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BACKGROUND: Live influenza vaccine strains may serve as a promising system for the delivery of target antigens
to the body because such a vaccine is administered intranasally and stimulates multiple chains of immunity against both
the target pathogen and the influenza virus, a serious infection that causes significant socioeconomic damage worldwide
each year.

AIM: The study was aimed to evaluate the biological properties of a recombinant live influenza vaccine strain of sub-
type A/HIN1pdm09 expressing a fragment of the Strepfococcus pneumoniae Spr1875 surface protein.

MATERIALS AND METHODS: The A/HIN1pdm09 recombinant live influenza vaccine strain expressing a 69-amino-
acid fragment of the S. pneumoniae surface protein Spr1875 as part of a chimeric hemagglutinin molecule was prepared
by reverse genetics using an 8-plasmid system. The reproductive activity of the recombinant virus was studied in chicken
embryos, whereas immunogenicity and protective efficiency were studied in Balb/C mice.

RESULTS: The recombinant influenza virus strain with hemagglutinin H1-Spr-69 demonstrated active reproduc-
tion in chicken embryos and retained the temperature-sensitive phenotypic trait of vaccine viruses. However, its growth
in the respiratory tract of mice was limited compared with the original A/HI1N1pdm09 vaccine virus. Intranasal admi-
nistration of the recombinant H1-Spr strain to mice resulted in stimulation of virus-specific serum IgG antibody produc-
tion comparable to that induced by the classic live influenza A/HINI1pdm09 vaccine. Furthermore, this strain induced
an increase in IgG antibodies against the pneumococcal insertion Spr1875. Although the A/H1N1pdm09 variant was
more effective than the chimeric H1-Spr virus in preventing weight loss in mice infected with mouse-adapted influenza
A/California/07/09 (HIN1)pdm09 (HIN1)pdm09 virus, the titers of the challenge virus in the lungs of mice from both
vaccine groups were significantly reduced compared with unvaccinated animals.

CONCLUSIONS: The results demonstrate the ability of the chimeric recombinant H1-Spr strain to stimulate protec-
tive immunity against influenza virus.

Keywords: live influenza vaccine; recombinant influenza virus; A/H1N1pdm09 pandemic strain; Streptococcus pneu-
moniae.
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Obocnosanue. 11lTaMMBbl XXWBOI TPUIIIIO3HOM BAKIIMHBI MOTYT CIYKUTb IMEPCIEKTUBHOM CHCTEMOM JTOCTAaBKU Liejie-
BBIX @aHTUTCHOB B OpPTraHM3M, ITOCKOJIbKY TaKasl BaKIIMHA BBOIUTCSI MHTPAHA3aJIbHO U CTUMYJIUPYET pa3IudHble 3BEHbS
MMMYHMUTETa KakK K LieJIEBOMY MaTOreHy, Tak MU K BUPYCY IpMIINIa — aKTyaJIbHOM MHGbEKLMU, €XErogHO HaHocCsIeh
CYIIECTBEHHBIN COLIMAIbBHO-3KOHOMUYECKUIA yiiep6 BCeM CTpaHaM MUpa.

