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Abstract

Introduction. In case of influenza season, the clinical differential diagnostic of COVID-19 and influenza can
be difficult, which in turn can lead to the delay in taking the necessary measures to combat the SARS-CoV-2
pandemic. There is also the problem of concomitant to SARS-CoV-2 infection, in particular influenza, which,
according to the published data, is not such a rare fact and significantly aggravates the course of COVID-19.
The aim of this work was to study the mutual influence of co-immunization with the Flu-M and CoviVac vaccines
on the specific immunity development in laboratory animals.

Materials and methods. BALB/c mice were co-immunized intramuscularly twice. Specific antibodies (Ab) were
determined in the individual sera of immunized animals. Hemagglutination inhibition assay (HIA) was performed
using three strains of influenza virus (V). Enzyme-linked immunosorbent assay (ELISA) was used for the
determination of Ab to SARS-CoV-2 virus. Virus-neutralizing Ab to IV and to SARS-CoV-2 virus were detected
using the neutralization assay (NA) with the corresponding viruses.

Results. The sufficiently high levels of the specific Ab were noted in all groups of animals, both single- and co-
vaccinated. In the animals’ groups, as single-vaccinated with the CoviVac vaccine, so as co-vaccinated with both
vaccines, no statistically difference was noted in the specific Ab titers, both in ELISA and in NA. In the animals’
group co- vaccinated with the Flu-M and CoviVac vaccines the statistically higher levels of Ab to IV were found,
both in HAI and in NA, in comparison to the single-immunized with the Flu-M vaccine group.

Discussion. Development of the sufficient post-vaccination immunity to the SARS-CoV-2 virus and to IV was
detected in the co-vaccinated animals’ group. An increase in the post-vaccination immune response to the IV was
found in the co-vaccinated laboratory animals in comparison to that in the single-vaccinated animals. The latter
should further be investigated.

Conclusion. Our findings suggest the possibility of carrying out, if necessary, co-vaccination for the prevention
of influenza and COVID-19.
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AHHOMAauus

BeeaeHue. Knunnyeckas anddepeHumnansHaa auardHoctmka COVID-19 moxeT ObiTb 3aTpyAHUTENbHA B Cryvae
COBMaJEHUSA C CE30HOM rpuMnna, YTo, B CBOK O4epeb, MOXET NPUBOAUTL K HECBOEBPEMEHHOCTU NPUHATUS HEOO-
XOAMMBIX Mep Anst 6opbObl ¢ naHaemnenn SARS-CoV-2. CyulecTByeT Takke npobrema conytcTytowero SARS-
CoV-2 nHdpmumposaHusa supycom rpunna (BIN), 4to 3HaumTensHo yTsxenseT TedeHne COVID-19.

Llenbto HacTosiwer paboTbl 6bIN0 N3ydeHne B3avMHOIMO BIWSIHAS OQHOBPEMEHHOW UMMYHM3aLMN OTEYECTBEH-
HbIMM BakuMHamu gns npodwunaktvuku rpynna n COVID-19 Ha dopmmpoBaHme cneundrnyeckoro MMMyHuTETa
nabopaTopHbIX XKUBOTHbIX.

Marepuansi u metoasl. B uccnenosaHvm ncnons3osanu melwwen nuHun BALB/c. IMMyHM3aLIMIO XXMBOTHBIX NPO-
BOAMITN BHYTPUMBILLEYHO BakuuHoOW Ans npodpunaktnkm COVID-19 (KoBnBak) n BakumMHON Ansg npodunakTukm
rovnna (®nto-M). CbIBOPOTKM UMMYHU3MPOBaHHBIX XMBOTHBIX MCCReaoBany nHanBuayanbHo. Peakumio Topmo-
XEeHWs remarrnioTuHaummM npoBoamnu ¢ Tpems wrammamm Bl Avtutena (AT) k SARS-CoV-2 onpegensinu npu
NMOMOLLM MMMYHO(DEPMEHTHOIO aHanmsa. [ns BbigBneHus BupycHenTpanuaytowmx AT k SARS-CoV-2 u k Bl
NPOBOAMMM peakLnio HelTpanusauuu.

