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Introduction. The immunopathogenesis of the novel coronavirus infection COVID-19 is usually associated with
the development of imbalance in the immune response to its causative agent, SARS-CoV-2 virus (Coronaviridae:
Coronavirinae: Betacoronavirus: Sarbecovirus). This is manifested, in particular, by interferons’ (IFNs) deficiency
at the beginning of the disease followed by hyperproduction of pro-inflammatory cytokines. The virus causes
a decrease in IFN types | (a/B) and lll (A) levels; changes in IFN type Il (y) are less studied. In this regard, it is
relevant to assess the functional bioactive IFN (interferon status) in COVID-19.

The aim of the study was to assess the antiviral potential of the body by testing the biologically active IFNs in
COVID-19.

Material and methods. We used biological serum samples of COVID-19 patients taken in the acute phase (110
patients on the 1-5 days of the disease) and during rehabilitation (47 patients during 1-3 months after the disease
onset). Assessment of interferon status was performed according to the technique developed by the authors and
described earlier.

Results. The IFN status of patients with COVID-19 in the acute period and in the phase of post-infection rehabilita-
tion was studied Bduring the observation period. It was found that SARS-CoV-2 causes a pronounced inhibition of
biological activity of IFN types | and Il compared to the reference values by more than 20 and 7 times, respectively.
During the post-COVID period, incomplete recovery of the IFN system activity was registered, which proceeded
very slowly. No cases of reaching physiological indicators of interferon status were identified during the observation
period.

Conclusion. The obtained data on deficiency of the functional biologically active IFN confirm the hypothesis about
the predominant role of impaired IFN production of different types in the immunopathogenesis of the novel coro-
navirus infection.
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‘®rbY «HauvoHanbHbI nccneaoBaTENbCKUN LIEHTP SNUAEMUONOrM 1 MUKPOBMONOrM MMEHN MOYETHOTO akagemuvka
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BBeaeHue. VimmyHonaToreHe3 HOBOW KOpoHaBupycHon uHdekumn COVID-19 nprHATO CBA3bIBaTb C pas3BUTU-
eM aucbanaHca B MMMYHHOM OTBeTe Ha eé Bo3byautenb — Bupyc SARS-CoV-2 (Coronaviridae: Coronavirinae:
Betacoronavirus: Sarbecovirus). 9To nposiBNsieTcs, B YacTHOCTH, Aecduumtom nHtepdepoHos (IFN) B Havane
3aboneBaHuns ¢ nocneayoLwen runepnpoaykumen NpoBoCcnanuTenbHbIX LLMTOKMHOB. BUpYC BbI3bIBaeT CHWKEHWe
konuyectsa IFN | (a/B) n Il TnoB (A); MeHee nay4yeHbl nameHeHus, kacatowmecs IFN Il Tuna (y). B aTon cBasm ak-
TyanbHbIM SIBNsieTCA onpeaeneHme yHKUMoHanbHoro uonormnyeckun aktnHoro IFN (MHTepdepoHoBoro cratyca)
npu COVID-19.

Llenb nccnenosaHns — oLeHKa NPOTUBOBMPYCHOIO NOTEeHLMana opraHnama nocpeacTsom onpegenexns 6uonorun-
Yyecku akTmBHbIX IFN npy HOBOM KOPOHaBMPYCHOW MHAEKLNN.

Martepuan un metoabl. B pabote wucnonb3oBaHbl Guonorvyeckve o6pasubl CbIBOPOTKM KPOBM MaLMEHTOB
¢ COVID-19, B3aTtble B ocTpyto hady (110 naumeHToB B 1-5 cyTkm 6onesHu) n Bo Bpemsi peabunutaumm (47 veno-
Bek B nepuog 1-3 mec. ¢ MomMeHTa Havana 3abonesaHuns). OueHka NHTepdepoHOBOro cTaTyca OcyLlecTBnsAnach
B COOTBETCTBUU C METOAMKON, pa3paboTaHHOW aBTOpaMu 1 ONUCaHHOM paHee.