List of Abbreviations
LIV, live influenza vaccine; EIDy,, 50% fetal infectious dose; HA, hemagglutinin.
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C
Ileav — usydyeHHe OMOJOTMYECKMX CBOMCTB PEKOMOWHAHTHOIO INITAMMA >KMBOW TPUIIIIO3HOM BaKIIMHBI TOATH-
nma A/H1N1pdm09, skcnpeccupytoiero ¢bparMeHT MOBEPXHOCTHOTO Oenka Streptococcus pneumoniae Sprl1875.
Mamepuaaot u memoodvt. PeKOMOMHAHTHBIN IMITaMM XWBOI TPUITO3HOM BakimHbl toaTumna A/H1N1pdm09, akcrpec-
cupymoluii (pparMeHT MOBEpXHOCTHOTO Oeika S. prneumoniae Spr1875, pazmepom 69 aMMHOKKCIIOT B COCTaBe XUMEPHOI
MOJIEKYJTbI TEMATTJIIOTUHUHA ObLT TIOATOTOBJIEH METOIOM OOPATHOI T€HETUKHU C UCTIOb30BAHUEM §-TUTa3MUIHOI CHCTEMBI.
PenponykTuBHYI0 aKTUBHOCTh PEKOMOMHAHTHOIO BUpPYyca U3ydyaly B KypUHBbIX SMOpHoHax. M3yueHrne MMMYHOT€HHOCTH
M 3aIIUTHOU 3((HEKTUBHOCTY BHITIONHSIIM Ha Mbllnax Juaun Balb/C.
Pesyavmampr. PeKOMOMHAHTHBIN 1IITAMM BUpPYCa TPUIIA ¢ reMarrTioTUHUHOM H1-Spr-69 akTMBHO penpomyiupoBaics
B KYPUHBIX dMOPUOHAX M COXPAaHWJI TEMIIEPATypOUYBCTBUTEIbHBIN (PEHOTUI, XapaKTepHBIN IS BAKLIMHHBIX BUPYCOB,
MPU 3TOM IEMOHCTPUPOBAJ OTPAaHUYEHHBI POCT B OpraHax PeCIMpaTOpPHOro TpakTa MBILIEH MO CPaBHEHUIO C UCXOM-
HBIM BakIIMHHBIM BUpycoM A/HIN1pdm09. [1pu nHTpaHa3aIbHOM BBENEHUM MBIIIIaM peKOMOWHAHTHBINA mTamMm H1-Spr
CTUMYJIMPOBAJ BEIPAOOTKY BUpPYC-CIeNU(PUIecKnX CRIBOPOTOUHBIX IgG aHTHUTENT HA TOM Xe YPOBHE, UTO M KJIACCUIECKUA
TaMM XUBOU rpurnmo3Hoii BakuuHbl A/H1N1pdm09, a Taxke BbI3bIBan mpupocT IgG K MHEBMOKOKKOBOI BCTaBKe
Spr1875. Hecmotpst Ha 1o uyTto BapuaHT A/HINIpdm09 6onee a3pdekTHBHO 3alMilag MbIEd OT MOTEPU Beca MpU
WHGUIMPOBAHWM aTalTUPOBAHHBIM K MbIaM BupycoM rpurima A/Kamdopuus/07/09 (HIN1)pdm09, yem xumepHbIit
Bupyc H1-Spr, TMTpBI YeluleHIK-BUpyca B JIETKUX MBIIIE 00eUX BAKIIMHHBIX TPYIIT ObUTM CTATUCTUYECKU 3HAYUMO

CHIXEHBI 110 CPABHEHUIO C HEMMMYHU3UPOBAHHBIMU XUBOTHBIMU.
3axarouenue. TlonydeHHbIe pe3ybTaThl MOKA3bIBAIOT CMIOCOOHOCTh XMMEPHOIo peKoMOMHaHTHOro mramma HI1-Spr
CTUMYJIUPOBATh BBIPAOOTKY 3allIMTHOIO MMMYHUTETa K BUPYCY TPMIIIA.

KnoueBble cioBa: XuBasi TIPUIIIO3HAs BaKLMHA; PEKOMOMHAHTHBI BUpYC TIpUIIIA,;

A/HINI1pdm09; Streptococcus pneumoniae.

Background

Streptococcus pneumoniae infection is the most
frequent cause of post-influenza complications [1].
Since 2007, pneumococcal infections have been suc-
cessfully prevented by multicomponent conjugated
polysaccharide vaccines. However, non-vaccine
pneumococcal serotypes start to dominate, caus-
ing diseases. This requires constant enhancement
of the effectiveness of pneumococcal vaccines [2].
Besides bacterial polysaccharides, other targets
for pneumococcal vaccine development include pro-
tective bacterial surface proteins, enzymes, and ad-
hesins [3, 4].

