KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUN N UMMYHOBUOJTOT . 2023; 100(2) 143
DOI: https://doi.org/10.36233/0372-9311-309

OPUTMHANbBHbBIE UCCNEOOBAHMA

Original Study Article
https://doi.org/10.36233/0372-9311-309 M) Check for updates ‘

Virus-inhibitory activity of the antigen complex of opportunistic
pathogenic bacteria against SARS-CoV-2
Oksana A. Svitich', Firaya G. Nagieva'™, Ekaterina A. Kurbatova’, Elena P. Barkova’,

Olga S. Kharchenko’, Alexandra D. Stroeva', Evgeny A. Pashkov', Aleksey N. Lisakov’,
Anastasiya V. Gracheva', Mariia B. Potapova?, Evgeny B. FaizuloeV’, Vitaly V. Zverev'

'I. Mechnikov Research Institute of Vaccines and Sera, Moscow, Russia;
2.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia

Abstract

Introduction. The antigen complex of opportunistic pathogenic bacteria (ACOPB) has a protective effect against
avian influenza viruses, herpes virus type 2, and other viruses that cause acute respiratory viral infections. In
the context of the COVID-19 pandemic, an important task is to find out whether ACOPB has a protective effect
against SARS-CoV-2.

The purpose of the study was to evaluate in vitro the ACOPB virus-inhibitory activity against the Dubrovka
laboratory strain of SARS-CoV-2.

Materials and methods. The study was performed using Vero cell line CCL-81, human peripheral blood mono-
nuclear cells (PBMCs), mouse monoclonal anti-idiotypic antibodies structurally mimicking biological effects
of human interferons (IFNs), the Dubrovka laboratory strain of SARS-CoV-2. The infectivity of the virus was
assessed by two methods: by virus titration using cell cultures and the limiting dilution method when the results
are assessed by a cytopathic effect; the second method was a plaque assay. The in vitro virus inhibition test was
performed using the cell culture susceptible to SARS-CoV-2; the mixture containing a specific dose of the virus
and a two-fold dilution of ACOPB was transferred to the cell culture after the ACOPB medication had interacted
with the virus at 4°C for 2 hours. The ACOPB virus-inhibitory activity against SARS-CoV-2 was assessed by the
functional activity of a/8 and y IFN receptors (R ) in human PBMCs induced in vitro by ACOPB and the ACOPB
mixture with the specific dose of SARS-CoV-2. The R ., expression level was measured by the indirect membrane
immunofluorescence test.

Results. Hemagglutination assay using chicken, mouse, guinea pig, and human red blood cells was performed
for detection of the SARS-CoV-2 inhibitory protein. The lysate of Vero CCL-81 cells infected with SARS-CoV-2
Dubrovka demonstrated the highest hemagglutination activity with guinea pig red blood cells and low titers of
hemagglutination in the virus-containing fluid. The virus inhibition test in the Vero CCL-81 cell culture demonstrated
that ACOPB inhibited 10 doses of SARS-CoV-2 Dubrovka with the titer 1 : 32, providing 100% protection of the
cell culture for 8 days (the monitoring period). ACOPB induced a/f and y R ., expression on membranes of human
PBMCs in in vitro cultures and decreased R ., a/B and y expression after its interaction with SARS-CoV-2 Dubrovka.
Conclusion. The experimental studies including the virus inhibition test in the cell culture susceptible to
SARS-CoV-2 Dubrovka and the indirect membrane immunofluorescence assay using monoclonal anti-idiotypic
antibodies mimicking IFN-like properties demonstrated that ACOPB had both an immunomodulatory and a virus-
inhibitory effect.
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AHHOMauus

BBeneHue. Komnnekc aHTUreHoB ycnoBHO-NaTtoreHHbIx 6aktepuin (KAYTEB) obnagaeT npoTekTMBHBIM 3hhekTOM
B OTHOLLEHWUW BUpYCa rpunna nTu, BUpyca repneca 2-ro Tmna v pyrux BUPYCOB, BbI3bIBAOLLMX OCTPbIE pecnupa-
TOpHbIE BUPYCHble 3aboneBaHuns. B cBasm ¢ naHgemuernt COVID-19 akTyanbHO BbiicHUTb, obrnagaet nu KAYTb
NPOTEKTMBHBLIM 3(EeKTOM B OTHOLLEHUN KopoHaBupyca SARS-CoV-2.

