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Abstract—Wild ducks serve as the primary host for numerous and various influenza type A viruses. Occasionally, viruses from
this reservoir can be transferred to other host species and cause outbreaks of influenza in fowl, swine, and horses, as well as
result in novel human pandemics. Cellular tropism and range of susceptible host species are determined by interaction
between virus and receptor molecules on cells. Here we discuss modern data regarding molecular features underlying inter-
actions of influenza viruses with cellular receptors as well as a role for receptor specificity in interspecies transmission. By
analyzing the earliest available pandemic influenza viruses (1918, 1957, 1968, 2009), we found that hemagglutinin recon-
figured to recognize 2-6 sialic acid-containing receptors in the human upper airway tract together with altered enzymatic
activity of neuraminidase necessary for maintaining functional balance with hemagglutinin are responsible for effective
spread of influenza viruses in human populations. Resistance to low pH also contributes to this. Thus, a combination of such
parameters makes it possible that influenza viruses give rise to novel pandemics.
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HOW DO INFLUENZA PANDEMICS ARISE?

Wild waterfowl, primarily ducks and seagulls, create
the main natural reservoir of influenza viruses, which
replicate in their intestines and cause mainly asympto-
matic infection to be preferentially transmitted via fecal-
oral route through contaminated water [1]. During evolu-
tion in the birds, influenza A viruses diverged into 16 anti-
genic subtypes of hemagglutinin (HA) (H1, H2, H3, etc.)
and nine antigenic subtypes of neuraminidase (NA) (N1,
N2, etc.). Protection from being infected with influenza
viruses is mainly linked to production of anti-HA anti-
bodies, and to lesser extent — anti-NA antibodies, so they
do not protect against infection with unrelated viral sub-
type. Waterfowl influenza viruses are able to infect other
species of birds and marine and terrestrial mammals, in
particular, seals, horses, and swine. Rarely, influenza
viruses adapt to a new host and continue to circulate in it
by making a stable evolutionary lineage. It is generally
accepted that all lineages of influenza viruses from

Abbreviations: HA, hemagglutinin; NA, neuraminidase.
* To whom correspondence should be addressed.

domestic fowl and mammals originated from the water-
fowl viruses.

Very rarely, influenza viruses from animals can infect
humans. In exceptional cases, a virus obtains mutations
allowing it to effectively replicate in humans. If a human
population lacks anti-HA immunity against a novel
influenza virus, it can result in a global epidemic (pandem-
ic). Influenza pandemics have attacked humankind at least
over the last 500 years. Three influenza pandemics occurred
in the twentieth century. It seems that HIN1/1918 virus
was transmitted from fowl as a whole entity containing all
genes encoding internal and surface proteins [2, 3]. It
caused a catastrophic epidemic known as “Spanish” pan-
demic that killed more than 20 million people.

Two other pandemics were caused by reassortant
H2N2/1957 and H3N2/1968 influenza viruses, which
preserved the majority of genes coding for internal pro-
teins from the previous human viruses [1, 4]. Pandemic
H2N2/1957 virus displaced from circulation a previous
influenza A virus, as did H3N2/1968 virus with regard to
evolutionary lineage of 1957 influenza viruses. Influenza
viruses of 1918-1957 unexpectedly returned to circulation
in 1977. Importantly, the virtually full nucleotide sequence
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of this virus matched to the 1952 influenza viruses, indi-
cating that it was preserved in a “frozen” state. Thus, this
pandemic was perhaps due to the escape of a laboratory
virus strain. The last influenza pandemic occurred in 2009
when HIN1 swine subtype was transmitted to humans.
Among the other things, knowing the mechanisms used
by fowl influenza viruses to adapt to humans is necessary for
predicting and preparing for potential novel pandemics.

HOW DOES A PANDEMIC INFLUENZA
VIRUS EMERGE?

