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Abstract
Frequent pandemic alerts were raised by the World Health Organization in response to newly emerging influenza strains. This minireview
highlights the dynamic alterations in the viral adaptability resulted from antigenic drift and reassortment that enable flu virus to escape recognition
by the host immune system and neutralization by antibodies produced in preceding infections or vaccinations.
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Introduction
Influenza is a serious disease that causes outrageous morbidity
and mortality in every year with its great impact on either extreme
of the age range [1]. Influenza viruses are classified into three
categories A, B, and C. Of which, type B can exclusively infect only
humans. Type C infects human and swine while type A affects
multiple host organisms including humans, marine mammals,
equine, swine, and avian [2].

In 1997, H5N1, a highly pathogenic avian influenza virus, gave
rise to its first human infection in Hong Kong [3] and the fatality rate
reached 53% in reports of 2003 [4]. In April 2009, a high pandemic
alert was raised by the World Health Organization after a new
swine-origin influenza (H1N1) emerged in Mexico and the United
States that quickly spread via human-to-human transmission to 30
countries and more or less 208 countries reported this swine flu by
December of the same year [5,6].

According to the serological reactivity of their surface
glycoproteins, designated as hemagglutinin (HA) and neuraminidase
(NA), influenza A viruses are classified into subtypes. Sixteen HA
(H1 to H16) and 9 NA (N1 to N9) subtypes have been identified in
wild aquatic birds in the last century. Detection of this virus in new
species highlights a raised prospect for cross-species transmission
[7].

Viral Surface Proteins
The HA protein is synthesized as a single-chain precursor
(HA0) during viral replication and is subsequently cleaved by host
proteases into the functional/infectious HA1/HA2 form [8].

If there are small mutations in the genes of influenza viruses
that can lead to alterations in the surface proteins of the virus, this
called antigenic drift [9]. Hence, hemagglutinin and neuraminidase
are two surface proteins of the influenza A virus that play
fundamental intermediary roles in initiating pathogenicity during
virus entry into host cells and release from infected cells [10].
Influenza A viruses attach to cells through HA binding to terminal
sialic acids of glycoproteins on the surfaces of respiratory epithelial
cells. The host range of infectivity is defined mainly by influenza A
virus affinity for different sialosides. Avian viruses like H5N1 and
H7N9 bind to sialic acid linked to galactose via an α2-3 bond, and
human viruses discriminatorily bind to sialate attached to galactose
through an α2-6 bond [11].
Using super-resolution microscopy and site-specific fluorescent
labelling, Vahey and Fletcher (2019) revealed that HA and NA are
asymmetrically distributed on the surface of filamentous viruses,
producing a spatial organization of binding and cleaving activities
that enables viruses to stride continuously away from their NA-rich
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swivel. This organized architecture helps virus to penetrate host
mucus barrier [12].

Dynamic alterations in the viral adaptability resulted from
antigenic drift and functional mutations in the surface proteins may
lead to possible emergence in production of more virulent strains
[13]. Owing to the interlinkage between these two surface proteins,
some HA mutations were found to affect the adaptive landscape
of NA, However, the amplitude to which emergence of one protein
affects that of the other one is under research. Hence, the adaptive
landscape of a viral protein is notably sensitive in terms of the
entire genomic context [14].
In spite of being in constant emergence and evolution, these
two glycoproteins HA/NA balance is likely to persist equiponderant
in human viruses as an optimal balance is needed to preserve
optimal viral competence. Hence, HA/NA balance and interplay
between the host receptor and influenza virus surface proteins are
quite important to explore evolution and emergence of influenza
viruses [15,16].

Antigenic Reassortment

Formation and release of newly formed virion is initiated by
the action of NA that hydrolyzes terminal sialic acid moiety from
cell receptors thus leads to avoiding immobilization by sialic acid
in host mucus, prevention of the aggregation of virus particles and
spread of infection [12,17]. Antigenic reassortment or shift occurs
when strain of two or more different viruses, merge to produce a
novel subtype having a combination of the surface antigens of the
two or more parental strains [18,19]. Hence, reassortment is a
time-dependent natural mutation of recognized strains of influenza
which may lead to failure of immunological recognition and vaccine
mismatch [18]. For human seasonal influenza virus. A (H3N2)
Has, five antigenic sites (A, B, C, D, and E) have been previously
characterized [11]. The molecular basis of the virus to escape
recognition by the immune system is that the virus’ replication
machinery lacks a proofreading mechanism consequently mutations
in flu virus, as in all RNA viruses, are happening in frequent manner.
This accounts for vaccine mismatch and annual change of vaccine
composition due to the different annual circulating strains [20].
Reassortment is the most complicated form of viral antigenic shift.
It happens when the same animal is simultaneously infected by
two viruses. An example is when pigs are infected by both human
and avian influenza strains. Hence, A hybrid virus is created from
reassortment of genetic materials from both viruses within the
infected porcine cells. In the last 115 years, more or less seven
antigenic reassortments in type A influenza have been attested
[21]. Thus, antigenic reassortment and variations of influenza A
viruses are evolved by genomic mutations that occur in the transmembrane protein HA1, triggering the viral capability to avoid
neutralization by antibodies produced in preceding infections or

vaccinations. Hence, prognostication of these antigenic events is
useful to understand viral epidemiology and to expand insights into
the evolutionary mechanisms reinforcing viral antigenic divergence
as well as to design new influenza vaccines [22].

Gouma et al. [23] reported that the egg- adapted H3N2
component of the 2019 Southern Hemisphere influenza vaccine
educed an antibody response in ferrets that is substantially
triggering hemagglutinin antigenic site A. This finding represents
a dilemma as antigenic site A of hemagglutinin substitutions are
prevalent in most of the currently circulating H3N2 viruses in the
Southern Hemisphere [23]. Although the delineation of the global
influenza vaccine evolution targeting the HA viral domain, there
are still some knowledge incompetence concerning immunological
hallmarks. Studies of sequential influenza virus infection in animal
models may be utilized to improve knowledge beyond how the
human immune response modulates over sequential influenza
infections and vaccinations and ameliorate vaccination strategies
as well as our ability to produce more efficient vaccines [24].

Conclusion

Dynamic alterations in the viral adaptability due to frequent
antigenic drift and functional mutations in the surface proteins may
lead to possible emergence in formation of highly virulent strains.
The molecular basis of the virus to escape recognition by the
immune system is that the influenza virus’ replication machinery
lacks a proofreading mechanism consequently, mutations are
frequent in flu virus. Antigenic reassortment occur when strain of
two or more different viruses, merge to develop a novel subtype
having hybrid surface antigens of many different strains. Knowledge
incompetence concerning immunological hallmarks beyond
frequent antigenic shift of the virus is constituting a dilemma in
terms of the variabilities and efficacy of vaccines against flu virus.
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