Lenb paboTbl — n3yunts in vitro BupycuHrmbmpyoLlyto aktueHocTe KAYTIB B OTHOLEHMM nabopaTopHOro wram-
Ma kopoHaBupyca SARS-CoV-2 Dubrovka.

Martepunanbl n metoabl. B pabote ncnonb3oBany knetouHyto nuHuto Vero CCL-81, MOHOHyKNeapHble KneT-
kv nepudepuyeckon kposmn yenoseka (MKIIK), MbIlVMHBIE MOHOKNOHANbHbIE aHTUMAMOTUNNYECKUE aHTUTENa,
CTPYKTYPHO MMUTUpYoLmne bronorudeckme achdekTtsl MHTepdepoHoB (MPH) yenoseka, nabopaTopHbIi LUTaMM
Bupyca SARS-CoV-2 Dubrovka. MHbeKuMoHHYI0 akTMBHOCTb BUpYyCa Onpeaensnu AByMs MeToAamun: TUTpoBa-
HMeM BUpyca MeTOAOM MpeaernbHbIX pasBefeHWNn Ha KNETOYHbIX KyrnbTypax C OLEHKOW pe3ynbsTaTtoB no yuTona-
TUYEeCKOMY OENCTBUIO U MeTodoM GnsilkoobpasoBaHus. Peakumsa MHIMOUpOBaHWst BUpyca nocTasrneHa in vitro
Ha KINEeTOYHOW KynbType, YyBCTBUTENbHOM K BUpycy SARS-CoV-2, ¢ BHECEHNEM B KITETOYHYHO KYNBTYPY CMecU
onpeaenéHHon [o3bl BMpYyca K ABYKpaTHbIM pa3sefeHnsm KAYTB nocne npegBapuTensHOro 2-4acoBoro B3a-
UMOLEeNCcTBUs npenapata ¢ Bupycom npu 4°C. BupycuHrnbupytowyto aktmeHocTe KAYTIE B oTHoWweHnn SARS-
CoV-2 onpepnenanu no nokasartensim yHKUMOHaNbHON akTMBHOCTU a/B- n y-peuentopos N®H (P, ) Ha MKIK
Yyernoseka, uHayumposaHHbix in vitro KAYTB n cveckio KAYTIB ¢ onpegenérHon goson supyca SARS-CoV-2.
YpoBeHb akcnpeccuu P, OLieHMBanM B peakuum Henpamon MemopaHHoN MMMYHOMNYopeCLEHLNA.
PesynbraTbl. [Ins BbisBneHusa nHrnbumpytowero 6enka SARS-CoV-2 nocraeneHa peakuusi remarriioTMHaumm ¢
apuTpoLUTaMmM Kyp, MbILLEN, MOPCKUX CBMHOK M yenoseka. B nusate knetok Vero CCL-81, nHpuumnpoBaHHbIX
SARS-CoV-2 Dubrovka, obHapyXeHbl MakcMmarnbHas remarrioTUHMpYoLLasi akTMBHOCTb C 3pUTpoLmMTaMmy Mop-
CKOW CBMHKM W HU3KWE TUTPbI reMarrnioTMHaumMm B BMpyccodepXallen Xuakoctu. B peakumm vHrmbuposaHus
BMpyca Ha kynetype knetok Vero CCL-81 KAYTB nHrubuposan 10 o3 SARS-CoV-2 Dubrovka ¢ Tutpom 1 : 32 co
100% 3aLmMTOoN KNETOYHOM KyNnbTypbl B TedeHue 8 cyT (nepwof HabniogeHus). KAYTIB nHayumposan akcnpeccuto
Pon-0/B 1 -y Ha memBpaHax MKIK 4ernoBeka npw KynsTvBMpoOBaHUM in Vvitro n cHwxan akcnpeccuto P, -a/B v -y
npv npeasapuTensHom B3anmogenctenm ¢ SARS-CoV-2 Dubrovka.

3akntoyeHue. Ha ocHOBE 3KCMEPUMEHTarbHbIX MCCNEeA0BaHWUIA, BKITIOYAOLMX peakumnio MHIMbpoBaHms Bupyca
Ha KynbType KneTok, YyBcTBuTenbHbix K SARS-CoV-2 Dubrovka, n B peakuuy HenpsaMon memOpaHHOW MMMy~
HObNyopecLeHUMM C UCNOMb30BaHWEM ANA AETEKUMM MOHOKIMOHANbHbIX aHTUMONOTUMNYECKUX aHTUTEN, UMu-
Tupytowmx MPH-nogobHbIe cBolicTBa, NpoaeMOHCTpMpoBaHo, YTo KAYTB obnagaeT uMMyHOMOOYNMpPYOLLERA 1
BVPYCUHIMOMPYIOLLEN aKTUBHOCTBIO.