It is generally accepted that such adaptation may
require a changes in many viral genes. However, adapta-
tion of HA and NA plays a special role. Owing to a capac-
ity for reassortments, a novel virus can replace a majority
of unadapted avian genes for preadapted genes from
human viruses as occurred, for example, with pandemic
1957 and 1968 influenza viruses. At the same time, by
definition any pandemic virus must contain avian precur-
sor HA, which is necessary for effective spread of a novel
virus in the human population.

HOW DOES INFLUENZA VIRUS INFECT CELLS?

The main function for HA and NA is to interact with
cellular receptors. The top part of both proteins contains
the active center, which is responsible in HA for binding
to a terminal sialic acid (Sia) of the cellular glycan recep-
tor, whereas in NA it is represented by a catalytic site that
cleaves terminal sialic acid from a galactose residue. Such
degradation facilitates budding of new virions off the par-
ent cell and contributes to their passage through the
mucin barrier covering epithelial cells [5].

Infection is triggered when virus attaches to sialyl-
oligosaccharide residues on the cellular glycoproteins and
gangliosides [6] that are expressed on the target cells and
generally can serve as receptors for influenza viruses [7].
By the 1990s, it was shown that receptor specificity of
avian influenza viruses differed from that for human virus-
es, so that the former preferentially bind to the terminal
Siaa2-3Gal-residues, whereas the latter possess higher
affinity to Siaa2-6Gal-containing receptors. Notably, HA
from human pandemic influenza viruses that originated
from avian viruses differed from the parental avian HAs
only by several amino acid positions and already possessed
altered receptor specificity [6, 8-12].

WHICH INFLUENZA VIRUSES CAN INFECT
HUMAN RESPIRATORY EPITHELIUM?

Until 2004, it was predominantly viewed that human
respiratory epithelium is mainly represented by glycans
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containing Siaa2-6Gal-residues [13]. Inability of influen-
za viruses with Siao2-6Gal-specificity to infect humans
was explained by the fact that Siaa2-6Gal-containing
receptors dominate on the human respiratory epithelium,
whereas human mucins preferentially possess Siaa2-
3Gal-groups, so the viruses are unable to find appropriate
receptors and become profoundly inhibited by mucins
[14]. However, this theory came into conflict with the
capacity of HSN1 influenza viruses to successfully infect
humans despite their Siaa2-3Gal-specificity [15-17].

Examination of human respiratory epithelium cell
cultures in experiments with lectins, as well as investiga-
tion of their ability to bind to and to be infected with
avian and human influenza viruses, demonstrated that
ciliated epithelial cells possess significant numbers of
Siaa2-3Gal-residues and can become effectively infected
by avian viruses, whereas human viruses mainly infect
secretory cells with more pronounced expression of
Siaa2-6Gal-bearing receptors [18]. This study showed
that differences in pathogenicity and replication of
human and avian influenza viruses in humans might be
related to their various cellular tropisms.

Similar conclusions were made by Thompson et al.
[19], who confirmed that human airway epithelial cul-
tures contained both Siaa2-3Gal and Siaa.2-6Gal-recep-
tors, with the former being better represented on ciliated,
and the latter on non-ciliated cells. Avian influenza virus
exclusively replicate in ciliated epithelial cells, whereas
contemporary human H3N2 influenza virus preferential-
ly replicated in non-ciliated cells.

Both types of receptors (Siaci2-3Gal- and Siao2-
6Gal-terminated) were found on the surface of human
bronchial epithelial cells using MAA and SNA lectins [20].

