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Abstract: Humoral immunity directed at neuraminidase (NA) of the influenza virus may soften the
severity of infection caused by the new antigenic variants of influenza viruses. Evaluation of NA-
inhibiting (NI) antibodies together with antibodies to hemagglutinin (HA) may enhance research
of antibody response to influenza vaccines. Methods. The study examined 64 pairs of sera from
patients vaccinated in 2018 with seasonal inactivated trivalent influenza vaccines (IIVs) with the
formula recommended by WHO for the 2018-2019 influenza season. Antibodies to drift influenza
viruses A/Guangdong-Maonan/SWL1536/2019(HIN1)pdm09 and A A/Brisbane/34/2018(H3N2)
were studied before vaccination and 21 days after vaccination. To assess NI antibodies, we used the
enzyme-linked lectin assay (ELLA) with pairs of reassortant viruses A/H6N1 and A/H6N2, and anti-
HA antibodies were detected in hemagglutination inhibition (HI) test. The microneutralization
(MN) test was performed in the MDCK cell line with A/H6N1 and A/H6N2 viruses. Results.
Seasonal IIVs induce a substantial immune response of NI antibodies to influenza A/HIN1pdm09
and A/H3N2 viruses. A significantly reduced ‘herd’” immunity to drift influenza viruses
A/HIN1pdm09 and A/H3N2 was shown, compared to previously circulating strains, but most of
all to N2. Seasonal IIVs caused increases in antibodies to homologous and drift viruses, but to drift
viruses more often among older patients. The level of NI antibodies to later A/HIN1pdm09 virus in
response to IIVs was statistically significantly lower among younger people. After IIV vaccination,
the total proportions of individuals with HI antibody levels >1:40 and NI antibodies > 1:20 were
32.8% to drift A/HIN1pdmO09 virus and 17.2% to drift A/H3N2 virus. Antisera containing HI and
NI antibodies exhibit neutralizing properties in vitro against viruses with unrelated HA of H6
subtype. Conclusions. Drift A/HIN1pdm09 and A/H3N2 viruses demonstrated significantly lower
reactivity with NI and NI antibodies to early influenza viruses. In response to seasonal IIVs, the
level of seroprotection increased, including to drift viruses A, but to a greater extent to
A/H1IN1pdm09. Based on the data obtained, it can be hypothesized that in the case of a mismatched
HA, it will most likely be necessary to vaccinate against the N1-containing influenza virus those
who under 60 years of age, and the entire population against virus possessing N2.

Keywords: influenza; vaccines; antibodies; neuraminidase inhibition; persistence; cross-reaction

1. Introduction

The global incidence of influenza is estimated to be between 27 and 54 million people annually
and between 300,000 and 650,000 hospitalizations
(https://www.cdc.gov/flu/about/burden/preliminary-in-seasonestimates.htm). As many studies have
shown, vaccination is effective in reducing the risk of seasonal influenza infection by 40-60% if the
epidemic viruses correspond to the vaccine viruses [1]. For the influenza virus, the main antigens are

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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surface glycosylated proteins, such as hemagglutinin (HA) and neuraminidase (NA). The main
antigenic component of the influenza virus is HA [2], and anti-hemagglutinating antibodies are the
main criterion for assessing humoral immunity to influenza after infection or vaccination [3]. The
strain composition of influenza vaccines has to be updated almost annually due to the high variability
of HA of influenza viruses. Due to the high variability of HA of influenza viruses, the strain
composition of influenza vaccines must be updated almost annually. In case of genetic drift or
antigenic shift in circulating strains, vaccine-induced HI antibodies might be less effective at cross-
neutralization. Therefore, it is worth take into account immunity directed against the second most
important antigenic component of the influenza virus, NA, when studying susceptibility after
vaccination and consider NA as a critical target in future promising influenza vaccine platforms
[4,5].Anti-NA antibodies are capable of reducing the severity of influenza infection, thereby
preventing the development of secondary complications and effectively limiting the transmission of
the virus [6]. In adults, pre-existing antibodies to NA have been shown to reduce the duration of
shedding of the influenza A(H1N1)pdm09 virus and the duration of illness during natural infection
[7]. The study of antibodies to NA may play a role in predicting herd immunity against newly
emerging influenza viruses, as well as in assessing the protection provided by seasonal influenza
vaccines in the event of a mismatch between the epidemic and vaccine strains [8].