KnioueBble cnoBa: KOMIMIEKC aHMU2eHO08 yCII08HO-Mamo2eHHbIX 6akmeputl, MOHOHYKIeapHbIe KIIemKu rnepu-
epuyeckol Kposu Heriogeka, KynbmusuposaHue in vitro, kopoHasupyc SARS-CoV-2, uHmepghepoHoebie pe-
Uernmophbl, IKCPeCcCcUsi peuernmopos, peakyus uHaubuyuu supyca, UMMyHOMOOynupyrouwult sgpghekm

Amuueckoe ymeepxdeHue. ViccrienoBaHue NpoBoaniock Npu 4o6poBoNbHOM MHEPOPMUPOBAHHOM COrnacumn nawm-
eHToB. [MpoTokon uccneaoBaHnst ofobpeH STUYECKUM KOMUTETOM Hay4HO-MccrnenoBaTenbCkoro MHCTUTYTa BaKUMH 1
cbiBopoTok UM. .. MeyHukoBa (npotokon Ne 1 ot 24.01.2023).

UcmoyHuk ¢huHaHcupoeaHus. PaGoTa BbinonHeHa npy vHaHCoBON nogaepke MUHUCTEPCTBa Haykn U BbICLLIEMO
obpasoBaHus Poccuiickon Pepepaumm (Cornawwenne Ne 075-15-2021-676 ot 28.07.2021).

KoHgbsiukm uHmepecoe. ABTOPbI AeKNapuUpyT OTCYTCTBUE SIBHBIX M MOTEHUMANbHbIX KOH(IIMKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaumen HacTosILLEN cTaTbu.

Ansi yumupoeaHus: Ceutny O.A., Harnesa @.I., Kypbatosa E.A., bapkosa E.[1., XapueHko O.C., Ctpoea A.Ll.,
MawkoB E.A., Jlucakos A.H., padeBa A.B., MNotanosa M.b., ®ain3synoes E.B., 3sepes B.B. BupycuHrnbupytoLias ak-
TMBHOCTb KOMIMIEKCa aHTUreHOB YCITOBHO-NATOreHHbIX 6akTepuii B OTHOLEHUM kopoHaBupyca SARS-CoV-2. XKypHan
Mukpobuornoauu, anudemuonoauu u ummyHobuonoeuu. 2023;100(2):143—152.
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Introduction

In the past few decades, a significant breakthrough
has been made in the studies of cellular and molecular
mechanisms of immunity. The previously established
views of the role played by innate immunity in resistance
to a wide range of pathogens and in activation of the
adaptive immunity have been revised. It has been found
that some bacterial antigens (lipopolysaccharides, pepti-
doglycans, protein antigens on the cell wall, etc.) are in-
volved in controlling the innate immunity system [1, 2].

Activation of TLR-mediated mechanisms of in-
nate immunity through ligands of Toll-like receptors
triggers protection against different pathogens. The
antigen complex of opportunistic pathogenic bacteria
(ACOPB) is used for activation of innate immunity and
protection against viral infections. Previous studies as-
sessed the ACOPB protective effect against avian in-
fluenza virus serotype H5N2 and herpes virus type 2
[3-5]. ACOPB is used for prevention and treatment of
acute respiratory infections, chronic inflammatory dis-
eases of upper and lower respiratory tract, bronchial
asthma, atopic dermatitis, pollinosis, latex allergy, etc.
Clinical trials showed that immunotherapy including
ACOPB, together with the background therapy, resul-
ted in improvement of the phagocytic activity of periph-
eral blood mononuclear cells (PBMCs), and increased
the synthesis of interferons (IFN)-a and -y, etc. [6-9].

SARS-CoV-2 is responsible for the coronavirus
infection that caused the pandemic in 2019. Severe dis-
ease and fatal outcomes resulting from this infection
are associated with damage to the lungs, cardiovascular
system, kidneys, and central nervous system. Signifi-
cant efforts are being made to create antiviral therapeu-
tic and preventive medications [10-12].

The purpose of the study was to evaluate in vi-
tro the ACOPB virus-inhibitory effect against SARS-
CoV-2 Dubrovka.

