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HA2 glycopolypeptide of influenza A virus and antiviral immunity
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Summary. – Influenza A viruses (IAVs) cause acute respiratory infections in humans against which an 
effective prevention has not yet been developed due to their high variability and broad host specificity. The 
permanent threat of arising new influenza pandemic is represented by avian viruses which after their inter-
species transmission can cause a disease with a devastating impact on humans lacking the specific immunity. 
Since the current vaccines inducing virus-neutralizing (VN) antibodies are targeted at a variable globular part 
of hemagglutinin (HA), their efficacy is limited and they need permanent updating. On the other hand, con-
served IAV antigens such as proton channel M2, membrane protein M1 or nucleoprotein (NP) do not induce 
VN antibodies, but they do induce heterosubtypic protection resulting in the reduction of virus replication 
and an improved recovery from the disease. From this point of view recent attention has also been focused on 
the conserved part of HA, its HA2 glycoprotein (HA2). The main aspects revealing a contribution of HA2 gp 
to protective immunity are discussed in this review.
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1. Introduction

Influenza A viruses (IAVs) pose acute and worldwide 
spread of respiratory disease in humans. Due to their high 
variability, IAVs cause repeated epidemics or pandemics. 
The course of the disease caused by an IAV is controlled 
by the host immune system which determines the severity 
of the illness (Murphy and Clements, 1989; Tamura and 
Kurata, 2004). In humans, the infection starts by virus at-
tachment to the epitelial cells of the upper respiratory tract 
(RT), where productive virus replication proceeds. The in-
fection induces mechanisms of native and adaptive immu-
nity. In the early stage of infection, IAV is recognized by 
Toll-like receptors (TLR). TLR3s recognize viral dsRNA in 
epithelial cells of upper and lower RT, while TLR7s recog-
nize viral ssRNA mainly in acidic compartments of endo-
somes, where virus is internalized after its attachment to 
target cells. Proinflammatory cytokines, interferon (IFN) 
type I, tumor necrosis factor alpha (TNF-α), interleukins 
6 and 12 (IL-6, IL-12), and chemoattractive chemokines 
with antiviral effect are subsequently produced. They can 
all directly affect the infected cells. High levels of IFN type 
I, produced simultaneously in the lymph nodes, spleen 
and liver influence local as well as systemic antiviral im-
munity. IFN type I activates the differentiation of naive 
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CD4+ T-cells to Th1 effectors producing high levels of 
IFN-γ and thus starting the adaptive immune response. 
IFN- γ in synergism with other cytokines increases their 
direct antiviral effect and on the other hand, upregulates 
expression of TLR by antigen presenting cells (APC) and 
lung epithelial cells. Once the infection is established, 
mechanisms of adaptive immunity are involved. Infected 
host cells are recognized and subsequently eliminated 
predominately by specific effector CD8+ T lymphocytes 
possessing cytolytic activity (Boon et al., 2004). They are 
activated between day 3–5 post infection (p.i.), reaching 
a maximum around day 7–9 p.i. Simultaneously, on day 
5–7 p.i., production of specific antibodies begins. The 
specific antibody level increases up to day 21 and, in 
case of repeated infection, memory B-cells ensure a very 
rapid and robust specific antibody response. In influenza 
infection, the specific humoral immunity plays the most 
important role. However, a high variability of IAVs due 
to the error-prone viral RNA-dependent RNA polymer-
ase enables them to evade the host immune mechanisms 
leading to repeated epidemics. From the point of view 
of protective immunity against influenza, the antibodies 
specific to the surface antigens, HA and neuraminidase 
(NA), are the most important. HA-specific antibodies 
are crucial, because they have virus-neutralizing activity. 
Another strong immunogen is surface glycoprotein NA 
which induces antibodies inhibiting the esterase activity 
of NA and consequently preventing the virus release from 
the cell and the spread of infection in the organism. The 
NA-specific antibodies however do not prevent infection 
completely (Johanson et al., 1989; Murphy and Clements, 
1989; Mozdanowska et al., 1999). During infection, the 
antibodies are induced also against another surface anti-
gen, M2 proton channel. In convalescent sera, their level 
is very low or even undetectable (Gerhard 2001). However, 
due to the conservation of M2 among IAVs of various 
HA subtype, attention has been focused on this protein, 
especially on its ectodomain (eM2) (Mozdanowska et al., 
1999; Neirynck et al., 1999; Frace et al., 1999). Enhanced 
levels of eM2-specific antibodies, produced following 
a targeted immunization with eM2, were shown to be 
protective (Mozdzanowska et al., 2003; Fiers et al., 2004; 
Mozdzanowska et al., 2007). Moreover, during IAV infec-
tion, antibodies against internal proteins NP, PB1, and 
PA have also been detected, but no unambiguous protec-
tive effect has been attributed to them. However, these 
proteins comprise immunodominant MHC-I- restricted 
T-epitopes which induce virus-specific cytotoxic T cells 
(CTLs) contributing to heterosubtypic immunity against 
influenza (Grebe et al., 2008). The most effective of them 
are NP-specific CTLs (Yewdell et al., 1985; Gerhard, 2001; 
Staneková and Varečková, 2010, Grant et al., 2013).

