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Summary. - Influenza A viruses (IAVs) cause yearly repeating infections in humans. The current vaccination
approach is based on the production of virus-neutralizing antibodies. Virus-neutralizing antibodies, however,
are closely strain-specific due to the IAV variability. Therefore, antibodies produced during the previous in-
fluenza season do not provide sufficient protection against new infection, and, hence, annual revaccination is
needed. The utilization of the influenza conserved stem domain of hemagglutinin (HA), the HA2 gp, led to a
new vaccine design based on cross-reactive cellular and especially humoral immune responses represented by
HA2-specific antibodies. The HA2-specific antibodies exhibit cross-reactivity with HA2 gp within one subtype
or even among subtypes and play a role in protective immunity against influenza infection. There are several
elimination mechanisms of viral replication mediated by HA2-specific antibodies. After recognition of the
epitope, they prevent the conformational rearrangement of HA or the insertion of the fusion protein into the
endosomal membrane and, consequently, the fusion pore formation. In this case, no release of viral genetic
information into the target cell is enabled and virus cannot replicate. The HA2-specific antibodies are involved
in the elimination of pathogen via the Fc fragment by activation of the cytotoxic mechanisms of innate im-
munity as are the antibody-dependent cell-mediated cytotoxicity (ADCC), antibody-dependent phagocytosis
(ADP), or complement-dependent cytotoxicity (CDC), resulting in virus elimination and earlier recovery
of the host from the infection. Though the protective effect of HA2-specific antibodies on the course of IAV
infection was shown, few cases of worsening of IAV infection mediated by HA2-specific antibodies have been
described. The identification of antigenic epitopes on HA2 gp that induce antibodies with such deteriorating
effect on influenza infection can help to eliminate the unsuitable epitopes of HA2 gp as immunogens during
the design of heteroprotective vaccine against influenza and can remove the side effects linked with the obser-
vations mentioned above.

Keywords: influenza A virus; HA2 stem domain of hemagglutinin; immunization strategies; HA2-specific
antibodies

doi:10.4149/av_2019_408

"Corresponding author. E-mail: viruevar@savba.sk; phone: +421-
2-59302427.

Abbreviations: ADCC = antibody-dependent cellular cytotoxicity;
ADE = antibody-dependent enhancement; ADP = antibody-de-
pendent phagocytosis; Fab = fragment antigen-binding; Fc = frag-
ment crystallizable region; FcR = Fc receptor; FcyR = FcR specific

for IgG; HA = hemagglutinin; HAO = precursor of HA; HA1 = heavy
chain of HA; HA2 = light chain of HA; IAV(s) = influenza A
virus(es); IgG = immunoglobulin G; ITAM = immunoreceptor ty-
rosine-based activation motif; MAb(s) = monoclonal antibody (ies);
NA = neuraminidase; VAERD = vaccine-associated enhanced
respiratory disease; WIV = whole inactivated virus


mailto:viruevar@savba.sk

348 TOMCIKOVA, K. & VARECKOVA, E.: REVIEW

Contents:

1. Introduction

2. Activation of immune mechanisms early after the infec-
tion

3. Prevention of influenza disease

4. The role of HA and its HA1 and HA2 subunits in viral
replication cycle

5. Antigenic properties of HA and its subunits

5.1 Antigenic structure of HA1 and HA2 gp

5.2 Immunogenic properties of HA2 gp

6. Protective mechanisms mediated by HA2-specific anti-
bodies

7. Different contribution of Fab and Fc fragments of HA2-
specific antibodies to antiviral immunity

7.1 Characterization of antibodies and their fragments

7.2 Antibody-dependent cell-mediated cytotoxicity mecha-
nisms (ADCC)

7.3 The role of complement in anti-influenza immunity

7.4 Antibody-dependent phagocytosis (ADP)

7.5 Antibody-dependent enhancement of viral infection
(ADE)

8. Conclusion. Immunoprotective or immunopathological
character of HA2-specific antibodies?

1. Introduction

It's been a whole century since the world's biggest pan-
demic broke out that has claimed a large number of human
lives. The pandemic emerged in the year 1918 and killed at
least 50 million people worldwide. The pathogen responsible
for this pandemic was influenza A virus (IAV). It has an
important impact on human health until today. In humans,
IAV causes a generally known disease of respiratory tract
accompanied by a sudden onset of fever, headache, joint and
muscle pain, cough and runny nose. The course of the disease
varies from mild to severe. The symptoms usually appear on
the second day after infection and ends with complete recov-
ery. In some cases, especially in high risk group of patients,
the course of the infection can be complicated and can lead
to a fatal end. The infection often has a more severe course
in older patients (over 65 years), children under the age of 5
years, or individuals suffering from other chronic disease or
immunocompromised patients. Out of three to five million
people infected by IAV during the usual influenza season,
approximately 7-11% cases have lethal outcome (Saunders-
Hastings and Krewski, 2016; WHO, 2018).

Due to the TAV variability, host can be infected by IAV's
repeatedly, even though the effective immune response to
previous infection by IAV has been established. The reason
for this is the ability of influenza A viruses to avoid the immu-
nity gained after the infection with previous epidemic strain.

There are mechanisms, by which IAVs escape the pressure
of the preexisting host immunity. One of the mechanisms
of this antigenic variation is known as antigenic drift. It is
characterized as an accumulation of minor changes in the
nucleotide sequences of genes encoding the surface glyco-
proteins hemagglutinin (HA) and neuraminidase (NA).
Mutations result from the lack of proofreading activity of
influenza RNA-dependent RNA polymerase. Escape mutant
viruses, which are not effectively neutralized by preexisting
immunity, have a growth advantage and can result in propa-
gation of new antigenic IAV variant. The second mechanism
responsible for the antigenic variation is antigenic shift. Each
virion of IAV comprises eight genome segments consisting
of negative-sense single-stranded RNA. These segments
can be mixed and reassembled during the co-infection of a
single host by two or more viral strains. Exchange of genes,
esspecialy segments encoding surface glycoproteins HA and
NA, during virus assembly and budding of viral particle is
the key process in formation of potentially new pandemic
virus in the immune naive population. The natural reservoir
of IAV is considered to be the aquatic birds. However, IAVs
were found also in many different animals, including ducks,
chickens, whales, horses, seals (Herfst et al., 2014; Schrauwen
and Fouchier, 2014). It is important to mention that the
respiratory tract of pigs is sensitive to human as well as to
avian IAVs. Therefore, pigs could serve as a vessel to mix the
genetic material of two different viruses (of avian and hu-
man origin) during the co-infection and thus are important
elements in interspecies IAV transmission (Briedis, 2011).
Occasionally, IAV's can directly cross the interspecies barrier,
fortunately without the ability of ongoing spread from human
to human (Wright et al., 2013; Webster and Govorkova, 2014;
Yoon et al., 2014; Joseph et al., 2017). The discovery of new
host organisms sensitive to IAV urges to intensive study of
interspecies transmission of IAV and its role in a potentially
dangerous new pandemic virus creation.

