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Pestome. [punm siBasieTcss oaHOM M3 HanboJjiee pacIpOCTPaHEHHBIX PECTTUPATOPHBIX MH(MEKIINIA, BbI3bI-
Baollleli MUJUIMOHBI ClydyaeB 3a00jeBaHUsI BO BceM Mupe. DDOHEeKTUBHOCTh BaKIIMHALIMKA TTPOTUB I'pUMIa
M XapakTep MMMYHHOTO OTBETa Ha Ipernapar MOI'YyT BapbUpOBaTh B pa3HbIX BO3PACTHBIX I'PyIIiaX U B 3aBU-
CUMMOCTH OT cocTaBa BakKIMHbBI. [10CKOJIBKY AETH TTOJABEPXKEHbI HaboJiee BHICOKOMY PUCKY 3a00JIeBaHUsI 1
SIBJISIFOTCSI OCHOBHBIMU PAaCIIPOCTPAHUTENISIMU TPUTITO3HON MHGMEKIIUN, UCCISTOBAHUS UMMYHOJIOTMYECKOM
3G GEKTUBHOCTU BaKIIMH y JeTe MMEIOT OOJIbIIIOe 3HAYEHME TSI KOHTPOJISI MUAEMUIECKOro Tpoliecca B
enoM. Ilesiblo TaHHOTO MCCIeAOBaHMSI CTaja OlleHKa OCOOEHHOCTel (hOpMUPOBaHUSI TYMOPAIBLHOTO MM-
MYHHOTO OTBETa y ACTel ITOCJIe UMMYHU3ALMK Pa3InYHbIMU TUTTAMW MHAKTUBUPOBAHHbBIX IPUIIITIO3HBIX BaK-
UH.

HaoGatoparenbHoe rcciienoBaHue ObLIO MpoBeaeHo B ce3oHe 2019-2020 r. u Bkitoyasio 230 geteil B BO3-
pacte 1o 18 Jret, a TakKe 87 y4aCTHUKOB B Bo3pacTe oT 18 1o 60 jieT B KauecTBe I'pyIIbI cpaBHeHU. J1oOpo-
BOJIBLIBI, JaBIIMe MH(MQOPMUPOBAHHOE COIJIaCHe Ha yvyacTue, ObLIM MPUBUTHI OMHUM M3 TPEX IpernaparoB:
«I'puriron ITimroc», «COBUTPUINTI» UITH « YIIBTPUKC», B OTKPBITOM pexknmMe. OILeHKY TYMOPaJTbHOIO UMMYHHO-
ro OTBeTa MPOBOAWJIM IO TUTPY aHTUTEMAarrJIOTUHUPYIOIIMX aHTUTEJT B TApHBIX CHIBOPOTKAX JOOPOBOJIBIIEB,
B3SITBIX 10 M Ye€pe3 TPU HEJIeJIM TTOC/Ie BaKIIMHALIMU.
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MMMyHOTeHHOCTh BaKIIMH, MPOAHAIM3MPOBAHHAS CYMMAapHO I10 BCEM IMperapaTtaM B BO3PACTHOM TpyIi-
e no 18 jet, ynoBneTBopsuia kputepussM CPMP 115 olieHKM MHAKTUBUPOBAHHBIX TPUIIIIO3HBIX BaKIIMH 10
noKazaTeJIIM KpaTHOCTU IIPUPOCTa aHTUTE M JOJIe JINIL C CEPOKOHBEPCHUEN B OTHOIIIEHUM BCEX TPEX KOM-
moHeHToB (A/H1N1pdm09, A/H3N2 u B/Victoria). ¥ mereit B Bo3pacte ot 6 mo 18 ner HaGmonanu Goee
aKTMBHBII OTBET K KoMnoHeHTy B/Victoria 1o cpaBHEHUIO CO B3pOCIbIMU ydyacTHUKaMu (ot 18 1o 60 jer),
KOTOPOTO TeM He MeHee ObUTIO HeIOCTaTOYHO it obecrieueHust 70%-Hoi UMMYHHOM TTPOCTONKY JIUIL C YC-
JIOBHO 3alLIMTHBIM TUTPOM aHTUTEI.

