group of the patients who had not re-
ceived antiviral therapy at the outpatient stage, which
provided additional budget savings. It is also worth
noting a decrease in the burden on the social security
system of citizens due to a decrease in the number of
days of disability in the patients receiving favipiravir at
the onset of the disease compared with patients without
antiviral therapy.

DISCUSSION

To date, the results of more than 1,000 studies de-
voted to the research of the anticovid activity of drugs
based on favipiravir, are available. At the same time, the
data on the effect of the drug on such check points as
mortality, duration of respiratory support, as well as the
duration of virus elimination based on PCR results vary
widely, which is confirmed by the results of published
systematic reviews [12, 13].

By reference to the immunopathogenesis of
COVID-19, a number of researchers emphasize the need
to study the efficacy of drugs from the favipiravir group
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for the early outpatient prescription [14,15], followed by
the study of its effect on the frequency of hospitaliza-
tions. According to the data obtained, it was the early
(up to 5 days from the onset of the first symptoms) use
of favipiravir that twice reduced the frequency of hospi-
talizations in the group of comorbid COVID-19 patients
against the background of hypertension and obesity as
the conditions that increased the risk of a severe course
and unfavorable outcomes of the coronavirus infec-
tion. This fact has undoubted clinical and social and
medico-economic significance, given the difference in
the costs of treating an outpatient and an inpatient. It
is worth noting that, according to the instructions for
medical use, the prescription of favipiravir is possible for
both confirmed SARS-CoV-2, and for a probable case of
the disease diagnosed on the basis of characteristic clin-
ical symptoms, which is associated with the direct anti-
viral effect of the drug against a wide range of RNA-con-
taining viruses.

The immunopathogenetic and clinical effects of
a drug based on favipiravir proved in this study, are
most likely mediated by the suppression of viral repli-
cations and a decrease in the peak viral load [16] due
to the selective blockade of the key replication enzyme
SARS-CoV-2, RNA-dependent RNA polymerase [17-20]),
which increases the likelihood of an effective immune
response without a hyperinflammatory phase. However,
even in case of hospitalization with the progression of
the disease in the group of patients with an early start of
COVID-19 treatment using the drug favipiravir compared
with the group without antiviral therapy, a decrease in
the likelihood of a severe course of COVID-19 was deter-
mined. That emphasizes the beneficial effect of an early
start of therapy on the characteristics of the inpatient
stage. In addition, within the framework of this study,
based on routine biochemical tests, the safety of using
the drug based on favipiravir, has been confirmed once
again.

A serious consequence of SARS-CoV-2 infection is
an imbalance in the system of pro- and anti-inflamma-
tory immunoregulatory peptides (cytokines), which can
persist after the recovery and determine the progression
of existing chronic diseases and pathological conditions,
such as hypertension and atherosclerosis, as well as be a
component of a postcoid syndrome.

The previously published data on the role of the
M-CSF family members [22] in the progression of hyper-
tension in the postvoid period, can explain the effect of
antiviral drugs based on favipiravir not only on reducing
the risk of severe COVID-19, but also in the aspect of pre-
venting the progression of chronic diseases in the post-
covid period, in particular the development of fatal and
non-fatal cardiovascular complications. The relationship
between the use of a drug based on favipiravir and the ab-
sence of a decrease in EPO in the period after COVID-19,
opens up prospects for a new direction of scientific re-
search: the effect of a therapy regimen on the characteris-
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tics of the postcovid period in patients with hypertension
and obesity. It is important to note that the data on a de-
crease in serum EPO levels were obtained in the group of
patients who did not need hospitalization and were main-
ly characterized by a higher percentage of cases of a mild
COVID-19 course despite the concomitant pathology. EPO
is a factor that regulates not only erythropoiesis, but also
a number of immune mechanisms due to the wide pre-
sentation of its receptors on the cells of the body. Tissue
hypoxia, typical for patients with COVID-19, should acti-
vate the synthesis of this cytokine [23], but, as it has been
established in the course of this study, in the patients re-
ceiving antiviral therapy at the onset of the disease, the
dynamics notified was opposite.

A pathophysiological regulation of EPO and proin-
flammatory TNF-a, IL-1B cytokines obeys the principle
of a negative feedback [24]. Consequently, the revealed
decrease in EPO in the patients who did not receive early
antiviral therapy is associated with a decrease in the an-
ti-inflammatory effect of this cytokine, which, possibly,
determines a wider spectrum and frequency of manifes-
tations of a postcovid syndrome identified in this catego-
ry of patients. It is necessary to identify the problem of
false clinical well-being of such patients, since, according
to the data presented, they remain at risk of developing
cardiovascular complications.

The data reflecting the dynamics of the M-CSF
content in the blood of convalescents of the coronavi-
rus infection are of scientific interest. An increase in its
content within 180 days of the post-infectious period
may be associated with the progression of endothelial
dysfunction or, possibly, an increase in the pro-inflam-
matory activity of adipocytes, which can maintain a viral
replication for a long time and determine an additional
release of pro-inflammatory cytokines into circulation
[25]. As established in this study, an early prescription
of an antiviral drug based on favipiravir in the treatment
regimen for comorbid patients with COVID-19, reduced
the incidence of ACA, TCA, MI, compared with the pa-
tients who did not receive antiviral drugs. Of course, the
data obtained require a further study on an expanded
sample of patients.

The relevance of the further feature analysis of the
drugs based on favipiravir, is indisputable. According to
the doctors’ data, the prescription of a drug is not ac-
companied by a significant increase in the frequency of
undesirable effects (increased ALT, AST, dyspeptic phe-
nomena). That can be associated with the use of a drug
from the favipiravir group: a comparison was made with
the group without any use of antiviral therapy in the pa-
tients with COVID-19 against the background of hyper-
tension and obesity. Previously, the review data on the
potential risk of mutagenic effects of the drugs based
on favipiravir against SARS-CoV-2 have been published
[26]. It is important to note that the authors confirm the
effectiveness of the drug in blocking SARS-CoV-2 viral
replication, but there is a problem, which, first of all, is
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relevant if the manufacturer’s recommended doses and
duration of the drug use are not followed. At the same
time, fundamental studies of the action mechanism of
the drug show [27-31] those abnormalities in nucleo-
tide sequences that determine violations of RNA virus
replications, cause processes of lethal mutagenesis,
which lead to the destruction of virus particles, rather
than its variability. The resulting fragments of RNA do
not even represent subgenomic fragments and cannot
biologically represent mutations. The issue of the rele-
vance of its modification in order to maintain its high ef-
ficacy in subsequent years requires additional research.

CONCLUSION

This study showed that an early prescription of
favipiravir contributes to a decrease in the rate of
COVID-19 patients’ hospitalization even against the

background of concomitant hypertension and obesity,
due to a decrease in the likelihood of moderate and
severe courses of the disease, and also leads to an
earlier objective and subjective recovery. The results
demonstrated a high potential benefit of an early fa-
vipiravir use in the novel coronavirus infection and in
the prevention of postcovid complications. The results
obtained open up prospects for further studies ana-
lyzing individual cytokine-mediated variants of a post-
coid syndrome in patients with a high risk of cardio-
vascular complications against the background of the
use of drugs with molecular-targeted antiviral effects.
The demonstrated effect of the Areplivir® drug on re-
ducing the socio-economic burden of the coronavirus
infection, which has been shown off, emphasizes the
advisability of an early prescription of antiviral therapy
in high-risk comorbid COVID-19 patients.
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