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The Influenza Viruses

Influenza infections are reported globally with an annual attack rate 
estimated at 5%–10% in adults and 20%–30% in children. This results in 
about 3–5 million cases of severe illness, and about 250,000 to 500,000 
deaths annually. Although the seasonality of influenza differs in the tropical 
and temperate regions, the overall disease burden and mortality remains 
comparable [1,2].

Influenza viruses are enveloped, negative stranded segmented 
RNA viruses belonging to the Family Orthomyxoviridae and Genus 
Orthomyxovirus that in turn consists of five genera: InfluenzavirusA-C, 
Isavirus and Thogotovirus [3]. Recent studies have identified a novel genus 
of influenza virus in cattle and dogs, and have tentatively been named 
Influenzavirus D [4]. Of these, influenza virus types A and B cause regular 
epidemics and type A occasionally causes pandemics. Influenza type C can 
infect humans but causes little or no disease. Influenza types A and B are 
grouped based on antigenic differences of their nucleocapsid and matrix 
proteins [5]. Influenza A viruses are further subtyped based on the antigenic 
differences between two surface glycoproteins, the haemagglutinin (HA) and 
neuraminidase (NA) [6,7)]. Eighteen HA subtypes and 11 NA subtypes have 
been identified and they are designated H1-H18 and N1-N11, respectively. 
Wild aquatic birds are considered to be the natural reservoir of influenza 
A viruses of subtypes H1-H16 and N1-N9 [8]. Recently novel influenza A 
H17N10 and H18N11 viruses have been detected in bats [9-10]. However, 
only limited number of influenza subtypes; 3 HA subtypes (H1-H3) and 2 
NA subtypes (N1, N2) are so far known to have established themselves in 
the human population [6], although a number other subtypes (e.g. H5-H7, 
H9, H10) have caused occasional zoonotic infection [1].

There are no known animal reservoirs of influenza B and influenza 
C viruses, and these infections are mainly confined to humans, although 
infrequently isolated in non human species [7,11,12]. Only single subtypes 
of HA and NA is recognized in influenza B and C viruses [13].  Influenza B 
has two designated virus lineages; Victoria and Yamagata that differ in their 
serological cross-protection [2].  

The hallmark of influenza viruses is ability to evolve continuously 
through the mechanisms of antigenic drift and shift [7]. Antigenic drift is 
a result of slow antigenic change in the virus HA and NA genes through 
the accumulation of mutations in the error prone viral genome due to lack 
of “proof-reading” mechanism of the viral polymerase, under influence 
of positive selection pressure of the host immune system, which selects 
mutants that escape preexisting neutralizing antibodies. The emergence of 
antigenically drifted viral strains forces to change the constitution of influenza 
virus vaccine strains annually [14, 15].
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In addition, influenza A viruses occasionally 
undergo dramatic changes of the antigenic properties 
of the HA and NA molecules through reassortment of 
the RNA genome segments of two different influenza 
virus subtypes [15]. These unpredictable events lead to 
dramatic antigenic changes in the major immunogenic 
surface proteins of the influenza A virus through genetic 
reassortment between a human and non-human influenza 
virus, and is known as antigenic shift. If the novel virus 
that derived from antigenic shift has acquired efficient 
human-to-human transmission, it could spread rapidly 
in the immunologically naïve human population leading 
to a pandemic [15]. Four such pandemics have occurred 
in the past 100 years; 1918 (H1N1), 1957 (H2N2), 1968 
(H3N2) and 2009 (H1N1). Thus, if history is our guide, 
future pandemics will be inevitable. 

Seasonal influenza 
The severity of annual seasonal epidemics is 

determined by viral factors and immune states in the 
general population [1]. The peak activities of influenza 
vary depending on the prevailing climate in a given region. 
For example, in Sri Lanka, influenza virus activity peaks 
correspond to a peak in rainfall while in Hong Kong 
SAR, high influenza activity occurs in February–March 
and July–August.  In general influenza viruses in tropical 
and subtropical regions could be detected at low levels 
outside the peak periods of viral activity, indicating 
possible circulation throughout the year with peaks during 
rainy seasons [17,18]. In contrast, in temperate climates 
influenza shows a seasonal pattern with high incidents in 
winter months [16].

Influenza is an acute respiratory disease with 
incubation period ranging from 1-4 days that spreads by 
large droplet, small-particle aerosols or through contact 
with fomites. Peak virus shedding occurs from 1 day 
before onset of symptoms to 2-3 days after disease onset 
[5, 15].  Children younger than 2 years and the elderly 
population >65 years of age, and those with co-morbidities 
(respiratory or cardiac disease, diabetes and renal failure) 
have the highest hospitalisation rates [2]. Acute influenza 
symptoms start abruptly with fever, headache, muscle 
ache, malaise and fatigue, symptoms, which are caused 
by a number of inflammatory cytokines released during 
the early stages of the illness [15]. This is followed by 
respiratory symptoms such as cough, sore throat and 
coryza [5]. The clinical spectrum of infection could range 
from asymptomatic infection to primary viral pneumonia. 
In general, acute illness lasts for a week or so, although 
malaise and dry cough may continue for 2-3 weeks or 
much longer. Known preexisting medical conditions 
mentioned above, pregnancy and smoking could worsen 
the clinical outcome. Secondary bacterial pneumonia and 
exacerbation of underlying chronic health conditions are 
known complications of influenza. However, myositis, 
myocarditis, toxic-shock syndrome and Reye’s syndrome 
have also been infrequently reported [5,15].

