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Influenza A viruses (IAVs) are zoonotic agents, capable 
of crossing the species barriers. Nowadays, they still con-
stitute a great challenge worldwide. The natural reser-
voir of all influenza A viruses are wild aquatic birds, de-
spite the fact they have been isolated from a number of 
avian and mammalian species, including humans. Even 
when influenza A viruses are able to get into another 
than waterfowl population, they are often unable to ef-
ficiently adapt and transmit between individuals. Only 
in rare cases, these viruses are capable of establishing 
a new lineage. To succeed a complete adaptation and 
further transmission between species, influenza A virus 
must overcome a species barrier, including adaptation 
to the receptors of a new host, which would allow the 
virus–cell binding, virus replication and, then, animal-to-
animal transmission. For many years, pigs were thought 
to be intermediate host for adaptation of avian influenza 
viruses to humans, because of their susceptibility to in-
fection with both, avian and human influenza viruses, 
which supported hypothesis of pigs as a “mixing vessel”. 
In this review, the molecular factors necessary for inter-
species transmission are described, with special empha-
sis on adaptation of avian influenza viruses to the pig 
population. In addition, this review gives the informa-
tion about swine influenza viruses circulating around the 
world with special emphasis on Polish strains.
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INTRODUCTION

Avian influenza A viruses belong to the family Or-
thomyxoviridae. They are classified into subtypes on the 
basis of two surface glycoproteins: hemagglutinin (HA) 
and neuraminidase (NA) (Kalthoff et al., 2010; Kaplan 
et al., 2013). All of sixteen HA (H1-H16) and nine NA 
(N1-N9) subtypes have been isolated from aquatic birds 
(Kim et al., 2009; Imai & Kawaoka, 2012; Kaplan et al., 
2013), which are their natural reservoir. However, vi-
ruses of avian origin have been isolated from a number 
of mammalian species, including humans, pigs, hors-
es, dogs, cats and water mammals (Kuiken et al., 2004; 
Mänz et al., 2013).

The worldwide spread of IAVs results from the mi-
gration of waterfowl, when, in occasional cases of do-
mestic birds and mammals infection, self-limiting or sus-
tained epidemics or even pandemics arise (Reperant et 

al., 2012; Kaplan et al., 2013). The infection of different 
mammalian species by avian IAVs is possible due to the 
lack of immunity to these strains (Mänz et al., 2013), but 
only in rare cases a new virus lineage is established. 

To succeed cross-species transmission and full adap-
tation of avian IAV to another species, several barriers 
need to be overcome (Reperant et al., 2012). In the past, 
a few such cases were recorded, for example, the ‘Span-
ish’ pandemic of 1918, the Eurasian classical swine influ-
enza virus lineage, H3N8 influenza viruses in horses, and 
distinct lineage of IAVs in bats (Mänz et al., 2013).

IAV HOST SWITCH

Despite significant research, the mechanisms of over-
coming species barriers by avian influenza virus are not 
completely understood (Taubenberger & Kash, 2010). 
The successful transmission between species depends on 
both, host and virus factors, and some period of adap-
tation of the virus to the new species. For example, an 
introduction of an avian H1N1 virus to pigs in continen-
tal Europe in 1979 usually caused subclinical infection of 
pigs (period of adaptation), whereas emerged fully adapt-
ed ‘avian-like’ swine H1N1 virus from continental Eu-
rope to Great Britain in 1992 with naïve pig population 
could explain the rapid spread of the disease (Brown, 
2000). Human or other mammal infection caused by avi-
an IAV may be dead-end infection or lead to a new lin-
eage (Taubenberger & Kash, 2010).