Materials and methods

The study was performed using strains from the
collection of the common use center of the Mechnikov
Research Institute of Vaccines and Sera, with funding
from the Ministry of Science and Higher Education of
the Russian Federation (Agreement No. 075-15-2021-
676 of 28/7/2021).

ACOPB is a next-generation medication repre-
senting a complex of antigens activating expression of
receptors in cells of the innate immunity system (Toll-
like receptors 1/2, 4, 5, 2/6, 9), thus providing its effec-
tiveness against a wide range of pathogens and allergy.
The medication was created using antigenic compo-
nents extracted from Staphylococcus aureus, Klebsiella
pheumoniae, Proteus vulgaris, Escherichia coli.

Cell cultures

The study was performed using the continuous
green monkey kidney-derived Vero CCL-81 cell line

from the American Type Culture Collection. Cells were
grown in the DMEM/F12 basal medium (PanEco) sup-
plemented with 5% fetal bovine serum (FBS; HyClone)
and 40 pg/ml of gentamicin.

PBMCs were collected from O-positive donors.
The study was performed with voluntary informed con-
sent of the participants.

Monoclonal anti-idiotypic antibodies to IFN-a
and -y receptors (R . ) were obtained by injecting mouse
lymphatic hybridomas producing antibodies with an
internal image of human IFN-o/f and -y to syngeneic
BALB/c mice, which was followed by collection and
purification of ascitic fluid containing the above anti-
bodies [14, 15].

SARS-CoV-2 coronavirus

The SARS-CoV-2 Dubrovka virus was obtained
by isolating the virus in the Vero cell culture from the
clinical specimen. For this purpose, we used an oro-
pharyngeal swab collected from a 61-year-old female
patient, in which the real-time RT-PCR detected a high
level of SARS-CoV-2 RNA (8.82 Ig TCD,/ml). Later,
the patient developed clinical symptoms of COVID-19:
cough, shortness of breath, fever, loss of taste and smell.
The thoracic CT showed typical lung tissue consolida-
tion with the total affected area from both sides reaching
50%, and the patient was diagnosed with COVID-19,
virus identified (U07.1, ICD-10); community-acquired
bilateral polysegmental viral pneumonia. The test was
performed with the patient’s voluntary informed consent.

The Vero cell culture was infected with clinical
material and incubated in the CO, incubator for 5 days
until reaching the cytopathic effect (CPE) manifested
by cell rounding; then, the next passaging was per-
formed. To identify the virus, the material obtained at
different passaging levels was tested for the presence
of SARS-CoV-2 RNA using the real-time reverse tran-
scription polymerase chain reaction and primers for
the N gene. At the 2™, 7™, 14" and 21* passages, high
levels of SARS-CoV-2 RNA (9.0, 9.7, 9.2, and 9.9 Ig
RNA copies/mL, respectively) were detected in the cul-
ture liquid. The isolate was assigned to species SARS-
CoV-2 (clade GH) by sequencing the S gene (GenBank
accession number MW514307) [13].

The virus infectivity was measured by two me-
thods: the limiting dilution in cell cultures grown in
48-well plates (Thermo Scientific/Nunc) based on CPE
and the plaque assay (PFU,)) [18] in our modification.
Both methods used for measuring the infectivity of vi-
ruses causing CPE in the cell culture, which is mani-
fested by cell rounding, should be confirmed by another
method of virus infectivity assessment to differentiate
CPE from apoptosis.

Tenfold dilutions of the virus-containing flu-
id (VCF) were prepared starting from dilution 10" to
10® using the DMEM basal medium with 2% FBS.
The growth medium was removed from 48-well plates
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with the Vero CCL-81 cell monolayer; the cell mono-
layer was washed one time with Hanks’ solution. Then,
0.2 ml of each VCF dilution was dispensed into 6 wells
of the plate; 0.2 ml of basal medium was dispensed into
the control wells. The interaction between VCF and the
cells continued in an incubator for 1 hour at 36.5°C and
5% CO,. After the interaction was over, 0.8 or 0.9 ml
of basal medium (the serum-free DMEM medium) was
added to each well, including wells with control cells.

The titration results were assessed on the 4%-5%
day from the infection of the cell culture. The virus ti-
ter was expressed as the highest virus dilution causing
CPE in 50% of infected cell cultures in the absence of
cell destruction in the uninfected cell cultures.