To prevent respiratory tract infections, muco-
sal vaccines are a preferred option. Mucosal vac-
cines induce systemic and local immunity and allow
for rapid resistance to infection [5, 6]. In particular,
the live influenza vaccine (LIV) strains may serve as
a promising system for the delivery of target antigens
into the body. This is due to the fact that the LIV
vaccine is administered intranasally and stimulates
various links of immunity to both the target patho-
gen and the influenza virus. The influenza virus
is a serious infection that annually causes significant
socioeconomic damage worldwide [7].

A recombinant strain of the LIV subtype
A/H1N1pdm09 expressing a fragment of the Spr1875
protein linked by a flexible linker to the surface pro-
tein of the virus, hemagglutinin (HA), was prepared
for the development of a mucosal vaccine based
on LIV and S. preumoniae surface pathogenicity fac-
tors. The S. pneumoniae surface protein Spr1875 (also
known to contain the LysM domain) [8] is a viru-
lence factor of pneumococcus. The Spr1875 protein
has been demonstrated to play a role in the inter-
action between pneumococcus and microglial cells,
which may contribute to pneumococcal meningi-
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tis [4]. Sprl875 exhibits immunogenic properties
and is expressed on the surface of many strains be-
longing to different serotypes [8]. The Spr1875 frag-
ment (Spr-69), comprising 69 amino acids (from 94
to 162 in the original protein), lacks the site located
in the C-terminal of the molecule, which contains
the presumed immunodominant epitopes that are
not associated with immune protection [8].

The study aimed to investigate the biologi-
cal properties of a recombinant strain of the LIV
A/HINI1pdm09 subtype expressing a fragment
of the S. pneumoniae surface protein.

Materials and methods

Viruses. A recombinant influenza virus strain
was obtained by reverse genetics using an 8-plasmid
system based on the attenuation donor A/Lenin-
grad/134/17/57 (H2N2) with HA and neuraminidase
surface antigens derived from A/South Africa/3626/13
(HIN1)pdm09 influenza virus, where the HA
molecule was modified to express the antigenic
site of the Spr1875 protein of S. pneumoniae [9].
The LIV A/17/South Africa/2013/01(HIN1)pdm09
vaccine strain with identical genome composition
and unmodified HA was used as a control. The
genome composition of the analyzed influenza virus
strains is presented in Table 1.

All  the viruses were received from
the Smorodintsev Virology Department’s collec-
tion at the Institute of Experimental Medicine.
The pandemic influenza  A/California/09/07
(HIN1)pdm09-MA (mouse-adapted) virus, kind-
ly provided by A.A. Shtro, Cand. Sci. (Biology),
Head of the Laboratory of Chemotherapy of Viral
Infections of the Smorodintsev Research Institute
of Influenza of the Ministry of Health of Russia,
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Table 1/ Tabamya 1

Genome composition of influenza virus strains
COCTaB reHOMA LUTAMMOB BUPYCOB rpunna

e s Viral gene composition
sirain Hemagglufinin Neuraminidase PB2, PB1, PA, NP, M, and NS
A/HINI A/South Africa/3626/13 A/South Africa/3626/13 A/Leningrad/134/17/57
(HIN1)pdm09 (HIN1)pdm09 (H2N2)
H1-SpR H1-SpR-69 A/South Africa/3626/13 A/Leningrad/134/17/57
(HIN1)pdmo09 (H2N2)

Table 2 / Tabanua 2

Primers used in the study of the hemagglutinin gene region containing the bacterial fragment Spr1875
MpaimMepbl, UCNOAb3yEMbI€ B UICCAEAOBOHUU YYACTKA reHA reMArrAlOTMHUHA, COAEPXXALLEro 6aKTepPUAAbHbIA GPArMmeHT Spr1875

- Hemagglutinin A/H1N1
Genome position . , , Fragment length
and focus Sequence of primers 5* -5 3 with Spri875 insertion, bps wi:;gﬂﬂﬁ:;{'ﬁ:ﬁ'gps
F-18 GCAACAAAAATGAAGGCAATACTA 429 -
1
R-174 TAGTTTCCCGTTATGCTTGTC

was used for experimental infection of laboratory
animals. All viruses were cultivated in developing
chicken embryos.