2. Activation of immune mechanisms
early after the infection

After confrontation of the host with IAV, the innate and
adaptive immune response is activated. Anatomical and
chemical barriers are the first line of defense against infec-
tion. Immediately after the virus overcomes the first barrier
and enters into the host cells, the pattern recognition recep-
tors (PRRs) localized on the surface of host epithel recog-
nize the pathogen-associated molecular patterns (PAMPs)
derived from virus. The antiviral effect of innate immune re-
sponse is a result of many interactions resulting in prevention
of infection dissemination. Ligand, present on virus, binds to
PRRsand activates downstream signaling pathway, leading to
production of pro-inflammatory cytokines, chemokines and
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interferon (IFN) type I (Pang and Iwasaki, 2011; Sanders et
al., 2011). Intracellularly, PRRs recognize IAV components
(dsRNA, ssRNA) either in endosome by Toll like receptors
(TLRs) 3, 7, 8 (Wang et al., 2008; Lee et al., 2013) or in the
cytoplasm by retinoic inducible gene-I (RIG-I) (Loo et al.,
2008) and nucleotide-binding oligomerization domain
(NOD)-like receptor pyrin domain containing-3 (NLRP3)
(Allen et al., 2009). PRRs are expressed on many immu-
nocompetent cells, including monocytes, macrophages,
neutrophils, basophils, eosinophils, dendritic cells (DC) and
even on lymphocytes. Innate immunity is activated by the
infection within few minutes or hours. The immune cells
recognize small molecular motifs conserved within a class
of pathogens. They are not pathogen-specific, in contrast to
motifs recognized by mechanisms of adaptive immunity.
Outcome of adaptive immune response is the production
of IAV-specific antibodies induced after the activation of
cellular components - B cells, T, and T _cells. Amount and
the promptness of IAV-specific Abs release is increased by
every following encounter with the antigen (Gerhard, 2001;
van de Sandt et al., 2012). The protection provided by the
adaptive immune response, particularly against HA and NA,
is the basis of the vaccination strategy against IAV.

3. Prevention of influenza disease

Currently used seasonal vaccines require permanent
attention because their efficacy is time-limited due to the
continual changes in the IAV genome. Permanent moni-
toring of the viruses circulating in the population allows
researchers to predict the vaccination virus strains for the
following influenza season. At present, available seasonal
influenza vaccines are trivalent or quadrivalent. Every dose
of trivalent vaccine is designed to confer the protection
against IAV of two subtypes (H1, H3) and influenza B virus
from predicted circulating viruses. The quadrivalent vaccine
is supplemented with influenza B virus from the second, an-
tigenically distinct virus lineage i.e. it contains two influenza
B viruses of Yamagata and Victoria lineages (cdc, 2018a,b;
ecdc, 2018). Influenza vaccines are available in two forms: as
live attenuated vaccine or as inactivated vaccine (Sridhar et
al., 2015). The antibodies specific to HA glycoprotein have
virus-neutralizing activity (Gamblin and Skehel, 2010), un-
like the antibodies specific to neuraminidase (NA), which
limit IAV spread by inhibition of the esterase activity of NA.
Virus neutralizing antibodies recognize antigenic sites on
HA near the receptor-binding site and thus hinder the virus
attachment to cell receptors. Antibodies directed to these
sites on HA mediate protective immunity against infection
with identical virus or antigenically very closely related IAVs.
High variability of this HA region (Kirkpatrick et al., 2018),
which complicates the prediction and production of effective

vaccine, has brought the researchers to the idea of looking
for widely conserved parts of IAV, which could be used for
the development of universally effective vaccine (Stanekova
and Vareckova, 2010; Pica and Palese, 2013; Yamayoshi and
Kawaoka, 2019).

4. The role of HA and its HA1 and HA2 subunits
in viral replication cycle

The immune response elicited after the application of
current vaccines is targeted to the main surface antigen,
the HA. It is a glycoprotein, which is a key player during
the virus replication cycle. It is encoded by the fourth IAV
genome segment. The replication and transcription of IAV
genome take place in the nucleus of the infected cell (Fodor,
2013; Dou et al., 2018) and the transcribed viral RNA is
transported to the cytoplasm, where the viral proteins are
synthesized. The viral life cycle is finalized after the assembly
of newly replicated genomic RNA, which forms, together
with the newly synthesized viral nucleoprotein and viral
polymerase proteins PB1, PB2 and PA, a ribonucleoprotein
complex (RNP). RNP is transported to the site of virus
particle assembly at the cytoplasmic membrane. Replication
cycle is finished by virus budding from the cell membrane
of infected cells.