2. The role of influenza virus HA in the immune  
response

2.1 Structure of HA

Influenza virus HA is a glycoprotein forming on the virus 
surface spikes composed of three identical HA molecules 
inserted into the virion envelope by their C-termini. HA 
plays a crucial role during virus entry into the cell thus 
determining the initiation of infection. It is responsible 
for the attachment of virus to the sensitive target cells 
and the fusion of viral and endosomal membranes. HA is 
synthesized on ribosomes of the endoplasmic reticulum of 
infected cells as a precursor (HA0) molecule undergoing 
trimerization and postranslation modification, particularly 
glycosylation and acylation on its C-terminus (Skehel and 
Wiley, 2000). HA0 is postranslationally cleaved by host 
proteases into two glycopeptides, HA1 (heavy chain) 
and HA2 (light chain). In a HA trimer, HA1 and HA2 
remain connected via disulphide bond (Klenk et al., 1975; 
Lazarowitz and Chopin, 1975). Three HA monomers are 
bound by intermolecular non-covalent bonds thus form-
ing a mature HA molecule. A highly variable HA1 forms 
a globular head on which a receptor-binding site (RBS) is 
localized, composed of residues conserved in all subtypes 
of influenza virus, particularly aa 98, 134–138, 153, 183, 
190, 194, 195, 224–228 (Weis et al., 1988; Watowich et al., 
1994; Eisen et al., 1997). The corresponding receptor on the 
cell surface is sialic acid connected by glycosidic bond to 
glycoproteins or glycoplipids of the cell membrane. Human 
viruses preferentially bind to terminal sialic acid bound 
to galactose by the Sia(α2-6)Gal glycosidic bond, while 
avian viruses preferentially recognize sialic acid bound by 
the Sia(α2-3)Gal bond. Both receptors are present on the 
surface of swine epithelial cells and pigs can be infected 
by influenza viruses of both, human or avian origin, even 
simultaneously. A mixed infection with viruses of differ-
ent subtype/origin enables a rearrangement of viral RNA 
segments which can result in the appearance of potentially 
pandemic reassortant viruses that have not occurred in 
humans before. 

Another important role of HA is the mediation of fusion 
of viral envelope and endosomal membrane, for which the 
relatively conserved part of HA, the HA2 gp is responsible. 
At neutral pH, the fusion peptide (the N-terminus of HA2) 
is buried in a pocket of charged amino acid residues formed 
by trimeric coiled coil HA stem. At low pH (~5.0) in the 
endosomal cell compartment, intermolecular bonds in the 
HA trimer are released and the fusion peptide is exposed 
from its buried position in the trimer and inserted into the 
target membrane (Skehel et al., 1982; Doms and Helenius, 
1986; Carr et al., 1993; Hughson, 1995).
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Pre-fusion and post-fusion conformations of HA have 
been defined by X-ray analysis (Chen et al., 1999; Knossow 
et al., 2002). It has been proven that a small population 
(3–7%) of HA spikes in native virions could be spontane-
ously and without influence of low pH, restructured into the 
post-fusion form (Kostolanský et al., 1988; Varečková et al., 
1993). The conformation change is temperature- dependent, 
i.e. an increased temperature accelerates the HA refolding 
(Yewdell et al., 1983; Skehel and Wiley, 2000; Vaccaro et al., 
2005). The low pH-change of HA is irreversible and is ac-
companied by modified antigenic properties (Daniels et al., 
1983; Yewdell et al., 1983; Webster et al., 1983). It should be 
stressed however that the fusion activation cannot occur in 
the precursor HA0 and that virions with an uncleaved HA0 
molecule are non-infectious, as they cannot mediate the 
fusion of viral and endosomal membranes. This means that 
fusion inhibition could be a possible mechanism to prevent 
infection and can play a role in antiviral immunity.

