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Abstract  

Influenza viruses cause a major risk to human and animal health. Influenza virus capable of 

undergoing continuous evolution due to lack of proofreading mechanism during replication and 

high rate of mutation in their surface glycoproteins. Early detection and rapid intervention are 

crucial to mitigate the adverse outcomes of newly emerging influenza viruses. Evolution is a 

serious impediment to antiviral drugs and host immune system. The need for updating flu vaccines 

arising from perpetual evolution of influenza virus. Vaccines prepared for an earlier form of 

circulating influenza virus will not provide protection against newly emerging influenza viruses 

that is why flu vaccines need to be updated regularly. In addition, there is an urgent need for 

universal influenza vaccines which are capable of protecting against various strains of influenza 

virus. Hemagglutinin and neuraminidase are the key components of influenza virus which are more 

prone to mutation. Antigenic variation in influenza virus comes about because of genetic changes 

in their surface glycoproteins. These changes are known as “antigenic drift” and “antigenic shift”. 

This paper introduces the basics of influenza evolution, highlights the evolutionary history of 

influenza viruses and discusses how evolution impacts influenza intervention with particular 

emphasis on the current H5N1 Avian influenza epidemic. This paper also proposes the use of 

improved adjuvants in flu vaccines to trigger rapid and robust immune responses against newly 

emerging influenza viruses. Broad-spectrum immunologic adjuvant with ability to induce a wide 

range of immune responses can be used to develop an effective vaccines against newly emerging 

flu strains. Generally, this article illustrates how influenza virus undergoes evolution and presents 

ways of intervening continuously evolving influenza viruses.  
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Introduction 

Influenza is rapidly evolving RNA virus which belongs to family Orthomyxoviridae. Influenza 

virus evolution is driven by antigenic shift and antigenic drift in surface glycoproteins: HA 

(hemagglutinin) and NA (neuraminidase). Influenza virus constantly changes through mutation 

and producing new variants. Early detection coupled with rapid intervention plays a critical role 

in controlling newly emerging influenza viruses before spreading internationally. Currently, 

various diagnostic tests are available for detection of influenza viruses. However, accurate, easy 

and fast diagnostic tests are still in demand. 

Influenza viruses are divided into three genera, namely influenza type A, B and C. Influenza type 

“A” is capable of infecting a wide range of hosts whereas type “B” and “C” infect a narrow range 

of hosts. Mutation is most common within the type “A” virus. Influenza virus is characterized by 

a segmented genome and absence of proofreading mechanism which contributes to continuous 

evolution of the virus.  

Influenza pandemics can have far reaching and long lasting impacts on the public health. Influenza 

is a devastating viral disease which can be prevented by vaccination. Vaccines play irreplaceable 

role in protecting the entire global community from continuously evolving influenza viruses which 

can cause pandemics and epidemics. Vaccines should be updated to induce robust immune 

response against new flu strains. Updating vaccines by using appropriate antigens which can 

trigger immune response against new flu strains is crucial to control continuously evolving 

influenza viruses which can cause pandemics and epidemics. Vaccine with improved adjuvants 

can be used to overcome newly emerging influenza viruses. It is important to use adjuvants with 

ability to induce a wide range of immune responses to enhance efficacy of flu vaccines. 

 

 

  

 

 

 



2. Influenza Virus 

Influenza viruses (family Orthomyxoviridae) are enveloped negative sense single stranded RNA 

viruses with segmented genomes containing seven to eight gene segments (Palese, and Shaw,  

2007; Wright et al., 2007). The influenza viruses comprise three genera in the family   

Orthomyxoviridae. The genera  are commonly  referred to  as influenza  "types "A,  B. and  C.  

Influenza viruses are classified into types A, B or C based on  antigenic differences of the  NP 

(Wright  and Webster, 2001).  

