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Abstract

Influenza A viruses belong to Orthomyxoviridae family and are known to cause infection in humans as well as a variety of mammals
and birds. The virus is transmitted between diverse species where it extensively utilizes the host biology for its evolution into new
pandemic strains. Not surprisingly, many aspects of the life cycle of Influenza A virus are intimately linked to the functions of host
cellular proteins and RNAs. Recent discoveries of viral and cellular factors mediating virus-host interactions have allowed scientists
to unravel the key molecular mechanisms of viral infection and escape from innate and adaptive immune responses. Recent
technological advancements and usage of genome-wide screens will help in identification of cellular proteins that assist or restrict
Influenza A virus life cycle, which in turn will not only further our current understanding of the molecular pathogenesis of Influenza
infection but also help to develop novel targets of antiviral strategies. In this review we summarize the techniques used to identify host
factors and examine the possible roles of the genes and pathways identified in the viral life cycle.
Keywords: Influenza, genome-wide, RNAi screening, mass spectrometry

Introduction

Influenza, commonly referred to as the flu, is an infectious disease
caused by RNA viruses of the family Orthomyxoviridae (the
influenza viruses), that infects birds and mammals. Influenza
virus causes annual epidemics and occasional pandemics due
to its contagious nature and high mutation rate [1]. These
epidemics claims 250000 to 500000 lives each year worldwide
(www.who.int/csr/disease/swineflu/updates). Pandemics are
highly deadly. For instance, the notorious 1918-1919 Spanish
flu killed at least 50 million people, and the most recent Hong
Kong Flu in 1968 killed about 1 million people worldwide [2-4].
There are three kinds of Influenza virus: A, B and C, of which
type A viruses are the most virulent human pathogens, causing
disease of maximum severity. Wild aquatic birds are natural
hosts of influenza A virus. Occasionally, viruses are transmitted
to other species and may often cause devastating outbreaks in
domestic poultry or give rise to human influenza pandemics [5-7].
Influenza A virus particle is made up of a viral envelope
containing hemagglutinin and neuraminidase glycoproteins,
wrapped around a central core. The central core contains eight
segments of negative sense RNA genome and other viral proteins
that package and protect viral RNA [8,9]. The viral RNA genome
encodes 11 proteins: hemagglutinin (HA), neuraminidase (NA),
nucleoprotein (NP), matrix protein 1 (M1), matrix protein 2
(M2), non-structural protein 1 (NS1), non-structural protein 2

or nuclear export protein (NS2 or NEP), Polymerase Acidic (PA),
Polymerase Basic 1 (PB1), Polymerase Basic 2 (PB2) and PB1-F2.
Each viral RNA (vRNA) segment forms a viral ribonucleoprotein
(vRNP) complex together with NP and a polymerase complex
(PB1, PB2, PA), which forms the fundamental unit for transcription
and replication of the viral genome [1,10-18].
Influenza viral particles, via hemagglutinin glycoprotein,
dock onto sialic acid sugar residues on the surfaces of host
epithelial cells, where these particles gain entry through
receptor mediated endocytosis [19]. Fusion of endosomal and
viral membranes leads to release of viral RNA and core proteins,
including accessory proteins and RNA-dependent RNA
polymerase, into the cytoplasm [20,21]. The vRNP complex is
transported into the cell nucleus mediated by interaction of NP
with importin-α [22,23]. Once inside the nucleus, transcription
and replication of viral genome is initiated by viral polymerases
together with NP [24-27]. Newly synthesized viral proteins
are either secreted through the Golgi apparatus onto the cell
surface, for instance neuraminidase and hemagglutinin, or
transported back into the nucleus to bind vRNA and form new
viral genome particles [28].
Influenza type A viruses have constantly evolving nature
and undergo two types of antigenic changes. One is a series
of mutations due to the error prone RNA synthesis that occurs
over time and causes a gradual evolution of the virus. This is
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called antigenic “drift”. The other kind of change is an abrupt
change in the hemagglutinin and/or the neuraminidase
proteins. This is called antigenic “shift”. In such cases, new
subtypes of virus suddenly emerge, which pose a continuing
threat of pandemics. Hence it is imperative to develop novel
interventional strategies to prevent their infection and spread
[1,29].
Influenza A virus on entering the host cell encounters
numerous cellular proteins in various compartments of
cells. Of these host proteins, many have been reported to
play significant roles in key stages of influenza A virus life
cycle. However much work needs to be done to decipher the
host factors negatively or positively regulating the virus
replication, the knowledge of which is essential for determining
potential drug targets. Additionally, research aimed at
elucidating the virus-host interactome can provide definite
answers to viral pathogenicity and host determinants which
make it species-specific.
One of the major developments in recent past is genome
wide screening using RNAi technology, mass spectrometry
etc. which has helped in identifying many proteins involved
in virus entry, replication and budding [30,31]. In this review,
we outline and discuss the analyses of such approaches
pertaining to Influenza A virus. First, we summarize the recent
genome-wide screens that have begun to reveal the depth
of virus-host crosstalk. Next, we survey host factors identified
to be interacting partners of viral proteins and their roles,
either proposed or validated, in viral replication and life cycle.

