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Abstract

Introduction. Norovirus (NoV) is one of the main causes of acute gastroenteritis. Currently, there is no vaccine to
prevent norovirus infection. Vaccines under development are based on the capsid protein VP1, which is capable
of forming virus-like particles.

The aim of the work was to analyze the immunogenic properties of the recombinant VP1 protein of NoV Gll.4.
Materials and methods. In the blood serum of animals immunized with the recombinant VP1 protein obtained
by the authors, titers and avidity of total antibodies and IgM antibodies against NoV VP1 were determined using
enzyme immunoassay. The ability of the obtained antibodies to interact with NoV of different genotypes was
assessed using immunoelectron microscopy.

Results. The recombinant VP1 protein induced high titer antibody production in animals. Total antibodies against
VP1 had a high avidity, reaching 100%, which suggests that they have viral neutralizing activity. IgM antibodies had
low avidity. Immunoelectron microscopy showed that IgG antibodies against VP1 protein of genotype Gll.4 interact
with wild-type NoV of genotype GII.7 and GII.17.

Conclusion. The obtained recombinant protein induces a sufficiently strong immune response with the formation
of high avidity polyclonal cross-reacting antibodies, which allows us to consider it as an antigen component of a
NoV vaccine candidate.
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PekombuHaHTHbIM VP1 HopoBupyca reHotuna Gll.4
(Caliciviridae: Norovirus) cnocobeH nHgyumpoBaThb
BblpabOTKy nepeKkpecTHO-pearnpyrowmx aHTuTen

Nanun B.A.®, Hosukos [.B., KawHukos A.}O., EnudaHosa H.B., Hosukosa H.A.,
MoxoHoBa E.B., MeneHTtbes [.A., LibiraHoBa M.W., 3anues [.E., Hosukos B.B.

®BYH «Hwxeropoackuin HAW anuaemuonorum n mukpobuonorum um. akagemuka W.H. brnoxmHon» ®enepansHom cnyx-
©Obl N0 Haa3opy B cdhepe 3almThl NpaB notpedbuTenei n Gnarononyyms Yenoseka (PocnotpebHaasop), 603950,
r. HmwkHuin Hoeropog, Poccus

Pestome

BBepneHue. Hoposupychl (HB) siBnstoTCA OQHOM M3 OCHOBHbLIX MPUYMH OCTPOro racTposHTepuTa. B Hactoswee
BpPEMsi OTCYTCTBYET NULEH3MPOBaHHAsA BakLMHA NPOTMB HOPOBUPYCHOM MHMeKUMKN. Pa3pabaTbiBaeMble BaKLWHbI
OCHOBaHbI Ha kancugHom 6enke VP1, cnocobHoM K (hOpMUPOBaHNIO BUPYCONOAOOHbIX YacTuL.

Llenbto HacTosLLer paboTbl cTana xapakTepucTka MMMYHOTEHHbIX CBOMCTB pekoMbuHaHTHoro VP1 HB u oueHka
nepekpecTHON peakTUBHOCTM aHTUTEN NPOTUB HEro C pa3fnuYHbIMU reHoBapuaHTamu HB.

MaTepuanbl U meToAbl. B CbIBOPOTKE KPOBM XUBOTHBIX, IMMYHU3MPOBaHHbIX MOSyYEHHbIM aBTOPaM1 pekoMou-
HaHTHbIM 6enkom VP1, ¢ NOMOLLb0 MMMYHO(EPMEHTHOIO aHannaa onpeaensny TUTPbl 1 aBUAHOCTb CyMMapPHbIX
aHTuTen u aHtuten knacca M (IgM) npotus VP1 HB. CnocoBHOCTb NOMnyYeHHbIX aHTUTEN B3auMOLENCTBOBATb
¢ HB pa3HbIX reHOTMMNOB OLEHMBAnM C MOMOLLbI0 UIMMYHOSEKTPOHHON MUKPOCKOMUM.

Pesynkratbl. PekombuHaHTHBIM 6enok VP1 nHoyumpoBan o6pa3oBaHme y XUBOTHbIX aHTUTEN B BbICOKUX TUTPaX.
CymmapHble aHTuTena npotne VP1 umenun Bbicokyto aBngHocTb, gocturatowyto 100%, 4To npegnonaraet Hanu-
4ne y HUX BUPYCHENTpanuayioLlen akTuBHocTu. AHTUTena knacca IgM obnaganu Hu3Kkon aBmaHocTb0. MeTogom
WMMYHO3MNEKTPOHHOWN MUKPOCKONUMM NokasaHo, 4To IgG-aHtutena npotus VP1 reHotuna Gll.4 B3anmopencTaytot
¢ HB reHotuna GII.7 n GII.17.

