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ABSTRACT

Genetic shift can be defined as a natural process whereby accumulation of mutations is seen in
genes that are responsible for encoding antigens. These alterations produce variations
(alterations) in the same way they appear in the immune system. Antigenic drift is a small
change when compared to antigenic shift which is a major change or variation. Influenza viruses
evolve through antigenic shift and drift on its surface proteins Hemagglutinin (HA) and
Neuraminidase (NA). Genetic shift leads to the formation of a whole new subtype as in this case
two or more strains of viruses or the viruses themselves combine. This growing nature of the
virus has led to the need for finding newer vaccines. Evolution is seen in all living forms.
Changes in genotypes and phenotypes make up a population from one generation to the other.
This is a phenomenon similar to the genetic shift and drift of influenza virus. Immunity also
plays a major role with the help of antibodies towards fighting the mutated virus entering our
body. The continuous variations caused in the influenza virus due to genetic shift and genetic
drift has led to the formation of newer strains and thus the necessity for newer vaccines to arise.
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INTRODUCTION

Genetic Shift

Genetic shift is a natural process whereby
accumulation of mutations in genes take
place [1]. The genes are responsible for
encoding the antigens [2].  These
variations/alterations appear the same way
they appear in the immune system [3].
Genetic shift is a major change when
compared to genetic drift. Influenza viruses
evolve through an antigenic shift on its
surface protein HA and NA [4]. Genetic shift
leads to the formation of a whole new
subtype as in this case two or more strains of
viruses combine or when the viruses
themselves combine. This growing nature of
the virus due to its reassortment has led to the
need for the discovery of newer vaccines.
The antigenic shift can cause a major
variation and most people do not come across
the same or similar strains constantly in their
lifespan. The emerging high impact diseases
are Severe acute respiratory syndrome
(SARS), Ebola fever, and influenza in
humans. These viral diseases occur when an
established animal virus switches hosts into
humans and get subsequently transmitted
within the human populations [5]. This
suggests that the boosting of natural

immunity is indeed a quintessential factor

inorder to improve the growing influenza
vaccine [6].

Genetic Drift

Genetic drift is a smaller change when
compared to genetic shift. This is a smaller
mutation in the surfaces of the proteins
Hemagglutinin and Neuraminidase genes that
will make the protein almost unrecognizable
to the already existing host immunity [7].
This variation is continuous among influenza
strains [8]. Small changes in genetic shift
accumulate to form bigger variations which
thereby leads to genetic shift. The changes
happening on the surface of hemagglutinin
protein from one form to another form is less
recognizable and can infect both vaccinated
and non vaccinated people [9].

This evolution of influenza through antigenic
shift and antigenic shift i.e understanding of
the evolution of influenza is necessary for the
formulation of a newer vaccine. Epidemics
happen due to these shifts and drifts. Apart
from this, cross species virus transmission
takes place and emergence of new epidemic
diseases are seen. Transfer of virus to new
hosts will include contact between the virus
and the host, infection of one individual

leading to its outbreak [10].
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Structure of Influenza Virus

The structure of influenza virus and its viral
protein function are responsible for the
antigenic shift and antigenic drift [11]. The
main subtypes of influenza virus - Influenza
A, B and C are generally segmented,
negatively stranded RNA genomes [12].
Characterization of the influenza virus is
with the help of its surface proteins,
Hemagglutinin (HA) and Neuraminidase
(NA) [13]. The main attribution for the shift
and drift seen in the virus should be given to
RNA dependent RNA polymerase. Influenza
viruses are highly adaptive with strongly
immunogenic surface proteins [14].

Most flu cases are caused by the Influenza A
virus especially the ones seen in epidemics
and pandemics [15]. The influenza A virus is
most commonly seen to be affecting a variety
of animal species although the influenza B
virus is seen in humans, and can lead to local
outbreaks [16, 17]. The influenza C virus is
of little concern due to its morphological and
genetic differences and its non symptomatic
nature. The three subtypes have variable
structures and the virion particles can be
ovoid or spherical in shape [18].

As mentioned earlier, the surface of influenza
virus contains proteins, HA and NA which
will exist as spikes. These spikes generally

determine the subtype of Influenza virus.

