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Abstract Influenza is a major public health concern,
infecting 5-15% of the global population annually. Influ-
enza virus belongs to family Orthomyxoviridae, and has
three types A, B and C. Infection by influenza virus A is
most common and severe, generally found in humans. It
spreads rapidly and affects human population across large
geographical region within short period of time with
varying degree of pathology from mild to severe. Wild
aquatic birds and other animal species like birds, pigs,
ferret, horses, seals, whales, mink, giant anteaters, cats and
dogs are the reservoir for the influenza A virus. Influenza B
and C viruses have very limited host range and appear
predominantly in humans. Influenza virus gains pandemic
potential through genetic reassortment called “genetic
shift” with complete renewal of surface antigen and a small
but gradual genetic change by mutations which make it to
adapt efficiently in human population called “genetic
drift”. Although, the epidemiology related to influenza
infection has been studied from several years but some
facts associated to disease transmission has poorly under-
stood. This article reviews the important aspects of viro-
logical, epidemiological and clinical features related to
influenza virus for better understanding of disease trans-
mission and its pathogenesis.
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Introduction

Influenza virus infection is a highly contagious airborne dis-
ease that causes acute febrile respiratory illness and results in
variable degrees of systemic symptoms, ranging from mild
fatigue to respiratory failure and death. Generally, it occurs
during winter season of both Northern and Southern hemi-
spheres. It leads to high morbidity rates for people of all ages
and high mortality rate particularly for children and adults
over 60 years old, patients with chronic illnesses and pregnant
women [1-4]. A report by World Health Organization shows
that there are 3-5 million severe influenza cases and
250,000-500,000 mortality every year.

Influenza virus belongs to family Orthomyxoviridae,
and has three types A, B and C. Infection by influenza virus
A is most common and severe, generally found in humans
[5, 6]. Wild aquatic birds are the primary reservoir for the
influenza A virus, in which infection is largely intestinal,
waterborne, and asymptomatic. It also naturally infect a
variety of other animal species like birds, pigs, ferret,
horses, seals, whales, mink, giant anteaters, cats and dogs.
Influenza B and C viruses have very limited host range and
appear predominantly in humans. Type B influenza is
usually associated with a mild form of the disease and is
more common in the pediatric population. Infection with
type C is infrequently seen (Table 1).

Recent pandemic of swine flu infection (HIN1) in 2009
has greatly affected human population worldwide which
was the first devastating pandemic of twenty-first century,
caused high morbidity and mortality in humans. According
to WHO, approximately 526,060 cases of pandemic HIN1/
09 infection and at least 6770 deaths were reported all over
the world by 15 November 2009 [7]. This has suddenly
arisen in North America and spread rapidly in Europe, Asia
and South Africa via human to human transmission within
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Table 1 Properties of the subtypes of influenza virus

Properties A B C
Occurrence Most frequent Very low Rare
Severity Virulent Mild Not virulent
Outbreaks Pandemic/epidemic [6] Epidemic [6] Sporadic [6]

Mutation & recombination rate

Reservoir Wild aquatic bird

Host range Wide (Human, Birds, Horse, Pig, Ferret, mice)
Subtypes Many with different combination of 16 HA & 9 NA
RNA genome Consist of eight segments

High (antigenic shift and antigenic drift)

Low (only antigenic drift) No recombination
No No

Limited to human Only in humans
No subtypes No subtypes

Eight segments Seven segments

a short period of time. Influenza virus gains pandemic
potential through genetic reassortment called “genetic
shift” with complete renewal of surface antigen. A small
but gradual genetic change also occurs by mutations which
make it to adapt efficiently in human population called
“genetic drift”. Pig acts as a reservoir for influenza virus
and doesn’t show any significant respiratory illness against
HINI infection while it is fatal in other mammalian species
(human, monkeys, ferrets, macaques and mice). This
review will focus the basic virology related to current 2009
pandemic virus, epidemiology, clinical features, diagnosis,
treatment and vaccines which would help in understanding
the pathogenesis associated to influenza virus. It would also
highlight the molecular determinants of HIN1 virus that
causes immunopathogenesis in human during infection and
host’s immune response against swine flu virus (HINI1)
that enhances pathogenesis/severity of infection (leading to
the death of host).