Pe3ynkTtaThl. B xoge akcnepumeHnTa n3dydeH IFN-ctatyc nauneHtoB ¢ COVID-19 B ocTpom nepuoge v B ase
NOCTUHEKLMOHHONM peabunurtauun. YctaHoBneHo, 4To SARS-CoV-2 BbI3bIBAET BbIpaXXEHHOE yrHeTeHne 61orno-
rmyeckor aktueHocTh IFN | 1 Il TvnoB no cpaBHeHWUO ¢ pedepeHTHbIMK 3HavYeHnsiMu — 6onee Yyem B 20 1 7 pas
COOTBETCTBEHHO. Ha NpoTsKeHnM NOCTKOBUAHOIO Neproaa 3aperncTpupoBaHO HEMONHOE BOCCTAHOBIIEHNE aKTUB-
HocTu cuctembl IFN, npoTekasllee BecbMa MeareHHO. 3a Bpems HabniogeHs He BbISIBNIEHO HW OAHOrO cryyast
OOCTWXKEeHNsT PU3NONOrM4ecknx nokasarenen MHTepgepoHoOBOro craTyca.

3akntoueHue. [onyyeHHble AaHHble MO BbISBNEHUO AeduumTa dyHKUMOHaNsHoro uonornyeckn aktnsHoro IFN
noaTBEPXKAAT rMnoTesy O NPeBanupyroLEe ponu HapyLleHns npoueccoB BbipaboTkn IFN pa3nuyHbix TMMNOB B
nmmyHonatoreHese COVID-19.

Knroyeenie cnoea: supyc SARS-CoV-2; Hosass kopoHasupycHasi uHegbekyuss COVID-19, ummyHonamozeHes; buo-
rioauyeckasi akKmusHOCMb UHMepgepoHos8, UHMePGhepoHO8bIl cmamyc
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Introduction

The novel coronavirus infection COVID-19 has
been added to the list of reportable diseases [1]. On
March 11, 2020, the World Health Organization (WHO)
declared its outbreak as a pandemic [2]. From Decem-
ber2021 to April 2022, the increased COVID-19 incidence
was reported worldwide, having reached a peak in Janu-
ary 2022 (around 3,835,853 cases as of January 21, 2022)
and having gradually dropped to 1,170,974 new cases as
of April 1, 2022 [3]. During this period, in Russia, the
biggest rise in cases was recorded in February 2022 (up
to 202,211 new cases as of February 11, 2022) followed
by a decline to 18,796 cases as of April 1, 2022 [3]. As of
March 23, 2022, Russia reported a total of 17.7 million
COVID-19 cases; the cities with the highest number of
confirmed cases were Moscow (2.7 million) and St. Pe-
tersburg (1.5 million) [4].

Currently, there is no clear understanding of the inter-
action between the pathogen, SARS-CoV-2 (Coronaviri-
dae: Coronavirinae: Betacoronavirus: Sarbecovirus) and
innate host immune system. There is also no uniform and
finalized treatment guidelines for this infection. In their
publications, different researchers point out that the role
of the main factor of COVID-19 immunopathogenesis
should be assigned to the imbalance of the immune re-
sponse to the pathogen, which is associated with insuf-
ficient interferon (IFN) production at the early stage of
the disease and further hyperproduction of proinflamma-
tory cytokines causing excessively intensive (hyperergic)
inflammation in lung tissue, lung damage and acute re-
spiratory distress syndrome (ARDS) [5-8]. Galani et al.
[6] proposed the so-called central paradigm of immunity:
IFN-mediated antiviral responses precede pro-inflam-
matory ones, optimizing host protection and minimizing
collateral damage caused by the infection. However, the
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researchers [6] report that this paradigm does not apply
to COVID-19. It has been found that in patients with
moderate and severe COVID-19, the production of type I
IFNs (o and B) and type IIT IFNs (IFN-A) was diminished,
while pro-inflammatory cytokines such as tumor necrosis
factor (TNF), interleukins (IL) 6 and 8, on the contrary,
were produced before IFNs, persisting for a prolonged
time. Furthermore, in some cases, the levels of pro-in-
flammatory agents increased rapidly, leading to a cyto-
kine storm.

A decrease in type I IFN (o and ) and type III IFN
(IFN-L) absolute counts in early stages of COVID-19 was
mentioned by many researchers [5—8]. In severe cases,
such interferons can demonstrate elevated levels, though
the viral load is not decreased [9]. Changes in the levels
of type II IFN (IFN-y) responsible for cellular immunity
[10] have been much less explored. Most of the studies
focused on absolute counts of different IFN types in blood
serum [5-8]. However, this parameter is not always indic-
ative of the antiviral protection level [11, 12]. Therefore,
closer attention should be given to comprehensive study
of the IFN system and biological activity of this group of
substances in the in vitro model of the cell-virus system.
Such studies are of critical importance for assessment of
the antiviral host potential [13].

