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Abstract Severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) is currently causing the respiratory ill-
ness termed as the coronavirus disease 2019 or the COVID-
19 pandemic. Indeed, the significant increase in deaths in
the current days due to influenza around the world started
in 1889 is a continued public health threat because of its
intermittent style of pandemic outbreaks. An array of
research on the influenza viruses has been conducted
especially pointing on (1) the development of the anti-viral
drugs and the design of probable vaccines on trial basis, (2)
the biochemical and genetic aspects underlying the viral
pathogenicity, (3) the viral epidemiology, and on (4) the
protective immunity against the influenza viruses. Current
review briefly discussed the epidemic/ pandemic history of
influenza and correlated with the current epidemiology, the
possible preventive measures that may be taken by the
public health professionals as well as to increase the pro-
tective awareness among the general people. The viral
reassortments during the initiation of pandemics have also
been focused based on the previous literatures.
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Introduction

Disease outbreaks, epidemics and pandemics (like the
ongoing COVID-19 pandemic caused by the severe acute
respiratory syndrome coronavirus 2 or the SARS-CoV-2;
and the Spanish influenza HINI in 1918-1920) are very
well known terms for the epidemiologists as well as for the
other health professionals [1, 2]. A disease outbreak, both
regional and seasonal, is known to take place when a dis-
ease propagates into a relatively large numbers of people
within a community to several countries, lasting from days
to years. In contrast to an outbreak, an epidemic is known
to occur when an infectious disease tends to spread more
quickly among a huge number of populations, as can be
exemplified by the acute respiratory syndrome (SARS)
epidemic in 2003, causing 774 deaths worldwide [2]. A
pandemic is simply known as global disease like the
Spanish influenza HIN1 (causing around 50 million people
in 1918-1920), Hong Kong influenza H3N2, causing
approximately 1 million people in 1968, Asian influenza
H2N2 (causing nearly 2 million deaths in 1957-1958), or
the Russian influenza H2N2 (causing more than 1 million
deaths in 1889-1892) [1-5]. The ongoing pandemic by the
SARS-CoV-2, which started in late 2019, has appeared no
less dreadful than the Spanish influenza in terms of mor-
bidity and mortality [4]. COVID-19 is already well known
as the life threatening infectious respiratory disease which
actually shares the same routes and means of transmission
as influenza; and hence influenza can be correlated with
COVID-19 disease which has been further confirmed by
the case of a patient co-infected with SARS-CoV-2 and
influenza A virus [6]. Therefore, measures taken for the
influenza (and other infectious respiratory diseases) pre-
vention and control may also serve effectively to combat
the COVID-19 pandemic [4]. The influenza pandemic is of
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significant public health importance since it is frequent
with the rise of a new subtype of a virus which in turn
weakens or escapes the host immunity completely [3, 4].
Moreover, the virus is easily transmissible from human to
human through the daily unhygienic activities like irre-
sponsible and close contact coughing and sneezing [3—6].

The 1918 influenza pandemic, the most severe one in the
history, occurred in three waves: first at Spring 1918,
second one at Fall 1918 (the death cases were the highest),
and the third wave at the Winter 1918 and the Spring at
1919, suggesting that a pandemic can dreadfully harm the
global human lives especially regarding morbidity and
mortality [5]. Along with a “very high alert” for the pan-
demic announced by the regulatory bodies, scientists usu-
ally concentrate on the transmission of viruses, viral
pathogenesis, the associated host immunity, effectual
diagnosis of the disease, and the preventive therapeutic
strategies including the possible vaccine development [7].
Although a scientific discussion usually focuses primarily
on the biomedical research advances along with the disease
mitigation possibilities, the control of any pandemic lar-
gely requires the preventive realization within the broader
demographic, socioeconomic, cultural, and even the polit-
ical context at all levels regardless the local, regional,
national or international levels [6]. Indeed, responding to
any pandemic with the highest level of emergency is of
prime significance to limit the viral transmission and
eventually to maintain the global public health sustain-
ability. Such responses may include medical interventions,
appropriate drug designing and vaccine development,
research on the host immune responses during viral
pathogenesis and the evolution of virus, detecting virus
transmission, rapid and accurate diagnosis, and various
preventive measures along with the public awareness,
etc.[1, 6-9]. The current review briefly highlighted on the
major pandemic outbreaks in a simplistic way to commu-
nicate such importance of the technical knowhow in order
to attain the common knowledge to be safe during a pan-
demic situation.