Influenza Virus

All three subtypes of influenza virus (A, B, C) are similar
in structure but vary antigenically. Influenza viruses are
about 80-120 nm in size, roughly spherical/ovoid in shape.
All contain single-stranded, negative-sense, segmented
RNA genome (having eight segments of variable length).
These encodes 11 proteins including nine structural
[Polymerase proteins—polymerase basic protein 1 (PB1),
PB1-F2, PB2 and polymerase acidic protein (PA), surface
glycoproteins—haemagglutinin (HA) and neuraminidase
(NA), Nucleocapsid protein—nucleoproteins (NP), Matrix
proteins—M1, Ion pore protein—M?2] and two nonstruc-
tural proteins (NS1 and NS2) respectively [8].
Structurally, virus is enclosed by outermost envelope
made up of lipid bilayer from host membrane that consists of
two surface glycoproteins, HA and NA which act as anti-
genic determinants and induce humoral immune response in
host (Fig. 1). HA is mainly responsible for virus attachment
to target cells and entry of viral genome into the host cell
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while NA participates in release of progeny virus particles
from infected host cells by cleaving terminal sialic acid
residue on host cell surface. Influenza A virus is classified
into subtypes on the basis of these surface glycoproteins. To
date, 16 serologically distinct HA and 9 NA have been
identified and are sequentially named as H1, H2, H3 and so
on and N1, N2...... etc. Currently, H1, H2 and H3 in com-
bination with N1 and N2 are most frequently circulating
types in human. Remaining subtypes remain to be zoonotic,
causing disease mainly in fowl and nonhuman primates
[5, 6]. Viral proteins encoded by segmented RNA genome
have various functions biological as well as in pathogenesis
during infection. The three largest RNA segments encode
proteins PA, PB1 and PB2, jointly act as a RNA dependent
RNA polymerase (RdRP). PB1 gene segment also encode
small 87 residue nonstructural protein PB1-F2 having
apoptotic function [9]. Surface proteins HA, NA and NP are
encoded by intermediate sized RNA segments. Remaining
RNA segments encode M1 matrix protein and M2 ion pore
protein. Two nonstructural proteins NS1A and NS2/NEP are
encoded by very small RNA segments, functions of all these
proteins are shown in Table 2. Influenza virus make entry
into host by attachment to surface glycoproteins containing
sialic acid residue on host respiratory epithelium cells with
help of viral surface HA protein as shown in Fig. 2. To date,
human influenza viruses isolated from 1957 and 1968 pan-
demics and recent pandemic swine origin influenza virus A
(SO-IVA) HINI virus preferentially bind to cell-surface
glycoproteins or glycolipids containing terminal 2-6 linked
sialyl-galactosyl moieties [Neu5Ac(x2-6)Gal] while Avian
influenza virus prefer o2-3 linked glycan sialic acid
[NeuSAc(@2-3)Gal] [10]. Recent studies depict that pan-
demic 2009 HIN1 (SO-IVA) virus is well adapted to
mammalian hosts and binds to both «2,6-linked and o2,3-
linked cellular receptors, which are present in conjunctiva,
distal airways, and alveolar pneumocytes [11]. The viral HA
molecules found in the form of trimers play another role in
release of viral ribo-nucleoprotein particles (VRNP) into the
cytoplasm [12]. The HA precursor (HAQO) contains two
domain, one sialic acid receptor binding domain (HA1) and
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Fig. 1 Structure of influenza
virus
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Table 2 Viral proteins & its functions in pathogenesis

S. no. Viral proteins Function

1 HA (haemagglutinin) Viral entry into target cell

2 NA (neuraminidase) Release of viral particles from target cells and help in dissemination
of virion particles throughout respiratory tract

