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Abstract
Influenza continues to baffle humans by its constantly changing nature. The twenty-first century has witnessed considerable
advances in the understanding of the influenza viral pathogenesis, its synergy with bacterial infections and diagnostic methods.
However, challenges continue: to find a less expensive and more reliable point-of-care test for use in developing countries, to
produce more efficacious antiviral drugs, to explore ways to combat emerging antiviral resistance and to develop vaccines that
can either be produced in a shorter production time or can overcome the need for annual matching with the circulating influenza
strains. Most importantly for India, as a nation that suffered the highest mortality in the influenza pandemic 1918, there is an
urgent need to gear up our existing preparedness for the next pandemic which is capable to hit at any moment in time.
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Introduction

A century has elapsed since the most fatal epidemic known in
mankind which killed over 50 million people – the Spanish
influenza pandemic of 1918. India was the focal point of this
pandemic in terms of mortality with deaths between 10 and 20
million (about 8% of the population at that time). The epidemic
in India originated in Bombay in September 1918 where the
troops infected with influenza returned from the First World
War [1]. Several pandemics have followed with lower mortality
and morbidity in the years 1957 (Asian flu), 1968 (Hongkong
flu) and 2009 (Swine flu) [2]. Despite the advances in diagnos-
tics, antiviral drugs and vaccines the threat of a severe pandemic
like 1918 looms large as the novel InfluenzaAviruses of avian or
swine origin continue to infect the humans.

Sporadic cases of Influenza occur throughout the year.
Transmission of the virus depends on two important environ-
mental factors – temperature and humidity. Epidemics in tem-
perate zones generally occur in dry and cold winters as the
influenza virus is known to be more stable in cold with
greatest transmission at 5 °C and least above 30 °C [3].

However these transmission dynamics cannot be applied to
tropical countries where the average humidity and tempera-
tures are higher and epidemics are observed during the mon-
soons. Diurnal variations in humidity and temperature and
household exposures have been postulated as possible mech-
anisms in these regions though the exact reasons for monsoon
peaks in tropics remain elusive [4].

As of 14th July 2019, the data from National Centre of
Disease Control reported over 26,000 cases and 1000 deaths
due to influenza since the beginning of this year even when the
peak season had just begun [5]. Influenza surveillance studies
from India have identified three major patterns of influenza cir-
culation: Srinagar situated in north most part (latitude of 34° N)
has its peak circulation like temperate regions during the winter
(January–April) probably due to the climatic similarity. Late
monsoon peaks have been observed at the opposite end in
Chennai and Vellore situated in the South west. Whereas rest
of India has peak activity coinciding with the rains (June–
October) with minor peaks during winter [6]. This has a signif-
icant relevance for vaccination strategy for India.

The incubation period is about 1–2 d with a range of 1–4 d
[7]. The viral shedding occurs from the day prior to symptoms
and lasts for about 3–5 d in adults and for several weeks in
young children and immunocompromised. The primary mode
of transmission of the virus is by large size droplets. Particles
<10 μm in diameter are more likely to cause infection in the
lower respiratory tract.
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Influenza Virus

Influenza viruses A, B and C belong to Orthomyxoviridae
family and are enveloped negative strand RNA viruses.
Negative means they have opposite polarity of the RNA that
forms template for protein synthesis required for their viral
replication. Though the three viruses have a common genetic
ancestry, genetic reassortment is limited to within each specif-
ic virus genus and not across the types.

The surface glycoproteins present on the envelope of the
virus – hemagglutinin (HA), and neuraminidase (NA) play a
critical role in their pathogenesis as well as form the main
targets for neutralizing antibodies against the virus.

In 1980, WHO established a standard nomenclature for
identifying the influenza viruses. It consists of the antigenic
type (A, B or C); host of origin (in case the virus has not been
isolated from humans); geographical region of origin; number
of lineage; year of isolation and, for Influenza A viruses only,
HA and NA subtype, described by letter and number, H1 to
H16 known to date, and N1 to N9 [8]. For example, the pan-
demic Influenza A of 2009 is denoted as A/California/04/
2009(H1N1) for Influenza type A, isolated first in
California, lineage number 04, year of 2009 and type H1N1.

Pathogenesis

HAbinds to the sialic acid residues expressed on the columnar
epithelial cells of the respiratory tract and the alveolar type II
cells. It is important to note that Avian influenza viruses pref-
erentially bind to sialic acids via alpha 2,3 linkages present on
alveolar type II cells and ocular epithelium [9] while human
influenza viruses bind to 2,6 linked sialic acids present in the
upper respiratory tract epithelium. Due to localisation of the
human influenza virus mainly to the upper respiratory tract,
there is greater risk of transmission of human influenza viruses
than Avian flu [10]. However strains that are able to infect the
lower respiratory tract cause more inflammation and severe
complications. For example, H1N1 pandemic flu of 1918 was
both highly transmissible as well as virulent, while the 2009
H1N1 was highly transmissible but had moderate virulence.
As opposed, H5N1 and H7N9 have low transmissibility but
high virulence [11].