Review

Genome-wide evidence of positive and restrictive factors
regulating influenza a replication

Owed to the recent advancements in screening approaches
based on powerful genome-wide molecular techniques such
as yeast two hybrid screening for detecting protein protein
interactions, mass spectrometric analysis, large scale knockdown using interfering RNA (siRNA and shRNA) etc., it is now
clear that the interaction between Influenza and its host
cell is much more complex and intricate than previously
believed to be. Although many host molecules still remain
elusive, emerging data indicate that their identification and
characterization will provide new insights into the mechanisms
by which viruses complete their life cycle. Some of the most
significant genome wide screens aimed at unraveling virushost interactions have been highlighted below.
In the first of these screens, which was done by Hao et al.,
[32] (Table 1), the authors used Drosophila RNAi technology
by modifying the influenza virus genetically so that it infects
drosophila cells, wherein it expresses a reporter gene post
infection. Since, drosophila has high degree of similarity in
genome and pathways with vertebrates, it is a model system
that can contribute to our understanding of influenza biology.
Influenza does not normally infect insect cells, hence a
genetically modified virus in which the vesicular stomatitis
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virus G protein and a luciferase reporter replaced the viral HA
and NA open reading frames was used. Also, the virus does
not release virion particles into the medium. Therefore, this
screen supported the middle stages of the influenza virus
life cycle, such as release of viral vRNPs into host cytoplasm,
entry of vRNPs into nucleus, viral mRNA synthesis in the
nucleus, and export of mRNA into cytoplasm followed by
protein synthesis. In this study an engineered influenza virus
Flu-VSV-G-R.Luc was used with RNAi library against 13,071
genes (90% of the Drosophila genome) and 110 genes were
identified whose depletion in Drosophila cells significantly
affected reporter gene expression. Of those 110 candidates,
the human analogues of ATP6V0D1 (an ATPase), COX6A1 (a
cytochrome c oxidase subunit), and NXF1 (a nuclear RNA
export factor) were validated for their involvement in the
replication of influenza A viruses in mammalian cells.
The genome wide screening in the mammalian cells using
RNA interference approach was done by Brass et al., Konig et
al., and Karlas et al., using which they identified numerous
host genes necessary for viral replication. Brass et al., using
dharmacon siRNA library targeted 17,877 genes in U2OS
cells and screened for viral impairment by measuring surface
expression of viral protein HA [33-35] (Table 1). They identified
over 120 human host factors required by Influenza A virus
during its entire life cycle including entry, uncoating, vRNP
trafficking, transcription, nuclear export, translation, and
trafficking of HA to the surface. They further validated the
role of IFITM3 (interferon inducible transmembrane protein
3) as an inhibitor of viral replication [36]. The screen by Konig
et al., [37] (Table 1), was performed in A549 cells, targeting
19000 host proteins. Interestingly, they used a modified
influenza A/WSN/33/virus in which the HA coding region is
replaced by a Renilla luciferase reporter gene (WSN-Ren).
Since the recombinant virus lacks HA, the life cycle of the
virus is incomplete, causing host factors involved in stages
of virus assembly and budding to remain elusive. Using this
luciferase-assay based RNAi screen Koing et al., identified 295
host factors. The screen performed by Karlas et al., [38] (Table 1)
used a similar approach as Koing et al., They studied the
entire viral life cycle, from viral attachment to budding, by
assaying the viral infectivity using fluorescently labelled NP
and luciferase activity in siRNA-treated, virus-infected A549
cells. This screen helped in identification of 287 human genes
important for influenza virus replication.
Shapira et al., [39] (Table 1) combined the results of yeast
two-hybrid analyses, genome-wide transcriptional gene
expression profiling and an RNAi screen. They identified
1745 host factors which were further narrowed down to 616
by siRNA experiments. They also examined which cellular
gene products were differentially expressed in primary
human bronchial epithelial cells when exposed either to
influenza virus or viral RNA. Mayer et al., in 2007 [40] (Table 1)
used proteomics-based approach to identify cellular factors
associated with reconstituted purified vRNPs. They used NP-
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Table 1. A brief outline of different genome-wide approaches aimed at identifying cellular factors associated with influenza A virus
replication.
Group