Molecular genetic analysis. The modified HA re-
gion of influenza viruses was subjected to sequencing
using an ABIPrism 3130x] automated capillary se-
quencer (Applied Biosystems, USA) and a commer-
cial BigDye Terminator Cycle Sequencing Kit v3.1,
in accordance with the manufacturer’s manuals. The
isolation of viral ribonucleic acid (RNA) was con-
ducted using a MagJET™ Viral DNA and RNA
Purification Kit (Thermo Scientific, USA). Prior
to sequencing, the genes were amplified us-
ing the SuperScript III One-Step RT-PCR with
Platinum Taq kit (Invitrogen, USA), with the pri-
mers listed in Table 2.

Amplified fragments were isolated from agarose
gel after electrophoretic separation using Russian
DNA purification kits (Diaem, Russia). Multiple
alignment of nucleotide and amino acid sequences
was performed using UGENE software (Unipro,
Russia) [10].

Study of growth properties of chimeric viruses
at different incubation temperatures in chicken em-
bryos. A series of tenfold dilutions of the tested vi-
ral material to infect developing chicken embryos
and determine infectivity were prepared in advance.
Embryos were incubated at optimal (33 °C), reduced
(to 25°C) or celevated (38—40°C) temperatures
for 48 (for 33—40 °C) or 120 (for 25 °C) hours. The
50% embryo infectious dose (EIDs,) was calculated
using the Reed—Muench method [11]. Infectivity

was expressed as IgEID;,/mL. The temperature-
sensitive viruses (with #s phenotype) were those that
had >5.0 IgEIDs, lower titers at elevated tempera-
ture compared with those at an optimal temperature.
The degree of cold viral adaptation was determined
by the difference in reproduction rates at optimal
(32°C) and suboptimal (25°C) temperatures. If
the difference in titers at optimal and suboptimal
(25 °C) temperatures did not exceed 3.0 IgEIDy, vi-
ruses were classified as cold adapted (ca phenotype).

Animal immunization. Groups of 20 female
BALB/c mice, with an average weight of 18 g, were
intranasally challenged with the chimeric H1-Spr
strain or the classical LIV A/HINIpdm09 strain
at a dose of 100 50%-mouse infectious doses, cor-
responding to 6.0 IgEIDs, of each virus per animal.
Mice in the control group received 50 uL of phos-
phate-buffered saline (PBS). The immunization
procedure was repeated twice at a 14-day interval
between each injection. Euthanasia was performed
in accordance with the Regulations for Activities
Involving Laboratory Animals.!

Determination of viral reproduction in organs. The
lungs and nasal passages were collected from five
mice on Day 3 after immunization and homogenized
individually in 1 mL of cold PBS using a TissueLyser
LT homogenizer (QIAGEN, USA) to assess viral
reproduction. The homogenates were centrifuged
at 10,000 rpm to remove solid impurities and stored
at —70 °C. The infectious viral titer in the samples
was determined by titration in 10-day-old chicken
embryos and expressed as IgEID;,/mL. Calculations

' Directive 2010/63/EU of the European Parliament and the Council of the European Union on the Protection
of Animals Used for Scientific Purposes // Rus-LASA Non-profit Partnership Association of Laboratory Animal
Specialists, Working Group on Translation and Publication of Specialized Literature. St. Petersburg, 2012. p. 48.
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were performed using the Reed—Muench me-
thod [11].