It is known that SARS-CoV-2 not only causes certain
derangement in the immunological status (hyperproduc-
tion of inflammatory mediators, etc.), but also evades
immune surveillance by changing its genome (for exam-
ple, the gene encoding the S protein). Thanks to confor-
mational changes in the S protein, the virus can escape
direct interaction with the host immune system and can
retain its viability in the medium for a long period — up
to several days [14]. It has been demonstrated that the
SARS-CoV-2 invasion causes hyperactivation of pro-in-
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flammatory factors, elevated levels of gene expression
of signaling proteins and their cascade hyperproduction.
Activation of innate immune receptors triggers a signal-
ing cascade leading to production of pro-inflammatory
cytokines and type I IFNs. During coronavirus infec-
tion, the intensive production of inflammatory inducers
is accompanied by lower levels of IFN, thus resulting in
diminishing defensive capabilities of the body and in tis-
sue destruction [15]. The currently available data suggest
that SARS-CoV-2 can invade not only epithelial cells of
the upper respiratory tract, gastric and intestinal epithe-
lial cells [16, 17], but also cells of the esophagus, heart,
adrenal glands, bladder, brain (hypothalamus) and pitu-
itary gland as well as vascular endothelium and macro-
phages. The novel coronavirus inhibits expression of cel-
lular genes (including innate immunity genes) [18] and
adversely affects the IFN system. It completely inhibits
the translation of RIG-I receptors (retinoic acid inducible
gene-I-like receptors, RLRs) and IFN-stimulated genes
(interferon-stimulated genes, ISGs) in vitro [15, 18]. As
a result, there is no expression of cytokines (including
type I IFNs required for antiviral defense), which is in-
duced by type 1 T helpers (Th1). This sequence of factors
causes the impairment of the host antiviral response to
the infection.

The aim of this study was to assess the interferon status
in patients during the acute stage of COVID-19 and
during the post-COVID-19 (rehabilitation) period.

Material and methods

Clinical profile of patients. The study was
performed using such biomaterials as whole-blood
samples from 157 patients of 2 groups: The 1* group
included 110 patients going through the acute phase of
moderate COVID-19; the 2™ group consisted of47 patients
recovering from the disease in the rehabilitation period
(post-COVID).

Clinical sites: group 1 was from the Main Military
Clinical Hospital of the National Guard of the Russian
Federation (V. Guban, Chief Medical Officer, Medical
Service Corps Colonel, Honored Doctor of the Russian
Federation); group 2 was from the Pletnev City Clinical
Hospital (A. Mishchenko, Chief Medical Officer, doctor
of medical sciences; the scientific supervisors — A.
Chuchalin, Academician of the Russian Academy of
Sciences; 1. Baranova, professor of the Department of
Hospital Internal Medicine of the Pediatrics Faculty).

The study protocol exclusion criteria were as follows:

» concomitant and chronic conditions (pulmonary dis-
eases — cystic fibrosis, lung abscess, pleural empy-
ema, active tuberculosis; extrapulmonary diseases —
congestive heart failure, acute/chronic liver failure,
acute/chronic kidney failure (chronic kidney dis-
ease), malignancies, immunodeficiency disorders of
different etiology);

* history of the positive antigen tests for HIV (Retro-
viridae: Orthoretrovirinae: Lentivirus: Human im-
munodeficiency virus), hepatitis B (Hepadnaviridae:
Orthohepadnavirus: Hepatitis B virus) and hepatitis
C (Flaviviridae: Hepacivirus: Hepatitis C virus),

OPUTUHAJIbHbBIE UCCNTEAOBAHUA

« existence of any other (laboratory confirmed) acute
infectious and/or non-infectious diseases at the time
of enrollment in the study;

* taking (for more than 14 days) immunosuppres-
sants or any other immunomodulating agents
during 6 months prior to the study;

* current pregnancy or breastfeeding.

All the patients having the novel coronavirus infection
went through comprehensive medical evaluation,
including computed tomography (CT) of the chest, pulse
oximetry, and laboratory tests for SARS-CoV-2 RNA
(or antigen), measurement of levels of IgM and IgG
antibodies against the above pathogen.

The study was performed with informed consent of
the patients. The study protocol was approved by the
Local Ethics Committee of the Pirogov Russian National
Research Medical University (Protocol No. 203 dated
December 21, 2020).

