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Introduction 
Influenza A virus is major respiratory pathogen responsible for 

causing highly contagious and acute respiratory disease. It belongs 
to the family of RNA viruses “Orthomyxoviridae” and has a 13.5kb 
genome with eight single-stranded (ss) RNA segments. These 
negative-sense ssRNA segments encode eleven proteins: HA, PB1, 
PB2, PA, NP, NEP, M1, NA, NS1, M2 and PB1-F2. HA protein 
facilitates entry of virus in the host cell, polymerase subunits PB1, PB2, 
PA and NP (nucleoprotein) assist in replication and transcription of 
viral RNAs. Nuclear export protein (NEP/NS2) and matrix protein 
(M1) plays a role in export of viral nucleoprotein from the nucleus 
to cytoplasm and their assembly into virion at plasma membrane. 
The NA protein assist in the release of virus from infected cells and 
NS1 protein acts as interferon antagonist inhibiting the host immune 
response. M2 protein is an integral part of viral envelope, forming pH 
regulated and highly sensitive proton conducting channels, essential 
for viral replication. PB1-F2 protein is an important determinant 
of virulence of influenza virus, increases the severity of secondary 
bacterial infections and also induces apoptosis [1]. 

In Influenza A virus, aquatic birds act as natural reservoir but 
it has the ability to infect variety of hosts like birds, human beings 
and swine [3]. Due to segmented nature of the genome, influenza A 
virus has high variability thereby undergoing re-assortment when a 
cell is infected with more than one virus [4]. This process of genetic 
reassortment results in generation of novel strains of influenza 
virus thus preventing the acquired immune response from previous 
infections, leading to recurrent epidemics and global pandemics. 

Influenza virus pandemics have been defined as global outbreaks 
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of the disease due to emergence of viruses with new antigenic subtypes. 
There have been four pandemics: the 1918 Spanish influenza, the 
1957 Asian influenza, the 1968 Hong Kong influenza and the 2009 
Swine influenza, resulting in more than a million deaths [5]. Between 
these episodes of pandemics, there have been various epidemics of 
grave severity. Influenza pandemics and epidemics are initiated by 
the introduction and successful adaptation of antigenic variation in 
the surface glycoproteins, Hemagglutinin (HA) and Neuraminidase 
(NA) assisting the virus in evading the host immune response [6,7]. 
On the basis of sequence analysis, a total of sixteen HA (H1-H16) 
and eleven NA (N1-N11) have been identified, combination of which 
results in major outbreaks [3]. The variation in viral genome occurs 
either as a result of minor antigenic changes over a period of time, 
facilitating escape from the existing immune response, known as 
“antigenic drift”, producing outbreaks of seasonal flu or by sudden 
major change in the genome as a result of genetic re-assortment 
where the genomes of two different strains of viruses are re-assorted 
creating a novel viral strain, process known as “genetic shift” [8]. The 
outbreaks of seasonal influenza are the result of frequent anti¬-genic 
drift, however in case of genetic shift, if the novel strain has virulence 
for human; it may give rise to pandemic situation, since humans are 
unlikely to generate appreciable immune response against the new 
virus. 

Earlier FDA had approved the drugs Amantidine and Rimantidine 
(M2 proton-selective ion channel protein inhibitors), but these drugs 
are abandoned for treatment owing to the high resistance (>99%) of 
Influenza A (H3N2, H1N1’09) virus for these drugs (CDC) Existing 
influenza treatment is limited to neuraminidase inhibitors and 
increasing number of drug resistance cases against these inhibitors 
has been reported which is serious matter of concern [9]. The 
most efficient treatment for influenza virus infection is through 
vaccination, thereby reducing the impact of pandemic influenza 
[10]. The currently approved vaccine provides an effective counter-
measure against influenza virus, but they provide humoral immunity 
against the surface antigen, which often undergoes antigenic drift. 
Hence, these vaccines need to be reformulated annually in order to 
generate immune response against the specific strain of virus that is 
predicted to circulate in the next season, which is a major limitation 
[11].

Bacterial Infections 
Influenza usually does not advance to death in healthy children 

and adults, however serious sequelae can occur with secondary 
or co-infection with bacterial pathogens, especially in immune-
compromised individuals with chronic health conditions like 
respiratory ailment, cardiac disease etc. Bacterial associated 
pneumonia is the most common source of increased mortality during 
the pandemic season. Bacterial pathogens may infect concurrently 
with the viral infection, the co-infection results in pneumonia thereby 
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increasing the severity of disease. Bacterial infection may also occur 
after the influenza virus has been cleared from lungs, and the host is 
more susceptible to secondary infections [12]. Secondary infections 
are facilitated by influenza-associated impairment of immune 
system, caused by enhanced release of inflammatory cytokines or by 
decreasing the ability to clear bacterial infections. 