AIRBORNE TRANSMISSION — A CRITICAL
CONDITION FOR INFLUENZA PANDEMIC

To summarize, we mention that: 1) human airway
epithelium contains receptors for both human and avian
influenza viruses, and 2) both types of viruses are able to
replicate in the human airway tract. However, viruses rec-
ognizing Siaa2-3Gal-receptors would never stay in the
human population, and development of pandemic
influenza viral strain requires changes in its receptor
specificity. It is well accepted that acquisition of airborne
human-to-human transmission by virus is a critical con-
dition for development of human pandemic influenza
strain. During recent years, a number of studies have been
published aimed at investigating this issue in ferrets as a
course of influenza resembles that in humans, and they
contain sialoglycoconjugates mainly corresponding to
that in humans. Modern human influenza viruses are
effectively transmitted via the airborne route and demon-
strate good transmissibility in the ferret model. However,
HS5NI1 viruses, being highly pathogenic to ferrets, similar-
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ly to birds and humans, are not transmitted via the air-
borne route [21].

So, why do viruses recognizing Siaa2-6Gal-termi-
nated receptors better transmitted via the airborne route
than viruses biding to Siaa2-3Gal-receptors? Partially,
this is related to the distribution of the cells bearing
Siaa2-3Gal and Siaa2-6Gal in the airway tract.

DISTRIBUTION OF Siaa2-6Gal-
AND Siaa2-3Gal-TERMINATED RECEPTORS
IN THE HUMAN AIRWAY TRACT

Shinya and Kawaoka showed that Siaa2-6Gal-ter-
minated receptors are predominantly expressed on
human cells from the upper airway tract, and their
amount gradually declines as follows: nasal epithelium >
paranasal sinuses > trachea > bronchi > bronchioles.
Siao2-3Gal-terminated receptors were found on cuboid
bronchiolar cells as well as cells lining the alveolar walls.
Human influenza virus binds to bronchiolar cells, but not
to alveolar cells, whereas avian viruses including H5N1
influenza virus bind better to alveolar cells [22]. It was
demonstrated that in tissue samples obtained from a sick
patient, replication of H5N 1 influenza virus in the airway
tract was limited to lungs, primarily pneumocytes [23].

Gu et al. examined the distribution of Siaa2-3Gal
and Sian2-6Gal expression in the human airway tract
using biopsy samples. Alveolar lung cells were found to
express Siao2-3Gal at the highest level, which declined
upwards along the respiratory tract, whereas expression of
Siaa2-6Gal had the opposite pattern [24].

The capacity of H5N1 influenza viruses to replicate
in various parts of the human respiratory tract was also
studied by Nicholls et al., who infected biopsy samples in
organ culture with avian H5N1 and human H3N2
influenza viruses and demonstrated that both viruses per-
fectly replicated in tissue samples from nasopharyngeal,
adenoid, and tonsillar areas [25].

Riel et al. compared binding of H5N1 influenza virus
to the cells from the lower respiratory tract. In humans,
this viral strain preferentially bound to type II pneumo-
cytes, alveolar macrophages, and non-ciliated cuboid
cells from terminal bronchioles. While moving upwards
towards trachea, such binding became attenuated. It was
assumed that the location of the virus exclusively within
the lower airway tract was responsible for inability of
HS5N1 influenza viruses to be transmitted between people
via the airborne route [26].

Importantly, it was concluded that the location of the
target cells in the human airway tract that bind human
and avian influenza viruses does not coincide. Human
influenza viruses primarily target the upper airway tract,
whereas avian viruses target terminal bronchioles and
lung alveoli. The main factor responsible for obtaining
capacity to airborne transmission is considered to be a
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readjustment of the viral receptor-binding site to recog-
nize Siaa2-6Gal-terminated receptors, as the upper air-
way tract is enriched with them.

WHAT CHANGES IN STRUCTURE
OF HEMAGGLUTININ RETARGET INFLUENZA
VIRUS TO RECOGNIZE NOVEL RECEPTORS?