3akntoyeHue. Mony4yeHHbIn peKkOMOUHAHTHBIV GENOK NHAYLIMPYET CUMNbHbIA UMMYHHbIA OTBET C (hOPMUPOBAHNEM
BbICOKO@BWAHbIX NMONUKIOHANbHbIX NEPEKPECTHO-PearnpyoLLIMx aHTUTEN, YTO MO3BONAET paccMaTpmBaTh €ro Kak
aHTUreHHbIN KOMMOHEHT NPOTOTUMNA KaHAWAATHOM BakUuHbI NpoTe HB Yyenoseka.

KnroueBble cnoBa: Hoposupyc; pekombuHaHmHbIl VP1 Hoposupyca; aHmumena npomus VP1 Hoposupyca; 8ak-
yuHa

Ona umtnpoBanusa: NlanuH B.A., Hosukos [1.B., KawHwukos A.KO., EnudaHosa H.B., Hosukosa H.A., MoxoHoga E.B.,
MenenTtbeB [.A., LibiraHosa M.W., 3anues [.E., Hosukos B.B. PekombuHaHTHbI VP 1 HopoBupyca reHotuna Gll.4
(Caliciviridae: Norovirus) cnocobeH nHayumpoBaTh BbipaboTKy NepekpecTHO-pearnpyoLwmnx aHtuten. Bornpocsl supy-
conoauu. 2025; 70(3): 282—290. DOI: https://doi.org/10.36233/0507-4088-316 EDN: https://elibrary.ru/hhckyl

ATnyeckoe yTBepxaeHue. ABTOpPbI NOATBEPXKAAKT COOMOAEHNE UHCTUTYLIMOHAMBHBLIX U HAUMOHAambHbIX CTaH-
[ApTOB MO MCMOSb30BaHUIO NabopaTopHbIX XUBOTHbLIX B cooTBeTcTBMM ¢ Consensus Author Guideline for Ani-
mal Use (IAVES, 23.07.2010). MNMpoTokon nccrnenoBaHus ofgobpeH peLueHrem JlokanbHOro 3TUY4eCKoro KoMmmTeTa
HHWWOM mm. akag. N.H. bnoxuHon (Ne 4 ot 25.11.2021).

d)VIHaHCVIpOBaHMe. ABTOpr 3aaBnaT 06 OTCYTCTBUWU BHELUHEro d)I/IHaHCVIpOBaHVIFl npu nposegeHnn uccregoBaHud.
KoHdbnuKT nutepecoB. ABTOpbI AeKNapupytoT OTCYTCTBUE SIBHbIX U MOTEHUMAnbHbIX KOH(NKTOB MHTEPECOB,
CBA3aHHbIX C ny6nvn<au|/|e|7| HaCTOFlIJ.leVI CTaTbW.

Introduction

Noroviruses (NoV) are the second leading cause of
acute gastroenteritis, second only to rotavirus. In countries
where mass vaccination against rotavirus infection is
carried out, the share of NoV in the etiological structure
of acute intestinal infections is increasing while the
incidence of rotavirus gastroenteritis is on the decline.
As a result, norovirus infection is gradually becoming
the leading cause of acute gastroenteritis [1]. The virus is
highly contagious; the infectious dose is 18-2800 viral
particles [2]. About 700 million cases of NoV infection
and more than 200 thousand deaths are registered annually

in the world. To date, there is no licensed vaccine for the
prevention of norovirus infection in any country in the
world [3]. In 2024, the World Health Organization included
norovirus infection in the list of priority infections for which
a vaccine needs to be developed in the near future [4]. NoV
belongs to a group of non-enveloped viruses belonging to
the Caliciviridae family, Norovirus genus. The virus genome
is a single-stranded RNA of positive polarity, which encodes
non-structural proteins (ORF1), the major structural protein
VP1 (ORF2) and the minor capsid protein VP2 (ORF3).
The viral capsid has icosahedral symmetry and consists
of 180 copies of the VP1 protein, which are complemented
by one or two copies of the minor VP2 protein [5].
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Ten NoV genetic groups and several dozen genotypes
have been identified, differing in the amino acid sequences
of the VP1 protein. Representatives of 5 genogroups (GI,
GII, GIV, GVIII and GIX) are pathogenic for humans.
The most common and clinically significant is NoV
genotype GIlL.4, responsible for 70-80% of norovirus
outbreaks worldwide in the last three decades [6].