3 PA (acidic polymerase protein) Endonuclease activity and help in cap snatching mechanism

4 PB1 (basic polymerase protein-1) Viral mRNA transcription by 5’ cap snatching mechanism

5 PB2 (basic polymerase protein-2) Unprimed replication of viral mRNA

6 PBI1-F2 Apoptosis of host cell

7 M1 (matrix protein) Role in attachment of VRNP to cell membrane & provide stability

8 M2 (ion-channel protein) Help in releasing of vVRNP from endosome to cytoplasm

9 NP (nucleoprotein particle) Participate in the nuclear import and export of VRNP & viral replication

10 NS1 (nonstructural protein-1) Suppress IFN-f and host protein production

11 NS2 (nonstructural protein-2) Help in nuclear import of vVRNP

remaining ectodomain (HA2) also called as fusion peptide,
both linked by disulfide linkage. Virus is internalized within
endosome through the mechanism of receptor mediated
endocytosis. After internalization, M2 viral protein (Ion
channel protein) play role in acidification of endosome by
enhancing proton transport from cytoplasm. Hence, acidi-
fication of the endosomes facilitate irreversible conforma-
tional changes in HA leads to dissociation of HA1 from the
endosomal membrane and enable HA2, a fusion peptide to
attach to the endosomal membrane. All this process initiates
the fusion of the viral and endosomal membranes, resulting
in the release of the RNP into the cytoplasm [13, 14].

A number of X-ray crystallographic and NMR studies
revealed that M2 protein is 97 residues long and has a
transmembrane (TM) domain and a C-terminal cytoplasmic

amphipilic helix. The tetramers of TM helices are arranged
in a specific way to form a proton channel [15]. According to
A. Okada et al., the highly conserved residues His37 and
Trp41 of TM helices located in the proton channel are critical
in the proton transport process. His37 is protonated at low pH
which triggers proton flow [16] and at high pH Trp41 resi-
dues positioned adjacent to His37, are clustered to form a
channel gate that blocks the proton channel. At low pH, this
gate opens up in association with the rearrangement of TM
helices [10]. In future, new therapeutic drugs may be
designed that target these two conserved amino acid residues
which interfere in the arrangement of TM helices and in turn
block proton transport in endosome and indirectly block viral
replication in host cell. The vRNP attached to the lipid
bilayer membrane via M1 matrix protein are released into
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Fig. 2 Life cycle of influenza virus A

cytoplasm through M2 channels due to influx of protons from
endosome to virus. The released vVRNP are transported into
nucleus by recognition of the NLSs sequences (nuclear
localization sequences) on NP [17]. Multiple copies of NP
molecules are complexed with viral RNA genome and
polymerase complex and also participate in export of VRNPs
and viral replication and interact with host proteins [18]. In
nucleus, viral polymerase initiates viral transcription via
“cap snatching mechanism” in which PB2 of viral
polymerase complex binds to 5’ cap (m’GTP) of a host
pre-mRNA by its cap binding domain (PB2,,) and PA
polymerase subunit (that has endonuclease and protease
activities) [19], cleave a phosphodiester bond 10-13 nucle-
otides downstream of the cap and initiates viral m-RNA
transcription at the cleaved 3’ end of the capped segment)
[20-22]. These nascent viral m-RNAs are transported to the
cytoplasm for translation into viral proteins (HA, M2 and
NA) that are processed in the endoplasmic reticulum (ER),
glycosylated in the Golgi apparatus and transported to the
cell membrane. The P complex also replicates viral RNAs by
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different mechanism called unprimed replication in two
steps [(—) VRNA — (4+) cRNA — (—) vRNA] which
require NP molecules that is deposited on the cRNA to form
VRNP. This newly synthesized VRNP exported to the cyto-
plasm through M2-NS2 complex. The exported vVRNAs
reach the cell membrane and to be incorporated into new
viruses that are budded out and then disseminated by the
activity of NA [11].

Epidemiology

Influenza infection spreads around the world as seasonal
epidemic every year. While, pandemic occurs rarely every
10-50 years, through which a new version of the influenza
virus emerges in human population causing serious out-
break of disease. Pandemics lead to widespread illness and
death even in otherwise healthy people who do not have
any prior immunity against newly emerged antigenically
and genetically novel influenza virus, responsible for social
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disruption and economic loss. The first pandemic was
documented in sixteenth century [23]. In the last 400 years,
at least 31 pandemics have been recorded [24]. Three
major pandemics have been documented during the twen-
tieth century, mortality impact of which ranged from
devastating to moderate or mild—the “Spanish” flu in
1918-1919 (caused by a HIN1 subtype of influenza virus
A), the “Asian” flu in 1957-1958 (H2N2 subtype), and the
“Hong Kong” flu in 1968-1969 (H3N2 subtype) [25]
(Table 3). The 1918 influenza A pandemic HIN1 was
particularly severe with high death rate among young
adults than Asian and Hong Kong flu. The overall attack
rate and the age distribution of cases were not dramatically
different from those observed during other pandemics of
sixteenth century [26]. The 1957 pandemic was caused by
H3N2 influenza virus and originated in China with highest
attack rate (>50%) in young children aged 5-19. Genetic
analysis studies revealed that it was an assortment virus
possessing five genes similar to 1918 HINI virus and
remaining three acquired from avian influenza virus (H2,
N2 and PB1). This reassortment event was followed by
replacement of H2 and PB1 gene with avian H3 and PB1
genes to create the 1968 Hong Kong influenza (H3N2)
virus [27]. Recently, the incident of 2009 pandemic of
twenty-first century occurred worldwide by HINI1 influ-
enza virus as a result of multiple reassortment events
including avian, human and swine influenza A virus strains
[28].