Russian influenza (La Grippe) H2N2 (1889-1892)

Russian Flu, the first true epidemic cases observed in May
1889 (in Bukhara, Turkestan; in Athabasca, Canada, and in
Greenland), was another outbreak caused by the Influenza
A virus subtype H2N2; however, recently it is thought that
the subtype was actually H3NS8 [10]. The flu specifically
spread into the urban areas prior to propagate into the
whole world, ultimately causing over a million of deaths
[10]. Only a small fraction of the population got affected
during the first three months; however, after that four-fifths
of the people were noticed to be severely affected without
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any early symptoms of influenza [5, 8]. Briefly it is to be
noted that the mortality rate was higher among the elderly
people in 1889-1890 pandemic whereas this pattern was
dominantly noticed among the young people during the
1918-1919 pandemic outbreaks [4, 8—11]. There is an
interesting factor to note that influenza was attributed to a
Bacillus species, and it was not shown to be caused by a
virus until the 1930s [11, 12]. Moreover, a hypothesis was
drawn that young adults could have increased risk of dying
from the Spanish flu in 1918-1920 (the HIN1 subtype) if
they had been previously infected by the Russian flu
(1889-1890) [12].

Viral reassortment and pathogenicity

Interestingly, it has been recently inferred that the causa-
tive virus of the Russian influenza could be of the H3Nx
subtype which circulated up to the 1918 influenza pan-
demic outbreak [9]. The logic behind such inference is that
the causative virus of the 1918 HIN1 pandemic remained
undefined in an aspect that whether the virus originated
from the multiple reassortment events or not [9]. The
reassortment event could be held between the avian-,
swine- and human influenza viruses, or it could be intro-
duced by a direct zoonotic transmission by the vectors
stated above [9, 11-14]. As a known information, it’s clear
that the influenza pandemics occurs when the hemagglu-
tinin (HA, or H) with or without neuraminidase (NA, or N)
subtypes of influenza viruses infect humans (with little or
no immunity) with the subsequent follow up of person to
person transmission. So far 18 HA subtypes (H1 to H18)
and 11 NA subtypes (N1 to N11) have been recognized
[13]. Besides the reassortment events as stated above,
another interpretation on the viral pathogenecity underlies
the point mutations within the set of genes encoding the
corresponding amino acids required for antigenic expres-
sions. Eventually such mutations augment the enhanced
rate of replacement of NA and HA (possibly by the positive
selection pressure) which are already known as the anti-
genic cluster of the viral subtype [15]. Such an event leads
to parallel replacement of the antigens or even may drive
the current antigens back to their ancestral forms which go
a long way to impart the viral adaptation and survival
within the host inactivating the protective immunity [15].
A simple illustration of the viral reassortment between the
influenza viruses is shown in Fig. 1.

Spanish influenza HIN1 in 1918-1920

As stated above, the Spanish influenza pandemic was in
three consecutive waves: spring 1918, autumn 1918, and
winter 1918-19, responsible for killing approximately 50
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Fig. 1 Simple illustration of viral reassortment between the influenza
viruses. After the 1918-1920 Spanish influenza outbreak the 1918
A/HIN1 subtype (thought to be generated from manifold reassort-
ments between avian-, swine-, and human borne viruses) was likely to
circulate continuously and thereby triggering the subsequent epi-
demics [20]. In 1957 the A/HINI subtype was depicted to be
reassorted with an avian A/H2N2 virus, which circulated until 1968,
and reassorted again with the avian H3Nx virus [37]. In 1977 the A1/
HINI virus was reestablished among the humans (contained the M
gene segment of 1918 origin, encoding the matrix protein, M1 and
M2, grossly required for the viral pathogenecity) and was co-
circulated with H3N2 viruses till 2009 [20, 36, 38, 39] when it was
thought to be swapped by another A/HIN1 subtype, HIN1pdm2009
[38] as a result of the numerous reassortments between avian-, swine-,
and human influenza viruses yy[20, 36-38]. This is to be noted that
such viral reaasortments have not been shown between the SARS or