NoV VP1 is capable of forming virus-like particles
(VLPs) that are morphologically indistinguishable from
the natural virus but do not contain nucleic acid. This
allows such VLPs to be used as safe vaccine components.
VP1 consists of two domains — S and P. The S-domain
(shell) is responsible for the self-assembly of the capsid
and is located inside the viral particle. The P-domain
(protruding) is located on the surface, additionally
stabilizes the virion structure and is represented by
two subdomains — P1 and P2, which carry antigenic
sites and are responsible for the binding of the virus
to the structures of the host organism (human blood
group antigens HBGA). Along with full-length VP1, its
constituent domains are also capable of forming VLPs of
different sizes [7-9].

Several vaccine options are being developed for the
prevention of human norovirus infection. Most of them
are based on the use of VP1 and VLPs formed by this
protein or its P-domain, which enhance the immune
response to VP1 [10]. However, there are many gaps
in the knowledge of natural immunity to human NoV,
which complicates the development of vaccines. The
ability to induce immunity to a wide range of frequently
circulating genotypes and protect against future emerging
strains determines the effectiveness of the vaccine. At the
same time, the possibility of cross-immunity to different
genetic groups or genotypes within one NoV genetic
group remains poorly understood [11].

Previously, we obtained recombinant NoV VPI1
genotype GII.4, circulating in the territory of the Central
part of Russia. Its capability of forming VLPs, as well as
its properties were briefly described [12].

The aim of this study was to characterize the
immunogenic properties of recombinant NoV VP1 and
assess the cross-reactivity of antibodies against it with
different NoV genetic variants.

Materials and methods

Expression, purification and renaturation of recombi-
nant NoV VP1 genotype GII.4 were carried out accord-
ing to the methods described earlier [12]. For immuniza-
tion, 8-week-old female BALB/c mice weighing 16—-18 g
were used. The animals were kept in vivarium conditions
in accordance with the interstate standards GOST 33216-
2014 and GOST 33215-2014. Biomaterial for the study
was taken from mice in compliance with the principles
of humanity set out in the directives of the Europe-
an Community (86/609/EC). The studies were carried
out in accordance with the bioethical and ethical prin-
ciples established by the Declaration of Helsinki (ad-
opted in June 1964 and revised in October 2013). The
animals were divided into 3 groups of 10 individuals:
the 1st group received 0.5 ml of saline intraperitoneally;
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Group 2 — 10 pg VP1 in 0.5 ml of saline; Group 3 — 10 pg
VP1 in 0.5 ml of saline with the addition of 100 pg of alu-
minum hydroxide. Animals were immunized twice with
an interval of 2 weeks. Blood was collected and serum
was obtained 3 weeks after the second immunization.
Determination of antibodies to NoV VP1 in the blood se-
rum of immunized mice was performed using solid-phase
enzyme immunoassay. VP1 was adsorbed into the wells
of the plates at a concentration of 1 pg/mL for 18 hours
at a temperature of 4 °C. The plates were washed three
times with phosphate-buffered saline containing 0.1%
Tween-20 (PBS-T). 1 pL of blood serum was diluted
with PBS-T containing 10% clarified Escherichia co-
li Rosetta 2 (DE3) cell lysate in 2-step solutions and
added to the wells of the plates in a volume of 100 pL,
followed by incubation for 1 h at 37 °C. Then the wells
of the plates were washed with PBS-T and 100 pL of a
solution of horseradish root peroxidase-conjugated rab-
bit antibodies against the total fraction of mouse immu-
noglobulins (IMTEK, Russia) or against immunoglob-
ulins class M (IgM) (Elabscience, China) were added,
incubated for 1 h at 37 °C and washed with PBS-T.
The reaction was visualized by adding 100 pL of a solu-
tion of 0.04% tetramethylbenzidine containing 0.002 hy-
drogen peroxide at pH 5.0. The plate was left in a dark
place for 10 min. 50 puL of IN H SO, were added to each
well and the optical density (OD) was measured in du-
al-wavelength mode, at a main wavelength of 450 nm
and at a reference wavelength of 620 nm in an Infinite
M200 Pro microplate reader (TECAN, Austria) with Ma-
gellan 7.2 software (TECAN, Austria). Blood serum from
mice that received 0.5 mL of saline intraperitoneally was
used as a negative control. All tests were performed three
times each. An OD value exceeding the average value
of the negative control multiplied by 3 was considered a
positive reaction.