CpaBHUTEIbHBIN aHAIM3 UMMYHOT€HHOCTH MperapaToB, MPOBEASHHbIN 111 TOATPYIIIbI IeTeil B BO3-
pacte oT 6 10 18 JIeT ¢ MICXOAHO HU3KKUM YPOBHEM aHTUTEJ Ha MOMEHT BaKLIMHALIMU, [IOKA3ajl, YTO CILIMT-
BaKLIMHA «YJIBTPUKC» UMeJIa TIPEUMYIIECTBO 110 CPAaBHEHUIO C aJbIOBAHTHOM BaKIIMHOM «[pUITIOI TUTIOC» B
(opMUpOBaHUM AHTUTEJBHOIO OTBETA B OTHOLIEHUM KOMITIOHeHTa B/Victoria n He oT/iMyajach B OTHOILIE-
HuM koMnoHeHToB A/H1N1pdm09 u A/H3N2. V nereit muianiie 6 et Habaonanach TCHASHIIUS K MEHee
BBIpaXK€HHOMY TyMOpPaJIbHOMY UMMYHHOMY OTBETY Ha BaKIIMHAIIMIO IO CPAaBHEHMIO CO CTapIliell BO3pacTHOM
IPYILION, YTO MOXET OBbITH CBSI3aHO C BO3PACTHBIMU OCOOEHHOCTSIMU UMMYHHOI CUCTEMBI Y I€Tei MJIaA1Iero
JTOIIIKOJILHOTO BO3pacTa.

Knroueguie crosa: UHAKMUBUPOBAHHAA cPUNNO3HAA 6AKUUHA, 0emu, no@pocmlm, aHnmumena, peakuyus mMmopmoNCeHus
cemdacenromuHayuu, Kpumepuu UMMYHOCeHHOCmU

ASSESSMENT OF THE HUMORAL IMMUNE RESPONSE
IN CHILDREN AFTER IMMUNIZATION WITH DIFFERENT TYPES
OF INACTIVATED INFLUENZA VACCINES IN THE 2019-2020

SEASON

Buzitskaya Zh.V.2, Popov A.B.?, Romanovskaya-Romanko E.A.?,
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Abstract. Causing millions of cases worldwide every year, influenza is one of the most common respiratory
infections. The effectiveness of influenza vaccination and the nature of the resulting immune response may vary
depending on the vaccine composition and age group. Since children are at the highest risk of disease and act as
the main carriers of influenza, the assessment of the immunological efficacy of vaccines in this group is crucial
for controlling the epidemic. Therefore, this study aimed to evaluate the characteristics of the humoral immune
response in children after immunization with various types of inactivated influenza vaccines.

An observational study was conducted in the 2019-2020 season and involved 230 children (< 18 years old)
and a comparison group of 87 adults aged 18 to 60 years. The subjects, who provided informed consent to
participate, were vaccinated with one of three vaccines (Grippol Plus, Sovigripp, or Ultrix) in an open-label
fashion. The humoral immune response was assessed by measuring the hemagglutination inhibition (HI) titer
in the paired sera taken before and three weeks after vaccination.

The immunogenicity of the vaccines in the age group under 18, met the CPMP criteria for the assessment of
inactivated influenza vaccines in terms of the fold increase in antibody titers and the proportion of individuals
with seroconversion to all three components (A/HINI1pdm09, A/H3N2, and B/Victoria). Although 6 to
18-year-old participants showed a more robust immune response to the B/Victoria component compared to
the adult participants (aged 18 to 60), it was insufficient to ensure that 70% of the participants have a protective
antibody titer.

A comparative analysis of the vaccines’ immunogenicity was carried out for a subgroup of children aged
6-18 who had initially low antibody levels at the time of vaccination. The analysis showed that the split vaccine
Ultrix outperformed the adjuvanted vaccine Grippol Plus in generating an antibody response to the component
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B/Victoria; however, the antibody responses to the A/HINI1pdm09 and A/H3N2 components did not differ
between the two vaccines. The children under 6 years of age demonstrated a less pronounced humoral immune
response to vaccination compared with the other age groups, which may be due to the age-related characteristics

of the immune system in children of preschool age.

Keywords: inactivated influenza vaccine, children, adolescents, antibodies, hemagglutination inhibition reaction, immunogenicity

criteria

The study was carried out within the government
contract of the Ministry of Health of the Russian
Federation “Assessment of the Intensity of Collective
Immunity and Epidemiological Effectiveness of
Influenza Vaccines in the Russian Federation (2019-
2021)”.

List of abbreviations: AB, antibodies; 95% CI, 95%
confidenceinterval; ITV, inactivated influenza vaccine;
IQR, interquartile range; HI test, hemagglutination
inhibition test; GMT, geometric mean titer.