Research techniques

Biological activity of interferons (the IFN status)
was assessed in vitro using the micromethod based
on the technique developed by the authors [13]. The
tests were performed using heparinized whole blood
collected from the patients. The assessment included
the following parameters: circulating (serum) IFN; type
I IFN (o/B) production by leukocytes stimulated by the
Newcastle disease virus (Paramyxoviridae: Avulavirus:
Newcastle Disease Virus) (NDV), strain Kansas; type 11
IFN (y) production by leukocytes induced by mitogen,
phytohemagglutinin (PHA) (PanEco LLC, Russia);
production of spontaneous IFN in vitro. The IFN titer
was expressed as a reciprocal of the dilution inhibiting
the destruction of the cell monolayer by the test virus
of encephalomyocarditis (Picornaviridae: Cardiovirus:
Encephalomyocarditis  virus) (EMC) or vesicular
stomatitis (Rhabdoviridae: Vesiculovirus: Vesicular
stomatitis virus) (VSV), i.e. the highest dilution that
completely protects the Vero cell monolayer from the
cytopathic effect (CPE) of the test virus.

The results were measured using the last well
displaying 100% protection of the cell monolayer;
however, if the next titer well provided 50% protection,
their mean value was applied. This technique using the
totality of variables makes it possible to assess the level
of insufficiency/deficiency of the IFN system based on
the capacity of blood leukocytes to produce biologically
active IFNs expressed as biological activity titers (BAT).
The type I IFN bioactivity levels within the normal range
were equal to BAT values >640, type II >64, serum IFN
<2-8, and spontaneously produced IFN <2 BAT.

The statistical analysis was performed using Biostat
software. The analysis included calculation of the
arithmetic mean (M) and the standard error of the
arithmetic mean (m). Any differences were seen as
statistically significant at p <0.05.

Results

We examined blood samples from 110 hospitalized
patients during the acute stage of COVID-19 (moderate
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cases) and 47 people who recovered from COVID-19
and who were going through the rehabilitation period —
from 1 to 9 months (mostly from 1 to 3 months, 31 people
(66%)) from the onset of the disease. All the study
participants diagnosed with the novel coronavirus infection
had complications such as documented moderate (CT-2)
or severe viral pneumonia (CT-3) during the acute stage.
Table 1 presents comparative profiles of patients during
the acute phase of the disease and during the rehabilitation
period.

All the study participants went through clinical-functional
and laboratory diagnostic tests, including the diagnosis
verification. The X-ray and CT reports were used to measure
the extent of the lung tissue damage. Blood oxygenation
levels were measured and recorded [19]. In most cases,
normal blood oxygen levels range from 94 to 96%,
sometimes reaching 99-100%. The group of patients with
the acute phase of the disease (n = 110) demonstrated low
saturation levels. For example, in 62 patients (56.4%), the
saturation was 84-90%; in 48 patients (43.6%), the saturation
was 91-93%. As it is commonly known, low saturation is
associated with hypoxia or oxygen deficiency, when the
cardiovascular and respiratory systems fail to deliver oxygen
to cells for oxidation-reduction reactions. Therefore, the
hypoxic condition can lead to irreversible processes in cells,
tissues, organs, and systems; such processes are frequently
observed in severe cases of COVID-19. It should be noted
that the saturation levels in the post-COVID patients were
within the normal physiological range (Table 1).

It was found that severe cases of COVID-19 were
associated with significantly elevated ESR compared to
mild cases, thus being indicative of a more pronounced
inflammatory response and expression of proteins during
the acute phase [20]. This observation correlates with our
results (Table 1).

In addition, during the study, we measured the levels of
biologically active type I and type II IFNs produced by
blood leukocytes [13]. These levels are associated with
the inhibition of the antiviral immune response (Table 2).

Fig. 1 demonstrates the extent of the IFN-I and IFN-II
deficiency in COVID-19 patients at the acute stage and in
the post-COVID period.