Prior to the plaque assay, the Vero CCL-81 cell
culture was grown in the growth medium in 12-well
plates. 24-48 hours after a confluent cell monolayer
had been formed, the medium was removed; the cell
monolayer was washed with Hanks’ solution. 0.1 ml or
0.2 ml of tenfold VCF dilutions were dispensed into 3
wells, into the central area. One well was left uninfect-
ed for cell culture control. The contact between the vi-
rus and the cells continued in an incubator for 1.5 hours
at 36.5°C and 5% CO,. The remaining liquid was re-
moved from all the wells, including the control well,
and 2 ml of agar overlay consisting of 0.5% Noble agar
and DMEM medium with 4% FBS was added to each
of them. After the agar overlay had solidified at room
temperature, the plates were incubated in the incubator
at 36.5°C and 5% CO,. On the 5" day, 1 ml of 10%
trichloroacetic acid solution or 3% paraformaldehyde
solution was dispensed onto the agar overlay and the
plates were incubated in the incubator for 1 hour. After
the cells had been fixed, the agar overlay was removed
by shaking; the cell monolayer was washed with wa-
ter; the tray was dried, and 1 ml of 0.1% gentian violet
solution was dispensed into wells and remained there
for 2-3 min. Then, the tray was washed with running
water and dried. The number of plaques was counted
for each well. The average number of plaques from
3 wells for each virus dilution was calculated. The virus
titer was expressed as logarithms PFU, /0.1 ml, using
the formula:

X=A4xB/0.2,

where Xis a titer in PFU per 1 ml; 4 is the average num-
ber of plaques; B is the virus dilution; 0.2 — the amount
of inoculum (ml) dispensed into one well.

Hemagaglutination assay

Hemagglutination is defined as the ability of some
viruses to agglutinate red blood cells in certain mamma-
lian and avian species. Viruses exhibit their hemagglu-
tination properties selectively toward red blood cells of
certain animal species. Some viruses can affect a wide
range of animal species, while other viruses can affect
only a limited range of species. There is a relationship

ORIGINAL RESEARCHES

between infectivity and hemagglutination properties of
the virus. The source of the virus is important for the re-
sults of the hemagglutination assay (HA). The hemag-
glutination properties of the virus are not displayed in
any virus-containing material. For example, using HA,
the influenza virus can be detected in nasopharyngeal
washes from a sick person (occasionally), in embryonic
tissue cultures, and in suspensions of infected mouse
lungs [16].

HA was used for detection of the presence or
absence of viral hemagglutinin in cells infected with
SARS-CoV-2 and in VCF. For this purpose, we used
for types of red blood cells: chicken, mouse, guinea
pig, and human. The test involved agglutination of red
blood cells by the viral hemagglutination antigen. HA
was performed in round-bottom 96-well plates (SPL
Life Sciences, Ltd.) and included twofold dilution of
antigens in 100 pl of saline solution and adding of the
equal amount of 0.25% red cell suspension to each di-
lution. The specimens remained exposed to red blood
cells at 4°C for 1.0-1.5 hours until red blood cells set-
tled down in the control wells; then, the HA results
were assessed. The hemagglutination titer of the virus
was expressed as the highest dilution of the antigen, at
which agglutination was observed.

Virus replication inhibition test

Many species of microorganisms produce biolog-
ical compounds that can affect viruses. For example,
spore-forming bacteria Bacillus pumilus, when grown
in the optimum NEW medium, produce biologically
active compounds characterized by antiviral activity
against enteroviruses (poliovirus type 1, Coxsackie B
virus (1-6), ECHO-3, and ECHO-6 [17].

The test procedure was selected for ACOPB to
assess its extracellular virucidal action in vitro toward
SARS-CoV-2. Prior to that, it was found that ACOPB
did not demonstrate any virucidal action in vitro toward
100 doses (2.5 1g PFU, /0.2 ml SARS-CoV-2 with a vi-
rus titer of 4.55 g PFU, /0.2 ml).