2.2 HA as an inductor of immune response

HA is the main inductor of specific antibodies. It induces 
a spectrum of antibodies, a part of which are targeted towards 
epitopes near the receptor-binding site (Grehard et al., 2001). 
These antibodies, after binding to the receptor-binding site 
(RBS), block virus attachment to the cell surface (Skehel and 
Wiley, 2000). When their binding affinity and concentration 
are high enough, they can prevent virus infection (Kosto-
lanský et al., 2000). The effectivity of these antibodies to 
neutralize virus decreases with the distance of their binding 
from RBS. The antibodies bound to HA distantly from RBS 
do not neutralize virus, because they do not block the virus 
attachment to the cell, but they can influence subsequent 
steps of the virus replication cycle by other mechanisms 
(Vanlandschoot et al., 1998, Edwards and Dimmock, 2000, 
2001; Gerhard, 2001). On the variable globular HA1 gp, 5 
antigenic sites were defined (Wiley et al, 1981; Wilson et 
al., 1981; Caton et al., 1982; Skehel and Wiley., 2000). They 
were localized on the HA molecule by X-ray structural and 
sequence analyses of escape mutants, selected by virus-
neutralizing monoclonal antibodies (MAbs). A similar 
process, named „antigenic drift“ occurs in human population 
when epidemic IAV strains under the selection pressure of 
antibodies, present in humans since previous IAV infections, 
undergo antigenic changes. Such changes resulting in viable 
mutant viruses are one of several prerequisites for high vari-
ability of IAVs and are responsible for the efficacy restriction 
of current vaccines (Palese and Garcia-Sastre, 2002; Palese, 
2006; Arnon, 2006; Luke and Subbarao, 2006; Gerhard et al., 
2006; Osterhaus et al., 2011).

At present, attention is being focused on the HA2 gp 
forming the stem of the HA trimer. HA2 gp is much more 

antigenically stable than HA1 gp (Both et al., 1983; Becht 
et al., 1984; Russ et al., 1987; Sanchez-Fauquier et al., 1987; 
Sanchez-Fauquier et al., 1991, Varečková et al., 2008). In the 
native form, HA2 is covered by the globular part of the HA1 
molecule and its accessibility is sterically restricted. Due to 
its localization, the role of HA2 gp in the anti-influenza im-
mune response was regarded for a long time as negligible 
and HA2 gp was not considered to be a part of the antigenic 
structure of HA. The first evidence of interaction of HA2 
gp with the host immune system was reported by Russ et 
al. (1978) who proved the presence of both anti-HA1 and 
anti-HA2 antibodies in rabbit immune sera induced by intact 
influenza virus and purified HA as well. Next, important 
evidence came from the analysis of human convalescent 
sera when Styk et al. (1979) detected both HA1- and HA2-
specific antibodies in sera of humans overcoming influenza 
infection. The immunogenicity of HA2 was also confirmed 
later by Brown et al. (1980). On the other hand it was es-
tablished that HA2-specific antibodies do not neutralize 
the virus and do not agglutinate erythrocytes (Becht et al., 
1984, Russ et al., 1987). Shortly after this, more evidence that 
HA2 plays a role in the host-immune response was reported 
by Wabuke-Bunotti et al. (1983, 1984) who described HA2-
specific MHC-I-restricted CTLs. Results on the existence 
of HA2-specific CTLs were also described by other authors 
several years later (Gould et al., 1987; Kuwano et al., 1988; 
Braciale et al., 1989; Mbawuike et al., 1994; Saikh et al., 
1995; Masaki et al., 2000). Simultaneously, T-helper cells 
recognizing HA2 were described (Katz et al., 1985; Gerhard 
et al., 1991; Jackson et al., 1994). However, the role of the 
anti-HA2 immune response during infection remained 
unresolved at that time. 