PesynbraTtbl. O6HapyXeHbl 4OCTAaTOMHO BbICOKME TUTPbLI cneundmdeckux AT B rpynnax XMBOTHbIX, NPUBUTBLIX
KaK OHOW, TaKk U ABYMS BakLMHaMu OLHOBPEMEHHO. B rpynnax >uBOTHbIX, NpuBuTbIX KoBMBak 1 aByms Bak-
UMHaMN OQHOBPEMEHHO, Kak B UMMYHO(EPMEHTHOM aHanu3e, Tak U B peakuuMm HelTpanusaumu cpegHue no-
kasartenu crneunduyeckmx AT k SARS-CoV-2 cTaTncTuyeckn He pasnuyanucb. B rpynne XuBOTHbIX, MPUBUTBLIX
OOHOBPEMEHHO OBYMS BaKUMHaMu, 0BHapyxeHbl ctatuctudeckun 6onee Boicokme TuTpbl AT k Bl nocne BTopon
UMMYHM3aLUN OTHOCUTENBLHO FPYNMbl XXMBOTHbIX, NPUBUTLIX Orito-M.

O6cyxaeHue. [NpoaeMoHCTp1poBaHO (hopMMpoBaHME NOCTBaKLMHANBHOrO MMMyHUTETA Kak K Bl Tak n kK SARS-
CoV-2 nocne ogHOBPEMEHHOW MMMYyHM3aumn ABYMS BakuMHaMmu. OBHapyXeHHOe ycurneHne nocTBakLuuHanbHo-
ro UMMyHHOro oTBeTa K BI" y nabopaTopHbIX XMBOTHbIX, NPUBUTLIX ABYMS BakLMHaMuU OLHOBPEMEHHO, TpebyeT
JanbHeNLIEero n3y4yeHus.

3aknroyeHue. NpoBeaéHHbIE NcCnegoBaHMs NO3BONSAIOT NPEAMNONOXNTbL BOZMOXHOCTb OOHOBPEMEHHOW BaKLM-
Hauuun ana npodunaktrku rpunna n COVID-19.

KnroueBble cnoBa: epurnn, SARS-CoV-2, 00HospemeHHasi 8akUuHayus

HNcmoyHuk ¢puHaHcupoeaHusi. ABTOpbI 3asiBMSOT 06 OTCYTCTBMU BHELLUHETO (DMHAHCUPOBAHWUS NPU NPOBEAEHUM UC-
crnefoBaHus.

KoHgpnnukm unmepecoe. BakunHa KoBnBak npegoctaBneHa opraHnsaunein-pa3paboTymkoM, 3aHMaroLLencst e€ pac-
npocTpaHeHeM. B 4ncno aBTopoB CTaTby BXOAAT COTPYAHUKW U reHepanbHbIi AUPEKTOp AaHHOW opraHusauum. Bakuu-
Ha ®nto-M npegocTtaeneHa opraHusaume-pa3paboT4ymkom, 3aHMaroLLencs eé pacnpocTpaHeHmeM. B yucno astopos
CTaTbW BXOAAT COTPYAHUKN U OUPEKTOP AaHHON opraHn3auuu.

Ansi yumupoeaHus: Nrnatees M., JleneBa V.A., OTtpaweBsckas E.B., Kosnosckas J1./., Kaprawosa H.I1., ®egsku-
Ha W.T., WycToBa E.1O., CuniornHa A.A., 3eepeB B.B., TpyxuH B.I., MwmyxameToB A.A. dopmumpoBaHue cneumndu-
YeCKOro UMMyHUTETa Yy NabopaTopHbIX XUBOTHbLIX NOCNE OAHOBPEMEHHOM BaKLUMHALMU NPOTMB CE30HHOrO rpunna u
COVID-19. )KypHan mukpobuonoauu, anudemuonozauu u ummyHobuonoauu. 2021;98(6):648—656.
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Introduction

Influenza and COVID-19 are viral respiratory dis-
eases, which can be clinically impossible to differentiate
and, as arule, pose a deadly threat to the same groups of
population, i.e. elderly people and people with chronic
diseases. In most cases, the COVID-19 symptoms are
mild and can look like those from a cold. Since influ-
enza and COVID-19 are viral respiratory diseases, their
peaks can occur during the same period of the year—
winter months in countries with moderate climate. If
a COVID-19 upswing occurs during the influenza sea-
son, the clinical differential diagnosis of influenza and
COVID-19 can be challenging and, consequently, can
result in delayed measures aimed to combat the SARS-
CoV-2 pandemic [1].