Introduction

Influenza is one of the most common respiratory
infections, causing millions of cases worldwide.
Vaccination remains to be the most effective way to
prevent influenza-related morbidity and mortality.
Children are at higher risk of influenza infection
than other age groups [14]. Being the main carriers,
children of preschool age are a ‘reservoir’ for viruses
that cause flu and other seasonal acute respiratory
viral infections. Influenza causes children to seek
outpatient and inpatient treatment and their parents
to take sick leave more frequently. The clinical course
of influenza infection may vary depending on the age
of the child, comorbidities, and the type of virus [for
review see 7, 10, 11].

The effectiveness of influenza vaccination and
the nature of the resulting immune response may
vary depending on the age group and the vaccine
composition [5, 6, 9]. In adults, the response to
vaccination is often modulated by pre-existing
immunity that is formed as a result of multiple
vaccinations and past infections [9]. Studying the
antibody response in children with a well-documented
prior exposure helps identify the factors that influence
vaccine efficacy [3]. Although many countries now
recommend seasonal vaccination of children, the data
on the effectiveness of inactivated influenza vaccines
(ITV) in this age group are limited. Therefore, the
studies of the immunological efficacy of vaccines
in this group are of great importance to control the
epidemic.

Antibodies (AB) targeting the hemagglutinin
protein of the influenza virus are widely recognized
as a crucial component of protection against in-
fluenza infection. The antibody titers that inhibit
hemagglutination are considered as correlates of
protection following the administration of IIV in
adults and children [1]. Classic studies conducted

by Hobson et al. in 1972, as well as more recent
research, established that a titer of 1:40 correlates
with 50% protection against influenza infection [4,
12]. This protective titer is a key element in the
CPMP criteria for IV evaluation in adults, proposed
by the European Medicines Agency (EMA) (CPMP/
BWP/214/96) [2].

The same criteria are typically used for children
and adolescents but the question concerning the
level of the protective antibody titer in this age group
remains unresolved. Children have a reduced ability
to develop a cellular immune response and might not
have experienced influenza infection or vaccination,
so protective titers may differ in children compared
to adults. Ng et al. demonstrated that the titers of
1:40 and above corresponded to approximately 50%
protection against infection with the A(HIN1)pdm09
and B/Victoria strains in children and adolescents
aged 6 to 17 years [8]. However, for children under
6 years of age, a greater titer threshold value of 1:110
may be required to predict 50% protection against
clinically confirmed infection [1].

This study, therefore, aimed to evaluate the
characteristics of the humoral immune response in
children from the two age groups after immunization
with various types of inactivated influenza vaccines.

Materials and methods

The observational study was conducted during the
2019-2020 epidemic season. The study included 230
participants in total from two age groups: children
under 6 years old and those aged 6 to 18. The children
were vaccinated with one of the three influenza
vaccines (Grippol Plus, Sovigripp, or Ultrix) at two
outpatient clinics in St. Petersburg (St. Petersburg
State Budgetary Healthcare Institution Municipal
Polyclinics N3 and N4). The participants were allowed
to choose the preferable vaccine. The comparison
group included 87 adults aged 18 to 60 who were
vaccinated with the vaccines at the same clinics or
at the Smorodintsev Research Institute of Influenza
of the Ministry of Health of the Russian Federation.
All adult participants signed the informed consent
form. For underaged participants, informed consent
was obtained from their parents/guardians. The study
protocol was approved by the Local Ethics Committee
of the Smorodintsev Research Institute of Influenza
(protocol No. 145 of 10/4/2019).
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There were two types of trivalent inactivated vac-
cines used for immunization: split or adjuvanted su-
bunit vaccines. Grippol Plus, manufactured by NPO
Petrovax, isaninactivated subunit vaccine that contains
5 pug of hemagglutinin of each of the epidemic virus
strain subtypes A/HIN1pdm09, A/H3N2, and B and
500 pg of the Polyoxidonium® adjuvant in a 0.5 mL
dose. Sovigripp, manufactured by NPO Microgen, is
an inactivated subunit vaccine that contains 5 pg of
hemagglutinin of each of the epidemic virus strain
subtypes A/HIN1pdm09 and A/H3N2, 11 pg of the
influenza virus type B, and 500 pg of Sovidon adjuvant
in a 0.5 mL dose. Ultrix, manufactured by FORT
LLC, is an inactivated split vaccine containing 15 ug
of hemagglutinin of each of the virus strain subtypes
A/HINIpdm09, A/H3N2, and B in a 0.5 mL dose.
The vaccines’ strain compositions were in accordance
with the WHO guidelines for the 2019-2020 northern
hemisphere influenza season.