3. Antigenic structure of HA2

After developing hybridoma technology, HA2-specific 
MAbs were prepared in several laboratories (Sanchez-
Fauquier et al., 1987; Russ et al., 1987). These MAbs have 
become powerful research tools for better characterization 
of HA2 as an antigen and brought new insight into its role 
in virus-cell membrane fusion. 

The antigenic structure of HA2 was described for the first 
time using a panel of seven HA2-specific MAbs (Russ et al., 
1987; Varečková et al., 2003a). Four different antigenic sites on 
HA2 were determined on the basis of competitive relationships 
among these MAbs in radioimmunoassay and their binding to 
various HA fragments. Particular antigenic sites were localized 
to the following amino acid regions on HA2: site I to aa1–38 
at the N-terminus, sites II and IV to aa 125–175, and site III 
to aa 38–112. The sites II and IV, localized to the same region, 
were distinguished as they did not exhibit mutual competition 
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Fig. 1

Antigenic structure of HA2 as determined using HA2-specific monoclonal antibodies 
The regions to which the antigenic sites are localized are depicted on both native and post-fusion conformation of HA2. Site I of aa 1–38 (cyan), site II of aa 125–175 
(red), site III of aa 38–112 (dark blue), and site IV of aa 125–175 (red). Sites II and IV act independently though they are localized to the same region (red) and are 
separated by a glycosylation site. For a ribbon presentation of the molecules the RCSB Protein Data Bank files 1HGF.pdb of the bromelain-digested hemagglutinin 
of A/Aichi/68 (H3N2) virus (Wiley and Skehel, 1977) and 1QU1.pdb of EHA2 construct (Chen et al., 1999) were used. A computer program RasMol was used 
for molecular graphics visualization. HL = change helix → loop, LH = change loop → helix, BHA2 = HA2 part of bromelain cleaved hemagglutinin. 

and their reactivity with IAVs of H3, H4, and H5 subtypes 
differed (Varečková et al., 2003a, 2008). 

The accessibility of all these antigenic sites in the native 
HA form is low. However, after the fusion activation of HA 
at low pH in endosomes and its extensive conformation 
change, the antigenic sites on HA2 become more accessible 
to antibodies (Hughson, 1995; Chen et al., 1995; Wharton 
et al., 1995). These conformation changes affect all four 
antigenic sites on HA2 as the binding of the MAbs to these 
sites increase (Fig. 1) (Varečková et al., 2003a).

The fusion peptide comprising site I (recognized by MAb 
CF2) is in native form inserted into a charged pocket in the 
intersubunit space of the HA stem and, due to the conforma-
tion change triggered by low pH, is released and exposed 
outwards from the pocket. This thermodynamically metast-

able conformation is stabilized by insertion of the N-terminus 
of HA2 into the cell membrane, initiating the fusion process. 
Alternatively, it can be inserted into the virion membrane 
which results in irreversible inactivation of HA fusion po-
tential (Skehel and Wiley, 2000). The region of aa 125–175 of 
HA2 comprising sites II and IV (recognized by MAbs IIF4 
and FC12/FE1, respectively), originally folded at the proximal 
end of HA stem of native HA trimer, with low pH is stretched 
along almost the full length of the molecule. After low pH 
treatment, this part of HA2 is restructured and acquires an 
opposite orientation. The part of the region of aa 38–112 
comprising site III (recognized by MAb CB8) forms in the 
native molecule a helix consisting of aa 38–58 and aa 75–112 
and a loop with aa 56–75. At low pH, the loop is restructured 
into a helix and a new structure with a loop between aa 106 
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and aa 112 is formed. The structural changes in all antigenic 
sites are reflected in increased reactivity of MAbs recogniz-
ing corresponding HA2 epitopes observed mainly with MAb 
IIF4 binding to site II. This region was also considered to be 
the most immunogenic part of HA2 (Staneková et al., 2012). 
Furthermore, the regions comprising sites I and III exhibited 
slightly increased binding of the corresponding MAbs after 
the structural rearrangement of HA at low pH. 