Despite the known importance of NA-directed antibodies in protection against influenza, the
NA content of seasonal influenza vaccines is currently not regulated or assessed by manufacturers
[9] and the threshold value of NI antibodies corresponding to protection is not clearly defined. It has
long been established that the HI antibody titer > 1:40 corresponds to a 50% reduction in the risk of
influenza infection [10].A study by Memoli, M. J., using intranasal challenge of healthy volunteers
demonstrated that HI titers >1:40 were protective against mild to moderate influenza infection but
did not by themselves reduce symptom incidence. Although the HI antibody titer correlated with
some reduction in disease severity scores, the total baseline NA inhibitory antibody titer correlated
more significantly with disease severity scores and had a greater impact on recovery than the baseline
HI titer [4].

Antigenic changes in influenza virus surface glycoproteins allow avoidance of pre-existing
humoral immunity. Antigenic drift is a feature of not only HA but also NA.NA antigenic drift is
discordant with HA antigenic drift and it does not always happen more slowly. Thus, between 2010
and 2016, influenza vaccines included the A/California/07/09(H1IN1)pdmO09-like virus, indicating a
slowdown in the antigenic drift of the HA of A/HIN1pdm09 influenza viruses. At the same time,
human monoclonal antibodies identified antigenic sites in the A/HIN1pdm09 NA that changed
shortly after the emergence of the new pandemic virus [11].

After 2019, significant antigenic drift of N1 neuraminidase was observed [11]. It was found that
the NA of the circulating 2019 strain acquired a significant number of mutations in the head domain,
and therefore demonstrated a dramatic change in antigenic properties, especially after the loss of the
N-linked glycosylation site at 245 position (due to S245N and S247T mutations) and P468H
substitution resulted in significant antigenic drift of N2 neuraminidase [13]. In March 2019, the World
Health Organization (WHO) recommended to replace the A/H3N2 component of influenza vaccines
for the northern hemisphere for the 2018-2019 epidemic season with influenza viruses similar to
A/Kansas/14/2017 (H3NZ2) [14]. Just like for for HA, genetic changes in NA does not always lead to
antigenic changes. A single amino acid substitutions in NA of A/Brisbane/59/2007 was shown to
result in reduction of inhibition by polyclonal antibodies evolved to earlier strains. These data suggest
the importance of NA inhibition estimation to detect antigenic drift in the presence of sequence
changes in NA [12].

Since there are not so much data regarding the efficacy of influenza vaccines in cases of mismatch
between vaccine and epidemic strains, the aim of this study was to investigate the cross-reactivity
and functional properties of NI antibodies produced as a result of immunization with seasonal
influenza vaccines.
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2. Materials and Methods

2.1. Surveyed Contingents and Samples

Blood serum samples were obtained as part of a serological study [15] involving healthy
volunteers over 18 years of age who have no contraindications to be vaccinated and who signed
written informed consent. Immunization was done as previously described in a specialized clinic of
the A.A. Smorodintsev Research Institute of Influenza in an open mode. This study used blood
samples obtained before vaccination and on the 21st day after vaccination. The study was approved
by the Local Ethics Committee of the A.A. Smorodintsev Research Institute of Influenza, protocol No.
131 dated October 10, 2018. The study included three seasonal trivalent inactivated influenza vaccines
(IIV) with the composition of vaccine strains recommended by WHO for the northern hemisphere in
the 2018-2019 flu season: A/Michigan/45/2015(H1N1)pdm09-like virus; A/Singapore/INFIMH-16-
0019/2016 (H3N2)-like virus; and B/Colorado/06/2017 (B/Victoria/2/87 lineage)-like virus [14 WHO].
All vaccines were produced in accordance with the Russian Pharmacopoeia from purified candidate
viruses grown in embryonated chicken eggs. The content of HA in the vaccine formulations was
estimated using the single radial immunodiffusion method; the NA content was not determined. The
split vaccine “Ultrix” (“FORT”, Moscow, Russia) contained 15 pug HA of each strain in a dose of 0.5
mL [16]. The subunit vaccine “Grippol Plus” (Petrovax Pharm, Moscow, Russia) contained 5 pug GA
of each strain (antigens manufactured by Abbott Biologicals BV, Olst, the Netherlands) and 500 ug
Polyoxidonium® adjuvant in a dose of 0.5 mL [17]. Another subunit vaccine “Sovigripp” NPO
“Mikrogen”, Republic of Bashkortostan, Russia) contained 5 upg GA of influenza strains
A(HIN1)pdm09 and A(H3N2), 11 pg of influenza B strain and 500 pg of Sovidon® adjuvant in a dose
of 0.5 mL [18]. After receiving permission from the Local Ethics Committee at the Federal State
Budgetary Scientific Institution “IEM” No. 3/23 dated September 20, 2023, the clinical samples were
transferred to the researchers in anonymized form.