During the ongoing or recurrent circulation of
SARS-CoV-2 concurrently with the influenza virus
(IV) during autumn-winter months, vaccination against
influenza can decrease not only the influenza incidence,
but also the number of cases with symptoms that can be
mistaken for COVID-19 symptoms. The prevention and
alleviation of severity of influenza symptoms, reduction
in the number of flu-like cases not requiring hospital-
ization, reduction in the number of hospitalizations and
resuscitation measures through vaccination against influ-
enza can also decrease the burden on the healthcare sys-
tem [1, 2]. It should also be remembered that diagnostic
tests and human resources are limited. Incomplete and
delayed diagnoses, including differential diagnoses, will
have a significant adverse impact on the operation of the
healthcare system, preventing it from adopting adequate
epidemic control measures and increasing the stress
level in the operation of healthcare facilities as well as
contributing to the risk of healthcare acquired infection.

For the above reasons, most of the healthcare
workers stand for expansion of programs for vaccina-
tion against influenza, as the increased coverage of the
population vaccinated against seasonal influenza can
play an important role in implementing diagnostic and
therapeutic programs during the ongoing SARS-CoV-2
pandemic, making differential diagnostics easier to use
and reducing the burden both on the healthcare system
and, particularly, on intensive care units [1, 3]. For ex-
ample, in 2002, during the outbreak of severe acute re-
spiratory syndrome caused by SARS-CoV-1, the World
Health Organization (WHO) recommended boosting
the influenza vaccination campaign for the high-risk
groups to increase efficiency in differentiation between
these infections and to implement better targeted and
more efficient control and prevention measures [4].
During the SARS-CoV-2 pandemic, the U.S. Centers
for Disease Control and Prevention strongly advise
healthcare workers to use any opportunity to perform
vaccination against influenza before the beginning of
the season [5].

In the meantime, the scientific community and
mass media have been recently involved in the dis-
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cussion about the relationship between the vaccination
against influenza and vaccination against COVID-19.
The study conducted by G.G. Wolff "revealed" an in-
creased risk of coronavirus infection in people vacci-
nated against influenza [6]. The researcher assumed
that the vaccination against influenza could decrease
the likelihood of influenza infection; however, as there
was no induced innate immune response to IV, the risk
of COVID-19 would increase. Wolff’s study and, es-
pecially, his surprising conclusions stirred up a discus-
sion and even triggered studies of this "phenomenon".
The retrospective statistical analysis of the relationship
between vaccination against influenza and other respi-
ratory diseases, including coronavirus diseases, during
2010-2011 and 2016-2017 in Canada [7] as well as
during the COVID 2019/2020 period in Italy [8] upend-
ed the conclusions made by G.G. Wolff. The absence of
any relationship between the influenza and COVID-19
vaccinations was declared in the study addressing the
relationship between the influenza vaccination and the
SARS-CoV-2 incidence among healthcare workers
[5]. Furthermore, Riccio et al. conducted a systemic
analysis of published data and discovered an inverse
relationship, which was quite surprising, considering
that influenza vaccines are not intended for protection
against SARS-CoV-2 [3].

Using mathematic modeling, Chinese and Cana-
dian scientists checked the hypothesis assuming that
the campaign for mass vaccination against influenza
will have a positive effect on provision of medical care
and on treatment results for patients with non-specific
symptoms and flu-like complaints associated with the
risk of development of COVID-19 or any other respi-
ratory infections. The results showed that an increase
in the influenza vaccination coverage to the optimum
level well ahead of the season will contribute to efforts
aimed at control of a COVID-19 outbreak, reducing the
time needed for the diagnosis and helping in launching
adequate epidemic control measures [1].