Consequently, some HA2-specific MAbs represent 
suitable probes for monitoring structural changes of HA 
(Wharton et al., 1995; Chen et al., 1995; Vanlandschoot et al., 
1998; Leikina et al, 2001; Langley et al., 2010). The structural 
changes in HA triggered by low pH could be important also 
from the point of view of interaction of HA2 with the anti-
bodies induced in the immunized or infected organism. 

4. Biological activity of HA2-specific antibodies

HA-specific antibodies influence virus replication by dif-
ferent mechanisms (Edwards and Dimmock, 2000, 2001). 
They can block virus attachment to the cell surface of epitelial 
cells in the upper respiratory tract, resp. in vitro on the cell 
surface with the appropriate receptors and can block virus 
entry. Virus receptors, glycoproteins or glycoplipids with 
terminal sialic acid are also present on red blood cells, thus 
agglutination of erythrocytes mediated by virus (hemagglu-
tination) can be used for monitoring of virus-neutralizing 
activity of HA-specific antibodies. HA-specific antibodies 
which bind distantly from the RBS mediate inhibition of 
virus replication by other mechanisms. Their binding to 
HA does not block virus attachment to the cell surface, but 
prevents the fusion of virus and cell membranes (Okuno et 
al., 1993, 1994; Vanlandschoot et al., 1998; Imai et al., 1998; 
Varečková et al., 2003a; Throsby et al, 2008; Wang et al., 
2010a), which can be monitored using various systems such 
as fusion of cells expressing HA on their surface (Huang et 
al., 1981; White et al., 1982; Godley et al., 1992), lysis of red 
blood cells with the virus attached to their surface and their 

subsequent exposition to low pH (Norby and Gollmar, 1975; 
Maeda and Ohnishi, 1980) and the most sensitive method, 
fusion of the virus with fluorescently labelled liposomes 
monitored by resonance energy transfer method (Struck et 
al., 1981; Wharton et al., 1986). 

4.1 Inhibition of fusion activity of HA by HA2-specific MAbs

It has been shown that some HA2-specific MAbs inhibit 
polykaryon formation in cells expressing HA on their sur-
face, virus-mediated hemolysis and virus-liposome fusion 
(Varečková et al., 2003a). The most effective was the antibody 
recognizing aa 1-38 of the N-terminus of HA2, which inhibited 
the fusion in all three experimental systems and also virus rep-
lication in vitro (Varečková et al., 2003b). Later, other MAbs, 
specific to conformation epitopes on the HA stem compris-
ing HA2 and HA1, were shown to inhibit the virus fusion. 
They sterically blocked the low pH-triggered conformation 
change and so prevented the activation of fusion potential of 
HA and consequently the virus replication. The intersubtype 
amino acid sequence conservation in HA2 (Nobusawa et al., 
1991) and the inhibition of fusion activity or virus replication 
by HA2-specific antibodies together with their intersubtype 
reactivity draw attention to HA2 as an immunogen potentially 
able to induce cross-protection from influenza. 

4.2 Protection of mice from lethal IAV infection mediated 
by HA2-specific MAbs 

It could be supposed that there is a close correlation 
between the inhibition of fusion in vitro and that of virus 
replication in vivo. The first experiments of passive im-
munization with fusion-inhibiting antibodies specific to 
HA2 gp revealed the protective effect on lethal influenza 
infection with influenza A virus of both homologous and of 
heterologous HA subtype (Gocník et al., 2007; Prabhu et al., 
2009). The most effective were antibodies recognizing the 
fusion peptide, the conserved part of HA. These experiments 