million people worldwide with abnormally severe clinical
manifestations among the healthy and young adults
[5, 9, 16, 17]. Moreover, lack of cellular immunity as well
as the pre-existing virus-specific and/or cross-reactive
antibodies, individual genetic makeup like the single-nu-
cleotide polymorphisms (SNPs), co-infections with bacte-
rial pathogens, and with the measles and malaria causing
agents; and finally the malnutrition or obesity has been
found to contribute to the high mortality due to the 1918
HIN1 virus infection [9]. Though the 1918 influenza
pandemic is known as the “Spanish Flue”; in real the 1918
influenza virus didn’t originate in Spain; rather it originated
in the Midwest of the United States of America and then
France, from where the viral transmission spread
throughout Europe and within the rest of the world
[9, 17, 18]. So, the geographic origins of the 1918 virus
remained obscure, and eventually the viral vector (animal

SARS-CoV2 in this illustration. PB2 Polymerase basic protein 2,
involved in transcription initiation and cap stealing mechanism; PA
polymerase acidic protein, involved in viral RNA transcription and
replication; NP nuceloprotein, involved in the encapsulation of the
viral genome for RNA transcription, replication and packaging;
M matrix protein, involved in the formation of the viral envelope; NS
non-structural protein, involved in the inhibition of host immune
responses; PB1: Polymerase basic protein 1, a determinant of the
influenza virus virulence; HA hemagglutinin, a homotrimeric glyco-
protein found on the surface of influenza viruses which is integral to
its infectivity, and is involved in the viral attachment and acts as a
membrane fusion protein.; NA neuraminidase, involved in cleaving
sialic acid groups from glycoproteins and are required for influenza
virus replication; i.e., it is essential for release of progeny virus
particles from the surface of an infected cell

reservoir) became controversial. Being a segmented virus,
influenza virus was capable of undergoing the reassortment
process which is known to occur when two influenza virus
strains co-infect the same cell, thereby triggering the evo-
lution of a novel “reassortant” virus consisting of an
unusual assemblage of genes [9]. Such an interesting
mechanism between the avian- and the human influenza
viruses later gave rise to the 1957 and 1968 influenza
pandemics [9, 19].

Demolition of protective immunity during viral
pathogenesis

Some of the viral factors including haemagglutinin (HA)
and the polymerase gene segments are stringently known to
trigger the abnormal increase in the pro-inflammatory
cytokines and chemokines, for example: Interleukin (IL)-2,
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5, 6 and 8, the interferon (IFN)-inducible protein (IP-10),
macrophage inflammatory protein 1oe (MIP1o), MIP1§ and
monocyte chemoattractant protein-1 (MCP1), tumor
necrosis factor alpha (TNF-a), etc. in course of the viral
pathogenesis during a pandemic outbreak [9]. However, a
dysregulated pro-inflammatory response was noticed to be
triggered by the 1918 influenza virus, which in turn
imparted severe lung lesions among the infected patients
[20]. Besides, the lack of pre-existing antibodies (virus-
specific or cross-reactive) as well as the shortage of the pre-
existing influenza virus specific CD8" T cells among the
young population was another prime factor for the viral
pathogenecity [9, 21]. This is to be noted that the protective
influenza virus-specific antibody responses may be long-
lived [9, 21, 22]. However, pointing out the virally infected
persons as well applying the proper anti-viral therapy is
always essential to limit the dreadful propagation of the
disease. During the years 1918-1920, there were no certain
drugs that could be effectively implanted for the elimina-
tion of virus. On the contrary, in the current days, several
anti-viral drugs like the neuraminidase inhibitors oselta-
mivir and zanamivir are employed prophylactically in the
outbreak situations [9, 23].

