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The aim of this study was to determine the level of anti-
bodies against hemagglutinin of influenza viruses in the
sera of people in the seven age groups in the epidemic
season 2018/2019 in Poland. The level of anti-hemag-
glutinin antibodies was determined by hemagglutina-
tion inhibition assay (HAI). 1050 clinical samples from
all over the country were tested. The level of antibodies
against influenza viruses was highest in the 10-14 age
group for A/Singapore/INFIMH-16-0019/2016 (H3N2) and
B/Phuket/3073/2013 Yamagata lineage antigens. These
results confirm the circulation of four antigenically dif-
ferent influenza virus strains, two subtypes of influenza
A virus - A/Michigan/45/2015 (H1IN1)pdm09 and A/Sin-
gapore/INFIMH-16-0019/2016 (H3N2) and two lineages
of influenza B virus — B/Colorado/06/2017 - Victoria lin-
eage and B/Phuket/3073/2013 Yamagata lineage.
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INTRODUCTION

The influenza virus belongs to the Orthomyxoviridae
family. In humans, infections are caused by types A, B,
and C of the influenza virus, of which the first two are
epidemiologically more important (Paules & Subbarao,
2017).

Influenza accounts for three to five million severe
cases and up to 650,000 deaths every year worldwide
(WHO, 2019). Influenza viruses pose a threat to hu-
mans, especially those at high risk: people over 65 years
of age; children under 2 years; pregnant women; people
suffering from asthma, diabetes, cancer, or heart disease
and people who stay permanently at home care or other
long-term care facilities (CDC, 2019).

Due to its small size (diameter of about 80-120 nm)
and mass (178-200 X 10°Da), the influenza virus is able
to spread by droplet transmission. The viral particles
are released from the patient’s body during sneezing or
coughing and can move in the air for a distance of 2-3
m (Paules ¢/ al, 2017; Brydak, 2008).

The genetic material of the influenza virus is a single-
stranded RNA contained in a lipid—protein envelope.
The genome of type A and B viruses consists of eight
linear segments, while that of type C virus consists of
seven segments. The envelope of the influenza virus has
a lipid bilayer in which two surface proteins are located:
hemagglutinin (HA) (Fig. 1) and neuraminidase (NA).
It also consists of two membrane proteins M1 and M2.
The HA proteins belong to one of 18 types and NA to
one of 11 types. Based on the amino acid sequences,
influenza A viruses were divided into two phylogenetic
groups. The first group has H1, H2, H5, H6, H8, HY,
H11, H12, H13, H16, H17, and H18 proteins, while the
second group has H3, H4, H7, H10, H14, and H15 pro-
teins (Jang ez al, 2019; Krammer e/ al., 2014).

HA is responsible for the adsorption of the viral mol-
ecule to the cell receptor in the host body. This glyco-
protein can fuse to the cell membranes and facilitate the
integration of the viral envelope with the membranes
of the attacked cell, which in turn allows the virion to
penetrate into the cytoplasm of the cell and release its
internal structures (Brydak, 2008). HA constitutes 80%
of the total proteins in the viral envelope and is encoded
by segment 4 of the viral genome. The protein has the
form of a trimer, in which each monomer consists of a
main spherical domain and a stem (Fig. 2). The respira-
tory proteases of the host are capable of cleaving HA
into two subunits, HA1 and HA2, resulting in infection
by the virus. These two subunits are joined together
by disulfide bonds. The HA1 subunit acts as a binding
site for the sialic acid moiety in the host receptor, and
this part of the protein contains antigenic determinants
(epitopes) against which the immune system of the host
produces immunoglobulins during infection. By contrast,
the HA2 subunit forms the transmembrane portion that
anchors the protein in the lipid envelope of the virus
and participates in the fusion between the viral envelope
and the endosomal membrane. The amino acid sequence
of the HA cleavage site differs, and the site is exposed
by extracellular trypsin-like proteases located in the up-
per respiratory tract or in the digestive tract of the host.
In this way, the virus causes local infection (Neumann e#
al., 2009).