HA is synthesised on the ribosomes of rough endoplasmic
reticulum (ER) as a precursor molecule HAO. It undergoes
several posttranslation modifications, trimerization, glyco-
sylation, acylation and proteolytic cleavage of HAO into HA1
and HA2 gp (Braakman et al., 1991; Hebert et al., 1997; Skehel
and Wiley, 2000; Daniels et al., 2003; Vigerust et al., 2007;
Krammer et al., 2012; Magadan et al., 2013; Tate et al., 2014;
Zhang et al., 2015). The cleavage of the precursor HA mol-
ecule into two subunits is an important posttranslation modi-
fication of HAO, a step essentially required for the infectivity
of virus. HAO trimers containing the multibasic sequences
in the cleavage site formed by aa sequence rich in arginines
and lysines (cleavage site consensus R-X-R/K-R) are proteo-
Iytically cleaved intracellularly in Golgi apparatus. They are
present mainly in the HA of highly pathogenic avian viruses
(HPAI) and are cleaved by ubiquitously present subtilisin-like
cell proteases, such as furin or PC6. Low pathogenic avian
viruses (LPAI) and the majority of human IAVs contain a
monobasic cleavage site (cleavage site consensus Q/E-X-R). In
this case, HAO is cleaved extracellularly by trypsin-like serine
proteases, e.g. tryptase Clara, HAT-protease or plasmin, the
localization of which is restricted to the epithelial cells of
the respiratory or intestinal tract (Skehel and Wiley, 2000;
Bottcher-Friebertshauser et al., 2014; Mair et al., 2014, Peitsch
et al., 2014). In mature HA, after the cleavage, HA1 and HA2
gps remain linked together by disulfide bonds (Steinhauer,
1999; Gamblin and Skehel, 2010; Mair et al., 2014).
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Each monomer of HA is composed of globular HA1
domain and the stem domain, which is created mainly by
HA2 gp and only by a minor part of HA1 gp. Both, HA1 and
HA2 subunits participate in the virus entry into the host
organism and thus ensure the propagation of IAVs. The HA
provides the first contact of the virus with cells at the site of
entry (respiratory tract in humans and mammals). Virus is
attached to the host cell receptors via the receptor binding
site on HA1 gp. Studies of viral isolates revealed that the virus
recognizes the host cell receptors dependending on species
from which the virus originates (Rogers and Paulson, 1983).
[AVs of human or mammalian origin recognize sialic acid
terminally linked to the galactose of the cell surface glyco-
proteins or glycolipids by Sia(a-2,6)Gal glycosidic bond,
while avian [AVs recognize sialic acid linked to galactose
by Sia(a-2,3)Gal type bond (Sriwilaijaroen et al., 2009).
The [AVs attached to the cell surface receptor then enter
into the cells by endocytosis. The gradual decrease of pH in
endosomes causes refolding of HA of endocyted virus to the
fusion-active form. The intermolecular bonds between HA1
globular parts of thermodynamically unstable HA trimer
become weaker, the distance among them increases and the
originally closed globular domain is opened, enabling the
exposure of the N-terminal end of the HA2 gp. Simultane-
ously, the HA2 gp undergoes a complex structural rearrange-
ment. Complex structural changes of HA2 gp result in the
release of HA2 N-terminus, until then trapped inside the
HA trimer, and its insertion into the endosomal membrane
of the host cell. To achieve the thermodynamically stabile
HA conformation, the viral and endosomal membranes
mutually approach. Then the hemi-fusion and fusion pore
creation occurs and genetic material is released into the cell
cytoplasm. The low pH conformational change of HA is an
irreversible process and requires the low pH ranging from
pH 5 to pH 6 (Jakubcova et al., 2016; Russell et al., 2018).
The pH optimum of fusion is strain-specific and is prede-
termined by many factors, including the primary structure
of HA. As this process is endothermic, it can be influenced
also by the temperature, at which the fusion occurs (Whar-
ton et al., 1986, Wiley and Skehel, 2000). The temperature
increase from 37°C to 56°C shortens the time needed for the
structural rearrangements of HA. A small fraction (from 3 to
7%) of HA trimers was detected in this low pH conformation
on purified virus as well as on the newly synthesized HA of
infected cell surfaces (Kostolansky et al., 1988; Vare¢kova et
al., 1993). The reason of such micro-heterogeneity can be the
spontaneous conformational change due to the flexibility of
HA trimer at the physiological temperature (Yewdell et al.,
1983). These two domains of HA, HA1 and HA2 gp, have
irreplaceable role in infectious cycle of IAV and simultane-
ously they represent the main target for the induction of
protective immune response.

5. Antigenic properties of HA and its subunits

Based on the antigenic properties and the HA reactivity
with virus-specific sera in hemaglutination inhibition assay,
double immune-diffusion assays (Schild et al., 1980; WHO
memorandum 1980) and amino acid sequence analysis
(Fouchier et al., 2015), there are currently 18 defined sub-
types of influenza HA. The first 16 HA subtypes comprise
avian influenza viruses. The subtype H16, described in the
year 2015, is, as of today, the last HA subtype of IAV isolated
from aquatic birds (Fouchier, 2005). Few years later, IAV was
detected in another species, in bats. Viruses found in bats
were antigenically different from known IAVs and were clas-
sified as new HA subtypes H17 and H18 (Tong et al., 2012,
Tong et al., 2013).

On the other hand, based on phylogenetic analyses HAs
of different IAVs were divided into two groups. The first
group contains IAVs with HA subtypes H1, H2, H5, H6,
H8, H9, H11, H12, H13, H16, H17 and H18. The second
phylogenetic group comprises H3, H4, H7, H10, H14
and H15 subtypes. Both these groups comprise the highly
pathogenic viruses: H1, H2, H5, H6 and H9 subtypes from
the first group, and H3, H7, H10 from the second group
(Medina and Garcia-Sastre, 2011; Belser et al., 2009, 2013;
Herfst et al., 2014; Vachieri et al., 2014; Wang et al., 2014),
which represent viruses of high risk for human health. The
widespread incidence of IAV among different species and
permanent mutations in AV genome enable the generation
of new influenza viruses, which can infect humans without
preexisting immunity and make the universal protection
against influenza disease difficult.

5.1 Antigenic structure of HAI and HA2 gp

The globular HA1 gp of HA trimer is the immunodomi-
nant domain of HA. Therefore, HA1 gp was well character-
ized many years ago. There were defined five antigenic sites
on HA1 gp, which are predominantly located on the loops
of the amino acid (aa) chain (Caton et al., 1982). First, using
monoclonal antibodies and escape variants of A/PR/8/34
(HIN1) virus, antigenic sites were defined and signed as
site Sa, in the region of amino acid sequence comprising
aa 128-167, site Sb comprising aa 156-198, site Cal aa
169-240, Ca2 140-225 and Cb 79-122. Antigenic sites of
IAV viruses differ in length and aa composition (Caton et
al., 1982). Later, five antigenic sites A, B, C, D and E were
identified on the HA of H3 subtype (Skehel and Wiley,
2000). However, the sites B and C were subdivided on the
basis of fine specificity. Namely antigenic sites A (121-146),
B1 (155-163), B2 (186-197), C1 (50-57), C2 (275-279),
D (207-219), and E (62-83) were defined (Wiley et al., 1981;
Jackson, 1982; Okada et al., 2010; Ye ef al., 2012; Shaw and
Palese, 2013). Despite the high variability of HA globular
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Structural rearrangements of HA2 gp from native conformation to post-fusion conformation induced by decreasing pH with an effect on stem
domain immunogenicity
The antigenic regions of HA2 were determined using HA2-specific monoclonal Abs. Antigenic site I is colored yellow (aa 1-38) and includes first 23 aa of
fusion peptide, two different antigenic sites IT and IV in the same region are colored purple (aa 125-175) and site III is shown in green (aa 38-112). The
pH-induced structural changes take place at the antigenic site III. Loop (in position aa 56-75) is changed to a-helix and a-helix (in position aa 106-112)
is changed to loop durin this change. (The figure was created in Discovery Studio 2019. Source: PDB 4WE4 (HAZ2 in native conformation), PDB 1QU1
(HAZ2 in post-fusion conformation) and modified from Vareckova et al. (2003a).