Immunogenicity study. The levels of serum im-
munoglobulin (IgG) antibodies to influenza virus
were determined by enzyme-linked immunosor-
bent assay (ELISA) using 96-well high sorption
plates (Thermo Fisher Scientific, Waltham, USA)
precoated with 20 agglutinating units of A/Cali-
fornia/07/09 (H1N1)pdm09 virus. The 96-well plates
were sensitized with a recombinant polysaccharide
peptide (PSP) (2 ug/mL) containing the peptide
sequence Sprl875 to detect antibodies to the pneu-
mococcal insertion. The PSP protein was kindly pro-
vided by the Department of Molecular Microbiology,
the Institute of Experimental Medicine. The
plates were incubated overnight at 4 °C, followed
by ELISA [12]. The antibody titer was determined
by taking the inverse of the final serum dilution,
which resulted in an optical density at a wavelength
of 490 nm, exceeding the average optical density
of the control samples by more than three standard
deviations.

Experimental infection of animals. Animals were
challenged intranasally with an MA strain of the in-
fluenza A/California/07/09 (H1N1)pdm09-MA virus
at a dose of 3 IgEIDy, on Day 21 after re-immu-
nization to assess the protective effect of immuni-
zation with the recombinant influenza strain. The
weight of the mice was monitored for a period
of eight days following infection to study the protec-
tive effect of immunization. Additionally, the above
method was utilized to determine the reproduction
of the infectious virus in the lungs (# = 3) on Day 3
after infection.

Statistical analysis. A statistical analysis was per-
formed with the GraphPad package and Microsoft
Excel program. The following indicators of descrip-
tive statistics were used to present the obtained
data: arithmetic mean m, standard deviation o,

o] (6]

BAAPGAANEAEEVTEVEIQTPQADSSEEVTTATA
DLTTNQVTVDDQTVQVADLSQPIAEAPKEVASSS

EVTKTVIAAAPGAR
= Spr
B Linkers / JuHkepsl

HIN1SA Spr
BaKy. 7/2

Fig. 1. Results of molecular genetic analysis of HI-Spr:
a, separation of amplified fragments in agarose gel; b, ami-
no acid sequence of the bacterial fragment integrated into
hemagglutinin

Puc. 1. PesymbraThl MOJIEKYISPHO-TEHETMYECKOTO aHAIM3a
H1-Spr: @ — pasnenenne aMImnUIMPOBaHHBIX (parMeH-
TOB B arapo3HOM Treyie; b — aMUHOKHWCIOTHAsI TOCJIEI0Ba-
TEJIbHOCTh BCTPOEHHOIO B TeMArTIIOTUHUH 0aKTepuaibHOTO
¢dparmeHTa

and geometric mean titers. Non-parametric cri-
teria (Mann—Whitney) were used to compare
samples when the assumptions of normal distribu-
tion of the dependent variable within each group
and homogeneity of dispersion were not met. The
null hypotheses tested against the criteria were re-
jected at p <0.05.

Results and discussion

Molecular and genetic characteristics of the re-
combinant strain HI-Spr. The recombinant strain
H1-Spr, encoding a fragment of the Spr1895 pro-
tein from the N-terminus of the influenza virus HA
molecule, was obtained by reverse genetics and ac-
cumulated in developing chicken embryos. A poly-
merase chain reaction analysis of a HA molecule
fragment followed by amplified fragment sequencing
was performed to confirm the presence of the foreign
insertion in the chimeric virus. Figure 1 shows that
the length of the amplified fragment of the H1-Spr
strain is similar to that of the fragment sought with
the Sprl895 insertion (429 bps), with sequencing
confirming the identity of the bacterial insertion
in the HA molecule.