To determine the antibody avidity, blood serum sam-
ples were tested in duplicate by the enzyme immunoassay
with the modifications described below. Before adding the
conjugate, 100 pL of 8 M urea in PBS-T were added to
one of the two wells of each sample, incubated for 3 min,
washed 5 times, and analyzed as described above. The
avidity index was calculated as the ratio of the OD value
in the wells with 8 M urea to the OD value in the wells
without urea obtained for one blood serum, expressed as
a percentage.

To perform immunoelectron microscopy, guinea pig
antibodies to NoV VP1 were obtained. Guinea pigs
were immunized subcutaneously twice with an interval
of 2 weeks. 500 pg of recombinant NoV VP1 mixed
with 5 mg of aluminum hydroxide were administered.
Twenty-one days after the booster immunization, blood
was collected and the total immunoglobulin fraction was
isolated by salting out with 33% ammonium sulfate,
followed by dialysis of the precipitate against distilled
water; 50 pl of the isolated antibodies were adsorbed
for 60 min on copper grids for electron microscopy (EM)
coated with parlodium padding. The grids were washed
with distilled water and placed on drops of coprofiltrates
containing NoV of the genotypes GIl.4, GIL.7, GII.17,
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GI.3 or Echovirus 30 as a negative control. The mixture
was incubated for 60 min at 37 °C, stained with an aque-
ous solution of 2% uranyl acetate (pH 4.5) and analyzed
for the presence of viral particles using an HT7700 mi-
croscope (Hitachi, Japan). The study used the coprofil-
trates stored in the research collection of the I.N. Blokhi-
na Nizhny Novgorod Research Institute of Epidemiology
and Microbiology with the presence of viruses confirmed
by electron microscopy and polymerase chain reaction
with reverse transcription.

Statistical data processing was performed using Prism
software (GraphPad Software) and Microsoft Excel.
Differences were considered statistically significant at
p <0.05.

Results

All immunized animals had antibodies against the NoV
VPI protein in different titers in their blood serum. In
mice injected with physiological saline, antibodies against
VP1 were not detected. IgM antibody titers on the 21st
day after double immunization of mice with recombinant
VP1 ranged from 1 : 256 to 1 : 1024. The arithmetic
mean titer was 1 : 474 (Fig. 1). In mice immunized with
VPI1 mixed with aluminum hydroxide, the antibody titer
was 2 times higher, but the differences were not statistically
significant. Even higher antibody titers were obtained
when analyzing their total fraction. Fig. 2 shows that the
average titer of total antibodies was 1 : 1869. In certain
samples, the titer values reached 1 : 8000. Immunization
of animals with recombinant protein with the addition of
an adjuvant further increased the antibody titers. In this
case, they fluctuated in animals from 1 : 512 to 1 : 32,768.

2500

2000+

1500

1000

Tutpbl AT / Antibody titers

500

0

(a/a) (6/b)

Fig. 1. IgM antibody titers in mice immunized with recombinant
VP1 protein in the absence (@) and presence (b) of aluminium
hydroxide.

* — statistically significant differences (p < 0.05).

Puc. 1. Tutpsl IgM-anTuren y Mpliel, UMMYyHU3UPOBAHHBIX
pexomOuHaHTHEIM VP1 B oTCyTCTBUE (@) M B IPUCYTCTBUH (6)
THAPOOKHCH aTFOMUHNSI.

* — CTaTUCTHYECKH 3HAUUMBbIe pa3anaus (p < 0,05).

OPUTUHAJIbHbBIE UCCNTEAOBAHNA

The arithmetic mean titer was 1 : 13,158. The geometric
mean titers characterizing the intensity of population
immunity were 1 : 1024 and 1 : 9410, respectively.

The specificity of both total antibodies against
recombinant VP1 and IgM antibodies was assessed. In
a competitive reaction, when antibodies against VP1
were preincubated with recombinant VP1 in increasing
concentrations, it was shown that mouse antibodies
were neutralized by the recombinant protein by 95% at
a protein concentration exceeding 4.5 x 10™* mg/ml
(Fig.3). Theneutralization curves of total antibodies and
IgM antibodies produced by mice after immunization
in the absence and presence of the used adjuvant are
shown in Fig. 3.