AVIAN IAV IN PIGS

Domestic pigs are susceptible to the infection with 
IAV (Kaplan et al., 2013), and have been considered as 
an adaptive link between avian and mammalian hosts. 
Pigs express both, avian and human types of sialo-recep-
tors, which results in the susceptibility to infection with 
avian and human IAVs (Kida et al., 1994; Kalthoff et al., 

*e-mail: kinga.urbaniak@piwet.pulawy.pl
Abbreviations: IAV, influenza A virus; HA, haemagglutinin; H1-H16, 
haemagglutinin subtype 1-16; NA, neuraminidase; N1-N9, neurami-
nidase subtype 1–9; NP, nucleoprotein; M gene, matrix gene; NS 
gene, non-structural gene; PB1, basic protein 1; PB2, basic protein 
2; PA, acid protein; RNA, ribonucleic acid; RNP, ribonucleoprotein; 
pH, potential hydrogen; Siaα2,6Gal, sialic acid linked to galactose 
by α2,6-linkage; Siaα2,3Gal, sialic acid linked to galactose by α2,3-
linkage; HP, high pathogenic; H1N1pdm09, the 2009 H1N1 pan-
demic viruses; swine PCh73-like lineage, swine adapted A/Port 
Chalmers/1/73-like human influenza viruses; OIE, The World Organ-
ization for Animal Health; N, asparagine; D, aspartic acid; R, argi-
nine; E, glutamic acid; Q, glutamine; G, glycine; L, leucine; K, lysine; 
M, methionine; P, proline; S  serine; T, threonine; V, valine.

Received: 29 May, 2014; revised: 21 July, 2014; accepted: 25 August, 
2014; available on-line: 04 September, 2014

Vol. 61, No 3/2014
433–439

on-line at: www.actabp.pl



434           2014K. Urbaniak  and others

2010; Imai & Kawaoka, 2012). The possibility of infec-
tion pigs with swine/avian/human IAVs constitutes the 
basis of swine as the ‘mixing vessel’ hypothesis put for-
ward in the late 1980’s (Ma et al., 2009). Firstly, it has 
been reported that epithelial cells of pigs trachea express 
a sufficient number of both types of receptors (Imai & 
Kawaoka, 2012). However, further studies have shown 
that on the tracheal epithelia of pigs is more Siaα2,6Gal 
(human) than Siaα2,3Gal (avian) receptors (Nelli et al., 
2010; Taubenberger & Kash, 2010; Thongratsakul et al., 
2010; Van Poucke et al., 2010; Imai & Kawaoka, 2012). 
Nevertheless, the cases of isolation various subtypes of 
avian influenza virus in swine population are evidenced 
worldwide (Brown, 2000; Taubenberger & Kash, 2010). 
Most of these cases have been self-restricted and did not 
led to the introduction of novel fully adapted to swine 
IAVs of avian origin. These data, together with the evi-
dence of restricted replication and transmission of avian 
IAV in pigs (Kalthoff et al., 2010; Taubenberger & Kash, 
2010), tend to reflect the role of swine as the “mix-
ing vessel” and provide further questions regarding the 
mechanisms of overcoming the avian-mammalian barrier 
(Taubenberger & Kash, 2010).

An important exception is the European swine H1N1 
virus introduced to pigs from avian influenza virus pop-
ulation. This virus, antigenically closely related to H1N1 
viruses isolated from wild ducks in 1976–1977, has be-
come well-established and has been circulating in pigs 
since late 1970’s till now (Brown, 2000; Dunham et al., 
2009; Ma et al., 2009). It played a crucial role in the 
emergence of the H1N1 pandemic in 2009 (Tauben-
berger & Kash, 2010). Since 1979, the avian-like swine 
H1N1 virus demonstrating a selective advantage replaced 
in Europe the classical swine H1N1 virus previously cir-
culating in pigs. Ever since 1993, when an independent 
introduction of a H1N1 virus of avian origin to pigs in 
China was detected, this virus has been co-circulating 
with classical swine H1N1 viruses in pigs in south-east 
Asia. Based on phylogenetic analysis of the genes of 
these avian-like H1N1 viruses, it appears that they form 
an Asian sub-lineage of the Eurasian avian lineage. In 
addition, in Asia, since the 1970’s, some of H3N2 vi-
ruses isolated from pigs have been fully ‘avian-like’ and 
have been apparently introduced from ducks (Brown, 
2000). Also, different avian viruses (H4N6, H1N1 and 
H3N3) have been transmitted to Canadian pigs (Kara-
sin et al., 2000; Karasin et al., 2004), but currently they 
have not been detected in swine population (Ma et al., 
2009). More recently, the introduction of H9N2 virus-
es from poultry to pigs in Southeast Asia has occurred 
(Brown, 2000), but they also do not fully adapt to swine 
(Xu et al., 2004; Cong et al., 2008; Shi et al., 2008; Yu et 
al., 2008). 