Infectivity of influenza viruses in developing chick-
en embryos. The EIDs, of the influenza virus was
determined through the titration of the A/HINI
and HI1-Spr viruses in chicken embryos. Fig. 2
shows the obtained results. The analysis revealed
that the H1-Spr strain exhibited a reduced repro-
ductive capacity (5.5 1gEIDs,/mL) compared with
the A/HIN1 vaccine strain (8.4 1gEID5,/mL). This
observation indicates that the incorporated fragment
affects the replicative properties of the recombinant
influenza virus. Both studied viruses exhibit a s phe-
notype, typical of the LIV strains, and a ca pheno-
type (Fig. 2).

Reproduction of vaccine strains on experimental
animals. Fig. 3 shows the results of the reproduc-
tive activity study of viruses in the lungs and nasal
passages of mice. The recombinant HI-Spr strain
demonstrated a reduced reproductive capacity
in the lungs and was unable to reproduce in the nasal
passages of mice when compared with the classical
LIV strain (Fig. 3).

Immunogenicity of vaccine strains against influen-
za virus. Despite the limited capacity for reproduc-
tion in the respiratory tracts of mice, a statistically
significant difference was observed in the geomet-
ric mean serum IgG titers to influenza A/South
Africa/3626/13 (HIN1) virus after immuniza-
tion with recombinant H1-Spr virus and unmodi-
fied vaccine strain. This difference was evident
14 and 28 days after the initial immunization
in the control group (Fig. 4a).

Fourteen days after the initial
tion, a statistically significant increase in

immuniza-
IeG

MeAVLIMHCKMA QKOAEMUYECKNN XKYPHOA Tom 2 4
Medical Academic Journal Volume

Bbinyck 4 2024

Issue

ISSN 1608-4101 (Print)
ISSN 2687-1378 (Online)



OPUTMHAABHBIE MCCAEAOBAHMS / ORIGINAL RESEARCH

J—

o
]
*

= N + [l AHINT
= . "

— : . H1-Spr
S 8- . .
:‘f . .
E | : :
m . .
9 . L4
— 6+ . .
— . .
IS . .
%4- . :
[am) . .
&, " -——r

2 : : T

— —

33°C 25°C 39°C

Fig. 2. Replication activity of influenza virus strains in devel-
oping chicken embryos at different incubation temperatures.
*p <0.05

Puc.2. PemukatuBHAas aKTUBHOCTL IUTAMMOB BUPYCOB
IpUIINa B Pa3BUBAIOIIMXCS KYPUHBIX dMOPUOHAX MpU pas-
JIMYHBIX TeMIlepatypax uHKyboauum. *p < 0,05

to the recombinant PSP protein was observed
in the blood of mice (Fig. 4b) compared with
the control group.

Fig. 5 shows the results of studying the protective
effect of immunization against infection with influ-
enza virus A/California/07/09 (HINI1)pdm09-MA
14 days after booster immunization. According
to the presented data, the mice in the control group
that received PBS showed a decrease in weight from
Day 1 of the follow-up through the end of follow-

Izl 32,768 =
g * .
E= .
§8 102+ T
3 |
sk
:
8
[«5]
S
32 =
i
A/HINT H1-Spr A/HIN1 H1-Spr PBS/®b

Lungs
4 - Jlerkve 6 1

Nasal passages

Hocosble xofbl
kk

1

lgEIDgg, mL / g3V, M
lgEIDyg, mL / g3V, M

A/HINT

H1-Spr H1-Spr

Fig. 3. Reproduction of influenza vaccine viruses in the up-
per and lower respiratory tract of mice (n =15 per group).
**p < 0.01. The dotted line indicates the sensitivity threshold
of the method

Puc. 3. Pemponykius BaKIMHHBIX BUPYCOB TPHITIA B BEPX-
HUX ¥ HIDKHUX JBIXaTeJIbHBIX IYTSAX MBIIeH (7 =5 B TpyI-
ne). **p<0,01. I[NyHkTupHOil JWMHUEH 0003HAYEH ITOPOT
YYBCTBUTEIBHOCTA METONA