Regarding the preparation or development of Influenza
virus vaccines, a major shortfall underlies the fact that
antibodies elicited by the seasonal influenza vaccines
cannot impart protection in the case of an antigenically
distinct influenza virus of a novel subtype [24]. More
specifically, during the interpandemic periods, the anti-
genic drift (mutations in the genes of influenza viruses)
variants may arise which in turn created difficulties in the
development of a corresponding vaccine [24]. The muta-
tions in the genes lead to changes in the HA and NA sur-
face proteins (serving as antigens) which are to be
recognized by the immune system with the concomitant
triggering of the protective immunity and the production of
specific antibodies blocking the infection. One potential
strategy to counter this problem has been noticed when a
trivalent hemagglutinin DNA prime-trivalent inactivated
influenza vaccine (IIV3) boost regimen (the 2012/13 sea-
sonal trivalent HA DNA vaccine; i.e., VRC-FLUDNAOQ63-
00-VP) was developed to cure the children suffering from
seasonal influenza in the US [25]. In healthy adults, such
DNA influenza vaccines against the emerging subtypes of
avian origin (including HS and H7) administered as a prime
injection prior to an inactivated boost was observed to
increase the overall antibody titers [25].
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Asian influenza H2N2 in 1957-1958

The H2N2 subtype influenza A virus (consisting of the
genes from an H2N2 subtype encoding H2 hemagglutinin
and N2 neuraminidase) that originated from an avian
influenza A virus emerged in East Asia, which triggered
another pandemic outbreak known as Asian Flu [11]. The
first reported case was Singapore in February 1957, Hong
Kong in April 1957 and in the coastal cities of the USA in
summer 1957, with the final fatality exerted by more than
one million deaths worldwide [11]. However, according to
Chowell and clleagues (in 2017), the first local outbreak
originated in continental China during February-March
1957, and then the virus reached Hong Kong and other
parts of Asia within a few weeks; and within July of that
year, the pandemic reached Europe and South American
countries of the Pacific coast, New Zealand, and South
Africa. In the USA, the sporadic outbreaks were reported
during June-August 1957 [26]. Moreover, the mortality
burden of the 1957 influenza pandemic in 39 countries was
assessed with the WHO associated adequate data since
such pandemic appeared as the second one of this century
after the Spanish flue which had no mathematical mea-
surement of morbidity and mortality except the gross cal-
culations of death cases [27]. Interestingly, the study
conducted by Viboud and colleagues (in 2016) covering
the full range of global extrapolations of mortality revealed
the plausible estimates of the 1957-1959 pandemic burden
were in between 0.7 million—2.1 million excess deaths [27].

During a pandemic, a rigorous question arises in the
scientists’ mind whether humans may possess the cross-
subtype immunity in order to develop an appropriate vac-
cine [28]. Such a puzzle was nearly resolved through the
analysis of the archival records of the Cleveland Family
Study before and during the 1957 pandemic; i.e., during the
shift from subtype HIN1 to H2N2 to investigate the
development of the heterosubtypic immunity. The study
revealed that only 5.6% of the adults having symptomatic
influenza A, developed the infection earlier during the
pandemic, despite living in households with participants
who had influenza; whereas the infection frequency was
much higher (55.2%) in the children having the symp-
tomatic influenza A. This finding clearly showed the
accumulation of the heterosubtypic immunity during a
pandemic which may draw sufficient attention for the
development of vaccines [29].
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Hong Kong influenza H3N2 in 1968

The HINI subtype influenza A virus causing the 1918
pandemic outbreak caused the seasonal epidemics until
1957 when a new influenza A virus of the H2N2 subtype
emerged [28]. This was referred to as the “Asian” influ-
enza virus, causing the second pandemic after the Spanish
flue as stated above [29]. The H2N2 kept continuing the
dissemination of the seasonal influenza from 1957 to 1967,
and in 1968 the third pandemic appeared with the new
H3N2 subtype [29, 30]. The H2N2 subtype, causing the
pandemic in 1957, indeed continued to disseminate in
humans till 1968 [28-31]. The antigenic diversity of human
H2N2 viruses isolated between the intermittent 12 years
(from 1957 to 1968) has been well characterized; and two
amino acid substitutions, T128D and N139K, located in the
head domain of the H2 hemagglutinin (HA) molecule, have
been shown to be the functional determinants of the anti-
genic change during the evolution of H2N2 subtype [29].