To better understand the mechanisms of the adapta-
tion of avian IAVs to pig, many different experimental 
studies were conducted. For example, Kida et al. (1994) 
performed an experimental infection of pigs with H1-
H13 avian influenza viruses. The susceptibility of pigs 
to different subtypes of avian IAV was also confirmed 
previously by Hinshaw et al. (1981).  It seems that for 
an efficient overcoming the species barriers and full ad-
aptation to pig, certain genetic changes in IAVs need 
to be introduced (De Vleeschauwer et al., 2009; Mar-
kowska-Daniel et al., 2012a). In the past, swine-adapted 
IAVs have also been connected to zoonotic infections 
in humans. Between 1958 and 2005, 37 cases were doc-
umented (Myers et al., 2007). For example, the infection 
of soldiers at FortDix in New Jersey with classical swine 

H1N1 in 1976 with one fatal case has been described 
(Taubenberger & Kash, 2010).

AVIAN IAV IN OTHER SPECIES

Apart from humans and pigs, also other mammalian, 
like horses and dogs, can be infected with avian IAVs. 
In both species, transmission of low pathogenic avian 
IAV results in establishing a new virus lineages. Up till 
now, there has been no information about transmission 
of these viruses to humans. The occasional epidemics 
with avian IAVs have occurred in mink, harbour seals 
and whales, respectively (Reperant et al., 2009; Reperant 
et al., 2012). Among high pathogenic (HP) avian IAVs, 
only H5N1 was identified in wild range of wild and ter-
restrial birds and mammals. Besides a direct exposure to 
avian influenza viruses, carnivorous animals can be in-
fected by consuming meat from infected birds. The in-
fection with HP H5N1 via the intestinal tract was exper-
imentally confirmed for cats, ferrets, red foxes, mice and 
hamsters (Reperant et al., 2012). 

SWINE IAV

It has been suggested that all mammalian IAV strains 
originate from avian IAVs (Webster et al., 1992; Tauben-
berger & Kash, 2010; Reperant et al., 2012). All IAVs 
established in pig population are of the H1N1, H1N2 or 
H3N2 subtypes. However, multiple lineages distinguish 
viruses from different continents, countries and regions 
(Vincent et. al., 2014). The 2009 H1N1 pandemic virus 
(H1N1pdm09) outbreaks in pigs were preceded by hu-
man influenza-like diseases and were reported in many 
countries. Between April 2009 and September 2010, The 
World Organization for Animal Health (OIE) received 
information on occurrence of the H1N1pdm09 from 25 
countries. In 2010 the disease was generally accepted to 
be circulating commonly in pigs (Vincent et. al., 2014). In 
North America pig population different IAV strains are 
circulating. By 1998, when the triple-reassortant H3N2 
virus adapted to pig, the classical swine H1N1 virus was 
relatively stable. After that, a variety of H3N2 and clas-
sical H1N1 reassortans emerged.  Since 2005, H1N1 and 
H1N2 viruses derived from human seasonal IAV have 
become established in pig herds. And since 2009, H1N-
1pdm09 has emerged in the swine population (Vincent 
et. al., 2014).  In Asia, like in North America, different 
swine IAV lineages are co-circulating. Classical swine 
H1N1 viruses, H1N2 viruses (N2 of human origin, 
other genes from the classical swine virus origin), hu-
man-like H3N2 viruses, avian-like H1N1 viruses (not de-
scendant of European avian-like), European H3N2 and 
H1N1 viruses, North America triple reassortant viruses, 
H1N1pdm09 virus and its reassortants in Asian pig pop-
ulation has been detected (Vincent et. al., 2014).  In the 
European swine population the circulation of the avi-
an-like H1N1, human-like H1N2 and human-like H3N2 
viruses has been reported. The avian-like H1N1 replaced 
the classical H1N1 swine virus around 1979. After pan-
demic in 1968, human-like H3N2 emerged in pigs and in 
the mid-1980s reassorted with the avian-like H1N1 virus. 
The human-like H1N2 virus has become established in 
pigs in Great Britain in 1994 and subsequently spread to 
other European countries. After pandemic in 2009, also 
the continued circulation of H1N1pdm09 virus has been 
detected (Vincent et. al., 2014).