Clinicians now have several ways to alleviate pneumonia through 
vaccines, antibiotics and antiviral therapies, thereby contributing 
to decreasing the burden of disease globally. It has been observed 
that influenza and pneumococcal vaccine in synergy, reduced 
hospitalization due to influenza and pneumonia significantly [13]. In 
the cases of suspected invasive bacterial infection, early initiation of 
antiviral therapy and appropriate antibiotics should be administered 
to increase the efficiency of the treatment. 

These measures however have limitations, which restrain their 
effectiveness. The over usage of antibiotics to combat bacterial 
infections, has contributed severely to the antibiotic resistance 
with evidence that MRSA (Methicillin-resistant Staphylococcus 
aureus) infections is responsible for increase in morbidity and 
mortality, especially among the children diagnosed with influenza 
[14]. Limitations include the delay in production of vaccines and 
stockpiling of antiviral and antibacterial drugs [15].

Pandemics
1918 H1N1 Pandemic

The 1918 Pandemic “Spanish flu” remains unprecedented in terms 
of severity, killing about 50-100 million people globally, hence often 
known as “mother of all pandemics” [16,17]. The causative organism 
was the H1N1 subtype of Influenza A virus with avian ancestral 
source. It was highly intriguing how the viruses of avian origin 
adapt to mammalian hosts and infect such different cell types. The 
examination of genome revealed the possibility of de novo adaptation 
of the avian virus by parallel evolution of genes in a novel (human) 
host [18]. The pandemic is believed to have originated from china and 
occurred in three waves, starting from a mild wave in spring season, 
followed by the most catastrophic and severe wave in fall and then 
the final mild wave in winter of 1918-1919 [19]. Pandemic reached 
Indian subcontinent through Bombay, thereby spreading North and 
south simultaneously, increasing the death toll to 10-20 million (38% 
of global mortality), making India the worst affected country in terms 
of mortality [16,19,20]. 

Although there were various theories regarding the severity 
of 1918 pandemic, the experts reached a consensus that the high 
mortality rate was due to secondary infections caused by bacterial 
pathogens (pneumococci, streptococci, staphylococci) colonizing the 
upper respiratory tract [21]. Experts believed that bacterial invaders 
infected in sequential manner, after the influenza virus cripple 
the pulmonary tissue [22]. Most commonly identified bacteria in 
the pandemic patients were S. pneumoniae, S. pyogenes and less 
commonly S. aureus and H. influenzae [23]. One of the most puzzling 
features of 1918 Pandemic was the W-shaped Influenza mortality 
curve with unusual burden among the young adults (healthy 
population between 20-40 years), instead of the usual U-shaped curve 
[6,18,24].Various reports have shown that the increased mortality in 
otherwise healthy young could be contributed by the excessive release 

of pro-inflammatory cytokines (IL-6, IL-8) and tumor necrosis factor 
(TNF-α) [25-27]. 

Another reason for the devastation by 1918 pandemic could be the 
rudimentary health practices with limited knowledge about disease 
prevention and control. The development of antivirals, vaccines 
and antibiotics to treat the secondary infections were still decades 
away, hence efforts to control the outbreaks were restricted to Non-
Pharmaceutical Interventions (NPIs), which included quarantine, 
prohibition of public gatherings and use of facemasks [28].

Spanish flu is still believed to be the worst public disaster in the 
history, killing millions of people. However, it brought to light the 
urgency to improve the public health care conditions across the globe, 
which led to major advancements in medical sciences, awareness and 
better preparedness for such un-anticipated outbreaks.

1957 H2N2 Pandemic 
After almost 40 years of Spanish flu, a novel strain of Influenza 

virus (H2N2) of avian origin, emerged in China in February 1957, and 
gave rise to a pandemic situation, killing around 500,000 to 2 million 
people worldwide [29]. After spreading across China, the Asian flu 
progressed to Singapore, Japan and Taiwan before traversing across 
the globe. The H2N2 strain was the product of re-assortment between 
the circulating human virus that introduced N2 and avian virus 
with H2 HA, as revealed from phylogenetic studies [1,30]. As with 
Spanish Flu, H2N2 virus would reappear in successive waves, second 
one being more severe than the previous one [31]. Asian flu reached 
India in May 1957 through the port of Madras, thereafter spreading 
throughout the country, leading to the death of about 1098 people 
from May 1957- February 1958 [32]. 