Many authors share the opinion that the relation-
ship between the COVID-19 incidence and the vacci-
nation against seasonal influenza should be studied fur-
ther to confirm the initial conclusions and to assess their
validity for different groups of population [3, 5, 8].

There is another problem, which also requires as-
sessment of the impact of vaccination against influenza
not only during COVID-19 pandemic, but also during
subsequent periods. The meta-analysis of published da-
ta, which was performed by Chinese scientists, showed
that the prevalence of coinfection in patients with
COVID-19 varied in different studies, though it could
reach 50% among the fatal cases. The associated patho-
gens included both bacteria and viruses. The influenza
A virus ranked among the most prevalent viruses caus-
ing concomitant infections in COVID-19 patients [9,
10]. The performed experimental studies of coinfection
of ferrets with the AIN1 IV strain and the SARS-CoV-2
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virus demonstrated a significant increase in the severi-
ty of the infection process and an increased number of
deaths [11].

It has also been found that the coinfection with IV
can lead to false-negative rRT-PCR results, especially
in severe cases of SARS-CoV-2 acute respiratory syn-
drome [9]. The SARS-CoV-2 infection diagnostics is
highly important, being critically significant for imple-
mentation of epidemic control measures and for effec-
tive antiviral therapy for SARS-CoV-2.

Therefore, the significance of measures aimed at
vaccination of population against seasonal influenza
during the COVID-19 pandemic cannot be overesti-
mated. The maximum influenza vaccination coverage
will expedite the diagnosis process and will reduce the
risk of IV coinfection during the SARS-CoV-2 infec-
tion pandemic.

The aim of this study was to assess the cross-im-
pact of Russian vaccines against influenza and SARS-
CoV-2 on the development of specific post-vaccination
immunity after co-immunization of laboratory animals.

Materials and methods

The study was performed using BALB/c mice
(the H-2¢ haplotype) of both sexes having a 16-18 g
body weight. The animals were obtained from the Stol-
bovaya breeding facility of the Scientific Center for
Biomedical Technologies of the Federal Medical and
Biological Agency.

The study was performed using the licensed Rus-
sian vaccine for influenza prevention (Flu-M; St. Pe-
tersburg Research Institute of Vaccines and Sera of the
Federal Medical and Biological Agency of Russia),
containing antigens of the type A IV (HINI1, H3N2)
and type B IV; and the vaccine for COVID-19 preven-
tion (CoviVac; Chumakov Federal Scientific Center for
Research and Development of Immune and Biological
Products of the Russian Academy of Sciences). The
animals in the control group were inoculated with water
for injections (Microgen).

The animals were divided into groups of 20 mice.
The animals were inoculated intramuscularly (the thigh
muscle) with doses recommended by the manufactur-
ers of the respective vaccines. The animals were im-
munized with CoviVac and/or Flu-M twice at a 14-day
interval for the follow-up comparative studies of the
immune response and assessment of the cross-impact
of the vaccines after their concurrent inoculation. When
two vaccines were co-administered, they were injected
into different extremities. The animals from the con-
trol group were inoculated with water for injections at
0.5 ml on the 0" and 14" day of the experiment.

Prior to the I** and 2™ immunization (on the 14"
day after the 1* immunization) as well as on the 28" day
of the experiment (14" day after the 2™ immunization),
blood was collected from the ophthalmic vein of the an-
imals from all groups. The blood samples were centri-

fuged, tubed, and stored at —70°C for further cross-sec-
tional study. Blood serum of each animal was tested for
presence of specific antibodies (Abs) in the immunized
animals.

All the procedures were performed on individual
mice without any visual, auditory, or olfactory contact
with other animals in accordance with the Internation-
al Principles of the European Convention for Protec-
tion of Vertebrate Animals Used for Experimental and
Other Scientific Purposes, ETS No. 123 (Strasbourg,
1986), Decree of the Ministry of Health of Russia, On
Approval of the Rules for Proper Laboratory Practice,
No. 199N, 1/4/2016.