The blood sera from children and adults were
obtained twice during the study: before vaccination
(D0) and on the 21st day after vaccination (D21).
The hemagglutination inhibition (HI) test was used to
examine the sera as described in the guidelines MU
3.1.3490-17 [13]. To remove nonspecific inhibitors,
the serum was treated with a receptor-destroying
enzyme (RDE; Denka Seiken, Japan) following the
manufacturer’s protocol. The antigens used were Dry
Influenza Diagnostic Agents for HI (LLC “PPDP”,
St. Petersburg, Russia; TU 938824-004-4429427-
2008) of the three strains corresponding to the vaccine
strains. The sera were titrated starting at a dilution of

TABLE 1. CHARACTERISTICS OF THE STUDY POPULATION

1:10. A titer < 1:10 was considered equal to 1:5, and a
titer > 1:1280 — to 1:1280.

The immunological efficacy of the vaccines
in children and adults was assessed following the
EMA Note for Guidance on Harmonisation for
Requirements for Influenza Vaccines (CPMP/
BWP/214/96) for individuals aged 18 to 60 [2].
Seroprotection was defined as the antibody titer of
1:40 or more. Seroconversion was defined as at least
a 4-fold increase in titer from pre-vaccination (DO)
to post-vaccination (D21). The statistical analysis
of the results was carried out using MS Excel 2016,
GraphPad Prizm 6.07, and RStudio 2022.12.0. The
95% confidence intervals (CI) for the geometric means
were determined using the logarithmic transformation
of the data, followed by the calculation of CI for
normally distributed data and inverse logarithmic
transformation of the values. CI for seroconversion
and seroprotection rates were calculated according to
the Wald method. For multiple pairwise comparisons
between independent samples, the Mann—Whitney
test was used without adjustment for multiple
comparisons. To compare the sample rates, Fisher’s
exact test was used without adjustment for multiple
comparisons. Differences were considered statistically
significant at p < 0.05.

Results and discussion

The study of the immune response included 230
children under the age of 18 who were vaccinated
with inactivated influenza vaccines during the 2019-
2020 epidemic season. The comparison group was
randomly selected from 18-60-year-old adults who

Age (years)
18-60
Under 6 6-18 U_nder 18 (comparison
(in total)

group)
Total number 21 209 230 87
of participants, n
Vaccine, n
— Ultrix 2 109 111 42
— Grippol Plus 19 92 111 42
— Sovigripp 0 8 8 3
Mean age 4 15 14 28
(IQR¥) (3.6-4.7) (13.0-17.3) (10.9-17.3) (18.3-36.8)
fe:é;ale 9 (43%) 85 (41%) 94 (41%) 21 (24%)
_ Male 12 (57%) 124 (59%) 136 (59%) 66 (76%)
Seropositive**, n
— A/HIN1pdmO09 16 (76%) 125 (60%) 141 (61%) 76 (87%)
— A/H3N2 11 (52%) 92 (44%) 103 (45%) 65 (75%)
— B/Vic 10 (48%) 58 (28%) 68 (30%) 38 (44%)

Note. *, IQR, interquartile range; **, the antibody titer > 1:10 at the time of vaccination.
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were vaccinated against influenza in the same season.
When selecting the comparison group, the balance
between the proportions of those vaccinated with
each vaccine type and the corresponding indicators
of the combined group of participants under 18 was
taken into account (Table 1). This study adopted the
CPMP criteria (CPMP/BWP/214/96) used for the
assessment of inactivated influenza vaccines in adults
since there are currently no standardized criteria for
the assessment of influenza vaccine immunogenicity
in children [2].

First, the total immunogenicity of the trivalent ITVs
was assessed in the combined group of children under
18 years of age. The immunogenicity parameters in
children were contrasted with those in the comparison
group — adults aged 18 to 60 (Table 2, the first and
second rows from the top). The humoral response
in children met the CPMP criteria for the antibody
titer fold increase and seroconversion rates. The
fold increase in antibody titers and the number of
seroconversions to the B/Victoria component were
statistically significantly higher in children compared
to the adult group, even though the groups had been
initially comparable in terms of the proportion of the

participants with low and high levels of antibodies
at the time of vaccination. As for the other two
vaccine components, A/HIN1pdm09 and A/H3N2,
seroprotection rates at the time of vaccination were
statistically significantly lower in the children group,
which could contribute to the observed difference in
the immunogenicity of these components.