domain, there are some conformational epitopes, which can
be recognized by neutralizing antibodies cross-reactive with
viruses of H1 phylogenetic group (Whittle ef al., 2011; Lee
et al., 2012; Tsibane et al., 2012; Krause et al., 2012) or H2
group (Kostolansky et al., 2000)

In contrast to HA1 gp, the stem of HA, which is formed
predominantly by HA2 gp, is relatively conserved. The reason
is the absolute requirement of HA2 functionality for viral
and endosomal membrane fusion and thus for the infectiv-
ity of the virus. As a consequence, the HA2, unlike the HA1
of AV, is more antigenically stable with high degree of aa
conservation (Nobusawa et al., 1991; Vareckova et al., 2008,
2013; Margine et al., 2013a; Jakubcova et al., 2019). On HA2
gp, four antigenic sites were defined by competitive radio-

immunoassay using seven HA2-specific monoclonal Abs.
The antigenic site I is localized at aa position 1-38 of the
N-terminal end of HA2 peptide. The highest immunogenic
potential have antigenic sites II and IV, which are localized
at the aa position 125-175, but they create different epitopes
as it was implied by the competitive radioimmunoassay
studies and western-blot analyses using HA2-specific MAbs.
Antigenic site III is localized in the region of aa 38-112
(Vareckovd et al., 2003a). All 4 antigenic sites on HA2 gp are
poorly accessible in the native HA trimer and become more
accessible after the low pH exposure of the virus, resulting
in the conformational change of HA. This was confirmed by
the increased binding of HA2-specific MAbs, recognizing
all four antigenic sites on HA2 gp, to the low pH- (pH 5)
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Table 1. HA2-specific Abs broadly reactive among various subtypes of influenza viruses

Name of Ab Reactivity References

C179 HI1,H2,H5,H6,H9 Okuno et al., 1993

A06 H1,H5,H9 Kashyap et al., 2008, 2010
CR6323 H1,H5,H9 Throsby et al., 2008
CR6261 HI1,H2,H5,H6,H8,H9,H13,H16 Throsby et al., 2008

FC12 H3,H4

FE1 H3,H4 Vareckova et al., 2008
11F4 H2,H3,H4,H5,H6,H8,H13

CE2 H3,H4,H7 Stropkovska et al., 2009
F10 HI1,H2,H5,H6,H8, H9,H11,H12,H13,H16 Sui et al., 2009

12D1 H3 Wang et al., 2010

FlI6 H1-H1l6 Corti et al., 2011

CR8020 H3,H4,H7,H10,H14,H15 Ekiert et al., 2011
CR9114 1AV, IBV Dreyfus et al., 2012
05-2G02 HI1,H3,H5 Lietal, 2012

6F12 H1 Tan et al., 2012

GG3 H1,H5 Heaton et al., 2013

KB2 H1,H5 Heaton et al., 2013

39.29 HI1,H3,H5,H7 Nakurama et al., 2013
CR8043 H3,H10 Friesen et al., 2014

9H10 H3,H10 Tan et al., 2014

MAD3.1 H1,H2,H5,H6 Wyrzucki et al., 2014
VIS410 H1,H3,H7 Tharakaraman et al., 2015
CT149 HI1,H3,H5,H7 Wu et al., 2015
MEDI8852 H1,H3,H5,H7 Kallewaard et al., 2016
81.39 H1-H10,H14,H15 Marjuki et al., 2016
CT-P27 H1,H2,H3,H5,H7,H9 Celltrion; (Sparrow et al., 2016)

treated viruses, without changes of their antigen-binding
affinities (Fig. 1) (Vare¢kova et al., 1993, 2003a,b; Stanekova
etal,2012).

The immunogenic potential of HA2 antigenic sites
described above differs in their ability to induce specific
antibodies during natural influenza A infection in humans.
The analysis of paired acute and convalescent sera of hu-
man patients with confirmed influenza infection showed
that HA2 antigenic sites Il and IV, localized in the region aa
125-175, are the most immunogenic. These two antigenic
sites, together with antigenic site I could be important for
the hetero-protective immunity induced during the influenza
infection of humans, as antibodies recognizing these sites
inhibited the fusion activity of HA as well as the replication
of virus (Vareckova et al., 2003b; Stropkovska et al., 2009;
Stanekova et al., 2011, 2013; Janulikova et al., 2012).

5.2 Immunogenic properties of HA2 gp

It was shown that HA2 is a weak inducer of humoral im-
mune response during the natural infection (Styk et al., 1979;
Gerhard, 2001; Kostolansky et al., 2002; Vareckova et al.,
2013). The reason is that HA2 is hidden inside the HA trimer

and is not accessible for the immunocompetent cells due to
the covering of the HA2 subunit by HA1 globular domain
carrying the immunodominant antigenic sites (Angeletti
et al., 2017). The first report about the ability of HA2 gp to
induce specific antibodies was published by Styk and Russ
(Russ et al., 1978; Styk et al., 1979). An important feature of
antibodies produced against the HA2 domain is their intra-
subtype (Graves 1983) and even inter-subtype cross-reactivi-
ty (Russ et al., 1987; Okuno et al., 1993; Vareckova et al., 2002,
2003a,b, 2013), enabling the recognition of a wide range of
influenza viruses, as has been described in the literature
(Table 1). It was shown that some HA2-specific monoclonal
antibodies can be protective and cross-reactive, therefore the
HA2 gp was considered to be a good immunogen for induc-
tion of the broader immune protection against influenza
(Gocnik et al., 2007; Prabhu et al., 2009). Many approaches
have been described to overcome the low immunogenicity
of HA2 gp and to enhance the induction of HA2-specific
antibodies to be utilized in new vaccine design with the
aim to broaden the vaccine efficacy. These approaches are
based on improved accessibility of HA2 gp and its effective
delivery or exposure to the immune system (Krammer and
Palese, 2013; Margine et al., 2013b).
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Fig. 2

Influenza virus vaccines based on induction of strain-specific or broadly reactive stalk-specific humoral immune response
Vaccines using whole hemaglutinin as an antigen are focused on the induction of virus-neutralizing antibodies targeted to immunodominant globular
domain (WIV, LALV, SIV, VLP, subunit vaccine). Stimulated Abs have narrow protective effect against close/relative influenza virus strains to vaccine strains
in comparison with Abs against HA2 gp. There have been suggested modifications increasing the immunogenicity of stalk domain (“headless” HA gp lacking
immunodominant globular domain, chimeric HA with exotic globular domain, computational optimized synthetic peptides and DNA-based vaccines).