2.2. Influenza Viruses

Influenza viruses A/Michigan/45/2015(HIN1)pdm09; A/Singapore/INFIMH-16-0019/2016
(H3N2), A/Guangdong-Maonan/SWL1536/2019(HIN1)pdm09 and A/Brisbane/34/2018 (H3N2) were
used as antigens to perform HI.

We used H6Nx reassortant viruses containing NA of recent A/HIN1pdm09 and A/H3N2 viruses
(Table 1) to measure NI titers in enzyme-linked lectin assay (ELLA).

Table 1. Genome composition of diagnostic reassortant viruses of subtype H6 for use in ELLA.

Name Origin of HA Origin of NA
A/Herring AfSouth
H6N1/13 Gull/Sarma/51¢/2006 (H6N1) Afrlca/3626/23;3(H1N1)pdm
H6N2/14 A/Herring A/HongKong/4801/2014
Gull/Sarma/51¢/2006 (H6N1) (H3N2)
H6N1/19 A/Herring A/Guangdong-Maonan/SWL

Gull/Sarma/51¢/2006 (H6N1)  1536/2019(HIN1)pdm09

d0i:10.20944/preprints202410.2308.v1
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Continuation of the Table 1. Genome composition of diagnostic reassortant viruses of subtype

H6 for use in ELLA
Name Origin of HA Origin of NA
A/Herring .
A/B 4/201
H6N2/18 Gull/Sarma/51¢/2006 / “Sg‘;‘;g;) /2018
(H6N1)

Viruses were purified and concentrated by ultracentrifugation as previously described [15].

2.3. The Enzyme-Linked Lectin Assay (ELLA)

For the ELLA setup as described previously [15], 96-well flat-bottomed ELISA plates with high
binding were used. 150 pl of fetal calf serum fetuin solution at a concentration of 50 pug/mL in 0.1 M
carbonate/bicarbonate buffer (pH = 9.5-9.7) were added to the wells. Substrate adsorption took place
at a temperature of +4°C overnight. Before immediate use, the plates were washed twice with sterile
PB. The working dilution of diagnostic viruses A/H6N1 was prepared in 0.01 M PB containing BSA
at a concentration of 10 mg/mL. The 65 pl of the working dilution of the virus were added to each
well of the plate with diluted sera. For control, control samples were placed in each plate: negative
control — 130 ul of 0.01 M FB with a BSA content of 10 mg/mL and positive control — a mixture of 65
ul of the working dilution of the virus with an equivalent volume of 0.01 M FB with a BSA content of
10 mg/mL.

The result of the enzymatic reaction was obtained in the form of optical density (OD) data
determined for a series of dilutions of each blood serum. The OD set was used to plot a graph of the
dependence of the residual enzymatic activity of NA in the presence of anti- NA antibodies,
calculated as a function of the dilution of the immune serum sample:

The titer of serum anti- NA antibodies was determined as the reciprocal of the dilution of the
sample giving 50% inhibition of NA activity. Results were expressed as binary logarithms of the
reciprocal of the final dilution.

2.4. Hemagglutination Inhibition Test (HI)

HI was performed as described previously [15] with sera treated with receptor destroying
enzyme (RDE, DenkaSeikenCo., Tokyo, Japan).

2.5. Microneutralization Reaction (MN)

For the MN setup, monolayer of MDCK cell was grown in flat-bottomed 96-well polystyrene
plates for adherent cultures (Sarstedt, Niimbrecht, Germany). After removing the maintenance
medium and washing the plates twice with phosphate-buffered saline, 50 pl of falling two-fold
dilutions (starting with a 1:10 dilution) of blood serum samples in DMEM containing trypsin TPCK
at a concentration of 2 ug/mL were added. Then 50 pl of a standard dose of virus 200 TCID50/0.05
mL (=100 TCID50/0.1 mL), diluted to the indicated concentration with the same medium, were added
to each well. The plates were incubated in a CO2-fed thermostat at 34°C for 72 h. Inhibition of virus
reproduction was determined by hemagglutination test with 0.75% suspension of chicken
erythrocytes.