The 1968 influenza A virus of H3N2 subtype, with the
especial feature of antigenic drift, consisted of two genes
from an avian influenza A virus: a new H3 hemagglutinin
(HA), and the N2 neuraminidase (NA) from the 1957
H2N2 subtype [24]. As stated earlier, the estimated number
of deaths was approximately 1 million worldwide with
higher death rate among the elderly people (those who
were aged 65 on an average). It has been reported that the
neuraminidase (NA)-specific immunity provides protection
against influenza, and antibodies against HA and NA are
likely to fortify the protection [27-30]. Like HA, NA may
achieve point mutations during the passage of the viruses
within the host, which in turn results in the alteration in the
viral antigenicity; i.e., the antigenic drift which is very
likely to reduce NA-antibody-based protection against the
viral infection as revealed from the in vivo studies [30]. It
is to be noted that the World Health Organization (WHO)
selects the influenza candidate vaccine strains based only
on the HA antigenicity and not that of NA. Thus the con-
tinued surveillance of the NA of circulating influenza
viruses and the subsequent of NA antigenicity to optimize
the influenza vaccines has been suggested [30].

Severe acute respiratory syndrome (SARS)
in 2002-2003

SARS, the severe acute respiratory syndrome, caused by a
novel coronavirus (termed as SARS-CoV, causing a mas-
sive epidemic outbreak among 24 countries resulting in
774 deaths out of 8000 infected cases), is another highly
infectious and lethal atypical form of pneumonia, origi-
nating in China too; and spreading from Southeast-Asia to

over all five continents [32]. The SARS-CoV was found to
be transmitted from bats to small carnivores, and then from
them to humans [33]. Since the mutations of the viral
receptor genes (more specifically, the point mutations and
recombination of genomes among different species/
strains) were responsible for its pathogenesis and fatality,
the SARS pandemics is thought be the unique model of an
emerging disease [32-34]. In 2012, some incidences of
novel coronavirus infection were reported in Arabian
Peninsula with pneumonia and acute kidney injury; and the
virus was named Middle East respiratory syndrome coro-
navirus (MERS-CoV) which was thought to be propagated
from camels and bats [32].

This is to be noted that four coronaviruses (HCoV-229E,
HCoV-0C43, HCoV-NL63, HCoV-HKU1) appeared to be
endemic (i.e., an infectious microorganism that is restricted
to a specific locality or region) so far and mainly associated
with the mild respiratory illnesses; whereas the other two
coronaviruses: SARS-CoV and the MERS-CoV) are
widely known as emerging infections triggering severe
respiratory syndrome worldwide [32, 33]. Indeed, the
current COVID-19 pandemic is the third serious Coron-
avirus outbreak within the last 20 years, following SARS
in 2002-2003 and MERS in 2012 [32-34]. SARS patients
were found to suffer from acute renal impairment and
proteinuria together with hematological abnormalities like
thrombocytopenia and lymphopenia [34-36].

In contrast the SARS-CoV-2 is principally causing
headache, fever, sore throat, cough, acute respiratory dis-
tress syndrome, acute cardiac injury, upper airway con-
gestion, pharyngalgia, myalgia, and diarrhea, anemia, and
even the secondary infections [37]. However, the onset of
acute respiratory distress syndrome (ARDS) by three -
coronaviruses: SARS-CoV-2, SARS-CoV and MERS-CoV
is common [32]. Finally, it is to be stated that though
several candidate vaccines against SARS-CoV have been
manufactured and tested in small scale; however, unfor-
tunately still there is no FDA approved vaccine against
SARS [34]. Interestingly, the etiological agent that caused
50 million deaths in 1918-919 was unknown at that very
time (will be discussed later); but since that old time the
world has experienced three additional influenza pan-
demics: the 1957 “Asian” influenza pandemic, the 1968
“Hong Kong” influenza pandemic (described in the
descendent paragraphs) and the currently ongoing COVID-
19 pandemic [1-4, 9, 16, 17]. It is to be pondered that both
the ongoing infection SARS-CoV-2 and the previous
SARS-CoV infections are associated with the elevation of
the pro-inflammatory cytokines and chemokines (cytokine
storm) while the pathogenicity of MERS-CoV is based on
its interferon (IFN) antagonist proteins [32].
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Coronavirus disease in 2019-2020 (COVID-19)
by SARS-CoV-2