New strategies increasing immunogenicity of HA2 gp
based on more effective exposure or delivery of antigen for
presentation to immune competent cells have been devel-
oped (Fig. 2) (Stanekovéd and Vareckova, 2010; Krammer
and Palese 2013; Margine et al., 2013b). Increased induc-
tion of HA2-specific antibodies was achieved using various
carriers as are Keyhole limpet hemocyanin (KLH- a large
metalloprotein from the giant keyhole limpet), flagellin of
the Salmonella vaccine strain (a polymeric character enables
to express multiple copies of the epitope), nanoparticles
based on metalloproteins (Kanekiyo et al., 2013; Yassine et
al., 2015), or virus-like particles (VLP) (Kang et al., 2012,
Chen et al., 2015). Other approach utilized non-infectious
non-replicating Escherichia coli-derived plasmids as DNA
vaccines (Katz et al., 2006), or detoxified bacterial toxin from
Bordetella pertussis (Stanekova et al., 2013). KLH was used

as the carrier for different peptides of HA2, for example aa
sequence of highly conserved long a-helix recognized by
cross-reactive Ab 12D1 (Wang et al., 2010), aa sequence of
fusion peptide (Stanekova et al., 2011) or the ectodomain of
HA2 (Janulikova et al., 2012). Immunization of mice with
two or three immunization doses of mentioned immunogens
induced significant antibody response with cross-protective
potential, resulting in improved survival and morbidity of
mice challenged with homologous or heterologous virus.
Genetically detoxified adenylate cyclase toxin (CyaA) pro-
duced by the gram-negative bacteria Bordetella pertussis
was used to present the ectodomain of HA2 to the immune
system. The advantage of use of the adenylate-cyclase toxoid
is primarily in its ability to induce cross-protection mediated
by both cellular and humoral immunity, though CyaA-HA2
toxoid is a non-replicating immunogen. This is an advantage
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from the point of view of safety of the immunization. In this
case, a specific cellular and broadly anti-HA2 cross-reactive
humoral immune response was induced, which protected
mice against lethal infection with both homologous and
heterologous IAV without addition of any adjuvants (Stane-
kova et al., 2013).

Another approach to increase the HA2 immunogenicity
is the generation of HAs lacking the HA1 subunit. In earlier
experiments, the unmasking of HA2 domain was achieved by
enzymatic cleavage of low pH-exposed virus named “Graves
particules” (Graves, 1983). Later, genetic engineering ena-
bled a more effective preparation of HA molecule partially
or completely lacking the HA1 globular domain (Sagawa et
al., 1996; Bommakanti ef al., 2010; Bommakanti et al., 2012).
A novel HA2 immunogen with deleted HA1 globular part
of HA, the “headless” HA, a linker sequence preserving the
proper folding of protein molecule in the native structure,
and importantly, preserving its ability to express on the cell
surface was constructed. This headless HA have, in contrast
to enzymatically cleaved HA2, “the neutral pH conforma-
tion” (Steel et al., 2010). To improve antigen expression and
appropriate folding of protein in order to induce robust
protective antibody response, a minimized stem polypep-
tide was engineered that includes the epitope recognized by
broadly reactive monoclonal antibodies and mimics the HA
trimer in the pre-fusion conformation (Mallajosyula et al.,
2014; Lu et al., 2013; Wohlbold et al., 2015; Valkenburg et
al., 2016; Sutton et al., 2017). A similar approach was used
in construction of a “mini” HA, which has also properties
like native HA2 in pre-fusion trimeric conformation (Im-
pagliazzo et al., 2015). The both “headless” and “mini” HAs
induced broad reactive antibody response and improved
mice survival after viral challenge.

The development of a plasmid reverse-genetic technique
opened the new possibilities for the influenza research
(Fodor et al., 1999; Neumann et al., 1999; Hoffmann et al.,
2000). Chimeric HAs, which are composed of globular and
stem domain of different virus subtypes represent a prom-
ising strategy in the development of a universal influenza
vaccine (Krammer and Palese, 2014). Many variations of
various chimeric HAs with exotic globular domain and the
stem domain of irrelevant subtype of the same or different
phylogenetic groups were described (Hai et al., 2012). Chi-
meric HAs were used as part of the whole or split inactivated
virus vaccine (WIV), or live attenuated influenza virus vac-
cine (LAIV) (Nachbagauer et al., 2018; Sunwoo et al., 2018).
HA was presented also by virus vectors as are vaccinia virus
(Gocnik et al., 2008), influenza B virus, vesicular stomatitis
virus (VSV), adenovirus type 5 (Nachbagauer et al., 2016).
Another method of boosting stalk-reactive antibodies was
achieved by repeated immunization refocusing the immune
response to conserved HA2 domain, thus eliciting humoral

and cellular HA2-specific immune response (Margine et al.,
2013a,b; Nachbagauer et al., 2014). Protective antibodies
have also been obtained after the immunization with recom-
binant HAs comprising the HA2 conserved sequence derived
from the H1 subtype inserted into the globular domain of
H3 subtype (Klausberger et al., 2016).

Manipulation with the glycosylation sites on HA1 gp
refocuses the immune system to the epitopes on HA2 gp. It
was found that the number of glycosylation sites on the HA
surface can differ over time (Medina et al., 2013). Changes
in the glycosylation rate help the HA to escape from its
recognition by neutralizing antibodies. Modifications of the
globular domain by introducing seven new N-glycosylation
sites into this immunogenic region of HA of the influenza
virus A/PR/8/34 (HIN1), naturally containing only a small
amount of bound saccharide residues, were described. After
intramuscular administration of three doses of antigen, pro-
duced HA2-specific antibodies were able to reduce morbidity
and mortality of mice infected with A/PR/8 reassortant virus
with the head domain of H9 subtype compared to wild-type
globular domain (Eggink et al., 2014).

The approaches mentioned above have been shown as
promising vaccine strategy leading to the production of
broadly reactive antibodies, because as it was shown, HA2 an-
tigen in variously modified forms can be good immunogen.
Therefore, it could be an excellent player in the protection
from TAV infections.