Table 1. Fusion-inhibition activity of HA2-specific monoclonal antibodies 

Antigenic site MAb Inhibition of polykary-
on formation

Inhibition of virus-
liposome fusion Inhibition of hemolysis Index of protectivity 

in vivo
I BB8 – ± + ND

EB12 – + ± ND
CF2 + + + 1.00

II IIF4 – ± + 0.88
III CB8 – – – 0.00a

IV FC12 – ± ± ND
FE1 – – – 1.00

The data originates from Varečková et al. (2003a) and Gocník et al. (2007). (+) = >50% inhibition; (±) = 25–50% inhibition; ND = not done. a The course 
of infection worsened. 
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showed that HA2-specific monoclonal antibodies with fusion 
inhibition activity reduced virus replication not only in vitro 
(Varečková et al., 2003b; Stropkovská et al., 2009), but also 
in vivo (Gocník et al., 2007) (Table 1). 

Furthermore, it has been reported that MAbs recognizing 
conformational epitopes comprising both HA1 and HA2 
simultaneously, inhibited the replication of virus in vitro 
and in vivo (Lipatov et al., 1997; Smirnov et al., 2000; Lim 
et al., 2008; Sui et al., 2009; Wang et al., 2010a; Lingwood 
et al., 2012). These MAbs inhibited IAV fusion activity by 
prevention of the conformational change of the HA trimer, 
i.e. inhibited the activation of the fusion potential of HA. 
These protective studies confirmed that HA2-specific MAbs 
can be used for therapeutic purposes against influenza. For 
this reason several human or humanized MAbs specific to 
the stem of HA trimer have recently been characterized as 
candidates for anti-influenza therapy (Throsby et al., 2008; 
Sui et al., 2009; Ekiert et al., 2009, 2011). The main prerequi-
site of HA-specific antibodies for protective activity is their 
high affinity of binding to the target epitope, ranging in order 
between nmol/l and pmol/l (Ekiert et al., 2012).

5. HA2 as an immunogen suitable for preparation of 
cross-protective vaccine

Analysis of human convalescent sera regarding the im-
munogenicity of particular HA2 epitopes has shown that 
during infection, some HA2 epitopes elicit a stronger antibody 
response than others, but are nevertheless all weak immuno-
gens (Staneková et al., 2012). The low level of HA2-specific 
antibodies induced during infection would not be sufficient 
for protection from a severe infection with IAV of new HA 
subtype (Gerhard, 2001). However, as has been experimentally 
proven, a repeated immunization of mice with IAV of different 
subtype led to a marked increase in HA2-specific antibody 
response (Kostolanský et al., 2002). A targeted immunization 
with HA2 gp resulting in an increased level of HA2-specific 
antibodies of high affinity could improve recovery from the 
disease. Using an animal model, it has been shown that im-
munization with HA2, expressed by recombinant vaccinia 
viruses capable of inducing T- and B-cell immunity posed 
heteroprotection against infection with IAVs of H3 and H1 
subtypes (Gocník et al., 2008). Similarly, repeated immuniza-
tion with purified HA2 gp, produced in E. coli transformed 
with plasmids expressing the HA2 ectodomain (EHA2) with 
aa 23–185 in low pH-conformation (Janulíková et al., 2012) 
or HA2 peptides in native (neutral pH) conformation (Bom-
makanti et al., 2010) protected mice against a lethal infection 
with IAVs of human and also of avian origin. Recently, many 
other systems expressing HA2 gp or the HA trimer stem lead-
ing to stimulation of protective immune response have been 
described (Steel et al., 2010; Ekiert et al., 2009, 2011, 2012). 