2.6. Statistical Processing of Results

The results were processed using the statistical package “GraphPad”. The following descriptive
statistics were used to describe the data obtained: arithmetic mean (M), standard deviation (o). When
comparing samples in case of failure to meet the assumptions of normal distribution of the dependent
variable within each group and homogeneity of variance, nonparametric criteria were used (Mann-
Whitney, Wilcoxon signed ranks, Friedman rank analysis of variance, Kruskal-Wallis rank analysis
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of variance). For nominal data, Fisher’s exact test was used. The null hypotheses tested by the criteria
were rejected at p <0.05.

3. Results

3.1. Genetic Analysis of NA Subtypes N1 and N2 and Enzymatic Activity

Seasonal IIVs used in this study included vaccine strains of influenza A viruses recommended
by WHO for the northern hemisphere in the 2018-2019 season: A/Michigan/45/2015 (HIN1)pdm09-
like virus; A/Singapore/INFIMH-16-0019/2016 (H3N2)-like virus. To study immunity to drift
variants, we used A/Guangdong-Maonan/SWL1536/2019 (reference virus recommended for use in
the 2020-2021 Northern Hemisphere vaccine) and influenza virus A/Brisbane/34/2018
(A/Kansas/14/2017-like (recommended for use in the 2019-2020 Northern Hemisphere vaccine) [19].
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Figure 1. Molecular analysis and enzymatic activity of NA of A/HIN1pdm09 and A/H3N2 viruses.
(A) Cartoon style molecular model of NA A/Guangdong-Maonan/SWL1536/2019(H1IN1)pdm09 from
amino acid 82 to 469 (numbering as in the case of the HIN1 2009 pandemic virus)with major amino
acid substitutions in the structure indicated; (B) Molecular model of NA A/Brisbane/34/2018 (H3N2)
from amino acid 82 to 469 (classical H3N2 strain numbering); (C) Enzymatic activity of NA of viruses
A/H6N1 and A/H6N2 was studied in the test of desialization of high-molecular substrate (fetuin),
sorbed on a polymer carrier, using peroxidase-labeled lectin. The OD450 was measured depending
on the hemagglutinating activity of viruses (HA).

A total of 20 substitutions (4.3% differences) were identified the NA amino-acid sequence 1-469
of circulating 2019 strain A/Guangdong-Maonan/SWL1536/2019(HIN1)pdm09 compared to the
previously circulating strain A/South Africa/3626/2013(HIN1)pdm09.A number of mutations have
been identified in the head domain (Figure 1, A). As has been shown before, one of the main factors
of the antigenic changes of NA A/Guangdong-Maonan/SWL1536/2019(H1IN1)pdm09 is the loss of the
N-linked glycosylation site (Asn386), which can influence antigenicity of N1 [20]. Another antigenic
site includes residues 270 and 314, which are on the opposite side of the NA monomer in position
that has been demonstrated to be recognized by both mouse and human NI antibodies. The two sites
(386 and 270/314) may be independent NI epitopes, but it is possible that the 270/314 substitutions
may have an additional effect on the distal epitope, which is buried by the glycan at position Asn386
[11]. The T188I mutation is critical for altering the binding activity of immune antiserum [21].
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Substitutions T188I, M314land K389I are associated with moderate to strong resistance to
neuraminidase inhibitors [22,23].

Structural analysis showed that the amino acid change from isoleucine to valine (V321I) distorts
the hydrophobic pockets and affects residues in the active site of NA. In addition, the V3211 mutation
may affect the hydrophobic region, which may destabilize a nearby loop containing the oseltamivir-
interacting residue R368. These residues may be new potential markers for decreased susceptibility
to oseltamivir. [24].

Mutation E432K is associated with mutant antigenic drift/escape and moderate drug resistance
to oseltamivir, zanamivir and peramivir [25]. Mutation D449N is involved in viral oligomerization,
host protein binding, and small ligand binding according to FluSurver (A*STAR Bioinformatics
Institute, Singapore). Thus, the above changes can lead to changes in the conformation and functional
properties of NA of A(HIN1)pdm09.

Strains A /Hong Kong/4801/2014(H3N2) and A/Brisbane/34/2018(H3N2) differed by 15 amino
acid substitutions (3.2% differences) in NA, 9 of the most significant ones were located in the head
domain outside the active centers (Figure 1, B).Substitutions V149A, Y155H, S247T, T392I are
associated with potential resistance of the virus to NA inhibitors [26-28].Mutation E344K has been
previously described as being associated with changes in antigenic properties for binding to
monoclonal antibodies [29]. The S245N substitution potentially results in the formation of a new
glycosylation site — changes in positions 245-247 Due to its proximity to the active site of the enzyme,
the attached glycan at position 245 was found to sterically protect NA-inhibitory antibodies, although
it also reduced viral replication in vitro in human nasal epithelial cells [30]. Thus, the identified
genetic mutations in H2 could also lead to structural and functional changes in the corresponding
protein.