6. Protective mechanisms mediated
by HA2-specific antibodies

Vaccine strategy is based on immunological memory.
When the immunization is followed by an infection, the
memory cells are stimulated faster and the organism is
protected more efficiently. The production of HA2-specific
antibodies during the natural IAV infection is limited. How-
ever, due to the conserved character of HA2 gp, the subse-
quent infection by several antigenically different IAVs, or
immunization by selected epitopes of HA2 led to a stronger
HA2-specific antibody response (Kostolansky, 2002; Gocnik
et al., 2008; Sui et al. 2009). Significantly increased level of
anti-HA2 antibodies positively contributes to the efficient
protection against lethal infection with homologous or het-
erologous virus in mice (Gocnik et al., 2008; Stanekova et
al., 2011, 2013; Janulikova et al., 2012). The presence of these
antibodies influences the infection, which becomes milder
and the recovery from the disease is faster. Moreover, HA2-
specific antibodies with fusion-inhibition activity, when
administered intravenously before the infection, improve the
survival of infected individuals and accelerate the clearance
of the virus (Gocnik et al., 2007). The antibodies targeted
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to HA2 domain influence the course of IAV infection at
several levels. Intracellularly, anti-HA2 antibodies block the
conformational HA rearrangements after binding to/or near
the fusion epitope, or they block the insertion of HA2 fusion
peptide into the endosomal membrane and thus inhibit fu-
sion pore formation and consequently the viral replication
(Ekiert et al., 2009; Vareckova et al., 2003a, 2013). Moreo-
ver, cross-reactive HA2-specific antibodies can prevent the
intracellular or extracellular proteolytical cleavage of HAO
(Ekiert et al., 2011; Brandenburg et al., 2013).

On the other hand, there are reports considering the
negative effect of HA2-specific antibodies on the course of
infection (Gocnik et al., 2007; Khurana et al., 2013; Gauger
et al., 2014). The first report about deteriorating effect of an
antibody on IAV infection was described by Gocnik and col-
leagues (Gocnik et al., 2007). Passive immunization of mice
with anti-HA2 antibody without fusion inhibition activity,
recognizing the antigenic site III (aa 38-112 of HA2 gp),
and their subsequent infection with lethal dose (1LD50) of
homologous influenza A virus caused more severe infec-
tion in comparison to the control, non-immunized mice.
In contrast, infected mice passively immunized with three
other MAbs with fusion-inhibition activity were protected
from the lethal IAV infection (Gocnik et al., 2007). Negative
impact of vaccination mediated by induced cross-reactive
antibodies has been described later, during the circulation
of IAV with pandemic potential p(HIN1) in human popula-
tion (Janjua et al., 2010; Skowronski et al., 2010; Tsuchihashi
et al., 2012). The phenomenon was designated as Vaccine-
associated enhanced respiratory disease (VAERD) and its
mechanism is not yet completely understood. There are
several other reports describing the possible role of cross-
reactive antibodies in VAERD.

The experimental vaccination with HIN2 whole inacti-
vated vaccine (WIV) followed by infection with p(HIN1) in
swine model was accompanied by prolonged course of the
disease. It induced high level of cross-reactive HA2-specific
antibodies, but worsened the clinical symptoms (Khurana
et al., 2013; Gauger et al., 2014). Similar course of infection
was observed also in a ferret model (Skowronski et al., 2014).
There are reported some other data ascribing the contribu-
tions to development of VAERD, as are the low levels or
absence of virus-neutralizing antibodies (Cox et al., 2009),
increased avidity of virus non-neutralizing antibodies (To
et al., 2012), deficiency of neuraminidase-specific antibod-
ies (Rajao et al., 2016), or route of vaccine administration
(Bernelin-Cottet et al., 2016). In spite of these reports, the
vaccination still remains the only prevention against IAV.
However, these results underline the need for better un-
derstanding of the mechanisms of action of HA2-specific
antibodies and their antigen-binding or effector function,
as well as the role of HA2 gp as an immunogen.

7. Different contribution of Fab and Fc fragments of
HA2-specific antibodies to antiviral immunity

7.1 Characterization of antibodies and their fragments

Antibodies play a key role in the antiviral immunity,
depending on their localization and on their structure.
They are present in the organism in two forms. The first
form of antibody is bound to the membranes of B-cells,
bearing the function of the B-cell receptors (BCR). Another
population of antibodies is present in a soluble, free form in
the blood. The strucutre of both forms of these molecules
is identical, except for the short hydrophobic aa region
enabling the anchoring of the BCR into the membrane of
B-cells. This small aa region is not present in the soluble
form of the antibody molecule (Valentine and Green, 1967;
Ribatti, 2015) (Fig. 3).

The structure of antibody molecule was decribed by Nobel
prize winners Porter and Edelman, (Edelman, 1959; Porter,
1959). They estimated the molecular weight of IgG molecules
by ultracentrifugation as 150 kDa and, based on the cleav-
age of IgG molecule with proteolytic enzymes, defined three
functional fragments. Two fragments with antigen-binding
activity were of identical structure and were named as Frag-

qed

Fig. 3

Antibody structure

The immunoglobulin G (IgG) molecule is made up of two identical heavy
(H) and two identical light (L) chains. Each H chain is linked to one L
chain and both H chains are held together with disulphide bonds, form-
ing Y-shaped structure. L chains contain one variable region (V) and one
constant region (C, ), while H chains contain one variable region (V, ) and
three constant regions (C,1-C,3). Antigen-binding fragments (Fab) are
heterodimers composed of H and L chains (V,-C, and V,-C, 1), while the
Fc fragment contains only conserved domains of H chains (C2-C,3),.
Fab and Fc fragments of H chains are connected by amino acid sequence
creating the flexible hinge region.
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ment Antigen-Binding-Fab. The third fragment was able to
spontaneously crystalize, therefore it was named as Fragment
Crystallizable (Fc).

The IgG molecule is Y-like shaped, composed of two iden-
tical heterodimers consisting of two heavy (H) and two light
(L) chains interconnected by disulphide bonds (Fig. 3). Light
chains have two domains, one variable (V) and one constant
(C)), and heavy chains have four domains, one variable (V ,)
and three constant (C,1-C_3). Antigen-binding domains
(Fab) are heterodimers composed of H and L chains (V -C/
and V -C, 1), while the Fc domain is formed by homodimers
of conserved domains of H chains only (C,2-C3),, which
are connected by interchain disulphide bonds (Schroeder
and Cavacini, 2010; Vidarsson et al., 2014; Ribatti, 2015). The
number and localization of these bonds differ depending on
the isotype of the antibody.

Fab fragment of IgG molecule is responsible for antigen
recognition and for the affinity of antibody binding to the an-
tigen. In binding of the antibody to the epitope are involved
the hypervariable complementarity-determining (CDR)
regions created by loops of -sheets of variable domains.
These are composed of less variable framework regions (FR),
which create the basic frame (skeleton) of the V domain. By
approaching the CDR regions of H and L chains during the
formation of quarternary structure of variable V chain, one
hypervariable site, named paratop of the antibody, is formed
(Schroeder and Cavacini, 2010; Sondermann et al., 2013;
Murphy and Weaver, 2017).

The Fab and Fc domains of heavy chains are linked by
amino acid sequence creating ,,hinge region, the flexibility of
which influences the antigen binding activity of the antibody
and effector functions of the IgG molecule, i.e. its interaction
with C1q component of complement and the recognition of
the Fc receptor (Valentine and Green, 1967). The hinge area
is proline and cystein rich, which enables its flexibility. The
length and the extent of the flexibility of the hinge area dif-
fers among isotypes. The longer is the hinge, the higher is the
flexibility of the antibody molecule (Vidarsson et al., 2014).