The HA attachment results in endocytosis of the virion and
fusion with the endoplasmic membrane which in turn acti-
vates the matrix protein 2 (M2) ion channel. M2 facilitates
the virion entry into the host nucleus for replication. The
Influenza A viruses carry 8 negative sense RNA segments.
These negative sense RNAs therefore require RNA polymer-
ase carried with the virus into the cell to be copied onto the
template. Viral replication includes the stages of assembly,
budding and scission. NA helps to release these newly formed
virions which are either expelled through the tract by droplet

secretions or infect other cells. In this manner the virus spreads
from cell to cell. The immune response of the host’s body to
clear the virus can result in cell apoptosis. In severe cases
necrosis of the alveolar epithelium can occur which clinically
leads to acute respiratory distress. Either or both the impaired
viral clearance and exaggerated host immune response can
account for the severity of the illness [12].

Antigenic Shift and Drift

The HA glycoprotein is constantly evolving and the minor
antigenic changes occur through accumulation of spontaneous
point mutations to form antigenically distinguishable strains
with very limited cross-sectional genetic diversity. This phe-
nomenon is referred to as antigenic drift and occurs in
Influenza A, B and C viruses. When a sudden genetic
reassortment takes place with a creation and introduction of
a novel HA, NA or both segments from a zoonotoic reservoir
into the currently circulating human viruses, it is called as an
antigenic shift. This phenomenon occurs only in Influenza A.
For example antigenic shift took place with swine H1N1 in
1918 then later to H2N2 in 1957 and to H3N2 in 1968 with re-
introduction and co-circulation of H1N1 since 1977 [13]. The
consequences are dramatic as it affects an immunologicaly
naive population and results in an unpredictable pandemic.

Clinical Manifestations

Over 50% of infections can be asymptomatic. Symptoms in-
clude acute onset of high fever, coryza, cough, headache,
prostration, malaise which persist for 7 to 10 d. Fatigue asso-
ciated with this illness take weeks to resolve.

In general, influenza illness is self limiting. High risk fac-
tors for developing complications are elderly, children, preg-
nant women and those with chronic conditions like asthma,
hematological disorders, neurological disorders, metabolic
disorders, congenital heart disorders and being immunocom-
promised [14].

Primary viral pneumonia, acute respiratory distress syn-
drome (ARDS) and pulmonary edema occur due to bronchi-
olar and alveolar cytopathology and cytokine storm.
Secondary bacterial pneumonia post-influenza usually occurs
during resolution, however 32% of patients with viral pneu-
monia can develop a concomitant bacterial pneumonia which
is clinically challenging to distinguish [15]. Streptococcus
pneumoniae is the commonest causative organism of second-
ary bacterial pneumonia in children. The viral-bacterial syner-
gism is not clearly understood but the damaged respiratory
epithelial lining with facilitation of access to the receptors,
viral suppression of the neutrophil functions and even direct
interaction between the virus on the surface of gram positive
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bacteria like Streptococcus pneumoniae and Staphylococcus
aureus have been proposed as possible mechanisms [16].

It has been estimated that 3–5% of children suffer from
influenza associated acute otitis media annually. Co-
infection with bacteria increases the severity of the infection.
Influenza associated myositis presents with severe bilateral
myaligia in the lower limbs and reluctance to walk for about
2–3 d. The most common muscles affected are the gastrocne-
mius and soleus. In these children the creatinine phosphoki-
nase can be high, myoglobinuria can also occur. Rarely rhab-
domyolysis has been reported [17]. The commonest neurolog-
ical complication is febrile seizures, reported in about 5%
infants and young children. Influenza associated encephalop-
athy can occur due to direct infection of the central nervous
system through viremia and presents as sudden onset of fever
with convulsions and rapid progression into coma and can
cause severe neurological deficits in survivors. Imaging may
reveal bilateral thalamic necrosis and brainstem involvement.
Fulminant myocarditis is a rare complication presenting with
arrhythmias and cardiogenic shock. Hematological picture
can vary from mild to severe leucopenia, thrombocytopenia
including a serious complication of hemophagocytic
lymphohistocytosis (HLH).

Death due to influenza occurs either due to the primary
virulent infection or secondary bacterial infection or an in-
crease in physiological load in a person with an underlying
chronic condition.