When determining the avidity of antibodies against
VP1, it was shown that total antibodies against VP1
obtained after immunization of mice without adjuvant
had an avidity index of 55.22%. The use of adjuvant
led to an increase in the avidity index of antibodies
to 83.99%. An avidity index that is near 100% indicates
a high probability of the production of virus-neutralizing
antibodies by animals. IgM antibodies against VP1 had a
much lower avidity index, amounting to 9.08% in mice
immunized with VP1 with adjuvant. The avidity index
of IgM antibodies after immunization with recombinant
VP1 without adjuvant was 8.11%.

The possibility of cross-reactions of serum antibodies
against VP1 with NoV of different genotypes was
studied using solid-phase immunoelectron microscopy.
Viruses isolated from the feces of patients with norovirus
gastroenteritis and enterovirus meningitis collected in
the territory of the Russian Federation were used. EM

250007
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Tutpbl AT / Antibody titers

5000+

0
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Fig. 2. Titers of total antibodies in mice immunized with recombi-
nant VP1 protein in the absence (a) and presence (b) of aluminium
hydroxide.

* — statistically significant differences (p < 0.05).
Puc. 2. Tutpel cyMMapHBIX aHTUTEI Y MbIILIECH, IMMYHU3UPOBAH-
HBIX peKoMOnHaHTHBIM VP1 B oTcyTCcTBUE () M B IpUCYTCTBHH (0)
THIPOOKUCH AJTFOMHUHUSL.

* — craTucTUYECKH 3HaYuMble pazanyus (p < 0,05).
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Fig. 3. Neutralization of mouse total antibodies (AB) and IgM AB
by recombinant VP1 protein.

1 — total AB after immunization without adjuvant; 2 — same with adjuvant;
3 —IgM AB after immunization without adjuvant; 4 — same with adjuvant; 5 —
total AB of unimmunized mice; 6 — IgM-AB of unimmunized mice.

Puc. 3. Heiirpanuzanus pekoMOMHaHTHBIM VP 1 MBINIMHBIX CyM-
maphsbix anTuTeln (AT) u AT kmacca IgM.

1 — cymmapnsie AT nocie uMMyHH3anUH 0e3 aJbI0BaHTa; 2 — TO e C aJblo-
BaHTOM; 3 — IgM-AT nocie uMMyHu3aLuK 6€3 abI0BaHTa; 4 — TO JKe C a/lb-
I0BaHTOM; 5 — cymMmapHble AT HEeMMMYHM3MPOBAaHHbIX Mbliei; 6 — [gM-AT

HEMMMYHHU3UPOBAHHBIX MBIIICH.

grids were sensitized with antibodies against NoV VP1
genotype GII.4 and tested for interaction with NoV
of other genotypes. EM showed the presence of viral
particles with a diameter of 40-50 nm when applying
coprofiltrates containing NoV of genotypes GIIL.4, GIL.7,
GII.17, butnot GI.3, to grids coated with immunoglobulins
(Fig. 5). A coprofiltrate containing Echovirus 30 was used
as a control for binding specificity; no viral particles were
detected in it using grids coated with immunoglobulins
against NoV VPI1. The obtained results indicate the
binding of serum polyclonal IgG against VP1 genotype
GII.4 with NoV genotypes GII.7, GII.17, but not with
NoV genotype GI.3, i.e. NoV genogroup GI.

Discussion

The NoV VP1 protein contains several antigenic deter-
minants (epitopes) that determine its immunogenic prop-
erties. The S-domain is formed by the N-terminal residues
from amino acids 1 to 225. Residues from 50 to 225 are
folded into an 8-chain antiparallel B-structure, character-
istic of the capsid proteins of many viruses. The poly-
peptide chain starting from the 225th amino acid forms
the P1 and P2 subdomains. Using monoclonal antibodies,
a fairly conservative region constructed from 60 amino
acids and containing B-cell antigenic determinants was
found in the N-terminal part of the S-domain of NoV VP1
genogroup II [13, 14]. Several cross-reactive antibodies
targeting the conserved region of the P-domain have also
been described and characterized [15-20]. Among them,
antibodies that react with both linear and conformational
epitopes were found [16]. It was shown that neutralizing
antibodies can be formed into some of the identified epi-
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Fig. 4. Comparison of avidity indices of total antibodies (1 — im-

munization with VP1 alone, 2 — VP1 together with adjuvant) and

IgM class antibodies (3 — immunization with VP1 alone, 4 — VP1
together with adjuvant).