In Poland, between 2000 and 2008, in 20 out of 30 
tested farms 41 SIV strains were isolated from animals 
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demonstrating symptoms of influen-
za-like respiratory disorders. Thirty-nine 
isolates were subtyped as H1N1 and 2 
as H3N2. Those two SIV strains rep-
resent the initial, newly emerged H3N2 
subtype detected in Poland (Kowalczyk 
et al., 2010). The parallel evolution of 
the prevalent Spanish, Belgium, Italian 
and Polish strains occurred, which may 
suggest the that virus spread through 
transport of animals. Phylogenetic 
analyses proved that the newer swine 
H3N2 viruses gradually evolved from 
the early swine-adapted A/Port Chalm-
ers/1/73-like human influenza viruses 
(swine PCh73-like lineage) (de Jong et 
al., 2007) (Fig. 2).

The Neighbour-Joining tree of the 
HA gene shows three highly signifi-
cant clusters that correspond to EU 
H1N2 SIVs with a human-like H1, EU 
H1N1 SIVs with an avian-like H1, and 
the H1N1pdm09 clades. Polish strains 
H1N1 were mostly similar to each oth-
er, but also indicated high identity val-
ues with strains from the West Europe, 
the probable source of their progeni-
tor virus. Phylogenetic comparisons of 
their HA1 gene confirmed that they are 
closely related to the HA genes of avi-
an-like H1N1 viruses circulated in Eu-
rope, and form separate clad (grouped 
in the branch C) (Fig. 1). The most of 
Polish H1N1 strains were closely relat-
ed to Cotes d’Armor/1488/99 (99.5% 
with Pol/RU1/02), Spain/53207/2004 
(99.5% with Pol/J2/04) and Switzer-
land/8808/2002 (97.9% homology with 
Pol/RU1/02). 

In 2011 the first Polish H1N2 strain 
(A/Swine/Poland/15817/2011) was 
isolated.  This virus has the highest 
homology to H1N2 viruses circulat-
ing in Europe (95% with A/Swine/
Gent/102/2007, A/Swine/Cotes 
d’Armor/2433/98, and A/Swine/It-
aly/25943/98) (Fig. 1). Phylogenet-
ic analysis revealed that Polish H1N2 
is located in the phylogenetic tree in 
the clade of the human swine lineage 
marked as a group A (Kowalczyk et 
al., 2012). The highest nucleotide sim-
ilarity of the HA1 Polish H1N1 virus 
with H1N2 strain was observed for 
A/Swine/Poland/01311/2009 (66.9%) 
(Markowska-Daniel et al., 2013b). An 
external gene of Polish H1N2 isolate 
indicates that it is most similar to a 
subgroup, which evolved at the begin-
ning of 1990’s and formed a new an-
tigenic subcluster with the novel Eu-
ropean and the Asian human influen-
za viruses and SIV isolates H1N2 and 
H3N2 from around year 2000 (Kowal-
czyk et al., 2012).

Since the pandemic emergence in 
1968, human influenza virus H3N2 
subtype occurred in an infected pig fre-
quently. Serological examination indi-

Figure 1. A neighbor-joining phylogenetic tree for nucleotide sequences of the 
HA1 gene of influenza viruses selected to be representative of HA gene segments 
in relevant hosts. 
Group A — IAVs with the HA gene of European human-like H1N2 virus; group B — 
IAVs with the HA gene of H1N1pdm09 virus; group C — IAVs with the HA gene of 
European avian-like H1N1 virus. Polish SIV isolates of H1N2 and H1N1 subtype are 
marked with a blue and green ovals, respectively.
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cated the introduction of an A/Port Chalmers/1/73-like 
human influenza virus into the pig population in 1974 
and its evolution created new phylogenetic cluster called 
PCh73-like (de Jong et al., 2007). The main European ge-
netic group is the A/Port Chalmers/1/73-like Eurasian 
swine H3N2 lineage. Within PCh73-like lineage, Polish 
isolate H3N2 is the most similar to a subgroup, which 

evolved at the beginning of 1990’s and formed new an-
tigenic subcluster. Polish isolate Sw/Pol/T2/2008 has 
the highest similarity with A/Swine/Italy/11338/2000 
(96.8%), A/Swine/Spain/739139/2002 (97.5%) and A/
Swine/Belgium/87/95 (96.9%). It is the most distanced 
from vaccine used in human population in Europe (A/
Port Chalmers/1/73 — 89.3%) and USA (A/Wiscon-