The hemagglutination inhibition assay (HIA) was
performed following the WHO protocol [12] for the
previously described method [13]; the assay includ-
ed three IV strains: A/HIN1 (Guangdong-Maonan/
SWL1536/2019), A/H3N2 (Hong Kong/2671/2019),
B (Washington/02/2019) from the collection of viruses
of the Mechnikov Research Institute of Vaccines and
Sera. For statistical analysis, the obtained titers of spe-
cific Abs were converted into log  (Ig); negative results
(HIA < 10) were measured as 1 1g.

The enzyme-linked immunosorbent assay (ELISA)
for detection of SARS-CoV-2 Abs was performed using
testing systems (Lytech Research and Production Com-
pany) for laboratory detection of IgG antibodies to N and
S (subunit S2) proteins of SARS-CoV-2 in accordance
with the manufacturer manual. For statistical analysis,
the obtained results were converted into log , (Ig); the
negative results (ELISA < 100) were measured as 1 1g.

The neutralization test (NT) for detection of virus
neutralizing Abs against SARS-CoV-2 was performed
using the PIK35 SARS-CoV-2 strain from the collec-
tion of viruses of the Chumakov Federal Scientific Cen-
ter for Research and Development of Immune and Bi-
ological Products of the Russian Academy of Sciences.
The pre-test stage included preparation of two-fold di-
lutions of animals’ serum samples, using DMEM medi-
um (Chumakov Federal Scientific Center for Research
and Development of Immune and Biological Products
of the Russian Academy of Sciences). The serum dilu-
tions were mixed with equal amounts of virus suspen-
sion containing 50 TCID, per well. One hour after the
incubation at 37°C, the virus-serum mix was added, in
duplicate, to the Vero cell monolayer. At the same time,
the control Vero cells were incubated using the similar
dilutions of non-immune (the "—" control) and immune
(the "+" control) mouse sera (Chumakov Federal Sci-
entific Center for Research and Development of Im-
mune and Biological Products of the Russian Academy
of Sciences). After the 5-day incubation at 37°C, the
cytopathic effect of the virus was estimated using light
microscopy. Titers of neutralizing Abs were measured
using the Kérber method'. For statistical analysis, the

! Kérber G. Beitrag zur kollektiven Behandlung pharmakologischer
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obtained results were converted into log,, the negative
results (NT < 2) were measured as 1 log,.

NT for detection of neutralizing Abs against IV
was performed using the previously described me-
thod [13] and included 3 1V strains: A/HIN1 (Guang-
dong-Maonan/SWL1536/2019), A/H3N2 (Hong Kong/
2671/2019), and B (Washington/02/2019) from the col-
lection of viruses of the Mechnikov Research Institute
of Vaccines and Sera. For statistical analysis, the ob-
tained titers of specific Abs were converted into 1g; the
negative results (NT < 20) were measured as 1 log,.

The standard Microsoft Office Excel 2016 soft-
ware was used for the statistical analysis of the ob-
tained data. The data for titers of specific Abs for the
animal groups are presented as geometric mean titers
(GMT) and standard deviation (SD). The significance
of differences between the compared values was esti-
mated using a paired two-tailed Student’s #-test. The
differences were considered statistically significant at
p <0.05. The correlation between the virus neutralizing
Abs and the respective specific Abs in HIA and ELISA
was measured using Pearson’s correlation coefficient ().

Results

Before the immunization, none of the animals had
detectable levels of specific Abs in any performed tests.

The development of specific post-vaccination
immunity was observed in all groups of animals, ex-
cluding the control group. None of the tests detected
any specific Abs in the animals from the control group,
regardless of the blood sampling site. None of the ani-
mals died during the monitoring period.