The virus replication inhibition (VRI) test was
performed using two 24-well plates with the Vero CCL-
81 cell monolayer. One plate was used for the VRI test;
the other plate was used for SARS-CoV-2 titration. The
serum-free DMEM medium was used for twofold dilu-
tions of ACOPB (dilutions from 1 : 2 to 1 : 32). SARS-
CoV-2 was added to each dilution in the amount equal
to 10 doses (3.5 1g TCD, /0.2 ml or 3.55 1g PFU, /0.2 ml
at the virus ftiter of 4.5 lg TCD,/0.2 ml and
4.55 PFU, /0.2 ml). ACOPB interacted with the virus at
4°C for 2 hours, including regular shaking of ingredi-
ents. After the interaction was over, each dilution of the
medication and virus mixture in the amount of 0.2 ml
was dispensed into a 24-well plate, which was washed
one time with Hanks’ solution. Each dilution of the
mixture was transferred into 4 wells of the plate, while
2 wells were designated for cell control and the other
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2 wells — for control of 10 doses of the virus. The virus
interacted with the cells in the incubator at 5% CO, for
1.5 hours; then, DMEM basal medium in the amount of
0.8 ml was added to all the wells in 24-well plates and
the culturing continued. After the lytic cell destruction
in the control well with 10 doses of the virus was de-
tected (usually on the 23" day after the infection),
the results of the VRI test were assessed. The VRI test
titer was expressed as the highest dilution of the medi-
cation, at which we observed 100% protection of cells
against SARS-CoV-2.

Indirect membrane immunofluorescence assay

PBMCs were isolated from heparinized venous
(20 U/ml) human blood using the Ficoll density gradient
centrifugation (1.077 g/cm?®) (PanEco) for 25 minutes
at 1500 rpm. A cell fraction was selected and washed
three times with pre-cooled phosphate-buffered saline;
the remaining cells were resuspended in the DMEM/
F12 medium with 2% FBS so that there were not less
than 1 mln lymphocytes in each well. The suspension of
lymphocytes in the amount of 1 ml was transferred into
wells of 12-well plates.

Two hours before isolation of lymphocytes from
venous blood, the equal amount of 10 doses of SARS-
CoV-2 was added to 0.2 ml of twofold dilutions of
ACOPB and left for interaction at 4°C, with regular
shaking of the mixture.

Three dilutions (1 : 10, 1 : 20, and 1 : 40) of
ACOPB in the amount of 0.1 ml and the ACOPB and
SARS-CoV-2 mixture in the amount of 0.1 ml were dis-
pensed into wells of 12-well plates with lymphocytes.
Then, samples of lymphocytes were collected from the
wells at different time intervals, starting from 1 hour, in
the amount of 5 pl (3 samples per each time interval)
and applied uniformly to chamber slides; the cell sam-
ples were left to dry out at room temperature overnight.
Then, the samples were fixed with double-filtered 3%
paraformaldehyde supplemented with 0.2% bovine
serum albumin for 1 hour at room temperature. Then,
they were washed two times with phosphate-buffered
saline and were blocked in 10% normal goat serum for
1 hour. Mouse monoclonal anti-idiotypic antibodies for
IFN-0/B and -y were applied to each chamber with sam-
ples in the amount of 20 pl and incubated in the humidi-
fied chamber for 1 hour at 36.5°C in the thermostat. Af-
ter the interaction with antibodies, double washing and
drying, the working solution of anti-mouse FITC con-
jugate (BioRad) was applied to the samples. Then, they
were incubated in the humidified chamber for 1 hour.
Prior to its application, the FITC conjugate was dilu-
ted in 0.1% saponin solution with Hanks’ solution and
0.01 M HEPES-buffered saline. After the interaction be-
tween the samples and the conjugate was over, the slides
were washed twice with Hanks’ solution and dried.

The expression level of R, -a/B and -y in PBMCs
was measured using the Optica fluorescent microscope

(Italy) with 100X oil immersion objective and 10X eye-
piece by the percentage of luminescent lymphocytes
per 200 analyzed cells (repeated for each time interval).

VCF was treated according to E. Norrby [19].
Tween 80 diluted 1:10 was added to 100 ml of VCF in
the amount of 2 ml. The mixture was shaken on ice for
5-10 minutes. Ether was added to the mixture in the
amount equal to 1/2 of the volume of the mixture. The
mixture was shaken for 15-20 minutes and then cen-
trifuged for 20 minutes at 3000 rpm. After the centrif-
ugation, the mixture separated into layers; the cloudy
film at the top was carefully pierced with a pipette, try-
ing not to stir it up, and the lower layer was aspirated.
The solution was placed in a flask with a cotton-gauze
plug to allow ether to evaporate and remained there for
24 hours at room temperature. Then, the hemaggluti-
nation titer of the antigen was measured; the solution
was dispensed into vials (1.0 ml) and dried. The dried
antigen can be stored in a refrigerator for several years
without loss of activity. The culture liquid containing
uninfected cells and prepared using the same technique
was used as a control medium.

Statistical analysis of the data

The statistical significance of the obtained da-
ta was assessed using the Mann-Whitney U-test. The
difference was considered significant at p < 0.05. The
reliability was measured using the GraphPad Prism 4
software (Graph Red).