As can be seen from Table 2 and Fig. 1, in the 1% group
(the acute period of the disease), nearly all the patients

were diagnosed with the significantly suppressed biolog-
ical activity of types I and II IFN, which can be classi-
fied as pronounced third- and fourth-degree deficiency.
Furthermore, some of the participants demonstrated pro-
found deficiency (trace amounts) of the above substanc-
es: 67 people (60.9%) —the 4™ degree of deficiency of type
I IFN production, and 40 people (36.4%) — deficiency of
type II IFN. During the acute stage, increased levels of
biologically active serum IFN were found in 12 patients
(10.9%). The detected toxic effect on the cell culture of
the serum from 20 patients (18.2%) calls attention; the
effect can owe its presence to hyperactive inflammato-
ry substances. Finally, 4 (3.6%) samples of non-induced
blood in vitro demonstrated the presence of spontaneous
IFN, which is not produced in physiological conditions.

The post-COVID period was characterized by
less pronounced suppression of antiviral activity
(Table 2, Fig. 1). During the rehabilitation (group 2),
there was observed a tendency to reactivation of type |
and I IFN as compared to the acute stage, with prevailing
levels corresponding to the 2™ and 3™ degree of the in-
terferon system deficiency. The 2" degree deficiency of
biologically active IFNs was recorded in 51.1% (type I)
and 27.7% of patients (type II); the 3™ degree was de-
tected in 40.4% (type I) and 44.7% (type 11) of patients.
In the meantime, during the rehabilitation stage, over
the observed period 1-3 months), in 21.3% of patients,
the 4™ degree suppression of the y-component of the IFN
system persisted without any signs of recovery. During
this time span, elevated levels of biologically active
IFNs were recorded in blood serum in 10 patients
(21.3%). In addition, spontaneous IFNs were detected
in 2 (4.3%) samples of non-induced blood in vitro. No
toxic effect produced by the serum on the cell culture
was detected during the post-COVID period.

The people who recovered from COVID-19 were pri-
marily represented by patients who had mild infection;
moderate cases were recorded for 34% of patients. Note
that during the period from 1 to 7 months after the dis-
ease, the patients demonstrated only the tendency to re-
cover their interferon status, which implies that longer
time is required to reach the physiological levels.

Fig. 2 graphically presents the IFN BAT values in the
acute (p <0.05) and rehabilitation (p <0.05) COVID-19

Table 1. Comparative characteristics of patients in the acute phase and during the rehabilitation period of the novel coronavirus infection

Tadauua 1. CpaBHUTe/IbLHAS XapaKTePHUCTHKA NALMEHTOB B 0cTPO¥i ¢ase U B MepHoj peadUINTALNN HOBOH KOPOHABUPYCHOI HHpeKIH

Parameters Acute phase Rehabilitation period
ITapameTpsr Ocrpas daza Ilepuox peabumuranun
Number of patients (absolute/percentage) 110 (100) 47 (100)

KonuuectBo nanueHToB (adcomoTHO/ %)
Number of male/female (absolute/percentage)
KonnuectBo Myxuun/keHIInH (a0CoI0THOE/%)
Age, male/female (years)

Bo3spact, My>KUMHBI/SKSHIUHBI (JIET)

Saturation (percentage)

Carypauwust (%)

Erythrocyte sedimentation rate (mm/hr)
CKOpOCTb OCEIaHHsI APUTPOLIMTOB (MM/4)

75 (68,2)/35 (31,8) 5(10,6)/42 (89,4)

43,5+ 11,6/46,8 £ 8,7 43,0 +£23,3/44,1 + 15,2
88,5+4,5 97,1 £14

25,6 £12,5 8,22+ 6,90
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Table 2. Results of interferon status assessing in patients in the acute stage of the novel coronavirus infection and in the post-COVID period

Tabauuna 2. Pe3yabTaThl olleHKH HHTEP(EPOHOBOI0 CTaTyca y NallMeHTOB B OCTPOii CTaJuH HOBOI KOPOHABUPYCHOI HH(EKUHHN U B IOCTKO-
BU/IHOM MepHoae

Number of patients (absolute/percentage)
KonuuecTBo 06cneoBaHHbIX (a0COMIOTHOE/%0)

Degrees of IFN types I and II deficiency - — -
Crenenn nepocrarounoctd IFN I u 11 tumos Acuteiperlod Rehabilitation period
Octpelii nepuosn ITepuon peabumiraryn
(n=110) (n=47)
1 IFNII (y) (32> 64) 1(0,9) 3(6,4)
IFN I (a/B) (320 > 640) 7 (6,4) 3(6,4)
2 IFNII (y) (16 > 32) 7 (6,4) 24 (51,1)
IFN I (0/B) (80 > 320) 8(7,3) 13 (27,7)
3 IFNI(y) (4> 16) 35(31,8) 19 (40,4)
IEN I (a/B) (20 > 80) 55 (50,0) 21 (44,7)
4 IENII (y) (=4) 67 (60,9) 1(2,1)
IFN I (a/B) (20) 40 (36,4) 10 (21,3)
OcTpasn ¢aza Peabunurtauus
Acute phase Rehabilitation
09% ¢ 49 2,1%
6,4% , 6,4%