One of the criteria for IV immunogenicity is that
at least 70% of the vaccinated develop a protective
antibody titer (seroprotection) after vaccination.
Seroprotection rates to the A/HINIpdm09 and
A/H3N2 components were lower in children com-
pared to the adult group both before and after vac-
cination, although it reached the CPMP threshold
value at the latter time point. As for the B/Victoria
component, the seroprotection rates after vaccination
did not reach the threshold value of 70% in both
groups. The obtained data aligns with previous studies
on the immunogenicity of trivalent IIV during the
2019-2020 season which demonstrated that children,
adolescents, and adults exhibited a less significant
response to the influenza B component compared to
both influenza A components. Particularly low rates
were seen in the adult participants and 14-17-year-old
adolescents [5].

TABLE 2. IMMUNOGENICITY OF THE TRIVALENT INACTIVATED INFLUENZA VACCINES IN CHILDREN IN DIFFERENT AGE
GROUPS AND ADULTS IN THE 2019-2020 SEASON, BASED ON HEMAGGLUTINATION INHIBITION (HI) TEST

Seroprotection Seroprotection Seroconversion
rate, % rate, % Antibody fold rate
A before vaccination after vaccination increase o ’
(J
9€ | Vaccine (DO) (D21)
(years)
Al Al Al Al Al Al Al Al
H1N1 H3N2 B/Vic | HI1N1 H3N2 B/Vic | H1N1 H3N2 B/Vic | H1IN1 H3N2 B/Vic
pdm pdm pdm pdm
under all
18 Loap | 39°°° 20°° | 7 76°°° | 73°° | 43 4.2 5.5 3.1% | 58° 66° 53°°°°
. vaccines
in total®
18-60° al | 7eeoec| 370 |13 |93 |8 [34 |36 |7 |2% |42 |79° |26
vaccines
under 6 GSI"L?' 32 |42 |16 |63 |47 |42 |24 |21 |17 |47 |42 |42
G;,'ﬁjf' s+ | 24¢ |10 |75 |70 | 300 | 2.6+ |42 |27% |50~ |58 |49
6-18
Ultrix 28*** | 11* 5 76 79 55¥** | 7.1***| 7.9 | 4.1* | 69* | 77** | 61
CPMP threshold > 70% >925 > 40%
value

Note: #, in total for all three vaccines Grippol Plus, Sovigripp, and Ultrix; ¥ p < 0.01, the statistically significant difference between the
underage group (under 18) and the adult group (aged 18-60), the Mann-Whitney test without adjustment for multiple comparisons;
&, the groups are balanced for the proportion of the participants vaccinated with each type of vaccine; * p < 0.05, ** p < 0.01, ***

p < 0.001, the statistically significant difference between the Ultrix and Grippol Plus vaccines in the 6 to 18-year-old age group,
Fisher’s exact test without adjustment for multiple comparisons; °p < 0.05, ** p < 0.01, **p < 0.001, **** p < 0.0001, the statistically
significant difference between the underage group (under 18) and the adult group (aged 18-60), Fisher’s exact test without

adjustment for multiple comparisons.
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Next, we assessed the immunogenicity of the
Grippol Plus and Ultrix vaccines in the participants
under 6 years of age and those aged 6 to 18 (Table
2, rows 3, 4, and 5 from above). Young children are
known to be more susceptible to influenza [14].
According to the published research, the threshold
value for the protective antibody titer in this group is
higher than the standard, measuring at 1:110 [1]. In
our study, the vast majority of children under the age
of 6 (19 out of 21) were vaccinated with the Grippol
Plus vaccine, which motivated further analysis of the
results obtained for this vaccine. The geometric mean
titers (GMT) in this group after vaccination were as
follows: to A/HINIpdm09 — 50 (95% CI: 25-99);
to A/H3N2 — 33 (95% CI: 16-68); to B/Victoria —
17 (95% CI: 9-29). Before vaccination, the antibody
titers above the threshold value of 1:110 were only
identified in isolated cases: in one child (5%) — to
the A/HINI1pdm09 component and in another child
(5%) — to the A/H3N2 component. After vaccination,
the antibody titers above 1:110 were observed in 42%
of the children for the A/H1N1pdm09 component, in
26% of the children for the A/H3N2 component, and
only in one child (5%) for the B/Victoria component.

At the time of vaccination, the age subgroups
(under 6 and 6 to 18 years of age) did not differ in
the seroprotection rates. Nonetheless, following
vaccination with Grippol Plus, all parameters studied
suggested a less pronounced immune response in the
younger children compared to the group aged between
6 to 18 years. The differences did not achieve statisti-
cal significance, which, however, can be attributed to
the insufficient sample size of the younger age group.