They are also important in the immune
response against the virus; antibodies [19].
Influenza virus spreads by virus containing
aerosols or by fomites or sometimes by
coming in contact with infected people [20].
Since the composition of flu changes with
time , the vaccine for flu is also reviewed
each year. The age and health statuses of the
person taking the vaccine for flu will play an
important role. In the effect of the vaccine
[21]. Normal flu vaccines can have side
effects like mild fever and aching of muscles
in children, runny nose, headache, sore throat
and cough [22-24].

Evolution of Influenza Virus

Organisms generally encounter different
environmental interactions. There will be
certain responses to these interactions which
define the genetic makeup of the organism.
Genotype will usually remain constant from
an environment to another. But occasional
mutations happen leading to a change or
evolution. When the same kind of genotype
is subjected to different environments,
phenotypes are produced. This is similar to
how the genetic makeup of influenza virus
changes by accumulation of shifts and thus
leading to genetic drift [25].

Influenza virus can evolve by drug
mechanisms such as evolution of virus by

mutation and selection (in a stepwise
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fashion); seen in genetic drift [26]. Thereby,
genetic shift and genetic drift are the main
mechanism by which the influenza virus
evolves leading to newer strains and newer
subtypes that become unrecognizable to the
human immune system [27, 28].

Evolution of influenza virus is said to have a
lot of speculations. The origin is slightly
unclear and studies have shown that pigs may
serve as the intermediate host in genetic
exchange between influenza viruses in avians
and humans [29].

The general feature on how a new strain is
caused is by reassortment that allow viruses
to evolve through natural conditions [30].
This reassortment is very similar to
chromosome crossover events, as different
viral strains may come in contact and transfer
the genetic information. The cause of shift is
reassortment while the cause of genetic drift
is RNA synthesis [31, 32].

Mutation and selection cause variation during
evolution. Influenza viruses show a very high
mutation rate and this is due to the
integration of faulty nucleotides occurring
during the replication of the virus [33].

Every decade a new strain of virus arises due
to this same reason. For the regard of
mutation, such extremely high rates of
mutation are not matched by any other

organism [34].

Necessity of Vaccine

Though antigenic drift is a small change, as
the virus replicates , the changes keep taking
place continuously and as discussed earlier,
these small changes will accumulate which
will thereby result in the formation of a
newer strain. This new strain may not be
identifiable by the immune system [35]. The
antibodies that may have been created by the
immune system earlier for the response will
be unable to identify and protect from the
newly formed virus [36].

Immunity plays an important role in any
individual towards fighting any pathogens
with the help of the circulating antibodies
secreted by the clonal-B cells. To a great
extent, protection is produced by these
circulating antibodies present in the blood.
Therefore, the better immunised we are, the
better chances we have towards saving
ourselves from being exposed to mutated
virus [37].

Major few pandemics that have occurred,
including the recent Novel Corona Virus
disease 2019, is due to antigenic shift [38].
The continuous shift and drift nearly made it
impossible for the development of flu
vaccines and its proper treatment [39].
Therefore, it has become a necessity to find a
universal flu vaccine [40]. Seasonal influenza

is common but every flu season is different
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and millions of people get the flu every year .
An annual flu vaccine is one of the best ways
to help against the flu. Flu vaccines cause
antibodies which develop in the body after
weeks of vaccination. These antibodies
provide protection against infection with
viruses that are used to make the vaccine [41,
42].

The biological characteristics of influenza
viruses indicate that future influenza
pandemics are inevitable [43]. Therefore,
specific measures are to be taken for the
control of such influenza pandemics [44, 45].
CONCLUSION

The continuous variation caused in influenza
virus is due to genetic shift and genetic drift .
This has led to the formation of newer strains
and thus the need for newer vaccines arise.
Development of flu vaccines and medications
that will treat the influenza virus is becoming
difficult and researchers and scientists are
hoping to develop an effective vaccine that
will target a part of the virus which is not
affected by these changes. This can hopefully
lead to a universal flu vaccine. It is the
remarkable ability of influenza virus to
escape host defence mechanisms by altering
the antigenic character. The alterations of the
molecular

antigenic character by the

mechanisms control the

epidemics/pandemics of influenza. The

annual influenza epidemics are caused by

this rapid evolution the virus undergoes. For

selecting suitable vaccine strains the

antigenicity of the circulating influenza virus

should be monitored.
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