In the test with the high molecular weight substrate fetuin, it was shown that the H6N1/19 virus
containing NA A/Guangdong-Maonan/SWL1536/2019 (HIN1)pdm 09 was slightly inferior in
enzymatic activity to the H6N1/13 virus containing NA A/South Africa/3626/2013 in the linear range
of the titration curve (Figure 1, C).The H6N2/18 virus containing the NA of
A/Brisbane/34/2018(H3N2) was significantly inferior in enzymatic activity to the H6N2/14 virus
containing the NA of the A/HongKong/4801/2014 (H3N2) (Figure 1, C).

Thus, the acquired mutations in NA of A/HIN1pdm09 influenza virus did not greatly affect the
enzymatic activity of N1, but the activity of the new N2 was quite significantly reduced.

3.2. Antibodies to A/HIN1pdm09 and A/H3N2 Viruses in Human Sera Before and After Immunization with
Seasonal 11Vs 2018-2019 Years of Formulation

Figure 2, A shows the results of studying antibodies to vaccine and drift influenza viruses in the
blood serum of 64 examined patients of different ages. Blood samples were obtained before
immunization and 21 days after the administration of vaccines. It was shown that vaccination with
seasonal IIVs caused increases in antibodies to homologous and drift viruses, but to drift viruses
more often among older patients.
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Figure 2. Antibodies to A/HIN1pdm09 and A/H3N2 viruses in sera of patients vaccinated with
inactivated influenza vaccines (IIVs) corresponded to the WHO recommendations for the northern
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hemisphere in the 2018-2019 flu season. The total number of participants was 64 of these, 30 people
were 60 years old and older and 34 were under 60 years old. (A) Antibodies to HA and NA of
influenza viruses A/South Africa/3626/13 (HIN1)pdm09, A/Hong Kong/4801/2014 (H3N2),
A/Guangdong-Maonan/SWL 1536/2019(HIN1)pdm09, A/Brisbane/34/2018(H3N2)before and after
vaccination; (B) The HI and NI antibodies to vaccine and drift viruses A/HIN1pdm09 and A/H3N2
in sera of patients of different ages collected before vaccination. Each point represents an individual
patient serum, here and below: * - P<0.05, ** - P<0.01, *** - P<0.001, *** - P<0.0001; (C) Combined
seroconversions to vaccine and drifted influenza viruses on day 21 after vaccination with IIVs
regardless of the vaccine type presented by Venn’s diagrams. Numbers in circles present absolute
number or responders to each virus. The total number of participants was 64 of these, 30 people were
60 years old and older and 34 were under 60 years old. The number of non-responders to both
antigens is not shown on Venn's diagram. A four-fold increase in HI antibody titer after vaccination
and a two-fold increase in NI antibody titer after vaccination was considered reliable antibody
seroconversion.

Examination of patient sera collected before vaccination showed a statistically significant
reduction in the inhibition of H6N1/19 virus NA compared to the inhibition of H6N1/13 virus NA
(Figure 2, B). The results of detection of antibodies to NA of A/H3N2 viruses showed that despite a
significant decrease in the enzymatic activity of NA of the A/Brisbane/34/2018(H3N2) virus compared
to the A/Hong Kong/2014/8296(H3N2) virus, a significant decreased in the inhibitory activity of
antibodies specific to the A/Hong Kong/2014/8296(H3N2) virus was observed against the
A/Brisbane/34/2018(H3N2) virus in the same blood samples, while statistically significant differences
in the levels of NI antibodies to N2 were noted between older patients and adults. Thus, a
significantly reduced ‘herd’ immunity to drift influenza viruses A/HIN1pdm09 and A/H3N2 was
shown, compared to previously circulating strains.

We analyzed combined seroconversions to influenza A virus antigens that were considered
reliable when they were fourfold for HI antibodies and twofold for NI antibodies. As shown in Figure
2, C, the total number of seroconversions was lower in the younger group. Interestingly, more than
half of the seroconversions to new strains coincided with seroconversions to earlier viruses, but still
a certain proportion of increases in antibodies to new viruses was detected independently of the
presence of increases to previous antigenic variants (Figure 2, C).