Epidemiology of 2009 Pandemic HIN1

A novel influenza A (HINI) virus of swine origin (hereafter
named as SO-IVA) emerged in Mexico and USA in early
April 2009. It spread rapidly across 206 countries by 15
November 2009. Approximately 526,060 cases of pandemic
HIN1/09 infection and at least 6770 deaths were reported
[7]. The World Health Organization (WHO) declared its
pandemic alert to the phase 6, highest level on June 11, 2009
indicating widespread community transmission on at least

Table 3 Pandemics of influenza virus infection

two continents [19]. In India as of 20 January 2010, the
Ministry of Health and Family Welfare (MoHFW) reported
over 28,000 confirmed cases and 1152 deaths giving a case
fatality rate of 4%. The first SO-IAV death was reported on
3rd August in Pune. Studies show that Pune, Delhi and
Mumbai have been the worst affected cities in India. The
disease pattern in severe cases of this pandemic was quite
different from the epidemic of seasonal influenza infection
(HINT) in that it greatly affected healthy young people and
had higher transmissibility than seasonal influenza but lower
clinical severity than the 1918 influenza pandemic [29, 30].
This novel SO-IVA emerged with completely new genome
by reassortment of gene segments of avian, human and swine
influenza viruses, when all three viruses simultaneously
infected the same cell within intermediate host, i.e., Pig
(mechanism called “antigenic shift”). Pig that acts as a
reservoir for influenza virus continually harbors influenza
viruses from different sources without any significant illness.
Accumulation of gradual and small point mutations due to
the polymerase activity of error prone RARP in viral genome
makes it able to cross the interspecies barrier and cause of
epidemic (antigenic drift).

Genetic characterization studies revealed that the cur-
rent pandemic HIN1 virus is antigenically similar to 1918
Spanish flu virus but it was quite different from seasonal
HINT1 virus (that was causing epidemic outbreaks since
1970 and was maintained in human population). Many
Laboratory and epidemiologic studies demonstrated that
these antigenic similarities between the 1918 virus and the
2009 HINI1 resulted in long-term immunity against infec-
tion with 2009 HIN1 for many persons born before 1947
showed decreased risk of 2009 HINI infection among
older adults compared to younger age groups [31, 32]. It
contained completely new antigen by reassortment of gene
segments from different sources within intermediate host
pig. Pig act as a reservoir of avian as well as human HIN1
virus. It exhibits the combination of gene segments that
previously has not been reported in swine and human
influenza viruses in the United States or elsewhere. The NA
and M segments of this virus have been considered from

Pandemics during nineteenth century

Influenza pandemics during

twentieth centur devastating pandemic
y gp

“Asian” flu (1957-1958) (moderate)

“Hong Kong” flu (1968-1969) (mild)

Influenza pandemics during “Swine flu” (2009)

twenty-first century

“Asiatic (Russian Flu)” 1889-1890
“Spanish” flu (1918-1919)

1 million death, strain H3N8

Most deadliest pandemic caused by HIN1, >500,000
people died in the United State and up to
50 million people worldwide [70]

Caused by new H2N2 strain and killed two million
people [23]

Caused by H3N2 strain and killed one million
people [25]

Strain (HIN1), 6770 deaths reported till 16 Nov [7]
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Eurasian swine genetic lineages of avian origin (1979), the
HA, NS and NP gene segments are of classical swine lin-
eages which also came from avian virus during 1918. The
PB1, PB2 and PA genetic lineages were identified to triple
reassortant swine viruses, of which PB1 came into pig
indirectly from birds that was first seeded to human around
1968 and then from human to pig population in North
America in 1998. The PA and PB2 also came into swine
population of North America from birds around 1998 [33].
The outcome of all these studies represents that the new
virus is made from pieces of flu viruses that infect pigs
from North America, pigs from Eurasia, and pieces from
human and bird flu viruses that were all mixed together and
acquire the ability of pandemic potential to efficiently
infect human population (Fig. 3).