The pandemic of the Coronavirus Disease 2019 (COVID-
19) resulting in novel coronavirus-infected pneumonia
(NCIP) is the ongoing pandemics around the world which
originated in China [38]. COVID-19 has already caused
more than 3,500,000 deaths with approximately 5,500,000
infected cases in more than 200 countries with its utmost
severity in the USA, Italy, Spain, Germany, France, UK
and Iran [39, 40]. A significant genomic similarity with
Severe Acute Respiratory Syndrome (SARS, a pandemics
occurred in 2002) was noticed [32, 38, 40]. This virus
represents severe risks not only in the complex humani-
tarian crises lacking the adequate health infrastructure but
also; surprisingly its severity is being noted in the highly
developed countries. However, this is worth to note that the
poor monitoring, displacement, crowded housing, malnu-
trition, inadequate water, sanitation, and hygiene (WASH)
tools may provoke the viral fatality [41]. Coronaviruses are
already known as the enveloped single-stranded zoonotic
RNA viruses causing the symptoms nearly similar to those
as seen during the common cold or more severe respiratory
syndromes [42]. Besides the running pandemic outbreak by
the COVID-19, Coronaviruses have been known to cause
two large-scale pandemics along the last two decades:
SARS and MERS (Middle East respiratory syndrome
coronavirus) [43]. Together with an array of published
articles on coronaviruses, the China CDC (Centers for
Disease Control and Prevention) published a guideline for
the public awareness on combating COVID-19 pandemic
[38].

Viral pathogenesis and the host immunity escaping
strategies

Dissemination of the COVID-19 is mediated by via cough
or sneeze droplets or direct contact within human-to-hu-
man [37]. The viral particles are thought to bind to the
angiotensin-converting enzyme 2 receptor in humans
thereby rendering the infected individual prone to the res-
piratory disorders [31]. The coronavirus pneumonia
develops within maximum 7 days with the early symptoms
of fever, headache, cough, congestion, pharyngalgia,
etc.[38—42]. The sequential secondary bacterial infections
are not surprising during the viral infections. Suppression
of the intricate innate antiviral responses induces the viral
infection. The SARS-CoV-2 RNA encodes at least two
proteases possessing the capacity of cleaving the cells of
the innate immunity [42, 43]. The viruses may replicate
extensively in the cytoplasm by modifying the intracellular
membranes to form specific replication organelles which
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protect the recognition of viral RNA by the innate immune
sensors [38, 40]. The viral endoribonuclease (RNase)
activity is another means of excaping the innate immunity.
Besides, the viruses can modify their RNAs to keep pro-
tected the recognition by the foreign RNA sensors of the
host immune cells [35, 39]. Moreover, the receptor-binding
domain (RBD) of viral spike can mediate the viral entry.
Interestingly, a monoclonal antibody (MADb) can bind to the
cell surface of the immunolglobulin G (IgG) Fc receptor
which in turn mediates the viral entry into the host as also
happens during the MERS-CoV infection [32, 38, 40].
Indeed, using the spike (S) protein, both the SARS-CoV-2
and SARS-CoV bind to the angiotensin-converting enzyme
2 (ACE 2) receptor of the host whereas MERS-CoV uti-
lizes the host receptor Dipeptidyl peptidase 4 (DPP4); and
it’s to be noted that SARS-CoV-2 possesses a longer spike
protein than that of SARS-CoV; and moreover, the SARS-
CoV-2 entry depends on the non-neutralizing antibodies
while in case of SARS-CoV, the neutralizing antibodies
block the viral entry whereas the MERS-CoV entry prin-
cipally depends on the host natural killer (NK) cell inac-
tivation [31].