Figure 2. Phylogenetic tree for HA3 of swine influenza viruses and human, avian and equine reference strains. 
H3N2 SIV strain isolated in Poland is marked with black arrow. The scale bar represents approximately 2% nucleotides changes between 
close relation. In the grey box SIV named as the PCh73-like lineage group were located.
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sin/67e5/2005 — 82.1%) (Fig. 2) (Kowalczyk et al., 
2010).

After emerging of H1N1pdm09 virus in human pop-
ulation several incursions into domestic pig herds have 
been reported. In 2012 the first H1N1pdm09 virus-
es emerged from clinical swine influenza outbreaks in 
Poland. The phylogenetic analysis of the HA and NA 
genes shows that these Polish H1N1pdm09 viruses can 
be segregated into one lineage, including the pandemic 
strain A/California/04/2009 and other human strains 
circulated since 2009 in Europe, Asia and North Amer-
ica. Polish isolate A/swine/Poland/15620/12 has the 
highest homology (99%) with human strain A/Warsaw/
INS20/2011, whereas A/swine/Poland/03195/2012 is 
more similar to earlier isolates with the highest nucleo-
tide relation to A/Singapore/KK24/2010 (98.8%), and 
to the majority of human viruses isolated in Asia in 
2009–2010 (Markowska-Daniel et al., 2013a). Additional-
ly, based on the results of serological examination, the 
co-circulation of SIV of different subtypes in Polish pig 
herds was evidenced (Markowska-Daniel et al., 2012b).

BARRIERS FOR CROSS-SPECIES TRANSMISSION

The barriers that need to be overcome to introduce 
avian IAV to mammalian species can be divided into 
three groups: barriers of transmission between species, 
virus–cell binding barriers and animal-to-animal trans-
mission barriers.

In the transmission between wild waterfowl and mam-
mals, several factors such as the occurrence of IAV in-
fection in wild birds, contact between birds and swine, 
population sizes and densities, habitats restricted by ge-
ography, environment and behaviour, determine the pos-
sibility of occurrence of zoonotic infections with IAVs. 
The intensive production and consumption of pigs and 
other livestock as well as improper biosecurity of the 
farms may increase the probability of their contact with 
wild birds and transmission of IAVs (Reperant et al., 
2012). Influenza virus in wild water birds population is 
transmitted by faecal-oral route, whereas in mammals 
respiratory transmission occurs (Reperant et al., 2009; 
Reperant et al., 2012). Thus, the ability of avian influenza 
viruses to infect the host via droplet or aerosol, should 
be considered as an important factor in transmission 
(Reperant et al., 2012).   

After entering into a new host, virus needs to cross 
virus–cell barriers, including virus attachment to host 
cell, virus fusion with cell membranes, virus replica-
tion and release of progeny virions. The virus binding 
depends on the presence and accessibility of receptors 

recognized by avian IAVs. Despite the presence of re-
ceptors, secreted mucus and the ciliated epithelium can 
preclude the virus attachment. When the virus is already 
bound to the host cell, the next step is the membrane 
fusion, which occurs after cleavage the HA protein  into 
two polypeptide chains by host proteases. These proteas-
es that catalyse HA cleavage are necessary for initiation 
of the infection (Reperant et al., 2012). The virus entry is 
followed by its replication. The low pH causes a release 
of ribonucleoprotein (RNP) complexes into the cell cyto-
plasm, which permits their transport into the nucleus. At 
this stage, both, the transport and compatibility of the 
proteins of RNP, are factors important in overcoming 
the species barrier (Baigent & McCauley, 2003). The last 
step is progeny virions assembly and their release from 
the infected cell. The NA and its sialidase activity play 
a major role in a virion release (Reperant et al., 2012). 
The efficient virus entry into and release from host cells 
depends on the balance between HA and NA activities, 
essential to introduce IAV to a new host (Wagner et al., 
2002). In order to fully adapt the IAV to a novel host 
species, the virus needs to acquire the ability of spread 
among individuals and to be maintained in a susceptible 
host population (Reperant et al., 2012).