Clinical Features

Influenza strains circulate throughout the year and cause
seasonal epidemics with one or two peaks during rainy
season in tropical countries. It can seriously affect all age
groups, but the highest risk of complications occurs among
children younger than age two, adults age 65 or older and

Fig. 3 Origin of pandemic
2009 HINI virus (SO-IVA)
Available sequence data
indicate that currently
circulating pandemic 2009
influenza virus A (SO-IVA) are

-

Wild Aquatic Bird
{Awvian Influenza virus A)
l

people of any age with certain medical conditions such as
chronic heart, lung, kidney, liver, blood or metabolic dis-
eases (such as diabetes), or weakened immune systems.
Generally, seasonal influenza shows mild to moderate
respiratory infection with high attack rate and low mor-
tality while pandemic has high mortality due to highly
virulent strain [34, 35]. Clinical features concerned to
seasonal influenza are the sudden onset of high fever,
cough (usually dry), headache, muscle and joint pain,
severe malaise (feeling unwell), sore throat and runny nose.
It is self limiting, so most of the people recover from fever
and other symptoms within a week without requiring
medical attention. But influenza can cause severe illness or
death in people at high risk. The time from infection to
illness, known as the incubation period, is about two days
(range, 1-5 days). Accurate diagnosis of influenza A or B
infection based solely on clinical criteria is difficult
because of the overlapping symptoms caused by the vari-
ous viruses associated with upper respiratory tract infection
(URTI) that present influenza like illness (ILI). Common
symptoms of the flu such as fever, headache, and fatigue
are the result of the huge amounts of proinflammatory
cytokines and chemokines (such as interferon or tumor
necrosis factor) produced from influenza-infected cells. In

<

wWild Aquatic Bird

({Avian Influenza virus)

related to two distinct lineages [ | | [HINI]
of swine influenza viruses, one _{(1918) _ (1968) (1998) ]
from North American and North I‘““““ Noeth r‘mmca North ]-'\meﬂca (1979)
another from European pig g 4 Human AR ) Eurasia
populations. The six segments . @ B " {H3N2) & T
of SO-IVA derive from swine = [PB1] Y~
viruses of North America and Classcal Swine b ' Avian (H1N1)
H1N1 .. (1998)
that the NA and M genes from ll-li\. i )Ns] | [PB2, PA] y
Europe and Asia 5 Aok
< @Y
P +( L U
=y <
Human (H3NZ2) Eurasian Swine
[PB1] [NA, M]
Triple Reassortment
|
PB2
PB1
g PA
2009 (H1N1) A
SO-IVA i
NA
M
NS

Origin of Pandemic 2009 H1N1 Virus (SO-IVA)

@ Springer



Proc. Natl. Acad. Sci. Sect B. Biol. Sci. (January—March 2012) 82(1):111-121 117

addition, several serious viruses, including adenoviruses,
enteroviruses, and paramyxoviruses may initially cause
influenza like symptoms. The early presentation of mild or
moderate cases of flavivirus infections (e.g. Dengue) may
initially mimic influenza. ILI includes a person with sudden
onset of fever >38°C, cough or sore throat and/or running
nose in the absence of other diagnoses. In severe cases of
influenza, adults are accompanied by severe myalgias and
dry cough with or without hemoptysis and children below
5 years of age present cough or difficult breathing or fast
breathing with any of the following signs, i.e., chest in
drawing or stridor in a calm child. The myalgias of sea-
sonal influenza infection are peculiarly severe and are
localized to the neck and back. Retro-orbital pain is com-
mon, and conjunctival suffusion may be present in severe
seasonal human influenza A but conjunctival suffusion may
be present in avian influenza (H5N1) but is uncommon
with swine influenza (H1N1) [36, 37].