Puc. 4. CpaBaenne nunexcoB aBuaHoCTH cyMMapHBIX AT (1 — um-

MyHu3anusa Tonsko VP1, 2 — VP1 coBmecTHO ¢ anbroBanToM) 1 AT

kiacca IgM (3 — ummynn3anus tonsko VP1, 4 — VP1 coBmectHO ¢
aJIbIOBAHTOM ).

topes, which is important for the implementation of the
antiviral B-cell response [21, 22]. Five antigenic regions
constructed from variable B-cell epitopes and localized
in the structure of the P2 subdomain on its outer surface
were identified [23]. This region of the P2 subdomain is
characterized by a high mutation rate, which is probably
the result of selective pressure from the host immunity
and contains epitopes that induce the formation of neu-
tralizing antibodies [24].

In our studies using in silico analysis, several possible
T-cell epitopes presented by HLA class I and Il molecules
were identified in the NoV VP1 genotype GII.4 Sydney
[P16], circulating in Russia and reproduced by us as a re-
combinant protein, i.e. capable of activating both the cy-
totoxic T-cell response and the T-helper response. Mod-
eling of the structure and its analysis also allowed us to
detect 2 linear and 47 conformational B-cell epitopes of
VP1I in the absence of its allergenicity [25].

The presence of the indicated epitopes ensures the for-
mation of a B-cell response, which was registered in our
study. Total antibodies, produced in high titers in response
to immunization with recombinant VP1, had high avidity,
which most likely suggests their virus-neutralizing proper-
ties. The use of an adjuvant brought the avidity index clos-
er to 100%. It should be noted that high immunogenicity
is also due to the ability of VP1 to form VLPs, which we
demonstrated earlier [12]. The expected lower titers and
avidity of IgM antibodies, compared to total antibodies,
formed during immunization of animals with recombinant
VP1. This is probably due to the relatively short period of
immunization of animals and, as a result, the insufficient
maturity of the developed immune response.
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ala

o/b 6/c

e/d
Fig. 5. Electron micrographs of norovirus particles interacting with antibodies against norovirus VP1 protein.

a —norovirus (NoV) genotype GIL4; b — NoV genotype GIL.17. ¢ — NoV genotype GIL.7; d — GL.3; e — Echovirus 30.
Puc. 5. DnexrpoHHble MHKpO(OTOrpadgui HOPOBUPYCHBIX YaCTHII, B3aUMOACHCTBYIOIINX ¢ aHTHTenaMu potiB VP1 HopoBupyca.
a — Hoposupyc (HB) renoruna GII.4; 6 — HB renoruna GII.17; 6 — HB renoruna GI1.7; ¢ — GL.3; 0 — Echovirus 30.

To study the cross-reactions of antibodies against
NoV VP1, surrogate models based on the interaction of
antibodies with VLPs formed by VP1 of different NoV
genotypes are mainly used. Recent studies have shown
that monoclonal IgM antibodies were able to bind VLPs
belonging to the GI (GI.1, G1.2, G1.3) and GII (GII.3, GI1.4,
GIL.6, GII.13 or GIL.17) genetic groups. Cross-reactivity
of monoclonal IgA antibodies was recorded only between
genotypes within the GII genetic group. Monoclonal IgG
antibodies had cross-reactivity with VLPs obtained from
VP1 of different GII genotypes and one genotype GI.3
[26, 27]. We used an original approach to study the cross-
reactivity of antibodies against VP1 GII.4 based on the use
of immunoelectron microscopy isolated from patients with
norovirus gastroenteritis. The results obtained confirm
the cross-reactivity of IgG antibodies against VP1 GIIL.4
with other genotypes. However, their neutralizing activity
remains unclear. Earlier, when studying the immune
response to immunization with NoV VLPs, it was shown
that both cross-reactive but non-neutralizing antibodies
and more narrowly reactive neutralizing antibodies are
present in human blood serum [28].

o/e

Conclusion

Thus, the obtained recombinant VP1, which forms
VLPs and induces a strong immune response with the
formation of highly avid polyclonal cross-reacting
antibodies, can be considered as an antigen component of
the prototype of a candidate vaccine against human NoV
of the most common genetic group GII.
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