Of the 3 types  of influenza viruses (A, B. and C) only  influenza A viruses are established in 

animals other  than humans (Neumann.and Kawaoka, 2006). Influenza  A viruses infect  a wide   

variety of birds, primarily waterfowl, shorebirds, and gulls. Avian influenza   A  viruses are thought 

to be the ancestors  of influenza A  strains currently circulating in swine, horses and humans. The 

origins of  influenza  types  B and C,  which  infect  only  humans, are unknown (Krossoy el al,  

1999). 

Influenza is currently the greatest pandemic disease threat to humankind (Gatherer.2009). 

Influenza B viruses   have been isolated   from humans,  seals  and influenza  C viruses have  been 

isolated from humans, and swine  and   usually  only causes mild disease in  the upper   respiratory 

tract.  Influenza  B viruses   can cause a wide  variety of disease, but generally clinical  symptoms   

are similar to those of IAV  (Baigent, and McCauley. 2003). Although influenza A viruses are best 

known for the annual epidemics and occasional pandemics in humans, wild birds form their natural  

reservoir (Olsen et al., 2006). Whereas only 3  influenza A virus  subtypes circulated in humans  

in   the past century, all  known subtypes have been isolated  from  wild birds. Numerous subtypes 

have also been detected in poultry, generally causing severe disease, mild  disease or no disease at  

all  (De Wit and Fouchier, 2008).  Several mammals including pigs and horses are also known to  

be naturally infected by influenza A viruses. Pigs are susceptible to all  subtypes of avian influenza 

viruses in experimental settings (Horimoto and Kawaoka, 2001).  

The great majority of influenza viruses  are slowly   evolving   a virulent  residents  of the  intestines   

of birds. The  gene pool of influenza A viruses in  aquatic birds   provides  all  the genetic diversity 

required for the emergence of pandemic influenza  viruses   for humans,  lower  animals, and birds. 

On rare occasion, an avian influenza virus  jumps  the species barrier and  infects  a human or other 

animal. The results  can be disastrous: approximately  40 million humans were killed by the  1918 



"Spanish  flu." Even the best public health care systems today are not prepared to deal with 

mortality   on this scale  (Oxford,  2005).  

2.1. Influenza Virus Structure 

Influenza A virus is  roughly spherical (approximately 120nm in diameter)  with an   external 

envelope.  It contains a single negative stranded RNA genome divided  into eight segments, 

encoding 10 proteins.  They are haemagglutinin (HA),  neuraminidase (NA), nucleoprotein  (NP), 

polymerases   (PA, PBJ,   PB2), matrix proteins (1\11.  M2), and non-structural  proteins (NS1 and 

NS2) (Wright and Webster, 2001). Neuraminidase is a mushroom-shaped tetramer which  is  the 

second major surface protein of the virion. It exerts sialolytic enzymatic activity and liberates virus  

progeny captured at the surface of infected cells during egress. This function prevents viral 

aggregation during  egress and  possibly  also  facilitates the  movement of the virus through the 

mucus layers overlying the targeted epithelial tissues of  the host leading to viral attachment 

(Matrosovich et  al.,2004b). This renders  the  neuraminidase as a target  of antiviral agents 

(Garman, and Laver. 2004).  Neuraminidase is  not evenly distributed over the virion envelope,   

as is HA, but are aggregated into patches or caps. Like haemagglutinin, neuraminidase is also 

highly mutable, with variant selection partly in response to host  immune pressure. In addition to 

HA, and NA, a limited number of M2 proteins are integrated into the virion envelope functioning   

as a proton channel in relation to virus particle formation and  virus   uncoating (McCown, and 

Pekosz, 2006). 

Attachment to cell surface proteins is achieved by the virion through  mature  trimerised  viral   HA 

glycoproteins. These recognize distinct terminal  sialic acid  species (N-acetyl- or N-glycolyl 

neuraminic acid), the type of glycosidic linkage to penultimate galactose (alpha 2-3  or alpha 2-6)   

and the composition of further inner fragments of sialyloligo saccharides present at the host cell 

surface (Gambaryan et al., 2005). A variety of different  sialyloligo saccharides are expressed,   

which influence tissue, and species specificity in the different hosts of influenza viruses.   