The Asian influenza had similar characteristics of increased 
deaths due to bacterial pneumonia with S. aureus, H. influenza and S. 
pneumoniae being the major pathogens that were isolated [21,22]. The 
Influenza mortality curve shifted towards younger age group, similar 
to 1918 Pandemic, suggesting the presence of pre-existing antibodies 
in elderly from the prior exposure [33]. By the time of Asian flu, 
global surveillance was used to determine the disease burden through 
a network of laboratories worldwide, linked to Influenza Research 
Center based in London [34]. After the catastrophic effect of Spanish 
flu, several measures were taken in the field of influenza research 
to be better prepared for such unforeseen situations, although the 
expertise was still inadequate. The 1957 pandemic was the first event 
to study the response of vaccination in large population that has not 
been exposed to the novel H2N2 strain of virus, but did not have a 
significant impact due to limited supply [35]. Antibiotics reduced the 
disease burden due to secondary bacterial infection; however they 
were not effective against viral infections [34]. The usage of non-
pharmaceutical interventions was minimum and the antivirals were 
yet to be developed [36]. Asian flu, though mild pandemic, emerged 
as a reminder of persisting global threat of Influenza virus.

1968 H3N2 Pandemic 
A decade after its emergence, Asian flu underwent genetic re-

assortment between human and avian strain via antigenic shift, giving 
rise to a novel H3N2 strain and triggering a new pandemic situation 
known as Hong Kong flu. Even though this strain of virus was highly 
contagious leading to rapid dissemination globally, it was still milder 
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than Asian flu with the mortality estimates of 500,000 to 2 million 
deaths worldwide [29]. After being first reported in Hong Kong 
in July 1968, it spread throughout Asia before reaching west coast 
of United States in August, England and Australia by September, 
Canada in December and France by January 1969 [30,33]. The H3N2 
virus reached Madras, India in September from Singapore followed 
by the reported decline in influenza activity during end of November 
and December in Madras. It gradually spread to entire Indian 
subcontinent with the appearance of most severe manifestation 
among children [37]. 

A characteristic shift in mortality curve was observed with highest 
fatality cases being reported among the children and elderly, forming 
a U-shaped mortality curve [38]. Similar to previous pandemics, 
it spread in two successive waves but the distinctive feature of this 
pandemic was that the number of associated deaths in the two waves 
varied with geographic location, with United states and Canada 
being more affected by the first wave, whereas Europe and Asia by 
the second wave, thereby following a smoldering pattern [33]. The 
relative amelioration of infection rates can be the consequence of the 
pre-existing antibodies to neuraminidase antigen (N2), similar to its 
antecedent Asian flu (H2N2) strain. 

The foremost complication during the Hong Kong pandemic was 
pneumonia (associated with Influenza and staphylococcus), but due 
to advances in the field of antibacterial therapies, the mortality rate 
was higher from primary influenza associated pneumonia rather than 
in synergy with secondary bacterial infections [22,38]. Similar to the 
other infective parts of the world, in India the pandemic was relatively 
mild with few complications like pneumonia, bronchopneumonia, 
streptococci and staphylococcus isolation from sputum, gastrointestinal 
symptoms etc. [37]. Due to less severity and low mortality rates, the 
control measures ascertain the use of vaccines and antibiotics in 
the case of secondary bacterial infections (pneumonia), rather than 
more costly non-pharmaceutical interventions [39]. The vaccines 
were developed against the circulating virus but were made available 
only when the pandemic had peaked indicating towards the lack of 
progress in healthcare strategies from 1957 Asian flu pandemic [40].

2009 H1N1 Pandemic 
The H1N1/09 virus commonly known as swine flu, emerged 

in April 2009 with Mexico being the epicenter and was declared as 
the first global pandemic of 21st century on 11 June 2009 by WHO 
[3,6,8]. Swine flu is believed to be the fourth generation descendant of 
Swine flu that was first described in 1918 and emerged from the triple 
re-assortment between human, swine and avian influenza A virus 
to form the H1N1/09 pandemic strain [3,6,31]. After the pandemic 
declaration, national pandemic preparedness plans were put in 
motion globally, which included the use of antiviral therapy, disease 
alleviation and treatment [41]. The virus spread at unprecedented 
speed across the world with the mortality estimates of 575,000. Similar 
to the previous pandemics of 20th century, the swine flu exhibited 
the wave pattern of dissemination, which varied geographically. For 
example in North America, the pandemic had a two-wave behavior 
with the peaks being observed during spring-summer and fall [42]. In 
India however three wave patterns was observed, with peaks during 
September 2009, December 2009 and August 2010 [43]. The index 
cases in India were identified from Pune, which soon spread to the 

entire nation [44]. 