Pandemic influenza A affects primarily young healthy
adults rather than the very young, elderly, and immuno-
compromised. Most fatal cases have occurred in young
healthy adults. Clinical manifestation associated with
pandemic HIN1 (2009) virus infection with mild symp-
toms in affected individuals shows symptoms like seasonal
influenza infection but in severe cases it deeply affect
lower respiratory tract leading to Pneumonia that begins
abruptly [38]. A proportion of affected patients also pre-
sented gastrointestinal symptoms such as diarrhea and
vomiting. Critically ill patients show acute respiratory
distress syndrome (ARDS) with refractory hypoxaemia
resulting in respiratory failure and in severe condition
secondary bacterial infections, septic shock and multi-
organ dysfunction. This is evidenced by one study on
hospitalized patients with 2009 HIN1 influenza in the
United States during April-June 2009. This study reported
that hospitalized patients typically present with fever
(98%) cough (88%), shortness of breath (60%), fatigue
(43%), runny nose (38%), sore throat (31%), headache
(34%), and myalgia (36%) [38]. These patients usually
present symptoms within a week of exposure and are
infectious for about 8 days after onset of symptoms [1].
Most of the human infections with pandemic 2009 HIN1
results in self limiting uncomplicated disease with clinical
symptoms similar to seasonal influenza. Clinical signs
atypical for seasonal influenza including vomiting and
diarrhea have been reported, in a relatively large proportion
of cases. Some patients have required hospitalization
because of severe pneumonia and respiratory failure, with a
fatal outcome. In contrast to seasonal influenza, a sub-
stantial proportion of the cases of severe illness and death
have occurred among previously healthy adults aged
18-50 years, as well as among adults with underlying
disease and pregnant women cases [39, 40].

Host Immune Response and Immunopathogenesis

The most consistent histopathological findings suggest that
main pathological changes associated with fatal cases of
HINI infection are localized to the lungs with varying
degrees of diffused alveolar damage with hyaline mem-
branes and septal edema tracheitis and necrotizing bron-
chiolitis [41, 42]. Cytopathic effect has also been found in
the bronchial and alveolar epithelial cells, epithelial
hyperplasia, and squamous metaplasia of the large airways
with pulmonary vascular congestion and alveolar hemor-
rhage. It not only infects cells of upper respiratory tra-
cheobrochial epithelial cells and mucosal glands but also
infects alveolar epithelia cells (type-I and II pneumocytes).
Influenza viral proteins were also detected in alveolar
epithelial cells, macrophages as well as in epithelial cells of
upper respiratory tract.

Although, the pattern of Innate and adaptive immune
response in patients affected with pandemic 2009 HIN1 (SO-
IVA) are not fully characterized but the data related to lung
pathology of influenza infected patients represents that influ-
enza virus infection induces a dysregulated and complex
network of host immune responses. Host response involves
early innate immune response as well as humoral and cell-
mediated responses. Innate immune response show first line of
defense against infection and mediated by the production of
Type I Interferon (IFNy) that are produced by infected respi-
ratory epithelial cells and alveolar macrophages (AMs).
Respiratory epithelial and AMs are primary targets for influ-
enza virus HINT and H5NI. Infection causes necrosis and
apoptotic death of epithelia and AMs that triggers innate
immune response by producing Pro-inflammatory cytokines
[Tumor necrosis factor (TNF-), interleukin [IL] 2R, inter-
leukin (IL-1) and chemokines [Monocyte chemoattractant
protein (MCP-1), regulated on activation, normal T-cell
expressed and secreted (RANTES), MIP-1¢/f8 (macrophase
inflammatory protein-10/f), interferon induced protein (IP-1)
and IL-8)] [43—46]. The release of extreme Pro-inflammatory
cytokines and chemokines generate exaggerated inflamma-
tory response resulting in recruitment of monocytes/macro-
phages, neutrophils, Dendritic cells (DCs) and lymphocytes
into alveolar spaces, thereby further amplifying these pro-
inflammatory cascades. There is evidence that this early
inflammatory pathology contributes severe disease, especially
with the highly lethal HSN1 viruses. Comparative studies with
highly pathogenic pandemic (2009) HIN1 [SO-IFA], avian
influenza virus and seasonal influenza virus HINT1 in primary
human cells in vitro demonstrate that HSN1 induces proin-
flammatory cytokines more strongly as compared to pandemic
(2009) HINT1 virus [SO-IVA] and seasonal HINT1 virus and
that seasonal and pandemic (2009) HINTI viruses induce
similar proinflammatory mediated immune response[47].
In vivo studies revealed that patients who died or who had
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ARDS had higher plasma level of interleukin-6, interleukin-
10 and interleukin-15 throughout the illness and of granuol-
ocyte colony-stimulating factor, interleukin-1c, interleukin-8,
and interferon—inducible protein 10, and tumor necrosis
factor during the late phase of illness [48].