Safety requirements

All works involving SARS-CoV-2 were performed
in compliance with the safety requirements applicable
to handling hazard group 3 pathogens. All the employ-
ees working with the virus were briefed on safety pre-
cautions and have valid certificates for qualification in
Bacteriology, Virology, Biological Safety, which were
issued by the Russian Research Anti-Plague Institute
“Microbe” of Rospotrebnadzor.

Results

During the 1* stage of the study, we conducted
tests checking for the presence or absence of hemag-
glutination properties of SARS-CoV-2 Dubrovka. HA
was used to study hemagglutination properties of the
virus toward chicken, mouse, guinea pig, and human
red blood cells using the suspension of Vero CCL-81
cells infected with SARS-CoV-2 Dubrovka and VCF
from the infected cells.

The results presented in Table 1 clearly demon-
strate the hemagglutination properties of SARS-CoV-2
Dubrovka in the infected cells and low titers in VCF,
which can be explained by a low content of hemagglu-
tinin or by non-specific masking of the phenomenon.
The highest hemagglutination activity is manifested in
the lysate of infected cells with guinea pig red blood
cells.
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The HA results show that Vero CCL-81 cell lines
infected with SARS-CoV-2 Dubrovka contain viral
hemagglutinin — one of the major viral proteins that
are targets for antiviral agents.

For the VRI test, it is important to determine the
dose of SARS-CoV-2 Dubrovka, which should be used
with the ACOPB antiviral medication for VRI. The in-
fectious dose of the virus was identified using the limi-
ting dilution in Vero CCL-81 cell culture and the plaque
assay with the same cell cultures.

Based on CPE, the SARS-CoV-2 titer was 4.50
lg TCD,/0.2 ml; based on the plaque assay, it was
4.55 PFU, /0.2 ml. The VRI test was performed using
10 doses of virus; the virus titer was 3.5 Ig TCD, /0.2 ml
or 3.5 Ig PFU,_ /0.2 ml (Fig. 1).

When interacting with 10 doses of SARS-CoV-2
Dubrovka, ACOPB had virus-inhibitory activity at
1 : 32 dilution, demonstrating 100% protection of cells
during 8 days of culturing (the monitoring period).

To confirm the virus-inhibitory activity of ACOPB
against SARS-CoV-2 Dubrovka, we conducted tests
aimed to measure expression levels of R . -a/B and -y
on membranes of human PBMCs. At the same time, this
method was used to identify the genesis of the protec-
tive activity of bacterial antigens present in ACOPB. In
these tests, mouse monoclonal anti-idiotypic antibodies
mimicking biological properties of human IFN-o/p and
-y, 1.e. anti-receptor antibodies were used as a highly
specific marker.

Earlier, we found that when PBMCs were induced
in vitro by ACOPB, the expression of R -a/B and -y
started more effectively at medication dilution of 1:10
or at 10 pg of the medication. Therefore, we decided
to find the optimum dose of ACOPB, which would in-
duce in vitro the highest expression of IFN-R on PBMC
membranes.

Table 2 shows expression levels of R -a/B on hu-
man PBMCs, which were induced by different dilutions
of the medication as well as by the mixture of ACOPB
with 10 doses of SARS-CoV-2, after they interacted for
2 hours at +4°C prior to being dispensed into cultured
lymphocytes.

The analysis of the expression of R _ -0/B induced
on lymphocyte membranes by ACOPB shows (Table 2)
that the most effective induction with all dilutions of
the medication starts 6 hours after its beginning and

Table 1. Hemagglutinating activity of SARS-CoV-2 Dubrovka
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Vero CCL-81,

Vero CCL-81,
SARS-CoV-2 Dubrovka, 102 SARS-CoV-2 Dubrovka, 102

Vero CCL-81,

Vero CCL-81,
SARS-CoV-2 Dubrovka, 10* SARS-CoV-2 Dubrovka, 10-°

Vero CCL-81, KK

Plaque assay in the Vero CCL-81 cell monolayer infected
with SARS-CoV-2 Dubrovka.

reaches the highest level 24-30 after its beginning, and
then its level gradually decreases. It should be noted
that all doses of the medication cause in vitro R, -0/
induction on lymphocyte membranes, i.e. the synthesis
of human IFN-o/B. Note that the maximum synthesis
of IFN-a/p in vitro is reached at medication dilution of

1:20, i.e. at 5 pg of the medication.