Adaptation  in both the viral  HA, and the NA glycoprotein to the specific receptor  type(s) of a 

particular host species is a  prerequisite for efficient replication  (Banks  et al.,2001; Gambaryan   

el  al., 2004; Matrosovich, Krauss, and Webster, 200 l ). Avian   influenza  viruses  generally   show   

the highest affinities for alpha 2-3  linked sialic acid as this  is the dominant  receptor  type  in 



epithelial tissues of endoderrnic origin (gut, lung) in those  birds  that  are targeted  by these viruses  

(Gambaryan et al.,2005;  Kim el al.,  2005).  

 

Figure.1. A schematic presentation of influenza A virus. The surface glycoproteins 

hemagglurinin (HA), and neuraminidase (NA), as well as the ion channel matrix 2 (M2) are located   

on the surface of the virion. On the inside of the membrane, the matrix (MI) protein forms a matrix 

holding the viral ribonucleo proteins (vRNPs) containing the viral polymerase complex  (PA, PB1 

and PB2), and NP, as well as small amounts of NEP. 

Source: (Karlsson   et al., 2008).  

 

 

 

 

 

 



2.2. Influenza Virus Genome 

The influenza A virus genome contains eight negative sense RNA segments. The viral  mRNAs 

from segments  l  to 6 are monocistronic  while viral mRNAs derived from segments 7or 8 are 

spliced to form mRNAs coding for two proteins. The sizes of the viral RNA segments and the 

proteins encoded  are  summarized  in Table 1. Of these proteins, only the NS 1 protein from 

segment 8 (NS segment) is a non-structural  protein  (Lamb and Krug, 2001).  

Table 1: Influenza  A virus genome RNA segments 

 
vRNA 
 
Segment 

 
Encoded   polypeptide  Abbreviation vRNA 

 
length 

 
(bps) 

mRNA length 
 

(bps) 

1 Polymerase   Basic 2  PB2 2341  2320 

2 Polymerase   Basic 1   PB1 2341  2320 

3 Polymerase  Acid  PA 2233  2211 

4 Haemagglutinin  HA 1778          1757 

5 Nucleoprotein  NP 1565        1540 

6 Neuraminidase  NA 1413                  1392 

392 
7 Matrix protein  MP 1027       1005(M1) 

          

 

 

 

 

   

 

 
315  (f\l2) 

 
8 Nonstructural    Protein  NS 890       868(NS1) 

           395(NS2/NEP) 

Source: (Lamb  and Krug, 2001)  

2.2.1. Segment 1- basic polymerase protein 2 (pb2) 

The first segment  of influenza A viruses encodes a 2.3Kb  protein that  forms  part of the influenza 

viral  polymerase subunit named PB2. Studies have shown that  PB2, PB l, PA and NP form the 

minimum set of proteins required for viral transcription and replication (Honda el al.,2002).The 

PB2 protein specifically plays a role in generating 5'-capped RNA fragments from cellular pre-

mRNA molecules that are used as primers for viral transcription (Guilligay et al.,2008). Recently, 

functional analysis of PB2 protein has shown that this polymerase subunit contains a novel   

binding site for PB 1 subunit and  two regions for binding nucleoprotein (NP) with regulatory 

interactions potential (Poole et al.,  2004). The PB2 gene is reported to play a key role in the  



adaptation of a virus that infects  birds  to one that infects humans. In particular, it has been reported  

that the amino acid at position 627 is critical for  this adaptation (Van Hoeven et  al., 2009). Viruses  

that infect birds typically have a glutamic acid (E) in this position. On the other hand, influenza   

A viruses that are fully adapted to humans usually have a lysine (K) at this position. This same 

position in PB2 appears to be key in determining the lethality of flu viruses (Hatta et al.,2001). 

2.2.2. Segment 2- basic polymerase protein 1  (PB1) 

The PB1 subunit plays a key role in both the assembly of the three polymerase protein subunits, 

and serves the catalytic function of RNA polymerization. It has been proposed that the catalytic 

specificity of PB 1 subunit is modulated to the transcriptase by binding PB2 or the replicase by 

interaction with PA (Honda et al.,2002). 