Few in vitro studies of H5NI1 infection on primary
human monocyte derived macrophages reports that HSN1
infection induce higher level of cytokines and chemokines
such as TNF-o, IFN-f, IL-6, IL-1f, CXCLI10/IFN-y-
inducible protein 10 (IP-10), CCLS5/RANTES, CCL2/
MCP-1, CCL3/MIP-1a,, and CCL4/MIP-1f, when com-
pared to seasonal HIN1 and S-OIV [49-51]. Similarly,
H5N1 virus genotypes differentially up-regulate these
cytokines from alveolar epithelial cells in vitro. There are
two proteins p38 kinase and IRF3 (IFN regulatory factor 3)
which play important roles in HSN1-mediated up-regula-
tion of IFN-f, TNF-o and IFN-41 transcription by different
pathways. TNF-a, IFN-f and IFN-A1 are three cytokines
act as primary mediators directly induced by H5N1 virus
and others being the result of complex autocrine/paracrine
cascade. In this differentially activated cytokine response
induced by H5N1 virus it is not fully understood that which
of these mediators are primarily induced by the virus and
which ones result from autocrine or paracrine feedback. It
has been reported that NS1 protein of human influenza
viruses help virus to evade the antiviral defenses of the host
by inhibiting IRF3 (IFN regulatory factor 3) activation
which is a transcription factor of IFN-f [4, 52]. So, there
may be the possibility that seasonal HIN1 and S-OIV
produce little cytokine and chemokines responses. It has
been recently reported that mediators from H5N1 virus-
infected macrophages amplify and broaden the cytokine
cascade through their interaction with alveolar epithelial
cells. This study reveals that cyclooxygenase 2 (COX2)
plays a regulatory role in this cytokine cascade and that
COX2 inhibitors modulate this response [53]. In mice
infected with HSN1 virus, others have shown that COX2
inhibitors enhanced the beneficial effect of antiviral drugs
[54].

These findings reflect that viral genetic factors solely not
responsible for varying degree of pathogenesis induced by
influenza virus. But differential host immune responses
especially innate immune responses have need to be
explored.

Diagnosis

For diagnosis of influenza virus infection four tests are
available that have been performed in the clinical labora-
tories. These include rapid antigen test (RIDT—rapid
influenza diagnostic test), direct immunofluorescence assay
(DFA) test, viral culture and molecular diagnosis by
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reverse transcriptase polymerase chain reaction (RT-PCR).
RIDT lack sensitivity as compared to virus culture method
and molecular methods and require technical expertise. It
does not distinguish between various types of influenza
such as seasonal HIN1, H3N2 and 2009 HIN1. DFA and
virus culture have ability to distinguish between other
respiratory viruses such as adenovirus, parainfluenza,
respiratory syncytial virus and metapneumomvirus that
commonly circulate with influenza virus during influenza
season but unable to distinguish subtypes of influenza
virus, time taking and require expertise in microscopy. The
most sensitive and reliable method is performing molecular
techniques such as RT-PCR that distinguishes all influenza
viruses targeting on conserved matrix M1 gene, followed
by RT-PCR assay specific for different influenza A hae-
magglutinin genes, which would discriminate between
pandemic H1, seasonal H1 and seasonal H3 viruses. Thus,
Nucleic acid-based approaches are superior to conventional
nonmolecular tests (such as RIDT, DFA and culture
methods) because of their rapidity, excellent sensitivity,
specificity and ability to distinguish between seasonal and
pandemic influenza A, often in a single step. The negative
results from RIDT and DFA test do not confirm the
absence of pandemic HIN1 (2009) so confirmation of cases
is only made by real-time RT-PCR and viral culture
according to CDC guidelines [55, 56].