Screening approach

Cell line used

Virus strain

Host Gene/Factors Targeted

No of Hits

[42]

Mass spectrometry

Vero

A/WSN/33 (H1N1)

Host factors packaged within
virion particle

36

[40]

Mass spectrometry

HEK293T

A/WSN/33 (H1N1)

Extracts from infected HEK293T
cells

41

[43]

RNAi Screen

HEK293T,
A549

Polymerases and vRNPs of A/WSN/33
(H1N1);
A/VN/1203/04 (H5N1)

31

18

[32]

RNAi Screen

Drosophila
cells

Recombinant virus A/WSN/33 (H1N1)

13,071

110

[34]

RNAi Screen

U2OS

A/Puerto Rico/8/34 (H1N1)

17,877

133

[38]

RNAi Screen

A549

A/WSN/33 (H1N1)

22,843

227

[37]

RNAi Screen

A549

Recombinant virus A/WSN/33 (H1N1)

19,628

295

[39]

Yeast 2 Hybrid,
microarry, RNAi screen

HBEC

A/Puerto Rico/8/34 (H1N1);
A/Udorn/307/72 (H3N2)

1,745

606

[41]

RHGP

MDCK

A/Udorn/307/72 (H3N2)

Host genes conferring resistance
to cells against influenza virus

110

Strep as a bait to purify vRNPs from the infected cells and
identified co-purified cellular factors using mass spectrometry.
Using the same technique they co-purified polymerase
associated complexes. Using these approaches the group
identified 41 proteins associated with viral vRNPs, of which
they characterized the role of Nucleophosmin (NPM) as host
factor necessary for viral polymerase activity. PARP-1 and
importin-β3 were two novel host proteins identified in the
screen using viral polymerase as a bait. In an entirely novel
effort Sui et al., [41] (Table 1) designed and used random
homozygous gene perturbation (RHGP) to identify and
validate the host targets that provide resistance to the host
cell against influenza infection. This technique involves the
use of RHGP library which consists of unique lentiviral-genetic
element known as Gene search vector (GSV). GSV either knocks
down the target gene (antisense integration) or produces its
altered phenotype (sense integration). After the integration
of RHGP library in the host cells, the cells are infected with an
MOI which under normal condition causes cell death. Using
this technique Sui et al., identified 110 host factors that render
resistance to host cells against influenza virus.
Enveloped viruses like influenza have a capability to
incorporate host intracellular and membrane proteins during
viral packaging. There are a number of such host proteins
known, which have been reported to be packaged in viral
particles and also documented to interact with viral structural
proteins. However the probable functions of such proteins
remain unclear and further studies are required to explore
their exact mechanistic roles and their potential candidature
as anti-viral drug targets. In such an effort, Shaw et al., [42]
(Table 1) for the first time studied host factors which are
incorporated in the influenza virion particles. In this study,
Shaw et al., utilized an approach based on mass spectroscopy