The characteristics of Influenza H1N1/09 were similar to the 
seasonal influenza, infected individuals became more prone to 
underlying conditions, which further exacerbated the infection 
and increased the number of cases requiring hospitalization [45]. 
Complications seen in the patients included bacterial and viral 
pneumonia, asthma, lung and heart disease etc. Pneumonia caused by 
secondary bacterial infections and acute respiratory distress syndromes 
were the major cause of serious complications and mortality during 
1918 Spanish flu [21,46]. Bacterial co-infections also played a major 
role in fatal cases of H1N1/09 pandemic with the S. pneumonia being 
most prevalent, followed by S. pyogenes, S. aureus (MRSA), S. mitis, 
H. influenzae being isolated from lung specimen of fatal cases [47]. 
Similarly in India, the severity of pandemic was associated mainly by 
secondary infections, like primary viral pneumonia and secondary 
bacterial pneumonia along with exacerbation of other chronic health 
conditions [48]. Apart from secondary bacterial infections, there 
were reports of viral co-infection leading to further exacerbation of 
the disease. The respiratory viruses like RSV, rhino virus, corona 
virus, metapneumovirus, parainfluenza co-infected the pandemic 
H1N1 cases, increasing the severity of the disease [22]. There was 
a shift in mortality curve, with the younger populations (children, 
young adults and pregnant women), being worst affected because 
the elderly are more likely to contain neutralizing antibodies from 
previous exposure to H1N1 virus [49,50]. 

Since its emergence, H1N1/09 virus was more susceptible to 
antivirals that were neuraminidase inhibitors (oseltamivir, zanamir) 
and resistant to adamantanes (amantadines, rimantadines). The 
antivirals were found to be most effective in patients with severe 
influenza illness and reducing secondary bacterial infections, when 
started within 48 hours of the onset of symptoms [22,50]. In the area of 
limited antiviral availability, the decision to start the antiviral therapy 
was based clinicians judgment, as the patients with mild symptoms 
did not require the antivirals unless they are at the risk of associated 
complications [46]. Clinician also prescribed antibacterial drugs in 
case bacterial co-infection was suspected, taking into account the data 
regarding the frequency of pathogen isolated during the cases of co-
infection [3]. The alternative mode of treatment was vaccines, which 
were developed within 6 months and were the best tools to prevent 
the unforeseen spread of pandemic. Two types of vaccines were 
developed which were approved by FDA, adjuvant and non-adjuvant, 
both of which were safe and immunogenic, hence used widely during 
2009 Pandemic situation. 

The overall response to 2009 pandemic situation displayed 
a significant improvement in the preparedness plans by better 
surveillance schemes to ensure rapid detection and response to 
pandemics [50]. In comparison to previous pandemics, the pandemic 
of the 21st century was dealt with combined use of vaccines and 
antivirals, which undoubtedly reduced the morbidity and mortality. 
The non-pharmaceutical interventions like hand hygiene, isolation of 
symptomatic individuals, played an important role in containment of 
influenza pandemic [51].

Overall, the 2009 pandemic were mild but it caused a major socio-
economic burden, which was more comprehensively documented 
than previous pandemics of last century. Though it reinforced 
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optimism about better preparedness, but the cost-effectiveness of the 
healthcare facilities were still a matter of concern.

Conclusion 
Influenza pandemics are one of the major threats to the world 

because of their high morbidity and mortality. The influenza related 
mortalities are mostly not due to primary viral infection but due 
to secondary viral and bacterial pneumonia. Hence, strategy for 
prevention of future pandemics should give emphasis on the control of 
both bacterial and viral associated community acquired pneumonia. 
Another measure for better preparedness could be easy accessibility 
to antivirals, antibiotics and vaccines, hence priority should be given 
to better infrastructure facilities for rapid production of vaccines, 
stockpiling of antivirals and antibiotics. In addition to this, better 
sanitation and improved nutritional status of the society will go a long 
way in controlling the disease. The mortality surveillance plans would 
be helpful for better understanding of disease burden of influenza, 
the pathogens contributing to the mortality and the most vulnerable 
age group. It shall be helpful in designing more specific preventive 
strategies and thereby reducing the catastrophic effects of influenza.
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