Figure 3 shows that after immunization with seasonal influenza vaccines, significant increases
in antibody titers were observed. These antibodies reacted with both earlier and later variants of the
A/HIN1pdm09 and A/H3N2 viruses.
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vaccinated with seasonal IIVs 2018-2019 years of formulation before and 21 days after vaccination
(n=64). Population in the analyses included all participants, regardless of the age or vaccine type. Each
dot represents an individual serum. (A) HI antibodies to A/Michigan/45/2015(HIN1)pdm09 and
A/Guangdong-Maonan/SWL1536/2019(HIN1)pdm09 viruses; (B) NI antibodies to H6N1/13 and
H6N1/19 influenza viruses; (C) HI antibodies to A/Singapore/INFIMH-16-0019/2016 (H3N2) and
A/Brisbane/34/2018(H3N2) viruses; (D) NI antibodies to H6N2/14 and H6N2/18 influenza viruses.* -
P<0.05, ** - P<0.01, *** - P<0.001, **** - P<0.0001.

The levels of immunoprotection expressed as the proportion of individuals with HI antibody
titers 21:40 to and NI antibody titers >1:20 are presented in Figure 4 and 5. Figure 4 shows the
proportions of individuals with antibody titers 21 days after vaccination to HA only (blue bars), NA
only (red bars), or both HA and NA. It was shown that protective levels of antibodies to either HA
or NA after seasonal ITVs of formula 2018-2019 flu season were acquired by 85.9 and 90.6% of patients
to A/HIN1pdm09 and A/H3N2 viruses, respectively (Figure 4, A). But to late viruses, it turned out
that 32.8% developed protective titers to A/HIN1pdm09 virus and only 17.2% to A/H3N2 virus.
Moreover, antibodies to NA alone without the formation of HI antibodies in the above titers were
observed in no more than 3-6% of cases (Figure 4, A, B), and only NI antibodies were not detected at
all to the A/Brisbane/34/2018(H3N2) virus (Figure 4, B).
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Figure 4. Proportions of individuals with antibody titers > 1:40 for HI antibodies and > 1:20 for NI
antibodies to HA and NA of influenza viruses A/HIN1pdm09 and A/H3N2 after vaccination with
seasonal IIVs (n=64). Population in the analyses included all participants, regardless of the age or
vaccine type. (A) The HI and NI antibodies to A/South Africa/3626/13 (HIN1)pdm09 and A/Hong
Kong/4801/2014 (H3N2); (B) The HI and NI antibodies to A/Guangdong-Maonan/SWL
1536/2019(HIN1)pdm09 and A/Brisbane/34/2018 (H3N2).

Numbers of persons and percentage rates of seroprotection in age groups are given in
Supplementary Table S1. The proportions of individuals with protective levels of antibodies to
antigens of new viruses were generally higher in patients from the older group both before and after
vaccination, although the differences were not statistically significant (Figure 5). Only to the vaccine
virus A/HIN1pdm09, HI antibody titers were slightly higher in younger patients before vaccination,
but after vaccination, the proportion of seroprotection became the same in both age groups (Figure
5). At the same time, the level of seroprotection to NA of the later A/HIN1pdm09 virus after IIVs
vaccination was statistically significantly lower among the group of patients under 60 years of age.
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Figure 5. Seroprotection levels to HA and NA of influenza viruses A/HIN1pdm09 and A/H3N2
before and after vaccination with seasonal IIVs in patients of different age groups. For HI antibodies,
the seroprotection level was determined as 1:40, for NI antibodies - as 1:20. * - P<0.05, Fisher’s exact
test.

We studied neutralizing antibodies to H6Nx viruses before and after vaccination, as well as the
degree of association of neutralizing antibodies with HI and NI antibodies in the same serum
samples. Assuming that pre-vaccination antibodies could potentially be acquired by the subjects after
past infections, in contrast to post-vaccination antibodies, we performed a correlation analysis of pre-
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vaccination and post-vaccination antibodies separately. It was shown that neutralizing antibodies to
viruses with irrelevant HA subtype H6 increased statistically significantly in response to vaccination
with seasonal IIVs (Figure 6, A, C). MN antibodies to reassortant strains H6N1/19 virus containing
NA from A/Guangdong-Maonan/SWL1536/2019(HIN1)pdm09 weakly positive correlated with HI
antibodies before vaccination (Figure 6, B). At the same time, neutralizing antibodies to reassortant
strains H6N2/18 virus containing NA of A/Brisbane/34/2018(H3N2) virus after vaccination correlated
notably with antibodies detected in ELLA (Figure 6, D). Thus, antisera containing HI and NI
antibodies exhibit neutralizing properties in vitro against viruses with unrelated HA of H6 subtype.
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Figure 6. Results of the study of neutralizing antibodies using the MN test in MDCK cell line. (A) The
NI antibodies to the H6N1/19 virus. Population in the analyses included all participants, regardless
of the age or vaccine type; (B) Correlation analysis of neutralizing antibodies and antibodies to HA
and NA of the A/Guangdong-Maonan/SWL1536/2019(H1IN1)pdm09 virus before vaccination; (C) The
NI antibodies to the H6N2/18 virus; (D) Correlation analysis of neutralizing antibodies and antibodies
to HA and NA of the A/Brisbane/34/2018(H3N2) virus after vaccination.*** - P<0.001.