40,4%,
31,8%

IFN 1
60,9%
0,
6,4% 6,4%
36,4% 7:3%
IFNII
50,0% 44,7%
m 1 cTeneHb B 2 cTeneHb 5 3 cTeneHb B 4 cTeneHb
1 degree 2 degree 3 degree 4 degree

Fig. 1. Indicators of biologically active interferons types I and II produced by blood leukocytes in the acute stage of the novel coronavirus
infection and in the post-COVID period.

Puc. 1. [Toka3zarenn Gmonorndecky akTUBHBIX nHTEphepoHoB | n Il THIIOB, MpoxynMpyeMbIX TeHKOINTaMH KPOBH, B OCTPOH CTaJHN HOBOH
KOPOHABUPYCHOH MH(EKIUH U B HOCTKOBUHOM IIEPHOJIE.
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periods as compared to reference values and similar da-
ta shown for A/HINI influenza (Orthomyxoviridae: Al-
phainfluenzavirus: Influenza A virus). During the post-
COVID period, the values of IFN biological activity are
comparable with the corresponding values, which we
recorded during the acute period of HIN1 influenza (Os-
pelnikova T., unpublished data) and which also demon-
strated a severalfold decrease in the activity.

COVID-19 is characterized by a significant decrease in
this variable, representing the extent of damage caused
by SARS-CoV-2 to the IFN system as a natural antiviral
protection of the body. It is clearly visible that during
the acute stage of the disease, the BAT values for type
I IFN are fundamentally different from the reference
values: The average values were <32 (dramatic >20-fold
suppression), considering that the bottom limits of the
normal levels are equal to 640 BAT. Type II IFN showed
a 7.3-fold decrease compared to the 64 BAT bottom limit
of the normal range.

Table 3 shows average values of the IFN status for
COVID-19 patients in different disease stages compared
to A/HIN1 influenza cases.

The obtained results clearly demonstrate the extent of
suppression of the biologically active type I and type II
IFNs in COVID-19 patients (especially during the acute
phase of the disease) compared to the reference values.

Discussion

Based on the data of this study, we can conclude that
SARS-CoV-2 is able not only to decrease the absolute
type I and type II IFN counts in blood serum, as it was
described earlier [5—8], or to induce high IFN-I levels in
severe infection cases without bringing down the viral
load [9], but also to cause a decline in the functionality of
the interferon system, which is manifested as a dramatic
suppression of its biological activity. The latter applies
both to type I IFN (o/B) and to type II IFN (y), which is
responsible for cellular immunity; its suppression is as
strongly pronounced as that of IFN-I. The above obser-

vation proves that the infectious agent affects all levels
of interferonogenesis, rather than only type I and type 111
IFNs, which are notable for their predominant antiviral
effect.

The suppression of IFN activity in the acute phase of
the novel coronavirus infection differs from the immu-
nopathological pattern typical of A/HIN1 influenza: the
latter has also demonstrated the significantly reduced IFN
bioactivity compared to the normal levels; however, this
reduction was not as dramatic as in COVID-19 (Table 3).

During the post-COVID period (in our study, the mon-
itoring period lasted generally from 1 to 3 months from
the onset of the disease), the interferon activity gradually
recovered. This process is extremely slow; based on our
data, the functional biological activity did not reach the
normal levels in any patient recovered from COVID-19.
At the same time, [FN-y levels tend to restore more slow-
ly than type I IFN ones, though, overall, the immune sys-
tem needs long time to get repaired (Fig. 2).