The HIA showed the development of specific im-
munity to 3 IV strains in the animals vaccinated with
Flu-M and Flu-M + CoviVac (Table 1). 14 days after the
1% vaccination, the difference between these groups was
statistically insignificant (p = 0.08-0.16) in their levels
of Abs against I'V. The comparison between the levels of
specific Abs against IV after the 1* and the 2™ immuni-
zation in both groups showed a statistically significant

Reihenversuche. Archiv f experiment Pathol u Pharmakol. 1931;
162: 480-483. DOI: 10.1007/BF01863914.
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increase in the levels of Abs against IV strains, except for
the A/H3N2 strain in the group of animals immunized
with Flu-M. Note that after the 1* inoculation, the levels
of Abs against the A/H3N2 IV strain were significant-
ly higher than the levels of Abs against the other two
IV strains in both groups (p <0.0005). After the 2™ in-
oculation, in both groups of animals, the titers of Abs
against type A IV strains were almost identical, while
the titers of Abs against the B strain were significantly
lower (p < 0.05). After the 2™ inoculation, the levels
of specific Abs in HIA were significantly higher in the
animals immunized with Flu-M + CoviVac than in the
animals imunized only with Flu-M (p = 0.0001-0.002).
In the group of animals immunized with CoviVac, no
Abs against [V were detected at any control point.

The immunization of the animals resulted in pro-
duction of virus neutralizing Abs against 3 IV strains
in the groups inoculated with Flu-M and Flu-M + Co-
viVac (Table 2). After the 1% inoculation, the differ-
ence between these groups in levels of virus neutrali-
zing Abs against IV was statistically insignificant
(» = 0.10-0.99). The follow-up comparison of the le-
vels of virus neutralizing Abs against IV in the animals
from these groups demonstrated a statistically signifi-
cant increase in the levels of Abs against all IV strains,
except for the A/H3N2 strain, in the group of animals
immunized with Flu-M. These results correlate with the
results obtained in HIA (Table 1). Note that after the 1%
inoculation, the levels of virus neutralizing Abs against
the A/H3N2 strain were significantly higher than the
levels of Abs against the other two IV strains in both
groups (p < 0.05). The results after the 2™ inoculation
demonstrated the statistically significant difference be-
tween the groups of animals in the levels of virus neu-
tralizing Abs against IV (p = 0.0002—0.002). The levels
of virus neutralizing Abs after the 2™ inoculation were
significantly higher in the group of animals immunized
with Flu-M + CoviVac, demonstrating the consistency
with the HIA results (Table 1). In both groups of ani-
mals, the levels of Abs against type A IV strains were
almost identical; the levels of Abs against the type B IV
strain were significantly lower (p < 0.05). In the group
of animals immunized with CoviVac, neutralizing Abs

Table 1. Levels of specific Abs (Ig) against IV in HIA in laboratory animals after immunization with Flu-M and CoviVac

(GMT + SD)
Flu-M Flu-M + CoviVac CoviVac
Day of study IV strain

A/H1N1 | A/H3N2 | B | AH1IN1 | A/H3N2 | B | A/H1N1 | AJH3N2 | B
14 1,38+0,20 1,80+0,20 1,25+0,22 1,59+0,38 1,98+0,30 1,41+0,35 H.o. H.o. H.o.
N.d. N.d. N.d.
28 2,03+0,58 1,86+0,36 155+0,26 3,00+0,20 2,94+0,29 2,09+0,28 H.o. H.o. H.o.
N.d. N.d. N.d..

t-test 0,0084 0,52177 0,01817 0,0009 0,0015 0,0039 - - -

Note. Here and in Tables 2, 3: N.d. — not detectable.
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Table 2. Levels of virus neutralizing Abs against IV in NT (log2) in laboratory animals after immunization with Flu-M
and CoviVac (GMT + SD)
Flu-M | Flu-M + CoviVac | CoviVac
Day of study 1V strain
A/H1N1 | A/H3N2 | B | A/H1IN1 | A/H3N2 | B | A/H1N1 | A/H3N2 | B
14 2,20+0,27 249+028 177+040 191042 250+0,14 1,71+0,58 H.o. H.o. H.o.
N.d. N.d. N.d.
28 269+0,38 252+0,27 217+040 3,05+x0,12 299%0,16 2,69+0,16 H.o. H.o. H.o.
N.d. N.d. N.d.
t-test 0,0038 0,8104 0,0426 0,0001 0,0002 0,0038 - - -
Discussion

against 3 IV strains were not detected at any control
point (Table 2). The correlation between the levels of
Abs against IV in HIA and the levels of virus neutra-
lizing Abs against IV in both groups of animals after
the 1** and the 2™ inoculation showed that Pearson’s
correlation coefficient ranged from 0.60 to 0.87. These
values of Pearson’s correlation coefficient indicate a
statistically significant correlation at p < 0.05.