2.2.3. Segment 3-acidic polymerase protein (PA) 

Recent studies however have  shown that  PA is separable by trypsinization into a large carboxy 

terminal domain, the crystal  structure of which  has recently been reported (Obayashi  et al.,2008), 

and a small N-terminal domain, which contains  residues  important  for protein  stability,  promoter 

binding, cap-binding, and endonuclease activity of the polymerase complex (Hara et al.,2006). 

The viral endonuclease activity which is critical for synthesizing viral mRNA 's have previously 

been thought to reside in the PB2 or PB1 (Li  et al.,2001) subunits. However, recent biochemical, 

and structural studies have shown that the amino-terminal 209 residues of the PA subunit contain 

the endonuclease active site and not PB2 (Dias el al.,2009). As such, during transcription, the PB2  

subunit binds the 5', 7-methylguanosine cap of a host pre mRNA  molecule, which  is subsequently 

cleaved 10--15 nucleotides downstream by the PA endonuclease. The resulting  short capped RNA 

primers used to initiate polymerization by the RNA-dependent RNA polymerase of the PB1  

subunit using 5'-  and 3'-bound  vRNA as template, resulting in capped, polyadenylated, chimeric   

mRNA molecules that  are exported to the cytoplasm for translation into viral proteins (Boivin et 

al., 20 l 0). 

2.2.4. Segment 4-haemagglutinin (HA) 

The HA is synthesized as a precursor  polypeptide, HA0  (Lamb and Krug, 2001). The generated 

HA l surface subunit mediates the binding to cell surface sialic acid receptors and the HA2 trans 



membrane subunit that mediates membrane fusion between viral and endosomal membranes after  

endocytosis (Skehel and Wiley, 2000). The specificity of the interaction of HA with sialic acid    

(SIA), the cellular receptor, largely explains the host ranges of  influenza A viruses (Taubenberger 

and Kash, 2010). 

2.2.5. Segment 5-Nucleoprotein  (NP) 

Nucleoprotein, which is an essential component for transcription and replication is encoded by 

segment 5 of influenza A viruses. Nucleoprotein is  distinct  among  influenza A, B. and C viruses, 

and is recognized  as  one  of  the  type-specific viral antigens. It encodes a protein with 

approximately 500 amino acids; it plays an important role in assembly, and budding of influenza 

virus, and has a putative role in host range (Ruigrok et al.,2010). To achieve its biological 

functions, recent studies have revealed that the NP is capable of interacting with various host 

proteins (Taubenberger and Kash, 2010; Wang et al., 2009). 

2. 2. 6. Segment  6 - Neuraminidase (NA) 

Strong binding to receptor analogs on mucins, cilia, and cellular epithelia would inhibit virus 

access to functional receptors on surface membrane of target cells. Therefore, neuraminidase is 

important for releasing viruses from the decoy receptor, and plays an essential role of virus entry 

in the early stage  of  infection (Matrosovich et al., 2004a). It is for this reason that NA is a 

favorable target for antiviral drugs aiming at reducing its  sialidase enzymatic activity and thus 

release of progeny virions (Suzuki et al., 2005). 

2.2.7. Segment 7-Matrix proteins (Ml and M2) 

It is found to interact  with  the viral  surface glycoproteins,  anti the RNP complex  (Taubenberger, 

and Kash, 2010). 

2.2.8. Segment  8-Non-structural proteins (NS1  and NS2) 

Non-structural protein 1 is  the only  non-structural protein of influenza virus, and is  found mainly 

in the host cell nucleus. It is a multifunctional protein involved in nuclear exportation of mRNA, 

post-transcriptional regulation, and inhibition of cellular interferon response (Hale et al.,2008). 