When localized on the surface of the viral membrane,
HA remains inactive (referred to as HAQ). The protein
becomes activated inside the endosome upon the expo-
sure to reduced pH which changes its structure. X-ray
studies showed that inside the endosome cach of the
three HAO polypeptide chains is cleaved into two frag-
ments by the host proteases. After cleavage, the two pro-
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Figure 1. Hemagglutinin structure (https://flusurver.bii.a-star.edu.sg/). To create the image the sequence of influenza A virus
(HA_H1N1_Human_2015_Michigan45) obtained from the Silesia Voivodeship was used. Mutations are marked in the diagram.

tein fragments (HA1 and HA2) formed ate connected by
a disulfide bridge. The HA2 fragment is referred to as a
fusion peptide because it has the ability to bind to the
endosomal membrane. This fusion fragment is exposed
under favorable conditions and travels approximately 10
nm toward the endosomal membrane. Studies have also
shown that acidification of the endosome and the rate
of structural change of HA and exposure of the fusion
peptide are temperature-dependent and proceed faster
with the increase in temperature. This suggests that the
typical response shown by an organism to fight the virus
actually favors its faster infection (Webster, 2013; Sri-
wilaijaroen ez al., 2012; Skehel ez al., 2000).
Administration of the influenza vaccine leads to the
production of specific antibodies. These immunoglobulins
block the ability of the virus to adsorb to the host cells by
attaching to the globular portion of its HA glycoprotein
(Fig. 2). The level of these antibodies is measured using
the HA inhibition assay (HAI). This test is carried out us-
ing chicken or turkey blood (Vemula e 4/, 2016; Kram-

mer ¢f al., 2014). The antibodies present in the blood bind
to the shaft portion of the HA glycoprotein; however,
these antibodies are rare in humans, and it is not possible
to detect them and determine their titers using the HAL
In a person who received the vaccination, the produced
immunoglobulins prevent the change in the conformation
of the HA structure caused by the reduced pH in the en-
dosome, thus disabling the virus from attaching to the cell
(Krammer ef al, 2014; Ekiert e# al., 2010).

Antigenic shift, which is induced by collective immu-
nity in the population as well as a decrease in the titer
of the vaccine-specific antibody over time, necessitates
the need for all-season vaccination. It is important to
administer the vaccine before the virus increases in the
population. However, a person can get vaccinated at any
time during the season (ACIP, 2019; Houser e/ 4/, 2015).
The effectiveness of the vaccine may vary between the
seasons and also depends on the health and condition
of the person receiving the vaccine. Nonetheless, regular
vaccination reduces the negative effects of influenza in-
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Figure 2. Hemagglutinin structure (https://flusurver.bii.a-star.
edu.sg/). To create the image the sequence of influenza A virus
(HA_H1N1_Human_2015_Michigan45) obtained from the Silesia
Voivodeship was used. Mutations are marked in the diagram.

fection. To date, the vaccination is considered the most
effective way to prevent the infection by influenza virus-
es (WHO, 2019).

This study was performed to determine the level of
anti-hemagglutinin (anti-HA) antibodies in the patients
examined during the 2018/2019 epidemic season in Po-
land.

MATERIALS AND METHODS

The serum samples were collected from ambulatory
patients who were 0—4, 5-9, 10-14, 15-25, 26-44, 45—
64, and =65 years old by 16 Voivodship Sanitary Epide-
miological Stations in Poland. The samples were stored
at —80°C until they were used for tests. Among the 1050
serum samples collected, 150 were tested for each age
group. Antibody status was determined by HAI using
cight HA units of the virus. Prior to performing the
HAI, the sera were inactivated according to the stand-
ards (Tyrell & Horsfall, 1952; WHO — Global Influenza
Surveillance Network, 2011). The following parameters
were analyzed: geometric mean titer (GMT) of the anti-
hemagglutinin antibody in the tested sera and the protec-
tion rate (percentage of people with anti-hemagglutinin
antibodies at a level 21:40 that appeared after the ad-
ministration of an influenza vaccine or during the previ-
ous infection by the influenza virus) (Brydak, 2008).

The antigens listed in Table 1 were used in HAI in
agreement with the WHO recommendations (WHO,
2018).

All antigens were propagated in chicken embryos and
prepared in the Department of Influenza Research, Na-

tional Influenza Centre (NIC) in the National Institute
of Public Health-National Institute of Hygiene (NIPH-
NIH), according to the WHO protocol (WHO — Global
Influenza Surveillance Network, 2011). The preparation
and dilution of the antigens for the HAI were performed
in accordance with the WHO protocols (WHO — Global
Influenza Surveillance Network, 2011).