Table 3 presents titers of specific Abs against
SARS-CoV-2 in ELISA and NT. The immunization
of the animals resulted in production of specific Abs
against SARS-CoV-2 in the groups inoculated with
CoviVac and Flu-M + CoviVac. 14 days after the 1%
inoculation, the difference between the levels of speci-
fic Abs was statistically insignificant for these groups,
both in ELSA (p = 0.10) and NT (p = 0.09). The com-
parison of the antibody levels in the animals within
the groups after the 1* and the 2" inoculation showed
a statistically significant increase in the levels of Abs
in ELISA and NT (Table 3). After the 2" immuniza-
tion, the difference between the levels of specific Abs
against SARS-CoV-2 in ELISA and NT in the groups
of animals inoculated with CoviVac and Flu-M + Co-
viVac was statistically insignificant (p > 0,10). In the
group of animals immunizaed with Flu-M, no specific
Abs against SARS-CoV-2 were detected at any of the
control points. Pearson’s correlation coefficient for the
levels of Abs against SARS-CoV-2 in ELISA and in
NT was 0.89—0.94 in both groups of animals after the
I** and the 2™ vaccination. These values of Pearson’s
correlation coefficient indicate a statistically significant
correlation at p < 0.01.

The experiment conducted to assess the cross-im-
pact of immunization with Russian CoviVac and Flu-M
vaccines demonstrated the absence of any negative im-
pact of the Flu-M vaccine on development of immunity
to SARS-CoV-2 and the CoviVac vaccine on develop-
ment of immunity to [V after the co-immunization of
laboratory animals.

The development of immunity to IV was ob-
served in the groups of CoviVac and Flu-M + CoviVac
animals, being confirmed by the presence of specific
Abs in the animals’ sera, which were detected both by
HIA and NT. The average titers of Abs against IV in
both groups of animals were quite high, being consis-
tent with the levels previously observed in the experi-
mental studies of the double immunization of BALB/c
mice with inactivated Russian vaccines for influenza
prevention [13]. Interestingly, after the 1% inoculation,
the HIA and NT levels of specific Abs showed hard-
ly any difference between the groups inoculated with
CoviVac and Flu-M + CoviVac. However, after the
2" inoculation, the advantage of co-vaccination with
CoviVac and Flu-M became apparent, being suppor-
ted by statistically significant differences between the
average levels of specific Abs against [V detected both
by HIA and by NT. The relationship between the levels
of specific Abs against 3 IV strains remained similar
within one group and between the groups during differ-
ent stages of the study. The levels of Abs against [V of
both type A strains were very similar and statistically
higher than the levels of Abs against the type B/Victoria
strain in both groups, both after the 1* and the 2™ vac-

Table 3. Levels of specific Abs against SARS-CoV-2 in NT (log2) and ELISA (lg) in the laboratory animals after the

immunization with Flu-M and CoviVac (GMT % SD)

Flu-M Flu-M + CoviVac CoviVac
Day of study

NA ELISA NA ELISA NA ELISA

14 H.o. H.o. 2,53 £ 1,66 2,53 £ 1,66 2,53+ 1,66 1,90 £ 0,75
N.d. N.d.

28 H.o. H.o. 575+ 1,14 575+ 1,14 575+ 1,14 2,76 £ 0,28
N.d N.d

t-test - - 0,0029 0,0029 0,0029 0,0249
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cination of the animals. The obtained data are compa-
rable with the previously published data [13, 14].