5.1 Cross-protection potential of HA2 can be enhanced 
using a suitable vector 

The cross-protective potential against influenza can 
be enhanced by a selection of peptides representing T- or  
B-cell epitopes, known to be conserved among different HA 
subtypes. Following insertion into suitable viral vectors or 
recombinant carrier proteins, they can be presented to im-
munocompetent cells leading to their specific activation and 
induction of humoral and cell cross-protective immunity (for 
reviews see Arnon, 2006; Staneková and Varečková, 2010; 
Osterhaus et al., 2011; Zhang, 2012). Recently, a detoxified 
adenylate cyclase toxin (CyaA) produced by gram-negative 
bacteria Bordetella pertussis has been described as a carrier 
for the presentation of various antigens (Sebo et al., 1991; 
Sakamoto et al., 1992; Guermonprez et al., 1999; Fayolle et 
al., 1996; Saron et al., 1997; Fayolle et al., 1999; Loucka et 
al., 2002; Simsova et al., 2004; Schlecht et al., 2004; Préville 
et al. 2005). It specifically binds to CD11b/CD18 receptors 
on the surface of antigen presenting cells (APC) and pen-
etrates into the cytosol (Benz et al.,1994). Passenger antigens 
(small peptides), inserted into the genetically detoxified 
CyaA following their proteasome processing, are presented 
on MHC I molecules and recognized by corresponding  
T-cells which are specifically activated. Moreover, the use of 
CyaA as a delivery system also allows for the presentation 
of a passenger antigen/peptide on MHC II molecules and 
to potentiating of the antigen-specific humoral immune 
response (Mascarell et al., 2005).

CyaA was used for the first time for presentation of IAV 
antigens, particularly of ectodomain of HA2 with aa 23–185 
(Staneková et al., 2013). These experiments showed that 
HA2 can induce specific Tc -and B-cell immunity resulting 
in in vivo cross-protection against IAVs of human (H1, H3) 
and also avian (H7) origin. The cross-protective immune 
response was found to be broader than that induced by 
EHA2 in the presence of the Freund΄s adjuvant (Janulíková 
et al., 2012). The better cross-protectivity achieved by 
CyaA-HA2 immunization, in comparison to immunization 
with purified HA2, could be attributed to the specific T-cell 
immune response involved thanks to insertion of HA2 into 
CyaA toxoid enabling its presentation on MHC I mol-
ecules. The delivery system based on the presentation of 
IAV antigens to T- and B-cells by CyaA can be considered 
as one possibility to broaden cross-protection against in-
fluenza without the need for any adjuvant. It enables the 
combination of various conserved IAV peptides inducing 
protective immunity and could be helpful particularly in 
the case of the emergence of a new pandemic virus, which 
humans have not met before. Such an epitope-based vac-
cine could reduce the severity of disease caused by new 
pandemic viruses. It can be regarded as a useful alternative 
to current vaccines, the efficacy of which is limited due to 
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the high IAV variability and time-consuming preparation 
of updated vaccines.

6. Conclusion 

Prevention against influenza is based on the production 
of effective influenza vaccines inducing virus-neutralization 
antibodies, which are protective against circulating epidemic 
strain undergoing the antigenic drift. After several cases of 
human infections with viruses of avian origin in 1997 which 
represented the potential threat of new pandemic, a new strategy 
of vaccine preparation has been developed (Tamura et al., 2005). 
Better understanding of the correlates of immune protection 
and the role of T-cell-mediated immunity in heteroprotection 
against influenza has brought more complex insight into the 
designing of anti-influenza vaccines (Osterhaus et al., 2011; 
Kreijtz et al., 2011). Attention has been focused on the con-
served antigens, mainly NP, M1 or M2, inducing protective 
immunity. To broaden the protection efficacy against IAV of 
various subtypes, novel approaches using adjuvants or vectors 
for antigen delivery such as recombinant viruses, or virus-like 
particles, bacterial expression systems, or plasmid DNA have 
been described (Fiers et al., 2004; Hillaire et al., 2011; Lillie et 
al., 2012). From many recent studies it can be concluded that 
HA2 gp, the conserved part of HA, can also be a good inductor 
of cross-protection. It has a complex antigenic structure and is 
able to induce protective antibody and T-cell immune response. 
At present, peptides corresponding to HA2 epitopes inserted 
into the various vectors, or the complex trimer of HA2 stem 
are examined as inductors of cross-protection (Ekiert et al., 
2009; Sui et al., 2009; Wang and Palese, 2009; Steel et al., 2010; 
Bommakanti et al., 2010; Wang et al., 2010b; Eckert and Kay, 
2010; Krammer et al., 2012; Janulíková et al., 2012; Staneková 
et al., 2013). From these studies it can be proposed that HA2 
fulfils the requirements to be a candidate for the construction 
of influenza vaccine with broader protection efficacy. 
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