RESULTS

GMTs of the anti-hemagglutinin antibody found
in the sera collected from individuals of different age
groups during the 2018/2019 epidemic season in Po-
land are shown in Fig. 3. According to the data analyzed
for H1, the highest level of antibody was found among
children. In the age group 0—4 years, the level was 72.0,
while in the age group 5-9 years it was 91.3. In the re-
maining age groups, the GMT values were below 40.
The lowest GMT for H1 was recorded in the age group
45-64 years (22.1 in the case of H3, the GMT was the
highest in the age group 10—14 years, with a value of
104.8, followed by the age group 5-9 years in which the
GMT amounted to 50.8 and the age group 15-25 years
in which GMT was 40.6. In the remaining age groups,
GMT was at a similar level within 20-25.

Type B Yamagata HA had the highest GMT of all
the HAs tested in the 10 to 14 years age group, with a
value of 116.6. In the age group 265 years, GMT was
48.2, while in 45—64 years it was 43.3 and in 15-25 years
it was 43.2. Among children in the age groups 0—4 and
5-9 years, GMT values were similar at 35.3 and 35.5, re-
spectively. In the age group 26—44 years, GMT was the
lowest with a value of 31.3.

For type B Victoria lineage HA, the GMT of antibod-
ies in all age groups was relatively low as follows: 0—4
years: 29.0; 5-9 years: 17.9; 10-14 years: 30.0; 15-25
years: 15.9; 26-44 years: 28.8; 45-64 years: 17.2 and 265
years: 20.4.

The protection rate is defined as the percentage of
people with anti-hemagglutinin antibodies at a protec-
tion level of at least 1:40 after vaccination or infection
(Brydak ez al., 2003). The values of the protection coef-
ficients for individual HAs of influenza virus strains in
different age groups are presented in Fig. 4. It should be
noted that for people over 60 years of age, the protec-
tion rate had a value of =260%, while for people aged
18—60 years old it had a value of 270% (Brydak, 2008).

In the analyzed epidemic season, the highest pro-
tection levels were recorded for HAB strain B/
Phuket/3073/2013-like virus Yamagata lincage in the
10 to 14 years age group (92.7%), followed by the age
groups =065 (74.0%), 45-64 (71.3%), and 15-25 years
(68.0%). In the age groups 0—4 and 5-9 years, a similar
level of protection was achieved at 54.7% and 60.0%, re-
spectively. The lowest value of the protection coefficient
was obtained for the age group 26—44 years at 47.3%.

In the case of HAB strain B/Colorado/06/2017-like
virus Victoria lineage the highest protection rate was
recorded in the age group 10-14 years (47.3%) and a
lower value in the age group 26—44 years (36.67%). On
the other hand, the lowest level of the protection rate

Table 1. Influenza virus strains used for the hemagglutination inhibition test (HAI) in the 2018/2019 epidemic season.

Influenza virus strains

Epidemic

o A/H1N1/pdm09

A/H3N2/

B Victoria lineage B Yamagata lineage

2018-2019  A/Michigan/45/2015 (H1N1)

pdm09-like virus (H3N2)-like virus

A/Singapore/INFIMH-16-0019/2016  B/Colorado/06/2017-like

B/Phuket/3073/2013-like

virus virus
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Figure 3. Geometric mean titers (GMT) of anti-hemagglutinin antibodies within the age groups in the 2018/2019 influenza epidemic

season in Poland.

was recorded in the age groups 15-25 and 45-64 years
at 10.0%. In the groups of younger children, the pro-
tection coefficient ranged from 22.67% (0—4 years old)
to 11.33% (5-9 years old) (Fig. 4). Among older people
2065 years old the protection rate was 12.67%.

For H1 strain A/Michigan/45/2015(H1N1)pdm09-
like virus the highest protection level was observed in
the age group 10-14 years (51.3%) and a lower level in
the age group 5-9 years (48.0%). In the remaining four
age groups, the protection rate was at a similar level as
follows: 0—4 years: 20.0%; 15-25 years: 23.3%; 26—44
years: 24.0%; and =65 years: 14.7%. The lowest protec-
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tion rate was recorded in the age group 45-64 years at
8.7%.

For H3 strain A/Singapore/INFIMH-16-0019/2016
the protection rate was high among children: 10-14
years old: 91.3%; 5-9 years old: 69.3% and 0—4 years
old: 51.3%. In the age group 15-25 years, the value of
the protection rate was 68.7%. In the remaining age
groups 26—44, 45-64, and 2065 years, the protection rate
was between 21.0% and 35.0%.
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Figure 4. The proportion of individuals with a protective anti-hemagglutinin antibody titer level within the age groups in the

2018/2019 influenza epidemic season in Poland.
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DISCUSSION