A special region located on the top of HA known as
the receptor-binding site is responsible for its binding to
the receptor. Cristal structures of H1, H3, H5, H7, and
H9 of HA done in complex with oligosaccharide demon-
strated that sialic acid is immersed into the cavity on the
protein surface with walls being lined up with conserva-
tive and semiconservative amino acids (Fig. 1) [27-32].
The bottom of the receptor-binding site I composed of
absolutely conserved amino acids such as Trp153, His183,
and conservative Tyr98 residue excepting subtype 16. The
walls comprise absolutely conservative Glyl34 residue,
Glul90, Leul94, Gly225, GIn226, and Gly228 that are
conservative for all duck influenza viruses, and semicon-
servative Thr155 and Ser227. Such structure of the recep-
tor-binding site provides optimal binding of sialoglyco-
conjugates bearing Siaa2-3Gal-terminated residues. The
affinity of duck influenza viruses to Siao.2-3Gal-group is
higher than to free a-form of sialic acid, which shows
energetically advantageous interactions with galactose
that is bound with sialic acid via a 2—3 bond [10].

The four last influenza pandemics demonstrated two
mechanisms for acquiring capacity to recognize Siaa2-
6Gal [12]. Mechanism 1 was based on GIn226/Leu and
Gly228/Ser substitutions (Fig. 2), which independently
emerged in H2N2 and H3N2 influenza subtypes that
resulted in the 1957 and 1968 pandemics. Interestingly,
the same two substitutions were also found in H4N6
swine isolate, whose receptor specificity completely
matched that of the earlier H3N2 subtype known as
A/Aichi/2/68 [33].

Mechanism 2 underlying recognition of 2-6 sialyl-
galactose receptors was employed in HINI viruses
(Fig. 2). All five sequenced human HIN1 1918 influenza
viruses were found to bear Glul90Asp substitution. In
case this amino acid substitution was alone, such viruses
exhibited a mixed a2-6/a2-3-receptor specificity com-
pared to “consensus” avian influenza viruses. Viruses
bearing an additional Gly225Asp substitution lost capa-
bility to bind Siaa.2-3Gal-terminated receptors and pos-
sessed the highest affinity to the extended trisaccharide
region 6'-sialyl-N-acetyllactosamine (6’'SLN) [34-36].
Mutation of the amino acid at position 190 was also found
in all HIN1 and H9N2 swine influenza viruses and in one
evolutionary lineage of HON?2 influenza viruses of domes-
tic poultry [37-39].

Crystallographic analysis of HA from human and
HINI swine influenza viruses revealed hydrogen bonds

BIOCHEMISTRY (Moscow) Vol. 80 No. 7 2015



ADAPTIVE CHANGES FOR EMERGENCE OF PANDEMIC INFLUENZA VIRUS 875

Fig. 1. Hemagglutinin trimer (a) and neuraminidase tetramer (b) of influenza A viruses. The receptor-binding site of HA and hemadsorption
site of NA as well as the catalytic site of neuraminidase are highlighted in yellow and green, respectively. This figure was made using the
IMQM and 1W20 crystal structures (Protein Data Bank).

Fig. 2. Changes in receptor-binding site of HA (a) and hemadsorption site of NA (b) during development of pandemic influenza viruses.
Conservative amino acids found in the receptor-binding site of HA and the hemadsorption site of NA from the majority of avian influenza
viruses are highlighted in yellow. The fragment of Neu5Ac2-3Gal inside the receptor-binding site of HA as well as the NeuSAc residue inside
the hemadsorption site of NA are depicted as ball-and-stick models. Constant amino acids in HA and N2 NA from avian influenza viruses
that change in HIN1, H2N2, and H3N2 pandemic influenza viruses are enumerated.
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between Asp225 and the galactose preceding sialic acid
(2—6 bond) as well as between Asp190 and nitrogen of the
amino group in glucosamine from trisaccharide 6’'SLN
[30].

WHAT CHANGES IN CONTEMPORARY AVIAN
INFLUENZA VIRUSES MIGHT BE SUFFICIENT
FOR THEM TO OBTAIN CAPACITY
FOR AIRBORNE TRANSMISSION?