Diagnosis

The availability of the nucleic acid amplification test (NAAT)
test like the Reverse Transcriptase Polymerase Chain Reaction
(RT-PCR) has revolutionised the diagnosis of influenza. These
are highly sensitive and specific and are regarded as the gold
standard assays. Loop-Mediated Isothermal Amplification-
Based Assay (LAMP) based approach have also demonstrated
a very high sensitivity of 98% and specificity of 100% when
compared to RT-PCR assays [18].

The major limitation of the NAAT bases tests is the high
cost in resource-limited settings. The cheaper, Rapid Influenza
Diagnostic tests (RIDT) using monoclonal antibodies are
available for point of care. But the results are dependent on
the prevalence of influenza with greater positive predictive
value and false positives occurring in peak periods of influen-
za circulation.

Virus can be traditionally isolated by inoculation of speci-
men into permissive cell lines or embryonated eggs or it can
be isolated with a quicker turn-around time of 1.4 d by prop-
agation of viruses in mammalian cells grown in shell vials
(Shell Vial Culture).

Direct Fluorescent antibody tests have a reasonable good
sensitivity of 60–80% in comparison with viral cultures for

seasonal flu, its sensitivity varied between 38 and 93% during
the pandemic H1N1when compared to the PCR results. These
can differentiate Influenza A and B viruses but cannot be used
for subtyping.

Serological tests help to determine presence of influenza
specific antibodies following infection and vaccination. Most
commonly used are Hemagluttination Inhibition Assay (HIA)
and Virus Neutralisation Assay (VN) and Enzyme
Immunoassays (EIA), but these tests have lower sensitivities
compared to NAAT tests.

Treatment

The neuroaminase inhibitors like Oseltamivir and Zanamivir
are the mainstay for treatment and help to inhibit the
neuraminase which plays a critical role for cleavage of virion
from infected cells and its spread to other host cells. Presently
Oseltamivir is recommended as the first-line for treatment of
influenza in children. It is less efficacious in treatment of
Influenza B than A. The indications for initiating treatment
are in those children with suspected influenza with high risk
of complications or with severe illness requiring hospitaliza-
tion. The dosage recommended are based on weight: 30 mg
twice a day in less than 15 kg, 45 mg twice a day between 15
and 23 kg, 60mg twice a day between 24 and 40 kg and 75mg
twice a day above 40 kg and in adults. In infants the recom-
mended dose is 3 mg/kg twice a day while once a day dose is
recommended in neonates less than 2 wk. The drug is best
administered with food to reduce its gastrointestinal side-ef-
fects, commonest being vomiting. Dose modification is re-
quired in those with renal insufficiency. The treatment dura-
tion is five days, but longer duration can be given based on the
clinical response. Such patients requiring longer duration of
drug should be evaluated for antiviral resistance. Resistance
should also be suspected in contacts of patients with
Oseltamivir resistance who develop infection.

The alternative antiviral, Zanamivir given by inhalation is
approved for age more than 7 y and should not be given in those
with underlying airway disease. The older antivirals, Amantidine
and Rimatidine are no longer recommended since 2006 due to
the increased global resistance causing treatment failures.

There are several challenges in the pharmaceutical treat-
ment of influenza. Varying efficacy of the antiviral drugs,
increasing resistance of antivirals available and unavailability
of parenteral formulations for use in severe patients are some
of these challenges. Influenza A (H1N1) viruses resistant to
Oseltamivir have been reported in children with higher fre-
quency than adults due to relatively higher viral load [19]. The
Global Influenza Surveillance and Response System (GISRS)
tested 27,000 H1N1 viruses from 2009 to 2011 and detected
Oseltamivir resistance in 447 viruses [20]. Of these majority
were reported from the Western Pacific region of the WHO.
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Fourteen percent were from patients who had not been ex-
posed to Oseltamivir, indicating either a spontaneous
neuraminase His275Tyr mutation or nosocomial acquisition
of the resistant strain. Immunocompromised patients, espe-
cially those with hematological malignancies or hematopoiet-
ic stem cell transplantation (HSCT) were noted to have the
highest risk of Oseltamivir resistance because of suboptimal
dosing during prophylaxis or disruption in treatment during
viral replication [20].

Baloxavir Marboxil was approved by FDA in October 2018
for use in patients with uncomplicated influenza aged above 12 y
and weighing above 40 kg, who present within 48 h of onset of
illness [21]. This oral antiviral inhibits viral replication by
targeting the endonuclease function encoded by the polymerase
acidic subunit of the viral polymerase. It has shown broad anti-
viral activity against all known types of Influenza (A, B, C and
D) and the Influenza A viruses of avian and swine origin which
have the potential to cause pandemic [22].