The role of the Fc domain is to activate the reaction
stimulating the destruction of pathogens. Antibodies differ
in N-glycosidically bound carbohydrates not only on the Fab
arm, but also on the Fc domain. Glycosylation highly influ-
ences the effector function of immunoglobulines (Arnold et
al.,2007; Anthony et al., 2012; Lobner et al., 2016). The best
studied is the human IgG glycosylation. Human IgG have
the conserved glycosylation site at the position Asn 297 of
each heavy chain (C2 domain). The binding of carbohy-
drate to this part contributes to the creation of quarternary
structure and the stability of the Fc domain (Butler et al.,
2003). There were described two conformations of the Fc
domain. In the closed form of Fc, the interaction with Fc
receptor is localized at the interface (borderline) between
C,;2-C, ;3 domains. This form of the Fc region interacts with

type II FcR. In the open conformation, the interaction with
FcR shifts towards the hinge region. The open conforma-
tion of antibody results in the activation of type I FcR and
together with an immunoreceptor tyrosine-based activation
motiv (ITAM) it triggers the proinflammatory processes and
activates immunomodulating components with pleiotropic
effect participating on the antibody mediated protective
immune response (Graziano and Guyre, 2006; Arnold et
al.,2007; Bruhns, 2012; Sondermann et al., 2013; Moldt and
Hessell, 2014; Yu et al., 2014; Bournazos and Ravetch, 2015;
Quast et al., 2017).

7.2 Antibody-dependent cell-mediated cytotoxicity
mechanisms (ADCC)

Antibody-dependent cell-mediated cytotoxicity (ADCC)
is one of the important mechanisms of pathogen desctruc-
tion, where the secretory antibodies participate (Fig. 4). In
humans, two isotypes, IgG1 and IgG3, are involved in this
mechanism. In mice have this function mainly antibodies of
IgG2a and IgG2b isotype (Jegaskanda et al., 2014). The typi-
cal cells participating in ADCC mechanism are natural killer
(NK) cells with receptors FcyRIII (CD16). The stimulation
signal triggering ADCC is the interaction of the Fc fragment
of an antibody linked with antigen (antibody-coated target
cell) and FcyR expressed on effector cells of the immune
system. The signalization cascade continues by phosphoryla-
tion of the C-terminus of ITAM resulting in the release of
granzyme B and perforin granules, mediators that induce
the apoptosis of infected cells (Graziano and Guyre, 2006;
Jegaskanda et al., 2014). The contribution of this mechanism
to the defense against influenza infection has not been yet
completely established. The research studies point to the
fact that the virus-neutralizing antibodies do not participate
in the ADCC mechanisms, in contrast to the antibodies
targeted to the conserved virus proteins, which are non-
neutralizing. Results show that antibodies mediating ADCC
mechanism, are higly cross-reactive among influenza virus
subtypes (Jegaskanda et al., 2013, 2014; Srivastava et al., 2013;
DiLillo et al., 2014; Terajima et al., 2015; DiLillo et al., 2016;
Vanderven et al., 2016; de Vries 2017a). Leon and colleagues
showed in their study that two contacts are required for the
activation of ADCC mechanism: the first is the interaction
between Fc fragment of an antibody bound to HA with FcR
on effector cell and second is the interaction between HA
on the infected cell and sialic acid on the effector cells (Leon
et al., 2016). ADCC is a complex mechanism, which can
be influenced by several factors. These are: the presence of
neutralizing antibodies, with which HA2-specific antibodies
compete for HA binding on the epitope, the accessibility of
the epitope and affinity of paratope binding to the antigen, as
well as on interaction between Fc fragment and FcR (Ferrara
et al., 2011; Thomann et al., 2015; He et al., 2016; Wang et
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Protection against influenza virus activated via Fc fragment of anti-HA2 Abs

During primary IAV infection, B-cells produce Abs against antigen. A portion of the B-cells differentiate into antibody-secreting plasma cells (ASCs),
which respond more rapidly to infection with the same or similar antigen. The produced HA2-specific antibodies act as the opsonins and tag the virus
or the IAV infected cells for effector cells of innate immunity. The interaction between the Fc fragment of the antibody and the Fc receptor on effector
cells provides an activation signal for the elimination mechanism leading to destruction of infected cell. The red line schematically depicts the antibody-
dependent cell-mediated cytotoxicity (ADCC) mechanism. In order to activate ADCC, another conection between hemagglutinin (presented on the
infected cell) and the sialic acid of the natural killer cells (NK cell) is necessary. The activation of the IAV destruction mechanism by the interaction of
the Fc fragment of HA2-specific antibody and the C1 component of complement is represented by an orange arrow. The blue arrows lead through the
phagocytosis of viral particles of influenza virus mediated by HA2-specific Abs and phagocytic cells (adapted from Stanekova and Vareckova, 2010).

al., 2017). Currently, there is growing evidence supporting
the role of broadly reactive anti-HA antibodies mediating
the ADCC as a potencial defense against influenza during
the natural infection. The knowledge of the mechanisms of
heterosubtypic immunity against influenza and their under-
standing are important for the proper efficacy and safety of
newly designed influenza vaccines (de Vries et al., 2017D).

7.3 The role of complement in anti-influenza immunity

Complement is a system of more than 30 proteins co-
operating in a cascade manner to assemble the membrane

attack complex. Activation of complement may be achieved
in several ways, but antibodies are necessary particularly
during the classical pathway of complement activation
(Fig. 4). The activation of complement is triggered after the
antibody binding to the surface of the pathogen (Rattan et
al.,2017). The complement-mediated protection is involved
at the early stage of infection. In addition to IgM, also IgG1
and IgG3 isotypes are able to participate in activation and,
to a lower extent, also IgG2. All these isotypes are able to
bind to the C1 component of complement via their Fc frag-
ment. During the IAV infection, complement contributes
to a more rapid virus elimination, lowering of virus titer
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in lungs and, in cooperation with antibodies, it improves
the in vitro neutralization of influenza virus. Experimental
studies pointed to the increased virus-neutralizing and
hemagglutinin-inhibiting activity of anti-HA antibodies in
the presence of C1. The activity of complement is influenced
by antibody isotype and by epitope-specificity of antibody
(Feng et al., 2002; Jayasekera et al., 2007). It was shown that
monoclonal antibodies activating the antibody-dependent
cell lysis, which can have neutralizing effect, are targeted
to the conserved area of IAV as is the stem domain of HA
trimer with cross-reactive potential (Terajima et al., 2011,
2015). It is supposed, that HA-specific immune response,
particularly production of HA2-specific antibodies, can be
influenced by complement (Kopf et al., 2002; Rattan et al.,
2017). The effect of complement can be minimalized by the
M1 protein. N-terminal domain of M1 binds to Clq part of
the C1 molecule and prevents the interaction of virus with
antibodies and consequently the activation of complement.
Thus, in this way the M1 protein helps the IAV to avoid the
the immune system of the host (Zhang et al., 2009).