Fortunately, highly pathogenic H5N1 influenza
viruses usually do not transmit from human to human.
However, several cases of the disease were noted in com-
munities when such transmission probably took place. In
particular, several family members become sick in 2003,
and the influenza virus isolated from them possessed a
Ser227Asn mutation in the receptor-binding site and had
sharply decreased affinity to Siaa2-3Gal-terminated
receptors and acquired ability to bind 6’'SLN [40, 41].

Stevens et al. investigated changes in receptor phe-
notype of H5N1 influenza viruses resulting from “classic”
mutations responsible for recognition of Siaa2-6Gal by
human influenza viruses [42]. It was demonstrated that
the Glul90Asp substitution worsened its binding to
Siao2-3Gal, and Gly225Asp substitution did not affect it,
whereas combined action of these mutations completely
disrupted binding to any receptors. In other words, a
mechanism employed in HINT1 viruses was unacceptable
for H5N1 influenza viruses. The GIn226Leu substitution
was also “inefficient” as it only lowered affinity to the
receptor. However, the additional substitution Ser227Asn
and especially Gly228Ser provide the virus with the
capacity to bind to Siaa2-6Gal. A combination of amino
acid substitutions at position 226 and 228 (as in H3N2
viruses) results in a mixed receptor phenotype having
good affinity to Siaa2-6Gal-terminated receptors. It was
demonstrated that clones of H5N1 influenza virus con-
taining either Ser227Asn and GInl196Arg or Glyl143Arg
and Asn197Lys recognized Siaa2-6Gal. Artificial inser-
tion of such substitutions into the HA of another H5N1
virus was also found to change receptor specificity
towards recognition of Siaa2-6Gal [43].

HS5N1 influenza virus isolated from humans that con-
tained the substitutions Ala134Val and Ile151Phe possessed
lowered affinity to the “avian” receptor Siaa.2-3Gal [44].

However, despite the altered receptor specificity and
fundamental opportunity for human-to-human transmis-
sion, none of the above-mentioned viral strains was able
to spread among people. A mere alteration of receptor
specificity was not enough for development of a pandem-
ic influenza virus strain. Studies with the ferret model
revealed a number of additional factors enhancing effica-
cy of airborne transmission. Comparing efficacy of air-
borne transmission for reassortant human (H3N2) and
chicken (H5N1) influenza viruses demonstrated that
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effective transmission was provided both by external and
internal viral proteins [21].

However, pandemic influenza strain can develop
from reassortment, i.e. bear internal genes that have
already adapted for effective transfer. Therefore, it is
especially important to understand the way surface pro-
teins in pandemic strains develop. Based on this, over
recent years a number of articles have been published that
examined viruses artificially generated using reverse
genetics that contained internal genes derived from virus-
es proved to demonstrate effective transmission as well as
genes encoding external proteins from avian influenza
viruses [45, 46]. These studies confirmed that alteration
of receptor specificity in HA is necessary but insufficient
for enabling airborne transmission.

STABILITY OF INFLUENZA VIRUSES
IN ACIDIC MEDIUM — AN IMPORTANT
CONDITION FOR EFFECTIVE VIRAL SPREAD

The pH value required for HA conformational tran-
sition preceding membrane fusion and entrance of viral
RNA into the cytoplasm of the host cell is considered as
one of the additional important conditions, whereas sta-
bility of HA in acidic medium represents the second of
these conditions. It is known that highly pathogenic
HS5N1 influenza viruses have pH-transition higher than in
human viruses, and HA is unstable at low pH values. As a
result, such viruses become rapidly degraded in acidic
medium of the upper airway tract, which abruptly lowers
release of infectious material upon coughing and sneez-
ing.

Imai et al. [47] and Linster et al. [48] investigated
HS5N1 influenza virus bearing mutations that alter recep-
tor specificity of HA. This virus was shown to recognize
Siaa2-6Gal; however, airborne transmission was negligi-
ble. By inserting additional mutations T3181 or H103Y
into HA that lower pH-optimal value for conformational
transition and elevate its stability, the efficacy of airborne
transmission in ferrets was sharply upregulated.