3.3. Antibodies to A/HIN1pdm09 and A/H3N2 Viruses in Human Sera Before and After Immunization with
Either a Split or Subunit 11V

It was shown that the increase in HA antibodies to the drift influenza A/HIN1pdm09 and
A/H3N2 influenza virus after immunization with the split vaccine was insignificant, while the
subunit vaccine caused a significant increase in antibodies to HA and NA of the drift virus (Figure 7,
A, C). At the same time, the increases in antibodies to HA of drift viruses were statistically significant
in response to both the split and subunit vaccines (Figure 7B,D).
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Figure 7. Antibody titers to drifted A/HIN1pdm09 and A/H3N2 HA and NA among patients
vaccinated with split influenza vaccines (n=29) and subunit influenza vaccines (n=35). Each dot
represents an individual serum. (A) HI antibodies to A/Guangdong-
Maonan/SWL1536/2019(HIN1)pdm09 virus; (B) NI antibodies H6N1/19 influenza virus; (C) HI
antibodies to A/Brisbane/34/2018(H3N2) virus; (D) NI antibodies to H6N2/18 influenza virus.* -
P<0.05, *** - P<0.001.

Thus, acquired mutations in NA resulted in decreased binding to immune antisera obtained
through immunization with earlier strains. It was shown that the titers of HI antibodies to the
A/Michigan/45/2015(HIN1)pdm09 virus and NI antibodies to the A/South Africa/3626/2013
(HIN1)pdm09 strain in patient’s sera before vaccination were significantly higher compared to the
titers of antibodies to HA and NA of the A/Guangdong-Maonan/SWL1536/2019 (HIN1)pdm09 virus.
Significant increases in average antibody titers were observed to the A/Guangdong-
Maonan/SWL1536/2019 (HIN1)pdm09 strain, and not only to earlier viruses. Thus, seasonal IIVs
based on past strains induce cross-reactive antibodies against later strains. Neutralizing antibodies
increased significantly to reassortant strains H6N1/19 and H6N2/18, including NA of the
A/Guangdong-Maonan/SWL1536/2019(HIN1)pdm09 and to A/Brisbane/34/2018(H3N2) viruses
respectively in the sera of patients vaccinated with influenza IIVs based on earlier strains.

4. Discussion

Antibodies to influenza surface antigens are one of the main factors determining human
susceptibility to influenza infection. Antigenic changes in the HA protein may reduce the efficacy of
vaccines and also can prevent recognition by pre-existing antibodies. Analysis of influenza viruses,
including the 2019-2020 season, shows continuous evolution with the emergence in each season of
genetic variants of influenza viruses A(HIN1)pdm09, A(H3N2) that have changes in the HA gene
compared to vaccine strains [31].Changes in NA, on the one side, can help viruses evade neutralizing
antibodies developed from previous infections or vaccinations [32]. However, the impact of NA drift
on vaccine effectiveness tends to be less pronounced than that of HA drift. And besides a major
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advantage of NA is its separate from HA evolution and ability to induce cross-protection. NA
antibodies often display broad cross-reactivity within a subtype [33,34] which suggests that these
antibodies can have meaning in predicting ‘herd’ immunity against newly emerging influenza
viruses, as well as in assessing of possible protection against seasonal influenza viruses in case of
when HA is mismatched [8].

Health authorities like the Centers for Disease Control and Prevention (CDC) and the World
Health Organization (WHO) recommend annual influenza vaccination as the best way to achieve
high seroprotection rates within a community to minimize influenza’s impact. For influenza vaccines,
a common threshold for protection is often defined as a HI titer of 1:40 or greater. In general, studies
have shown seroprotection rates in adults after vaccination to be approximately 70% to 90% [35], but
may vary depending on different factors like age, health status, and history of previous vaccinations
and the match between the vaccine strains and circulating strains. In our study it was shown the rate
of seroprotection after seasonal IIVs as determined by HI antibodies was 80%to recent strains, and to
drift strains up to 33%.