Zoonotic and pandemic influenza
Antigenic properties of influenza HA are the key 

determinant of virus tropism and host range as well as 
pathogenesisof influenza virus [1]. The HA molecules of 
influenza viruses that have been isolated in avian species 
and horses showed preference for binding to sialic acids 
with α2, 3 configurations. In contrast, HAs of influenza 
viruses from humans and other mammalian species show 
enhanced binding to α2, 6-linked sialic acids configuration 
[19]. Additional human studies have shown that α2, 6 
receptors are predominant on respiratory epithelial cells 
in the nasal mucosa, paranasal sinuses, pharynx, trachea 
and bronchi, and α2, 3 receptors are abundantly found 
on non-ciliated cuboidal bronchial cells at the junction 
between the respiratory bronchi and alveolus and on type 
II cells in the alveolar walls [20]. For influenza viruses 
to be efficiently transmitted among humans, they need 
to infect the upper human airways, which predominantly 
have α2, 6 receptors. Avian viruses that bind to α2, 3 
receptors are unlikely to replicate in the upper human 
airways and fail to be transmitted efficiently between 
humans. Thus if a highly pathogenic avian influenza 
(HPAI) H5N1 viruses were to gain access to the human 
respiratory tract, it could potentially infect and replicate 
in the lower respiratory tract possibly leading to severe 
life threatening pneumonia, but shows limited human-to-
human transmission [1].

In contrast, pig respiratory tract contains dual 
receptors (α2, 3 andα2, 6) and has been recognized as 
a host where co-infection of avian and human influenza 
viruses may occur. This facilitates genetic reassortment 
and subsequent adaptation of novel influenza virus leading 
to pandemics [15].

Despite the common belief that influenza viruses 
exhibit tight species barrier, zoonotic infection of 
HPAI have been reported; H5N1 in Asia, H7N7 in the 
Netherlands, H7N9 in China [21]. A number of low 
pathogenic avian influenza viruses such as H9N2, H6N1, 
H10N8 and H5N2 have also been isolated from humans 
sporadically in Asia [15, 22]. Adaptation of HPAI H5N1, 
emergence of H1N1pdm09 and a novel swine-origin 
human A H3N2 variant viruses [A(H3N2)v] in the USA 
have raised pandemic concern [5, 23].
Treatment and prevention

The adamantanes (amantadine and rimantadine) have 
antiviral activity against influenza A and act by blocking 
virus uncoating, but many contemporary influenza virus 
strains are resistant to these antivirals. Neuraminidase 
inhibitors (oseltamivir and zanamivir) block the activity 
of the virus neuraminidase in releasing the virus after 
replication in infected cells and provide clinical benefit 
when used within the first 48 hours after onset of disease. 
Current seasonal and zoonotic influenza viruses are 
usually sensitive to neuraminidase inhibitors. Occasional 
resistance to oseltamivir has been reported in individual 
patients but such resistance is not currently widespread. 
Early treatment with antivirals could reduce the duration 
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of illness, antibiotic prescriptions and lower the risk of 
complications and hospitalisation [1, 24].

Vaccines remain the cornerstone for prevention of 
seasonal influenza. Such vaccines contain two influenza 
A subtypes H1N1 and H3N2 and one influenza B virus 
lineage, viz the one assessed to be the lineage that is likely 
to become globally dominant [15]. Since the assessment 
of the influenza B virus lineage that may become globally 
dominant in the year ahead is difficult, more recently 
quadrivalent vaccines have been produced. There is an 
interval of around 10 months between the time of vaccine 
strain selection and the roll out of the vaccine. Thus the 
emergence of the unexpected influenza B lineage or the 
antigenically drifted can occur at repeated intervals. 
Currently available vaccines against influenza do not 
induce long-lasting immunity and provide protection only 
against strains closely related to the vaccine strains. Thus 
new vaccines are required to be reformulated for every flu 
season, based on global human influenza surveillance data 
[2]. The subtype of future outbreaks or pandemic influenza 
strains is also unpredictable. Hence, development of a 
successful “universal” (i.e. one vaccine protecting against 
multiple virus subtypes) vaccination strategy is urgently 
needed and a number of research teams are currently being 
involved in production of such a vaccine [25].

History has proven that influenza is and will remain 
as a grave medical threat to humans and many livestock. 
Therefore, a systematic approach of interdisciplinary 
research, increasing use of vaccines and rational usage 
of antiviral drugs to combat annual influenza outbreaks 
are essential to reduce the global toll of epidemic and 
pandemic influenza.
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