The fold increase in antibody titer and serocon-
version rates for the A/HINIpdm09 and A/H3N2
components were higher in the participants aged 6 to
18 who were vaccinated with Ultrix, than in children
of the same age who received Grippol Plus. Notably,
these subgroups were not comparable in terms of the
proportion of the seropositive participants at the time
of vaccination, as suggested by the corresponding
seroprotection rates. The humoral immune response
to vaccination is known to be less pronounced in
individuals with high pre-existing antibody titers
[3, 9]. Nevertheless, vaccination with Ultrix and
Grippol Plus led to similar seroprotection rates for the
A/HINIpdm09 and A/H3N2 components, which
met the required seroprotection criterion (more
than 70%). The seroprotection rate for B/Victoria
after vaccination was statistically significantly higher
in the subgroup vaccinated with Ultrix compared to
Grippol Plus, despite the absence of differences in the
number of seropositive individuals on day 0 between
the two groups. This difference may indicate better
immunogenicity of the Ultrix vaccine to the influenza
B component in comparison with the Grippol Plus
vaccine.

A key objective of the study was a comparative
assessment of the immunogenicity of the Ultrix
and Grippol Plus vaccines in children aged 6 to 18
years who had initially low antibody titers (Table 3).
No differences in the immunogenicity of these two
vaccines were found regarding the A/HINI1pdm09
and A/H3N2 components. However, the data analysis
confirmed that the split vaccine Ultrix exhibited a
higher immunogenicity to the B/Victoria component

TABLE 3. CHARACTERISTICS OF THE HUMORAL IMMUNE RESPONSE TO VACCINATION IN CHILDREN WITH INITIALLY
LOW TITERS DEPENDING OF THE VACCINE TYPE IN THE 2019-2020 SEASON (HI TEST DATA)

Seroprotection rate, % . . o Seroconversion rate, %
(95%Cl) Antibody fold increase (95%Cl) (95%Cl)
Age .
Vaccine
(years)
H1N1 | H3N2 B/Vic H1N1 H3N2 B/Vic H1N1 H3N2 B/Vic
Grippol 62 66 30 8.3 8.7 3.8¢ 76 76 55*
Plus (47-78)| (54-78)| (19-40) | (5.2-13.0) | (6.0-12.4) | (2.8-5.2) (62-90) | (65-86) | (44-67)
6-18
Ultrix 70 81 54 13.6 1 5.4+ 84 88 71*
(59-80)| (73-90)| (44-65) |(9.5-20.0) | (8.3-15.0) | (4.3-6.8) (75-93) | (80-95) | (62-80)
11.1 7.3 6.6
_21& &
6-21 Flucelvax®| 70.6 73.3 64.0 (4.7-26.0) | (3.5-15.2) | (4.0-10.9) N/D N/D N/D
CPMP threshold > 70% >25 > 40%
value

Note. * p < 0.05, ** p < 0.01, the statistically significant difference between Ultrix and Grippol Plus in the 6 to 18-year-old age group,
Fisher’s exact test without adjustment for multiple comparisons; # p < 0.05, the statistically significant difference between Ultrix and
Grippol Plus in the 6 to 18-year-old age group, the Mann-Whitney test without adjustment for multiple comparisons; &, comparative
data from a similar study of a subunit inactivated vaccine [15]; N/D, no data.
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compared to the adjuvanted vaccine Grippol Plus.
Importantly, the influenza B virus infection poses the
greatest threat to children and is often accompanied
by serious complications. Children with influenza
B infection require hospitalization in the intensive
care unit more often and have a higher mortality rate
compared to those with influenza A infection [10, 11].

Furthermore, we compared our data with the results
of a similar study that was conducted in the United
States on subjects aged 6 to 21 years who had initially
low antibody titers in the 2019-2020 season [15].
The analysis showed that Ultrix and Grippol Plus
are comparable to the Flucelvax vaccine (Seqirus,
USA) in terms of the fold increase of antibody titers
against A/HIN1pdm09 and A/H3N2. Moreover, the
split vaccine Ultrix showed higher immunogenicity to
the influenza A viruses compared to Flucelvax. Both
vaccines, however, exhibited a lower fold increase in
titer against the B/Victoria component compared to
the vaccine produced in the USA. Therefore, it can be
advisable to use a vaccine from a foreign manufacturer
as a comparator when conducting similar studies.
Our data indicate that the vaccine type may impact
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