Anti-NA titers in humans have been shown to correlate independently with protection
regardless of HI antibodies [36]. As Hl is a signal peptide, the neutralizing antibodies to it act in the
early stages of infection by preventing attachment to cellular receptors [37].NA plays a critical role in
the virus’s life cycle by facilitating the release of progeny viruses from infected host cells. There is
evidence that anti-NA immunity reduces virus shedding/infectivity in humans [7,38]. On the
household transmission model recently it was shown that possessing higher preexisting antibody
levels to the HA head, HA stalk, and NA was associated with lower susceptibility to infection
although only anti-NA antibodies were associated with reduced the possibility of infection. These
results suggest that influenza vaccines created to causeNA immunity in addition to HA immunity
may not only contribute to protection against infection but reduce infectivity of vaccinated
individuals upon infection [38].

It is often believed that currently availiable IIV do not induce strong anti-NA responses [39], and
that infection but not vaccination induces anti-NA antibodies in humans [40].However, a number of
studies, including our recent study, demonstrated that seasonal IIVs cause an increase not only in
antibodies to HA, but also to measurable response to NA, which lasted throughout the year after
vaccination [15].The present study also found that seasonal IVIs induced an immune response to HA
and NA of drift strains of influenza A/HIN1pdm09 and A/H3N2 (Figure 2), although with a lower
level of seroprotection (Figure 4). In our study, when measuring the level of seroprotection we used
titers of NI antibodies 1:20. Although NI antibodies have been intensively studied due to their broad
cross-reactivity, NI antibody seroprotection levels have not yet been determined. It has recently been
shown that pre-existing neuraminidase antibody titers 1:40 determined using an enzyme-linked
immunosorbent assay (ELISA) significantly reduced the duration of seasonal influenza A virus
shedding in adults [7]. But in regard to NA-inhibitory antibodies, several studies suggest that the
different NI antibody levels obtained in several laboratories (1:8- > 1:20) may be protective against
natural influenza infection [41-43]. It was revealed that what that NA antibodies at the level of
seroprotection, independent of antibodies to HA, were formed less frequently than only antibodies
to HA, and independent NI antibodies at the level of seroprotection were not formed at all to the
A/H3N?2 drift virus (Figure 5).

The current study also shows that patients under 60 years of age have a lower response to drift
viruses as a result of vaccination with the than those over 60 years of age (Figure 2, C; Figure 5).In
this case, statistically significant differences were only in the level of seroprotection to the NA of the
A/HIN1pdm09 drift virus. This can be explained by the fact that vaccination can activate memory B
cells and T cells, but the breadth and quality may vary based the individual’s pre-existing immunity.
A number of studies have shown that middle-aged patients have a reduced immune response to N1
of A/HIN1pdm09 viruses [44]. But it’s still unclear, whether early-life exposure to influenza viruses
is important for the subsequent development of broadly cross-reactive NI antibodies, as has been
shown for HA.
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A reduced immune response to N1 of drifted A/HIN1pdm09 virus among subjects under 60
years old and a very low content of protective antibodies to N2 in all those were examined, regardless
of age can be hypothesized that in the case of a mismatched HA, it will most likely be necessary to
vaccinate against the N1-containing influenza virus those who under 60 years of age, and the entire
population against virus possessing N2.

5. Conclusions

Seasonal vaccines caused an increase in antibodies not only to HA but also to NA of viruses close
in vaccination date and those that arose later. Drift A/HINI1pdm09 and A/H3N2 viruses
demonstrated significantly lower reactivity with NI and NI antibodies to early influenza viruses. In
response to seasonal IIVs, the level of seroprotection increased, including to drift viruses A, but to a
greater extent to A/HIN1pdm09. A reduced immune response to N1 of drifted A/HIN1pdm09 virus
vas obtained among subjects under 60 years old. Based on the data obtained, it can be hypothesized
that in the case of a mismatched HA, it will most likely be necessary to vaccinate against the N1-
containing influenza virus those who under 60 years of age, and the entire population against virus
possessing N2.

The limitations of this study are related to the relatively small number of surveys. The study
was conducted before the COVID-19 pandemic, when quarantine measures and personal protective
equipment were widely used and the influenza situation changed, in particular, population
immunity to influenza decreased.

Supplementary Materials: The following supporting information can be downloaded at: preprints.org, Table
S1: Seroprotection levels to HA and NA of influenza viruses A/HIN1pdm09 and A/H3N2 before and after
vaccination with seasonal IIVs in patients of different age groups (%).
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