It has been found that the novel coronavirus infection
triggers the development of the imbalanced immune re-
sponse to the virus, along with insufficient IFN produc-
tion at the onset of the disease and the subsequent hyper-
production of pro-inflammatory cytokines, thus causing
active inflammation in the lung tissue [5-8]. It has also
been found that severe cases are characterized by high
IFN levels, while the viral load does not go down [2, 9].
Among the pathogenetic mechanisms COVID-19, the
impaired regulation of IFN-I-induced immune responses
plays a key role: the failure of the early response involv-
ing these IFNs correlates with the severity of the disease
[21]. It shows the consistency with our results regarding
the profound deficiency of biologically active IFN-I and
IFN-II in sera from people who had moderate and severe
cases of infection. As is known, at early stages of the dis-
ease, the IFN activity is interconnected with antiviral de-
fense, though later it can become pro-inflammatory. This
effect may be associated with the IFN-induced activation
of the SARS-CoV-2 receptor, angiotensin-converting

IFN | Tna IFN Il Tna
IFN type | IFN type Il
g 700 70
8
5 600 60
]
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Fig. 2. Indicators of biological activity of interferons type I and II in the novel coronavirus infection in comparison with the influenza.

Puc. 2. [Tokazarenn Gronorudeckoii akTuBHOCTH HHTepdeporos I u I THIIOB Ipy HOBOI KOPOHABHPYCHOM HH(EKIINH B CPABHEHHH C TPHIIIIOM.
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Table 3. Features of the decrease in the biological activity of interferons in the acute course and during the rehabilitation period of the novel
coronavirus infection in comparison with the reference data and with the case of influenza A/HIN1 (mean values)

Tadauua 3. OcodeHHOCTH CHUKEHUSI OMOIOTHYeCKOil AKTHBHOCTH HHTEP(ePOHOB NPH OCTPOM TeYEHUHU M B NEPHO] PeadUInTALHH HOBOIi
KOPOHABUPYCHOH MH(eKUHH B CPaBHEHUH ¢ pedepeHTHBIMYU JAHHBIMH H AaHAJIOTHYHBIMH Noka3areasaMu npu rpunne A/HIN1 (cpennue

3HAYEHHS)
IFN type I, BAT Decrease* IEN type 11, BAT Decrease*
IFN I tuma, TBA Cumxenune* IFN II tuma, TBA CHmxenue*
Norm 640 64,0 -
Hopma
Acute phase 32 20,0 8,8 7,3
Ocrtpast ¢pa3za
Rehabilitation 113 10,9 5,9
Peabunuranus
Influenza A/HIN1 150 12,0 5,3
I'punm A/HINT1

Note. * the value shows by how many times the value of biological activity is lower than the reference data and the corresponding data for influenza;

BAT, biological activity titer.

HpuMeqa}me. * BeJTMYMHA IIOKa3bIBaCT, BO CKOJIBKO pa3 3HAYCHUEC OMOIOrMYECKOI aKTHBHOCTH HIKE pe(bepeHTHoro TI0KasareJist 1 COOTBETCTBYIOLICTO

nokasarens npu rpurie; TBA — TuTp 61OJIOrn4ecKoit aKTHBHOCTH.

enzyme 2 (ACE2) - in respiratory epithelial cells. Ad-
ditionally, although pathogenic coronaviruses block the
transmission of IFN-mediated signals, they can actively
stimulate other pro-inflammatory pathways contributing
to development of disorders. For example, SARS-CoV-2
NSP9 and NSP10 proteins have a capacity to induce the
production of IL-6 and IL-8, thus contributing to devel-
opment of a cytokine storm in COVID-19 patients [21].

From the onset of the pandemic till the present
day, there has been offered no universal approach to
treatment of COVID-19. In many cases, the disease is
severe, being complicated by respiratory failure [22, 23].
As similar pathogenic inflammation mechanisms are
involved in multiple sclerosis (MS) and COVID-19,
immunomodulating agents approved for MS treatment
(IFN-B, fingolimod, leflunomide) are tested in clinical trials
for the SARS-CoV-2-caused infection [24]. Considering
that IFNs have a leading place among mediators of
antiviral immunity [25, 26], IFN-based therapeutic
agents have the advantage over other antiviral agents,
being biologically active towards most of the viruses and
inducing the production of antiviral proteins in cells [27].
Furthermore, IFNs stimulate innate and adaptive antiviral
host immunity, establishing the uniform defense response
against viral agents. The natural antiviral response can
be enhanced with immunoactive (immunotropic) agents
(immunomodulating agents, IFN inducers) to increase the
induction of an IFN-mediated response [2].