Two intravenous NIs, Peramivir and Zanamivir, are cur-
rently undergoing clinical trials [19]. Laninamivir Octanoate
has been evaluated in randomised control trials and have
shown good tolerance and efficacy in children aged 9 y and
under with Oseltamivir-resistant influenza A (H1N1) virus
infection [23]. Combination therapy is also being evaluated
for treatment of severe influenza strains which have likely
susceptibility to M2 inhibitors [19].

Prevention and Infection Control

Annual vaccination against influenza remains the primary
mode of prevention against influenza. The vaccines are effec-
tive only if there is antigenic matching of the vaccine strains
with the circulating virus strains. After the matching is per-
formed by the GISRS, the majority of commercially available
vaccines are manufactured by propagation in embryonated
chicken eggs. It takes at least 6–8 mo for production of these
vaccines. Moreover, the flu seasons are different in both hemi-
spheres i.e., October–May in the northern hemisphere and
May–October in the southern hemisphere. Therefore the
matching process is completed twice a year, once each for
the two hemispheres. Indian surveillance data suggest that,
based on the geographical diversity of transmission dynamics,
cities above 30° latitude (Srinagar) and those with late mon-
soon season (Chennai and Vellore) should have winter vacci-
nation strategies, while rest of the country in May–June [6].

At present, trivalent and quadrivalent formulations are avail-
able, which include an H1N1 strain, an H3N2 strain and one or
two Influenza B strains belonging to evolutionarily diverging
lineages – B/Victoria or B/Yamagata. The estimated protection
of these vaccines is roughly about 60% in adults and 83% in
children [24]. Efforts are underway for production of the “uni-
versal” influenza vaccine which are not dependent on this annual

labor intensive matching but target certain protein regions com-
mon to the seasonal and pre-pandemic strains. The two leading
candidates for universal vaccines include the highly conserved
stem region of the HA and the M2 protein [25].

Routine chemoprophylaxis to contacts should be avoided,
except to control an institutional outbreak, because of concerns
of sub therapeutic dosing of the antiviral in case the infection is
established. Chemoprophylaxis is best offered to children above
3 mo or adults who have high risk of complications from influ-
enza or in those in whom influenza vaccination is either contra-
indicated, not available or may not be effective. Post-exposure
chemoprophylaxis is not recommended after 48 h of first expo-
sure to a personwith influenza. Either oral Oseltamivir (for above
3 mo of age) or inhaled Zanamivir (for above 7 y of age) is
recommended for chemoprophylaxis when indicated. Early ini-
tiation of empiric treatment for contacts on development of fever
or respiratory symptoms is an alternative to post-exposure che-
moprophylaxis [26].

Annual influenza vaccination of health care workers is crit-
ical for protection and infection control. Cough and sneezing
etiquettes and hand hygiene are important for control of influ-
enza infection both in the community and the health care
settings. Health education through local media or posters
displayed at health care settings can help as reminders. Since
influenza primarily spreads by large particle droplet transmis-
sion, about 6 ft space surrounding the patient is considered
infectious. All the body fluids of the patient are also consid-
ered infectious as indirect transmission through contact can
also occur. In health care settings, patients can be cohorted
or should stay in individual rooms. Droplet precautions and
hand hygiene should be performed by attending health care
workers and attendants. Gloves and gowns are required for
personal protection if there is potential exposure to infected
body fluids. Aerosol producing procedures should be mini-
mized, ideally conducted in negative pressure rooms and pro-
tection with N95 mask is needed by the health care personnel
conducting such procedures.

Surveillance and Pandemic Preparedness

The GISRS of WHO has a robust network of laboratories
spread across the globe which is to be notified of any case
of human infection due to a new Influenza A virus subtype
within 24 h of its detection. These laboratories constantly
survey the genetic and antigenic characteristics of circulating
influenza viruses. However, there is more work needed to be
done for capacity building for diagnostics in the middle- and
low-income countries which bear the maximum brunt of the
pandemic. Also the production time for vaccine needs to be
reduced along with better availability of efficacious and safe
antiviral drugs during such a pandemic [2]. In the efforts to
address many of these challenges, in 2019, WHO established
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the Global Influenza Strategy 2019–2030. The four strategic
objectives outlined are to promote research, strengthen global
surveillance, expand seasonal influenza prevention to protect
the vulnerable and strengthen pandemic preparedness [27].

Summary

Influenza, like a chameleon is an ever changing virus and
continues to keep humans on their toes. Over the hundred
years since the 1918 flu epidemic, there have been consider-
able advances in the understanding of pathogenesis, diagnos-
tics, antiviral drugs and vaccination strategies. But despite the
progress, the global preparedness for the next pandemic re-
mains suboptimal. Not forgetting that the greatest impact of
the pandemic was suffered by India, the Indian health author-
ities need to gear up with greater urgency in capacity building
for clinical support and preventive measures.
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