7.4 Antibody-dependent phagocytosis (ADP)

Cells capable of phagocytosis represent the first defense
barrier of the immune system. These are myeloid cells
comprising the monocytes, macrophages, neutrophils,
eosinophils, basophils and dendritic cells. On their sur-
faces are expressed FcyRs, which are responsible for the
effective recognition of pathogen by these cells, resulting in
engulfment of the pathogen opsonized by antibodies and
its destruction by phagocyting cells (Fig. 4). Based on the
results obtained in the mouse model, when IAV infection
elicited the production of antibodies involved in the ADP,
it was suggested that Fc receptor mediating phagocytosis
plays an important role in the elimination of respiratory
viral infections (Huber et al., 2001). Ana-Sosa-Batiz and
colleagues studied the role of anti-influenza antibodies in
ADP and concluded that in antiviral protection mediated
by phagocytes also cross-reactive anti-HA antibodies par-
ticipate, though to a lower extent. Engulfing of IAV stimu-
lated by antibodies lowered the ability of the pathogen to
establish in vitro infection (Ana-Sosa-Batiz et al., 2016). In
comparison to other studies, focusing on cooperation of HA
antibodies and monocytes, results of in vitro experiments
with neutrophils indicate that HA2-specific antibodies play
an important role during the elimination of AV, particularly
by binding of their Fc domain with FcR on neutrophils.
The engulfed IAV particle is eliminated by reactive form of
oxygen (ROS), the production of which is induced by creat-
ing the bond between Fc and FcR. In contrast, antibodies
targeted to globular domain of HA do not have this ability
(Mullarkey et al., 2016).

7.5 Antibody-dependent enhancement of viral infection
(ADE)

Antibodies represent the effector molecules, which play
important role in the immune response against pathogens.
They prevent the pathogen entry into the cells, or they
participate in elimination of infected cells. However, under
certain conditions, antibodies can support the spread of the
virus infection by mediation of virus particle transfer into the
cell, interpreted as indirect virus entry into the cell (Halstead,
1994). In this case, antibody causes the enhancement of virus
infection, the process called as antibody-dependent enhance-
ment or ADE mechanism of infection increase (Takada
and Kawaoka, 2003). This mechanism was for the first time
described in the sixties of the last century (Hawkes, 1964).

Since that time ADE phenomenon was observed in
connection with several viruses (Taylor ef al., 2015). In the
context of influenza A virus infection, the ADE mechanism
was described for the first time in the year 1988. There was
observed a higher internalization of A/NWS virus (HIN1)
in macrophage-like cell line P388D1 treated with neurami-
nidase. The highest transfer of virus particles into P388D1
cells was observed in virus, which was preexposed to optimal
concentration of subneutralizing antiviral IgG antibodies
(Ochiai and Kurokawa, 988). Several years later Ochiai et al.
(1990) described the cross-reactivity of antibodies as a factor
supporting ADE mechanism of virus enhancement. It was
hypothesized that the entry of the complex Ab-IAV into the
cell is mediated by the Fc receptor (Ochiai and Kurokawa,
988; Ochiai et al., 1990). Based on the experimental data it
was conluded that ADE mechanism requires the presence
of cells expressing Fc receptors and the optimal concentra-
tion of antibodies (Ochiai et al., 1992). Antibodies specific
to HA or NA, mainly cross-reactive and non-neutralizing
were shown to be candidates included in the ADE (Tamura
et al., 1991). Besides in vitro, the ADE mechanism was also
described in vivo. These studies showed that natural infection
and vaccination by atenuated influenza virus enhanced the
recognition and capturing of homologous virus by antigen
presenting cells with expressed FcR on their surfaces (Gotoft
et al., 1994).

The unambiguous connection of ADE mechanism with
TAV and a worse course of infection in humans hasn't been
described yet (Chan-Hui and Swiderek, 2016). The first HA2-
specific antibody with a worsening effect on the course of
infection was identified by Gocnik et al. (2007) during the
study of the effect of HA2-specific MAbs recognizing dif-
ferent antigenic epitopes of HA2 on the course of influenza
infection in the mouse model. Passive immunization with
three of the HA2-specific Abs of interest contributed to
protection from infection with the homologous IAV virus.
One of the studied HA2-specific Abs, which, unlike the other
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MAbs, did not have fusion-inhibitory activity, contributed
to the deterioration of the course of infection. Compared to
the other studied antibodies, the delayed elimination of virus
from lungs and higher mortality were observed in mice im-
munized with this Ab (Gocnik et al., 2007). The vaccination
with conserved IAV glycoproteins, which can result in more
severe symptoms of infection, was described also in pigs
(Gauger et al., 2011). ADE is mentioned in connection with
viral infections, caused mainly by Dengue, HIV, but also by
respiratory viruses (Takada and Kawaoka, 2003; Tirado and
Yoon, 2003; Taylor et al., 2015; Ramakrishnan et al., 2016).

8. Conclusion. Immunoprotective or
immunopathological character of HA2-specific
antibodies?

The data described above suggest that the contact of Fc
domain of antibody and FcR triggers mechanisms, which can
have a beneficial as well as immunopathological impact on
the host. Besides the known age dependence and the evolu-
tion status of the immune system of an individuum, experi-
ments on mice showed that also the level of infectious dose
has an impact on the course of immune response, mediated
predominantly by ADCC mechanism and by complement,
when the protective potential can be redirected towards an
immunopathological process (Terajima et al., 2015).

HA2-specific antibodies represent only one subpopula-
tion of antibodies participating in the complex defense
against IAV (DiLillo et al., 2014, 2016; Vanderven et al.,
2016). Antibodies are important players in immune response
as they cooperate with NK cells. Thus, the innate immunity
can modulate the adaptive immune response just as the [AV
is able to influence the course of the immune response. The
mechanism of protection mediated by HA2-specific anti-
bodies is a result of their cooperation with other immune
cells and molecules. It must be stressed that their protective
potential is dependent on the epitope-specificity and antigen-
binding affinity. By detailed studies and understanding of the
relations between the particular variables of this triangle, we
can get closer to the universal vaccine formulation.
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