ADAPTIVE MUTATION IN HA OF IAV

The virulence, pathogenicity, host adaptation and 
transmissibility of IAVs are probable independent char-
acteristics related with different mutations (Taubenberger 
& Kash, 2010).

Genes with the highest rate of change are these en-
coding the surface glycoprotein HA and NA (Brown, 
2000). 

The HA glycoprotein is responsible for virus binding 
to receptors (sialic acid) on the host cell surface (Os-
hansky et al., 2011), which initiates fusion of the viral 
envelope with the host cell membrane (Imai & Kawa-
oka, 2012). The sialic acid can be linked to galactose by 
α2,6-linkages (Siaα2,6Gal) or by α2,3-linkages (Siaα2,-
3Gal). The receptor Siaα2,6Gal is preferred by human 
IAVs, whereas second with Siaα2,3Gal, with high ex-
pression in the gastrointestinal tract of aquatic fowl, is 
recognized by HA of avian IAVs (Shinya et al., 2006; 
Stevens et al., 2006; Taubenberger & Kash, 2010; Van 
Poucke et al., 2010; Oshansky et al., 2011; Imai & Kawa-
oka, 2012). The HA membrane protein is a major de-
terminant for crossing the species barrier (Glaser et al., 
2005; Ma et al., 2009). The adaptation of avian influenza 
viruses to mammalian hosts is connected with a switch 
in HA ability to bind Siaα2,6Gal instead of Siaα2,3Gal 
(Oshansky et al., 2011; Imai & Kawaoka, 2012).

The HA glycoprotein recognized sialic acid via recep-
tor binding domain formed by the 190-helix at the top 
and two loops: 220-loop and 130-loop at the edges of 
the globular head. Mutations in amino acid sequence in 
and around this domain dramatically change the binding 
preference of influenza viruses to receptors. However, 
among the different HA subtypes, amino acids defining 
receptor-binding specificity may vary (Imai & Kawaoka, 
2012), and the mutations support the adaptation of avi-
an IAV to human or swine. For example, in H1 E190D 
and D225G mutations are necessary for  binding to 
Siaα2,6Gal (Glaser et al., 2005; Stevens et al., 2006; Imai 
& Kawaoka, 2012), whereas in the case of H2 and H3, 
the substitutions of Q226L and G228S are critical for 
the shift from Siaα2,3Gal to Siaα2,6Gal recognition (Ta-
ble 1) (Liu et al., 2009; Xu et al., 2010; Imai & Kawaoka, 

Table 1. Mutations of IAV proteins influencing on the adapta-
tion.  

Adaptive mutations

Avian-like Mammalian- like

HA1 E190; D225 D190; G225

HA2
Q226; G228 L226; S228

HA3

PB2 E627; D701 K627; N701;
S509 and R591 (SR polymorphism)

PA L336; T552; K615 M336; S552; N615

PB1 L473; L598 V473; P598
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2012). However, some avian IAVs with H7N2, H7N3 
and H9N2 subtypes, despite showing enhanced binding 
to Siaα2,6Gal, caused only occasional zoonotic infection 
in humans. Therefore, it is clear that for the host switch-
ing, enriched recognition of human type receptors is not 
sufficient by itself (Taubenberger & Kash, 2010).