to identify host cellular proteins incorporated in purified virion
particle and got 36 hits. These include cytoskeletal proteins
(actin, tubulin, cofilin), annexin family members (A1, A2, A4, A5
and A11), two members of teraraspanin family (CD81 andCD9),
CD5, cyclophilin A and other glycolytic enzymes.
In another study, Bortz et al., [43] (Table 1) used RNAi technology to assess host factors interacting specifically with viral
ribonucleprotein complex (vRNP) and viral polymerases, in
order to study their role in regulation of viral polymerases
and host adaptation in H5N1 and H1N1 infected cells. As
part of this approach, 31 host factors previously identified
by Shapira et al., were silenced and viral polymerase activity
was measured using minigenome reporter assay. This led to
identification of 18 proteins including RNA binding proteins
(DDX17, DDX5, NPM1 and hnRNP), cellular stress proteins
(PARP1, Ku70/86, and DDB1) and molecular transport proteins
(KPNA1, KPNA3, HSP90, HSP70, and RanBP5).
Owed to its well-established and frequently refined protocol
and relatively inexpensive methodology, traditional Yeast 2
Hybrid (Y2H) has been widely exploited in flu research to screen
almost entire cellular proteome including membrane proteins,
subcellular compartmental proteins and transcription factors
[44]. Y2H is one of the few techniques which identifies direct
protein-protein interactions, albeit providing relatively low
number of hits in the screen. Therefore it is not surprising that
a large number of host cellular factors have been identified
as interacting partners of influenza viral proteins based on
this technique. Hsp40, Clusterin, Karyopherin A, actinin-4
and actin are few examples of cellular interactors of viral
NP identified using Y2H [45-49]. Similarly, M1 has been
reported to interact with Annexin A6 and Cyclophilin A [50,51].
CEACAM6 has been shown as a host interacting partner of
NA, the interaction playing a role in cell survival during viral
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replication [52]. Recently NS1 and NS2 have been screened
using Y2H for a total of 79 host factors including AIMP2, SCRIB,
CPSF4, PIK3R1, PIK3R2, MAPK9, CRK, STAU1, PRKRA, ADAR1,
TARBP2 and ILF3 [53]. Hence Y2H based screens continue to
contribute appreciably to the ever-building data on host
factors involved in virus life cycle.
Next generation sequencing (NGS) represents a revolutionary
development in the present era of sequencing technology.
It is a new-age high-throughput DNA sequencing technique
which has considerably influenced animal virology in the field
of diagnostics and host virus interaction. Though it has been
recently introduced, NGS has found extensive applications
in metagenomics-based strategies for the discovery of novel
viruses, whole viral genome sequencing, detection of viral
genome variability, and the study of viral dynamics [54].
Particularly, in influenza virus research, the need for whole
genome sequencing has stemmed from the sudden emergence
of H5N1 subtype and H1N1 pandemic, which gives rise to the
urgent need to understand the evolution, transmission and
molecular epidemiology of these viruses [54-56]. Indeed, NGS,
by making possible sequencing of many full genomes, has
paved the way for better understanding of the emergence and
transmission of influenza viruses [56]. In line with this, Huang
et al., [57] used NGS technology to generate sequence of the
duck genome and performed deep transcriptome analyses
to characterize gene expression profiles and to identify host
genes responsive to avian influenza virus. A comparison of
gene expression profile was carried out between ducks infected
with DK/49 and GS/65 subtypes of H5N1 virus and control
ducks. This analysis revealed down-regulation of a number
of host immune-related genes including growth factors
(e.g. BMP1-5, EGF, FGF9 etc.), chemokines (CXCL12, CXCL14
etc.) TNFSF11 and IL17 in infected birds when compared to
controls. By contrast, all five interferon genes (IFNA, IFNE, IFNG,
IFNK, IL28A), thirteen growth factors (BMP8, FGF8, EFNA1 etc.),
CC chemokine genes (CCL4L2, CCL5, CCL6, CCL17 etc.), ten
interleukin or interleukin receptor genes (IL1, IL6, IL10, IL13 etc.)
and RNA helicases (DDX58, IFITM3 and IFIT1–IFIT3) were found
to be up-regulated. However, only this study has extensively
investigated the host gene expression profile in response to
infection and much work still needs to be done to utilize next
generation sequencing platforms to unveil multiple layers of
host-virus interactome and extend our current knowledge
of the host genes playing a role in influenza infection [57].
In the screens described above, around 1500 genes were
identified as capable of assisting Influenza A replication. It is
interesting to note that each of these screens has identified a
distinct and previously uncharacterized set of genes/factors,
covering only a small percentage of the whole genome, with
only a small overlap among different screens. Hence much
work still needs to be done to formulate a more comprehensive
and general strategy utilizing these genome-wide screens in
order to unbiasedly dissect the yet unexplored host circuitry
involved in influenza viral life cycle.

doi: 10.7243/2052-6202-2-2

Known cellular factors involved In the influenza a life
cycle

Besides the genome-wide screens described above, there
have been many studies, as described below, focusing on
particular stages of the viral life cycle and the cellular processes
and individual cellular factors identified as being associated.