A/HINT

up. Immunization with the A/HINI vaccine strain
resulted in positive changes in weight gain after
Day 2 of follow-up; the plateau started on Day 3,
when weight no longer increased or decreased sig-
nificantly. For the H1-Spr group, the trend was less
clear, a decrease in the mouse weight was recorded
from Day 2 to Day 4, after which positive changes
in weight gain were observed until the end of the fol-
low-up. In the group of animals that received PBS,
the highest reproduction (up to 1077 EIDs,/mL)

(2]

1024 =
LN

021 512 « *

256 =
128 «

64 -

Geometric mean titres
CpeHereoMeTpuyecKme TUTPbI

32 «

16

A/HINT  H1-Spr PBS/®b

Fig. 4. Results of the immunogenicity study: a, serum IgG to the whole virus A/South Africa/3626/13 (HIN1), enzyme-linked
immunosorbent assay (n =5 per group) on Day 14 and Day 28 after the first vaccination; b, serum IgG to the recombinant
PSP protein on Day 14 after the first vaccination. *p < 0.05 compared with unvaccinated animals (PBS)

Puc. 4. Pesysbrarsl M3y4eHUsT IMMYHOTEHHOCTH: @ — chiBopoTouHble IgG K tensHoMy Bupycy A/IOxHas Adpurka/3626/13
(HIN1), ummyHodepMeHTHBIIT aHanmu3 (n = 5 B Tpynme) Ha 14 u 28-if IeHb MOC/e MEepBOil J03bI BaKIUHBI, b — CHIBOPO-
touHble IgG K pekomOuHaHTHOMY Oenky PSP Ha 14-ii meHb mocie mepBoii umMmyHm3auuu. *p < 0,05 B cpaBHEHMU C He-
WMMYHU3UPOBAHHBIMUA XKUBOTHBIMU (DB)
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Fig. 5. Results of the study of the protective effect of immunization with the recombinant H1-Spr virus: a, changes in the average
weight of mice after experimental infection (n = 10); b, reproduction of the infecting virus A/California/07/09 (HIN1)
pdm09-MA in the lungs of mice on Day 3 after experimental infection (n = 3). PBS, unvaccinated animals

Puc. 5. PesynbraTel M3ydyeHUs 3aLIUTHOrO AEMCTBUS UMMYHHU3ALUU pEKOMOMHAHTHBIM BupycoM H1-Spr: ¢ — nmuHamumka
M3MEHEHUST CPedHEi MacChl Tejla MBILIIEi ITOCIe 3KCIEPUMEHTAILHOrO 3apaxeHust (n = 10); b — penpomyKIus 3apaxaloiiero
pupyca A/Kamudopuus/07/09 (HIN1)pdm09-MA B nerkux mbliieid Ha 3-if JeHb Mocje 3KCIEePUMEHTAIbHOTO 3apaXKeHUs
(n=3). ®b — HEeMMMYHU3UPOBAHHBIC XKUBOTHBIC

of the infectious virus was observed in the lungs. to the bacterial antigen. However, an earlier study
Conversely, the groups challenged with the vaccine of the protective effect of a combined viral-bac-
strain A/HIN1 and the recombinant HI-Spr virus terial LIV and recombinant group B streptococcal
exhibited a statistically significant decrease in in- polypeptides showed that intranasal administration
fectious virus titers compared to the unvaccinated of bacterial polypeptides to mice induced predomi-
animals, with titers of 10*° and 10°° EIDy,/mL, nantly IgG2a to a fragment of the group B strep-

respectively. tococcal immunodominant protein (P6). However,
when administered with a mixture of LIV and bac-
Conclusion terial polypeptides, IgG1 prevailed among antibo-