BALANCE OF ACTIVITIES
BETWEEN HEMAGGLUTININ
AND NEURAMINIDASE MUST BE MAINTAINED
FOR EFFECTIVE REPLICATION
OF INFLUENZA VIRUS

The balance between activities of HA and NA has
great importance for interactions of influenza virus along
with receptor specificity and HA stability. In case influen-
za virus has a high affinity to cellular receptors and NA
possesses weak capacity to degrade these receptors, then
during the first life cycle virus would successfully infect
cells, but the viral progeny might be poorly able to detach
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from the host cells, and intercellular transmission of the
infectious process would be hindered. Such viruses can
result in low yield and be poorly transmissible [49, 50].

Paulson et al. examined the balance between func-
tional activities of HA and NA from swine influenza
viruses, some HINIs circulating after 2009 as well as
1918, 1957, 1968, and 2009 primary pandemic isolates. It
was shown that all human viral isolates further established
in evolution were characterized with approximately equal
ratio of HA/NA activities, whereas for swine influenza
viruses this ratio was skewed. It was concluded that “a
functional match between the hemagglutinin and neur-
aminidase appears to be necessary for efficient transmis-
sion between humans and can be an indicator of the pan-
demic potential of zoonotic viruses” [51].

Due to the fact that receptor activity of HA becomes
altered while entering a novel host, a restoration of bal-
ance between activities of HA and NA is one of the con-
ditions required for development of pandemic influenza
viruses. Both changes in HA and NA can facilitate solving
this “task”. The sequence of NA is much more stable
compared to HA, and superficial regions in HA sur-
rounding receptor-binding site are hypervariable, which
collectively underlie a two-step mutual adjustment of
these influenza proteins. Enhancement of attenuation of
viral binding to the target cells can be reached very quick-
ly due to mutations that alter the protein charge. Kaverin
et al. described numerous cases when the balance of
activities between HA and NA was restored when dis-
turbed in reassortant influenza viruses having low neur-
aminidase activity due to mutations on the top region of
HA, which resulted in shifting the charge to a negative
side [52-54].

Another way to restore this balance is to alter the
NA. Investigation of enzymatic activity of N2 NA during
evolution in human H2N2 and H3N2 influenza viruses
demonstrated that capacity to cleave the Siaa2—6Gal
bond was gradually upregulated [55]. NA from avian
viruses poorly cleaves this bond, i.e. both HA and NA are
specified for Siao2-3Gal-receptors. Similarly, neur-
aminidase from the earliest human viruses isolated during
1918 and 2009 influenza pandemics was almost unable to
cleave Siaoi2—6Gal-bond, whereas N2 NA from H2N2
and H3N2 acquired this ability [51]. This can be inter-
preted as an adaptation of NA to Siaa2-6Gal-receptor
specificity of HA.

HEMADSORPTION SITE OF NEURAMINIDASE
AS A TYPICAL FEATURE OF AVIAN INFLUENZA
VIRUSES IS LACKING UPON TRANSITION
TO MAMMALS

Upon transmission to humans, NA from avian

influenza viruses can change not only due to mutations in
the catalytic site. Along with the catalytic site, on the sur-
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face of each NA subunit from avian influenza virus there
is an independent site able to bind to sialic acid (Fig. 1)
[56] known as the hemadsorption site for its capacity to
bind to red blood cells (RBCs). Six amino acids of the
hemadsorption site responsible for binding to sialic acid
were found to be virtually the same in nine NA antigenic
subtypes (Fig. 2). Hemadsorption activity is a typical
property of NA from avian influenza viruses, whereas it is
lacking in human viruses.

Analyzing published amino acid sequences of NAs
from viruses isolated during the 1957 influenza pandemic
showed that the majority of 1957 and 1958 viruses con-
tained mutations in one of the six amino acids mentioned
above, i.e. changes within the hemadsorption site began
to appear immediately after emergence of the novel pan-
demic influenza virus. Each of these mutations resulted in
loss of hemadsorption activity typical of the avian precur-
sor [57].