Viral entry and uncoating

The viral replication cycle is initiated by binding of its major
surface protein, hemagglutinin, to sialic acids that are
omnipresent on the glycolipids and glycoproteins exposed
on the surfaces of cells and its subsequent internalization. The
first protein shown to be required for endocytosis was clathrin,
which mediates the primary route of endocytic internalization
into cells with the requirement for the adapter protein epsin 1.
However, non-coated vesicles are also observed, due to either
release of clathrin or to the presence of non-clathrin-coated
pathways. Several cellular proteins such as GTPases Rab5 and
Rab7/protein kinase C b II (PKCbII), Rab10, interferon-inducible
transmembrane proteins (IFITM1, IFITM3, IFITM3) have been
identified and validated for their involvement in virus entry
and endosomal movement inside the cell [32,34]. Studies
have also identified subunits of coatomer (COPI) vesicular
transport complex, ARCN1, COPG, COPA, COPB2, which have
functions in retrograde transport from Golgi–ER [32,34,37-39].
Virus disassembly or uncoating occurs in the acidic
environment of late endosomal vesicles, which is crucial for
the uncoating process in two ways. First, low pH triggers a
conformational change in the HA, exposing a fusion peptide
that mediates the merging of the viral envelope with the
endosomal membrane, thus opening a pore through which
the viral vRNPs are released into the host cell cytoplasm [58].
Second, hydrogen ions from the endosome are pumped into
the virus particle via the M2 ion channel. Acidification further
facitilates dissociation of the viral nucleocapsids from the M1
matrix protein [59]. The vRNPs are subsequently released into
the cytoplasm and imported into the nucleus. Several subunits
of V-type ATPase complex are identified to have functions in
both acidification and fusion of the cellular compartment of
endosomes, knockdown of which causes inhibition of viral
replication [32,34,37-39].

Transport of vRNPs across nuclear membrane

In order to accomplish nuclear import the viral genome utilizes
cellular transport machinery. The transport of vRNPs in the
nucleus is likely mediated by at least two nuclear localizing
signals (NLS1 and NLS2) present on NP [60], facilitating the
import of vRNPs through nuclear pore complex (NPC). Also
cellular factors importin α1,α3 and α5, RanBP3, RanBP5 are
reported to bind NP, PB2, PB1, and PA [61-63] which are involved
in this process. In the large scale screening approaches two
nuclear pore complex subunits Nup98 and Nup153 have
been identified [32,34,37-39]. All these factors are utilized by
viral proteins to import newly formed vRNPs into the nucleus.
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Viral RNA and protein synthesis

The replication and transcription of viral RNA takes place
in infected nucleus by trimeric viral RNA dependent RNA
polymerase. The vRNPs transported into the nucleus undergo
viral mRNA synthesis and are then replicated via complementary
RNA (cRNA). PB1 has the RNA dependent RNA polymerase
activity, PA is involved in cap-snatching process from the host
mRNA via its endonuclease activity, and PB2 contains the cap
binding domain. The viral nucleoprotein NP which associates
with the viral RNAs is a fourth essential cofactor of the viral
replicative complex [24-26]. Influenza virus RNAs carry at their
5’- and 3’- ends conserved nucleotide sequences of 13 and 12
bases, respectively. These sequences are in part complementary
to each other which leads to formation of a partially doublestranded promoter structure. The viral RNA dependent RNA
polymerase binds to and initiates RNA synthesis at these
promoter structures of the viral RNA segments. A number of
cellular factors have been identified which play role in RNA
synthesis including BAT1/UAP56, Tat-SF1, MCM complex, DNA
dependent Polymerase II and Hsp90 [64-69]. Cellular factor
BAT1/UAP56, an mRNA splicing factor belonging to the DEADbox family of RNA-dependent ATPases, helps in the formation
of NP-RNA complex via its interaction with NP, thus enhancing
viral RNA synthesis. NP-RNP complex formation is facilitated
by Tat-SF1, which acts as a molecular chaperone for NP. Viral
RNA synthesis is then catalyzed by viral polymerases. Cellular
factor Hsp90 acts as a molecular chaperone of polymerase
subunits, and is involved in viral RNA polymerases and nuclear
transport prior to the formation of mature ternary polymerase
complex. MCM complex is also known to interact with RNP
complex through PA. MCM promotes the association between
the nascent cRNA and viral polymerases, thus increasing the
efficiency of viral replication by stabilizing the polymerase
complexes. It is also reported that the viral RNA-dependent
RNA polymerase interacts with the serine-5 phosphorylated
carboxy-terminal domain (CTD) of the largest subunit of RNA
polymerase II (Pol II) and plays a role in the recruitment and
stimulation of capping enzyme to snatch host mRNA cap, which
is required as primer for the initiation of viral mRNA synthesis.
It is worth noting that a number of factors engaged in host
mRNA splicing have been identified in many screening studies
for unraveling host factors involved in influenza virus life
cycle. Some of these factors include, NXF1 involved in export
of host spliced mRNA, PTBP1, SF3B1, SF3A1, p14, NHP2L1,
SNRP70 [34,38,39]. This indicates the importance and involvement of host mRNA splicing in viral replication. The virus
uses the host cell’s splicing machinery for its own purpose
and at the same time prevents the host cell from using it for
processing the host cell mRNAs. For example, NS1 binds to U6
small nuclear RNAs (snRNAs) and other splicing components
[70], causing them to re-localize to the nucleus of infected
cells. NS1 has also been shown to interact with a novel protein
called NS1 binding protein (NS1-BP), the interaction causing
it to re-localize to the nucleus in infected cells. The function
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of NS1-BP is unknown, although it is predicted to be involved
in splicing given its co-localization with SC35, a spliceosome
assembly factor [71].
Influenza viral protein translation relies upon the interactions
of trans-acting factors with both ribosomal RNAs and cisacting determinants in the mRNA. Influenza virus protein
synthesis is a cap-dependent process mediated by highly
conserved sequences contained in the 5'UTRs of the viral
mRNAs. Although the influenza virus 5'UTRs are predicted
to contain little secondary structure, they result in profound
stimulatory effects on viral protein synthesis in infected cells,
while substantially inhibiting host cell protein synthesis [ 64].
GRSF-1, a member of the RNP superfamily of RNA binding
proteins, interacts with viral 5' UTR and is a critical determinant
in the selective translation of viral mRNA [72]. P58IPK, the
cellular inhibitor of PKR, regulates influenza virus mRNA
translation by interfering with PKR’s ability to phosphorylate
eIF2α, thus inhibiting host mRNA traslation and promoting
viral protein synthesis [73].