dies to P6 [13]. The group of mice that received
Thus, this study was the first to evaluate the bio- the combined viral-bacterial vaccine demonstrated
logical properties of a recombinant influenza virus the most significant protection against post-influ-
strain based on the LHV A/HINIpdm09 subtype enza bacterial pneumonia compared with the mice
expressing a fragment of the S. pneumoniae Spr1875 in the other vaccine groups [13]. Further studies are
protein. The recombinant strain demonstrated required to determine the factors of adaptive im-
the capacity to proliferate in developing chicken munity necessary for effective vaccine prophylaxis
embryos and exhibited the s phenotype typical against post-influenza pneumococcal pneumonia,
of vaccine viruses. In mice, the chimeric vaccine including subclasses of antibodies to bacterial anti-
comprising H1-Spr-69 HA demonstrated limited gens as part of the viral vector.
reproductive activity compared with the original As soon as reverse genetics systems were deve-
A/HINI1 vaccine virus. Nevertheless, the recom- loped to construct viruses with a minus-strand
binant HI1-Spr strain prompted the production RNA genome, influenza viruses have become pro-
of virus-specific serum IgG antibodies at a level mising candidates for recombinant vaccines [14].
comparable to that of the classical A/HIN1pdm09 Cold-adapted influenza viruses used as vaccine
LIV strain. Additionally, it induced an increase strains for LIV are safe and effective candidates
in IgG responses to the pneumococcal protein in- for vector vaccines [7]. Notably, the use of influ-
sertion site. Vaccine strain A/HINI was more ef- enza virus vectors may induce immunity against
fective than chimeric HI-Spr in protecting mice both foreign antigens and the influenza virus used
against infection with influenza A/California/07/09 as the vaccine base. Given the absence of a DNA
(HIN1)pdm09 MA virus. Experimental infection cycle in the replication of the influenza virus,
showed a statistically significant reduction in infec- there is no risk of viral sequence integration into
tious viral titers in groups of mice challenged with  the genome of immunized recipients. Furthermore,
A/HIN1pdm09 vaccine strain and recombinant the high antigenic variability of influenza viruses,
H1-Spr-69 virus compared with unvaccinated ani- which leads to the emergence of multiple antigenic
mals. A notable limitation of the study is the absence variants, avoids the influence of pre-existing im-
of data on the formation of antibody subclasses munity to the viral vector in vaccinees. Finally,
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intranasal administration of chimeric influenza vi-
ruses may induce a local immune response, which
is important for pathogens penetrating the upper
respiratory tract.

One of the potential limitations of influenza
virus vectors is their small genome capacity. The
possibility to obtain stable influenza viruses with
insertions longer than 1000 nucleotides requires
further research [15]. Insertion of foreign gene
fragments into NA, NSI, or polymerase subunit
gene segments may result in reduced attenuation/
replication [14]. In this study, a bacterial fragment
was inserted into the HA molecule. However, this
resulted in decreased replication of the recom-
binant virus during incubation at both optimal
and reduced temperatures. Previously, two recom-
binant viruses (H7-ScaAB-85 and H7-ScaAB-141)
based on the vaccine LIV A/Anhui/1/2013
(H7N9) strain [9] with recombinant HA contain-
ing a fragment of Strepfococcus agalactiae ScaAB
lipoprotein were studied. Although all inter-
nal and non-structural proteins of the recombi-
nant strains belonged to the cold-adapted donor
strain A/Leningrad/134/17/57(H2N2), the intro-
duction of foreign bacterial antigens into the HA
of the vaccine strain 17/H7N9, regardless of the size
of the peptide insertion, resulted in the loss of the ca
phenotype [9]. The genes of the influenza virus
polymerase complex are known to be responsible
for adaptation to reduced temperatures [16]. The
hypothesis was formulated that the decrease in re-
productive activity at optimal and reduced tempera-
tures may be due to conformational changes in HA
that sterically inhibit the attachment of chimeric
viruses to receptors on susceptible cells, thereby re-
ducing the multiplicity of infection. This hypothesis
requires further testing and research.
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