Virus titer in HA with 0.25% suspension of red blood cells

Studied specimens

chicken mouse guinea pig human
Lysate of infected Vero CCL-81 cells 1:64 1:16 >1:256 1:32
VCF from Vero CCL-81 cells 1:16 1:2 1:2 1:2

Uninfected Vero CCL-81 cells

Red blood cell control
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The expression of R -a/f induced in vitro on
lymphocyte membranes using the ACOPB and SARS-
CoV-2 Dubrovka mixture starts decreasing 6 hours af-
ter the induction and continues throughout the study
period (Table 2). The lowest expression level of R .-
a/B is reached 30 hours after the induction; the most
effective decrease in the expression level is observed
when lymphocytes are induced with the ACOPB and
coronavirus mixture at 1:20 dilution or 5 pg (p < 0.05).
The obtained results mean that ACOPB inhibits repli-
cation SARS-CoV-2 Dubrovka, neutralizing its infec-
tivity. This conclusion was supported by the results of
the VRI test performed with Vero CCL-81 cell culture
susceptible to SARS-CoV-2 Dubrovka.

The above results clearly demonstrate that ACOPB
is an effective immunomodulatory medication that also
has a virus-inhibitory effect. This conclusion is con-
firmed by the data on the levels of R _ -y (Table 3). The
expression level of R, -v, i.e. the synthesis of immune
IFN by lymphocytes induced in vitro by ACOPB and by
the mixture of the medication with SARS-CoV-2 Du-
brovka involved the same mechanisms as the induction
of R, -0/B. The analysis of the data presented in Table
3 shows that ACOPB used in the specified amounts can
induce in vitro R, -y expression on membranes of lym-
phocytes cultured in vitro 6 hours after the beginning of
the induction, with the duration lasting up to 50 hours
(the monitoring period). Active expression of R -y is
observed from 24 hours to 44 hours from the induction
by ACOPB; the highest induction is reached at con-
centrations of 10 and 5 ug. The expression of R -y
decreases when lymphocytes are induced by ACOPB
after it has interacted with SAPS-CoV-2 Dubrovka for
2 hours, thus confirming virus-inhibitory activity of
ACOPB.

Discussion
ACOPB is used for effective prevention and treat-
ment of most of the chronic upper and lower respiratory
tract diseases. It has been found that ACOPB has a pro-
tective effect against viral infections — influenza and

ORIGINAL RESEARCHES

herpes virus infections. The COVID-19 pandemic trig-
gered the need to find out whether this medication had
a protective effect when administered for prevention
and treatment of human coronavirus infection. For this
purpose, we used the Russian strain of SARS-CoV-2 —
Dubrovka isolated from a patient with COVID-19 and
adapted to the Vero CCL-81 cell culture.

HA performed for Vero CCL-81 cell culture in-
fected with SARS-CoV-2 Dubrovka strain detected a
high titer of hemagglutinin, which is a target for anti-
viral agents, reaching over 1:256, and its low content
in VCF.

To perform the VRI test with ACOPB, the exact
titer of the virus must be determined. SARS-CoV-2 was
titrated using two methods: the limiting dilution in Ve-
ro CCL-81 cell culture and the plaque assay with the
same cell culture. The virus-inhibitory titer of ACOPB
with 10 doses of SARS-CoV-2 was 1:32, demonstrat-
ing 100% protection of cells for 8 days (the monitoring
period).

It was also important to find out what caused the
protective effect of ACOPB. It is known that IFNs are
required for implementation of the immune response to
an antigenic stimulus, and that any antigen is an interfer-
onogen [10]. Previously, we, using mouse monoclonal
anti-idiotypic antibodies structurally mimicking human
IFN-a/B and -y, demonstrated that the infection-associ-
ated activation of the immune system was represented
by expression of R, -o/f and -y in immunocompetent
human cells [12, 13]. The indirect membrane immuno-
fluorescence assay showed that when delivered in vi-
tro into cultured human lymphocytes, ACOPB induced
R -0/B and -y, thus demonstrating its strong immuno-
modulatory effect.

When ACOPB interacts with 10 doses of SARS-
CoV-2 Dubrovka strain for at least 2 hours and then is
delivered into lymphocytes cultured in vitro, the expres-
sion level of R, -0/B and -y decreases. These findings
suggest that ACOPB has a virus-inhibitory effect, and
its protective effect is provided by endogenous IFN-0/f
and -y synthesized in the body.
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