Treatment

Two classes of antiviral compounds are widely accepted for
the treatment of influenza viruses that is licensed by the US
FDA. Adamantanes grouped drugs (amantadine and riman-
tadine) block the activity of the viral M2 proton channel, thus
preventing virus uncoating and inhibiting release of the viral
genome into host cells [57]. The second group of drugs is NA
inhibitors (Oseltamivir/Tamiflu and zanamivir/Relenza) that
bind and block enzymatic activity of the viral NA protein [57].
This prevents efficient release of mature virions from the
surface of infected cells and thereby limits viral spread. A
current study on treatment implies that drug Oseltamivir
resistant strains of seasonal HIN1 and H5N1 have been
emerged, although most HIN1 viruses remain sensitive to
zanamivir [58, 59]. The researches have been made to develop
novel antivirals due to continuous emergence of Oseltamivir
resistant strains among highly pathogenic HS5N1 viruses
which may cause another devastating pandemic in future [60].
Although early isolates of the novel swine-origin pandemic
HINI influenza A virus were demonstrated to be susceptible
to the commonly used antivirals, some Oseltamivir-resistant
mutants of this virus have recently been reported [61, 62]. The
global influenza surveillance network (GISN), supported by
WHO Collaborating Centres had identified 35 Oseltamivir-
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resistant pandemic HINI1 influenza viruses worldwide by
October 16,2009, all exhibited H275Y mutation which causes
resistance to Oseltamivir, but not to Zanamivir [63]. Thus, itis
evident that new antivirals are continuously needed. Although
a number of studies have proposed multiple excellent strate-
gies for the future development of novel anti-influenza drugs
[64, 65] an influenza epidemic emerges during each winter’s
flu season.

Vaccine

Each year there are two flu seasons due to the occurrence of
influenza at different times in the Northern and Southern
Hemispheres. Hence, WHO recommended two vaccines
per year for seasonal epidemics of influenza, one for
Northern and another for Southern Hemisphere. The most
common prevailing influenza A subtypes that infect
humans are HINI1 and H3N2. Each year, the trivalent
vaccine used worldwide contains influenza A strains from
HINI1 and H3N2, along with an influenza B strain. Flu
vaccines are available either as TIV [injection of trivalent
(three strains; usually A/HIN1, A/H3N2, and B) inacti-
vated vaccine] or LAIV (nasal spray of live attenuated
influenza vaccine). Every year these vaccines are refor-
mulated with identifying circulating strains of influenza
virus A and B in Northern and Southern geographical
region that have been confirmed by WHO. The composi-
tion of virus vaccines for use in the 2009-2010 Northern
Hemisphere influenza season recommended by the World
Health Organization on February 12, 2009 [66] was an
A/Brisbane/59/2007 (H1N1)-like virus; an A/Brisbane/10/
2007 (H3N2)-like virus; a B/Brisbane/60/2008-like virus
[67]. Since the A/Brisbane/59/2007 (H1N1)-like virus used
in the vaccine is an unrelated seasonal strain of influenza, it
probably cannot create immunity to the new, non-seasonal
strain of influenza A virus subtype HIN1 responsible for
the 2009 swine flu outbreak [68]. Annual vaccine formu-
lated during 2010 Southern Hemisphere winter season
consist of an A/California/7/2009 (HIN1)-like virus; an
A/Perth/16/2009 (H3N2)-like virus; a B/Brisbane/60/2008-
like virus [69]. The HINT1 strain, i.e., A/California/7/2009
(HINT1)-like virus used in this composition is the same
strain used in the 2009 flu pandemic vaccine [69].

Conclusion

Influenza virus infection is a zoonotic disease that spreads
rapidly and greatly affects human population across the
large geographical regions within a short period of time.
The segmented nature of viral genome augments the
diversity of virus through genetic reassortment, in addition

to normal mutation. High mutational rate in surface gly-
coproteins such as HA and NA enhances capacity of virus
to adapt efficiently in human population and makes it
responsible for varying degree of pathology from mild to
severe. Although, the epidemiology related to influenza
infection has been studied from several years but some
facts associated to disease transmission has been poorly
understood.

To overcome the disease researches have been done in
field of vaccine formulation to develop a universal vaccine
that will be effective against any type of influenza strain.
Chemotherapy against influenza infection includes few
drugs such as Oseltamivir and Zanamivir available in
market. Excessive uses of these drugs in treatment of
seasonal and pandemic influenza in post-prophylaxis cases
are also challenged by emergence of drug-resistant
mutants. A lot of research has been done all over the world
but knowledge is still required for better understanding the
molecular mechanism behind several unrevealed metabolic
pathways triggered by virus during pathogenesis which will
further help in designing new drugs and vaccines.
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