Export of vRNPs from the nucleus

The newly synthesized vRNPs are exported out from the nucleus
via the CRM1 dependent pathway through the nuclear pore
complex. NP has been shown to interact with CRM1 directly,
although no GTP hydrolysis activity could be detected [74].
M1 also has a critical role in vRNP export, M1 interacts directly
with the vRNPs through the C-terminal end of the protein. It
has been shown that the N-terminal portion of M1 can bind to
NEP (Nuclear export protein), thus masking the NLS [75]. NEP
has also been shown to bind to CRM1 with the accompanying
GTP hydrolysis that normally occurs in CRM1-dependent
export pathway. Therefore, it is hypothesised that M1 binds
to the negative sense vRNPs, as well as to NEP. In turn, NEP
binds to CRM1, and through this “daisy-chain” complex, the
vRNPs are exported out of the nucleus. In another study a
direct interaction between M1 and heat shock conjugate
Hsc70 has been reported and strongly implicated in nuclear
export of vRNP-M1 complex [76].

Viral assembly and budding

After the exit of vRNPs from the nucleus viral particles are
formed, which later bud out from the cell. Since influenza is
an enveloped virus, it uses the host cell’s plasma membrane to
form the viral particles. All viral components including vRNPs,
Matrix protein M1, and envelope proteins HA, NA and M2, are
transported to and assembled at the apical plasma membrane
[28]. NP and M1 have been reported to be associated with
host cytoskeleton protein such as actin and actinin-4 which
indicates a possible role in vRNP translocation to the budding
site [48,49,77]. In the screening carried out by Brass et al.,
depletion of COPI subunits led to reduced expression of HA
on the plasma membrane of the host cell, thus indicating
involvement of these proteins in transport of viral glycoproteins
(NA and HA) to the cell surface. It has been reported that viral
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M2 plays an important part in viral packaging. Viruses that
had M2 tail deleted or partially mutated produce elongated
particles. M1, which is present underneath the lipid bilayer,
is important in the final step of closing and budding off of
the viral particle [78]. However, not many host factors, except
actin and Rab11 [79] have been identified till date which take
part in viral budding.

Conclusion

doi: 10.7243/2052-6202-2-2
to unravel new pathways and mechanisms employed by the
virus, thus not only enhancing our current understanding
of viral life cycle but also developing novel interventional
strategies to combat future epidemics and pandemics.
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