Comparison of hemadsorption activity of NI NA
from the 1918 pandemic virus and NA from the related
avian viruses revealed its decrease in pandemic influenza
virus [57].

Similar results were obtained for NA from pandemic
2009 influenza virus that contains NA from swine
influenza viruses originating from avian HIN1 influenza
virus that entered swine population and adapted approxi-
mately 35 years ago. NAs from such swine influenza
viruses provide better elution of the viruses from RBCs,
being less inhibited by tracheal mucins and more effec-
tively proliferating in the cells of the human tracheo-
bronchial epithelium compared to NA from avian viruses
as well as NAs from human “epidemic” influenza viruses
[58]. By comparing N1 NA from five viruses, it was
demonstrated that avian influenza viruses possessed
hemadsorption activity. Early “avian-like” swine influen-
za virus also bears this activity, but contemporary swine
viruses lack it, similarly to human influenza viruses ([57],
Uhlendorff, D., and Matrosovich, M. N., unpublished
data).

Thus, the earliest isolates of human viruses from all
four influenza pandemics were shown to lose hemadsorp-
tion activity of NA that was exhibited by the “parental”
avian viruses. Most likely, these changes in NA were
directly linked to adaptation of the viruses to a novel cel-
lular receptor as well as alteration of receptor specificity
in HA.

INFLUENZA PANDEMICS
IN THE PAST AND FUTURE

Retrospective analysis of morbidity as well as human
serum samples allows determining influenza pandemics
that occurred in the distant past: in 1830 — cased by
HIN1, 1847 — cased by HINS, 1889 — cased by H3NS,
1900 — cased by HINS [59]. The fact that influenza pan-
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demics have been regularly repeated over the last two cen-
turies leaves no hope that they will not occur in the future.
So far, all attempts made to predict what type of influen-
za virus would result in pandemic have been unsuccessful.
For instance, highly pathogenic H5N1 and H7 chicken
influenza viruses as well as lowly pathogenic HIN2 virus-
es were considered as “candidates” for influenza pan-
demics, as they were found to result in influenza episodes
in people. Also, swine influenza viruses cause episodes in
humans, but the 2009 influenza pandemic emerged total-
ly unexpected. As a part of the preparation for potential
influenza pandemics in the future, novel more universal
types of vaccines as well as new anti-influenza drugs are
being developed. In particular, neuraminidase inhibitors
(zanamivir and oseltamivir) came into medical practice.
At the same time, well-known drugs such as amantadine
and rimantadine, which inhibit influenza M2 protein,
have become completely ineffective, meaning that virtu-
ally all influenza viruses acquired resistance to them.
Interestingly, an attempt has been made to develop a drug
that might inhibit binding of influenza virus to a host cell
[60]. Stringent specificity of all human influenza viruses
to one receptor ligand (Siaa2-6Gall-4GIcNAc) assures
that future pandemic influenza virus will bind to it as well.
On the other hand, the fact that cellular receptor and
potential inhibitor match each other leaves no opportuni-
ty for influenza virus to lower affinity to inhibitor without
affecting its ability to bind to host cells. Such a universal
drug would be able to mitigate consequences of potential
influenza pandemic in the future.

Thus, it can be said that pandemic human influenza
viruses can emerge from avian progenitors under certain
circumstances such as: 1) HA retargeting to recognize 2-
6 sialyl-containing receptors in the human upper airway
tract; 2) alteration of NA enzymatic activity necessary for
maintaining functional balance with HA. Such changes
require at least 1-2 mutations within conservative regions
of the receptor-binding site in HA, and at least one muta-
tion in the NA hemadsorption site. Moreover, it appears
that several mutations in HA are required to enhance
human-to-human airborne transmission.
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(grant No. SFB1021), and the European Union 7th
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