In the 2017/2018 epidemic season, the influenza A/
HIN1/pdm09 vaccine strain was changed from A/Cali-
fornia/7/2009 to A/Michigan/45/2015 for the first time
since the 2010/2011 epidemic season. The epidemic sea-
son 2018/2019 is, therefore, the second season in which
this strain is included in the vaccine. The GMT values of
strain A/Michigan/24/2015 in the analyzed season were
higher among children in the age groups 0—4 years (72.0)
and 5-9 years (91.3) compared to the previous season
(0—4 years: 47.6; 5-9 years: 51.1). By analyzing the GMT
values of the influenza A/HIN1/pdm09 strain from the
2013/2014 epidemic season to the currently discussed
2018/2019 season it was found that the GMT values of
antibody titers were higher among the children of 0-14
years than in adults irrespectively of the type of strain
contained in the vaccine (Hallmann-Szelinska e a/., 2019;
Kowalczyk er al, 2019; Hallmann-Szelinska ef al, 2018;
Kowalczyk et al, 2017; Bednarska ez al., 2015). This may
be due to the fact that children experience flu infections
more frequently than adults (Glezen e al., 1980; Izuricta
et al., 2000). According to the NIPH-NIH data, the in-
cidence of infections by influenza and influenza-like vi-
tuses in the epidemic season 2018/2019 in children of
0—4 years of age was 59,417.5 and in the age group 5-14
years was 24,828.7, while the incidence among adults of
15—64 years of age was 8166.4 and in the age group =65
years was 6650.9. In addition, it should be emphasized
that the rate of vaccination against flu is very low in the
Polish population. In 2018, only 0.63% were vaccinat-
ed in the age group 0—4 years, 0.96% in the 5-14 years,
1.58% in the 15-64 years, and 8.31% in the =065 years.
In the analyzed epidemic season, the protection rate was
lowest for H1. Analyzing all the age groups, the lowest
protection rate was observed in the 45—64 years group
at 8.7%, but in the previous season, it was 4.7% in the
same group. However, the highest protection rate was
found in the age group 10-14 years for all the HAs
tested. In the 2017/2018 epidemic season, the high-
est values of the protection coefficient were recorded
in the same age group at 38.0% for H1 and 74.7% for
H3 (Hallmann-Szeliniska e al, 2019), while the lowest
values were recorded in the age group 45-64 years for
four HAs and oscillated from 4% for H3 to 24.7% for
B Yamagata linecage. By contrast, in the analyzed season,
the lowest values of the protection rate were recorded
in the age group 45-64 years at 8.7% for H1 and 21.3%
for H3. For HAB Victoria, the protection rate was 10%
in the age groups 15-25 and 45-64 years and was the
lowest value recorded for this protein. The highest value
of the protection rate was recorded for H3 at 91.3% and
B Yamagata line at 92.7% in the age group 10-14 years.

To summatize, the circulation of four strains of influ-
enza virus contained in the vaccine for a given epidemic
season was confirmed in Poland during the 2018/2019
epidemic  season. For strain A/Michigan/45/2015
(HIN1) pdm09-like virus the highest levels of anti-hem-
agglutinin antibodies were detected in the age groups
0-4 years old and 5-9 years old. For strain A/Singapore/
INFIMH-16-0019/2016 (H3N2)-like virus the highest
level of antibodies was recorded in the age group 10—
14 years. Whereas, for influenza B type, for strain B/
Colorado/06/2017-like virus Victoria lineage the level
of anti-hemagglutinin antibodies was at a similar level
in the age groups: 0—4 years, 10-14 years, 26—44 years
and not gaining a protection value (value under 40). For
strain B/Phuket/3073/2013-like virus Yamagata lineage

a protection value of antibody titers was obtained in the
10—14 years age group.

A study by Argentinean scientists showed that vacci-
nation with proteins leads to CD4 T-cells and infection
recalls their memory. In addition, the hemagglutinin re-
leased by infected or dying cells, rather than infectious
virions, is the main source of antigen for antigen presen-
tation after the infection (Knowlden, ez a/. 2019).

Reflecting the prevailing virological and epidemiologi-
cal situation is possible thanks to the supervision of in-
fluenza, in which clinical samples are obtained from all
over the country. Surveillance provides the information
on the evolution of viruses and the correlation between
antigenic differences and changes in sialic acid receptor
binding properties of the HA glycoprotein. As a result of
the mutation preventing the antibody from binding, may
also be observed changes in sialic acid receptor binding
(Lin, et al. 2012). In addition allows the selection of vac-
cine strains for the next epidemic season and monitoring
the appearance of new variants, as well as checking the
drug resistance of influenza viruses.
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