Preventive strategies and public awareness

The 1918 HINI1 subtype pandemic followed the H2N2
pandemic in 1957; and the third pandemic was caused by
H3N2 subtype in 1968. An integrated interplay between
viral genome, host immunity including the dysregulated
pro-inflammatory response, and societal factors are usually
responsible for morbidity and mortality due to any epi-
demic- or pandemic outbreak [9, 19]. As discussed earlier,
the high pathogenicity exerted by the 1918 influenza virus
was due to the proteins encoded by the viral haemagglu-
tinin (HA) and polymerase gene segments [9, 19]. Lack of
appropriate humoral immunity; i.e., the pre-existing virus-
specific and/or cross-reactive antibodies and the shortage in
the cellular immunity can be another promoting factor for
the onset of viral infection [20]. Thus the anti-HA anti-
body, anti-NA antibody, and cell-mediated immunity are
very important for the protective immunity against influ-
enza [31]. Besides, (1) the genetic factors such as single-
nucleotide polymorphisms (SNPs), (2) the co-infections
with other bacterial pathogens, (3) malnutrition, (4) obe-
sity, (5) population demographics, (6) antibiotic resistance,
(7) climate change, etc. may influence the dreadfulness of
influenza virus infections [11].

Quick identification of suspect cases is the major step to
limit the spread of any transmissible virus. The identifi-
cation based on the molecular biological tools like the
sequencing and annotation of the viral genome as well as
the development of rapid diagnostic tests may facilitate the
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isolation of the infected persons to ensure others’ safety
[3, 41]. In the current time, the diagnosis of viral strains
responsible for influenza has spectacularly improved both
in terms of accuracy, speed and sensitivity by means of an
array of molecular diagnostic techniques. Moreover, the
risk assessment of the pandemic viruses has also improved
through the screening of the viral genome within the
infected individuals. Monitoring the possible mutations
within the viral genome is also possible.

The Public Health Emergency of International Concern
(PHEIC) along with the World Health Organization
(WHO) and the CDC (Centers for Disease Control and
Prevention) is already working on the pandemic cases with
set goals to maintain the global public health sustainability.
Respiratory hygiene (maintained by hand hygiene, safe
cough practice, and social distancing) is the most effectual
public health intercession as a preventive strategy against
the spread of respiratory viruses [41]. During the SARS
pandemic in 2003 the need for the quick detection of the
nucleic acid sequence evolved which is major break-
through in the diagnosis of viral infections [35]. Also, a
forceful home quarantine strategy was launched which is
currently being practiced to combat the transmission of
COVID-19 [35]. Moreover, as stated earlier, the CDC
guidelines described very well about the method of wear-
ing face masks, hand washing style, protective measures
while residing at home or in public gathering, different
disinfection and sanitation methods, etc.[42]. Such strate-
gies would further boost the medical observation at home
as well as go a long way to eliminate panic among the
general population during the pandemics [42].

Concluding remarks

An array of informative reports on especially the
pathogenicity and epidemiology on the pandemics of
influenza viruses are now a days well available in a huge
scientific and social database. Such information indeed,
from the Spanish flu pandemic in 1918 to the current
COVID-19 pandemic in 2020, have been really helpful to
develop different approaches prevent the circulation of the
different influenza subtypes and the dreadful B-coron-
aviruses; as well as to treat the virally infected patients.
Both pharmaceutical and non-pharmaceutical interventions
have been developed including the development of
drug/vaccine development, implementation of quarantine
measures, wearing protective cloths with glove and masks,
limiting the global travelling, maintain proper hygiene, etc.
The medical interventions employed different anti-viral
drugs and tried for the development of vaccines; however,
no appropriate vaccine has been developed till date to
circumvent these respiratory viruses. Rather, proper

medical nursing seemed to be useful along with ventilation.
To counteract the antigenic drift as stated earlier, increased
surveillance is needed along with the novel strategies to
develop the vaccine composition, production, formulation,
presentation, and delivery.

The policy makers working especially in WHO and
CDC, the public health experts, the specialist scientists and
other health professionals have long been working to pro-
tect human civilization from these dreadful virus outbreaks.
Current review is apparently devoid of new information on
influenza virus from the molecular point of virological
research; nevertheless, here some points have been
addressed which might be useful for gaining general
knowledge and the protective against the viral fatality by a
broad range of population. For the epidemiologists working
the densely populated developing or under developed
countries, the information (based on the published epi-
demiological and medical reports) especially regarding the
viral transmission, the time wave pattern of viral infection,
the possible failures in developing the appropriate vaccines
and the unfortunate events of neutralizing human immune
systems by the viruses (through the antigenic drift and/ or
the viral reassortment) could be of great importance for
outbreak predictions, pandemic planning and possible
public awareness.
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