Researchers note that in moderate cases of COVID-19,
the administration of IFN-a2b or the combined therapy
of IFN and arbidol induced IFN production and phago-
cyte activation [28]. The combined therapy including IFN
helped reduce significantly both C-reactive protein (CRP)
and IL-6 levels. In the novel coronavirus infection, ele-
vated levels of the latter sometimes are associated with
ARDS development; therefore, IFNa-2b can be used to-
gether with monoclonal antibodies inhibiting IL-6. Res-
olution of inflammation in the lung tissue of COVID-19
patients prevents multiple organ pathology [28, 29].

In severe cases of COVID-19, main pathologic
processes start developing due to impaired regulation

of immune responses both at the cellular and molecular
levels. The type I and type III IFN-mediated response is
an essential constituent of the first line of defense against
virus invasion and is activated once the infection has been
recognized by the innate mechanisms of the host immune
system. COVID-19, however, may affect multiple organs
and systems: it reaches into the respiratory tract, deranges
the hemostasis, causing development of the DIC syndrome
(disseminated intravascular coagulation) and hemorrhagic
shock, causes extrapulmonary complications affecting
the gastrointestinal tract (GIT), kidneys, etc., and causes
deregulation of the immune system, increasing the risk of
a cytokine storm. The contributing factors are the direct
toxic effect of the virus on different organs and systems as
well as suppression of the natural host antiviral defense.

Lei X. et al. [5] have demonstrated that SARS-CoV-2
induces overt, but delayed type I IFN responses. By
screening 23 viral proteins, the researchers found that
SARS-CoV-2 NSPI, -3, -12, -13, -14, ORF3, ORF6,
and M proteins inhibit virus-induced IFN-B promoter
activation, whereas S and NSP2 proteins exert opposite
effects. The further analysis suggests that ORF6 inhib-
its both type I IFN production and downstream signal-
ing, and that the C-terminus region of ORF6 is critical
for its antagonistic effect [S]. Neufeldt C.J. et al. (2020)
have shown that the SARS-CoV-2-induced suppression
of the IFN system (most likely, through NSP3 binding to
IRF3, interferon regulatory factor 3) regulates efficiently
inflammatory responses through the cGAS-STING path-
way, correlating with immunopathies caused by impaired
interferon regulation. Such deregulation is aggravated in
severe COVID-19 cases [30, 31].

As a rule, SARS-CoV-2 encodes viral proteins desig-
nated for evasion from innate recognition by PRR-me-
diated mechanisms (pattern recognition ceptors, PRRs).
SARS-CoV (Coronaviridae: Coronavirinae: Betacoro-
navirus: Sarbecovirus) and other coronaviruses replicate
in double membrane vesicles to prevent activation of
double-stranded RNAs by intermediate replication prod-
ucts with participation of RLRs (RIG-I-like receptors)
[32]. The SARS-CoV nonstructural protein 14 (NSP14)
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is characterized by an activity capable of imitating the
cap structure on the viral RNA [33]. In its turn, NSP16
additionally modifies this cap through its activity, al-
lowing the virus to efficiently escape recognition by
MDAS receptors (melanoma differentiation-associated
protein 5). SARS-CoV with a mutated NSP16 displays
reduced virulence that is dependent on MDAS sensing
[34]. Thus, NSP16 plays a critical role in changing the
innate antiviral response during SARS-CoV and MERS-
CoV (Coronaviridae: Coronavirinae: Betacoronavirus:
Merbecovirus) infection. SARS-CoV-2 and SARS-CoV
NSP16 proteins share 92% of amino acid sequence ho-
mology. It leads to assumption that this evasion strategy
used to escape host defense systems is most likely re-
tained in new virus strains [35].

Conclusion

Thus, the results of this study confirm the hypothe-
sis suggesting the prevailing role of the SARS-CoV-2-
caused impairment of interferonogenesis in COVID-19
immunopathogenic mechanisms. The scientific novelty
of the study is that it offers the possibility to assess the
potential of antiviral host defense against new variants of
the virus, thus opening new avenues for treatment of the
novel coronavirus infection with [FNs and similar immu-
noactive agents. Type I and III IFNs establish the cellu-
lar state of viral resistance and activate adaptive antiviral
responses. Using immunomodulating agents in the fight
against COVID-19 can be highly beneficial, considering
their anti-inflammatory and antiviral properties. There-
fore, the emphasis should be placed on clear understand-
ing of the balance of antiviral and inflammatory programs
of innate immunity, which can be critical for development
of effective biomarkers and therapeutic agents for diag-
nosis and treatment of COVID-19.
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