ADAPTIVE MUTATION IN IAV POLYMERASE

The polymerase mediates transcription and replication 
of the viral genome, and plays also a crucial role in ad-
justing host-range specificity (Mehle & Doudna, 2009). 
Species-specific activity of the polymerase is primarily 
regulated by amino acid at position 627 of the PB2 sub-
unit (Mehle & Doudna, 2009; Mänz et al., 2013). Muta-
tion at this position enables to omit species restrictions. 
Glutamic acid (E627) at position 627 predominates virus 
replication in avian cells, whereas lysine (K627) at this 
position is found in PB2 in almost every human isolates 
(Mehle & Doudna, 2009). The mutation E627K had 
enriched activity of polymerase, and in some cases, the 
pathogenicity and mortality in mammals (Li et al., 2009; 
Mehle & Doudna, 2009; Steel et al., 2009). Substitution 
of glutamic acid by lysine moderately enhanced IAV 
replication in pigs that are thought to be intermediate 
host for adaptation of avian IAVs to humans (Mehle & 
Doudna, 2009).

However, all of isolates of the H1N1pdm09 virus re-
sponsible for the last influenza pandemic in humans have 
the avian signature (E627) in the PB2 protein. Despite 
the lack of lysine at amino acid 627, this virus replicates 
and causes disease in humans and animal models (Fraser 
et al., 2009; Itoh et al., 2009; Maines et al., 2009; Munster 
et al., 2009). In this case, it is connected to mutations, 
termed the serine-arginine (SR) polymorphism. In amino 
acid sequence of PB2 subunit, at positions 590 and 591, 
serine (S) and arginine (R) are present, respectively. The 
SR polymorphism mainly decrease the restriction related 
with PB2 E627, because the presence of S590 and R591  
did not increase polymerase activity with amino acid sub-
stitution E627K (Mehle & Doudna, 2009). Both, mutation 
at 627 position and the SR polymorphism, may func-
tion through stabilizing a positively charged PB2 surface, 
which means that this region is involved in interactions 
with unspecified host specific factors (Mehle & Doudna, 
2008). Other identified change in PB2 structure, that in-
fluences host range and improves replication and trans-
mission in mammalian systems (Gabriel et al., 2005; Li 
et al., 2005; Gabriel et al., 2007; Mehle & Doudna, 2009; 
Steel et al., 2009), is D701N mutation in region respon-
sible for nuclear localization (Tarendeau et al., 2007; Ga-
briel et al., 2008; Taubenberger & Kash, 2010). This mu-
tation can partially offset the lack of lysine at PB2-627 
position in avian viruses (Steel et al., 2009). Regarding 
the PA subunit, different mutations at various positions 
have been identified (336M, 552S, 615N) (Mänz et al., 
2013), whereas in PB1 subunit, only substitutions at po-
sitions 473 and 598 contributed to the improvement of 
avian polymerases activity in mammalian cells (Xu et al., 
2012) (Table 1).

REMAINING IAV PROTEINS

The NA is a surface glycoprotein that is responsible 
for releasing progeny viruses by removing them from the 
surface of infected cells and subsequently for spreading 
the IAV (Ma et al., 2009; Yan & Wu, 2010). This protein 
also affects the species specificity of IAVs. For example, 

when avian IAV is introduced to the human population, 
the cleavage activity of the avian NA increases towards 
Siaα2,6Gal receptors (Ma et al., 2009). The NP, M, NS 
genes also take part in host range specificity of influen-
za viruses (Ma et al., 2009; Taubenberger & Kash, 2010; 
Mänz et al., 2013). Their contribution is based on par-
ticular gene constellation and interactions with host cell 
components in cytoplasm and nucleus (Ma et al., 2009).

CONCLUSIONS

Avian IAVs mainly affect wild and terrestrial birds. 
However, certain subtypes have the potential to directly 
infect other species. To fully adapt, infect and  spread 
in a novel host population, avian IAVs need to over-
come a set of barriers. To deal with these barriers, cer-
tain adaptive mutations allowing avian IAVs to switch 
host range need to occur. Most of them involve specific 
mechanisms of adaptation that can be detected, both, 
genetically and phenotypically. The variety of avian IAVs 
combined with the high ability of adaptation constitutes 
the main risk factor for crossing the species barriers. An 
enhanced potential of avian IAV may result in efficient 
transmission in the mammalian species, like for example 
the European avian-like swine H1N1 virus, which still 
dominates in the Polish pig population. To conclude, in 
order to identify precursor viruses of potential pandem-
ics, an active surveillance and collecting of avian IAVs 
isolates from different species are crucial.   
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