The development of post-vaccination immunity to
SARS-CoV-2 was observed in the groups of animals
inoculated with CoviVac and Flu-M + CoviVac, being
confirmed by the presence of specific Abs in the an-
imals’ sera, which were detected by ELISA and NT.
Interestingly, after the 1% immunization, the apparent
difference in the levels of specific Abs, demonstrated
by ELISA and NT, between the groups inoculated with
CoviVac and Flu-M + CoviVac turned out statistical-
ly insignificant. After the 2" immunization, the groups
did not demonstrate any difference in the levels of Abs,
both in ELISA and NT.

The study has found that the co-immunization
with influenza and COVID-19 vaccines does not have
any negative impact on the immunity; moreover, it has
a boosting effect on the level of specific Abs against
IV, which has not been expected. This phenomenon, be-
ing unquestionably positive, needs further research to
identify and understand the mechanisms responsible for
enhancing the immune response to IV. CoviVac is an
inactivated and whole-virion vaccine containing alumi-
num hydroxide. Considering that CoviVac and Flu-M
vaccines were injected into different extremities of the
animals, it can be assumed that aluminum hydroxide
did not have any adjuvant effect on production of spe-
cific Abs against V.

The previous experimental study of co-immuni-
zation of transgenic mice with vaccines for influenza
and COVID-19 prevention demonstrated development
of neutralizing Abs both against IV, strain A/HINI,
and against SARS-CoV-2. Furthermore, it showed ac-
tivation of the protective effect after the subsequent
infection of the laboratory animals with IV and SARS-
CoV-2 [11]. In their experimental studies, Bao et al.
[11], like we in our study, used an inactivated vaccine
against COVID-19 (PiCoVacc, Sinovac Biotech Ltd)
and an inactivated vaccine against influenza (Anflu, Si-
novac Biotech Ltd.). The comparison of levels of Abs
against the A/HIN1 IV strain showed that the group
of animals inoculated concurrently with two vaccines
tended to have high Ab levels compared to the group
of animals inoculated only with the influenza vaccine.
The researchers also studied the correlation between
CD4*/CD8" T cell subpopulations. The analysis of the
Th1 and Th2 immune balance, which plays an import-
ant role in development of adaptive immunity, showed
that the group of co-immunized animals had an advan-
tage, having increased levels of interleukin-4 in their
blood sera [11]. Compared to our study, the groups of
animals were small in size (rn = 6); the animals were Tg
(K18-hACE2) transgenic for studying the Ab-depen-
dent effect; the animals were inoculated with the influ-
enza vaccine only once [11]. In our study, the BALB/c
mice were inoculated with influenza vaccine twice, as
described earlier [13].

ORIGINAL RESEARCHES

The results obtained during this study confirm the
positive effect of the co-immunization of the laboratory
animals with Russian vaccines—Flu-M for influenza
prevention and CoviVac for coronavirus infection pre-
vention; the positive effect was supported by produc-
tion of specific virus neutralizing Abs. The observed
enhancement of the immune response to IV in the labo-
ratory animals after the co-immunization can be seen as
a positive result, though its mechanism requires further
studies.

Conclusion

In the situation when there is a high probability
that vaccination against COVID-19 would have to be
repeated at certain intervals, the vaccination strategy
becomes critically important, especially the vaccina-
tion of elderly population of the country, taking into
account the already approved and recommended vac-
cines against pneumococcal diseases and influenza.
Timely vaccination can prevent the concurrent infec-
tion and can have a favorable effect on the outcome of
such disease as COVID-19. Addressing the increased
risk of severe COVID-19 associated with coinfection
and the risk of subsequent IV infection, the Internation-
al Council on Adult Immunization (ICAI) calls on the
global community and governments to set priorities and
develop a special program of vaccination of the adult
population [15].

The results obtained during this study confirm
that the specific post-vaccination immunity to IV and
SARS-CoV-2 developed after the laboratory animals
had been co-immunized with Russian vaccines —
Flu-M against influenza and CoviVac against corona-
virus infection. The performed laboratory tests suggest
that, if required, the adult population of the country can
be co-vaccinated against influenza and COVID-19.
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