Recently, NS1 protein was found to be responsible for the unusual severity of H5N1 diseases by 

inducing exaggerated pro-inflammatory cytokine responses (Cheung et  al., 2002). NS2 protein 



exists in low amounts, and binds to M1 protein in virion. The protein may promote the formation 

of a stable export complex of new viral RNP  (Neumann et al., 2000). In association with the 

matrix protein 1 (M1), it interacts with cellular export factor (CEF1), and  mediates the nuclear 

export of viral riboneuclo protein (vRNP) complexes by connecting the cellular  export  machinery 

with vRNPs (Neumann el al.,2000). 

2.3. Diversity of influenza A virus subtypes 

Influenza A viruses are subtyped according to their surface glycoproteins HA, and NA, and to 

date, 18HA, and 11NA subtypes have been isolated, where the H17N10, and H18Nl1 are the most  

recently discovered subtypes and  have only been isolated from bats (Fouchier et al.,2005;Tong  et 

al.,2013;Tong et al., 2012). HA subtypes are further divided into two groups based on phylogenetic    

relationship, where group 1 includes Hl, H2, H5, H6, H8, H9, H11, Hl2, H13, H16, Hl7 and  Hl8;   

group 2 includes H3, H4, H7, H10, H14  and  H15 (Wu  el al..  2014).  Also NA can be divided   

into two groups, here group l contains  N1, N4, N5 and  N8  and  group  2 contains N2, N3, N6,  

N7  and N9 (Russell et  al..2006), recently N10  and N 11 have been proposed to form group 3  

(Wu et al., 2014). Several mammals including pigs and horses are known to be naturally  infected  

by  influenza A viruses. Pigs are susceptible to all subtypes of avian influenza viruses in  

experimental settings (Horimoto and Kawaoka, 2001). A new subtype of influenza  A virus is  

introduced  into the human  population from swine or birds that is able  to spread  efficiently from  

human to human, causing  a pandemic. This process is called antigenic shift, and may be the result  

of adaptation of a fully avian virus to humans (Tumpey  et al., 2005).  

3. Influenza Evolution 

Influenza is the paradigm  of a viral disease in which continued evolution of the virus is of 

paramount importance for annual epidemics and occasional pandemics of disease in humans 

(Robert, 1992). Influenza evolution refers to antigenic variation of the influenza virus which can  

be divided into two phenomenons. namely antigenic shift and antigenic drift.  Both antigenic drift 

and antigenic shift allow for the virus to evade the host's immune response, and rapidly adapt to 

new hosts (Caron  et al., 2009; Suzuki, 2006). Antigenic shift can occur when a host is co-infected 

with two or more different IAVs, and gene segments are interchanged during virion packing. This 

event is termed reassortment and is defined by the exchange of intact segments between two 

differing influenza A viruses (Brown, 2000). The antigenicity of influenza viruses changes both 



gradually by point mutation (antigenic drift), and drastically by genetic reassortrnent (antigenic 

shift) (Wright and Webster, 2001). 

The influenza A virus is divided into subtypes based on differences in the surface proteins 

hemagglutinin  (HA) and neuraminidase (NA), which are targets of the human immune system. 

Antigenic variants or immunologically distinct strains of A/H1N1, A/H3N2 and  Type B have 

continued to emerge since its  introduction into humans (Schweiger  et al.,  2002). 

Influenza A viruses have been able  to adapt stably  to a wide variety of animals,  including  avian 

and mammalian species and  novel  human-adapted IAVs  have emerged  to cause pandemics 

several times  in the  last 100 years. Each of the viruses causing these pandemics  has  emerged in 

a different way, making generalizations about zoonotic IAV adaptation to humans  difficult. As 

data have accumulated, it  has become clear that  IAV host  switch  events are  polygenic, and 

represent different solutions  to  the common  problem  of  replication and transmission in a host 

(Taubenberger, and  Morens,  2009). 

4. Evolutionary history and phylogenetics 

During the past century, three pandemics occurred. The first of these is the so called 'Spanish 

influenza' which occurred in 1918, and which is considered as the greatest natural  disaster of the 

20th century. Approximately 40 million humans were killed by the 1918 “Spanish flu.” This 

pandemic occurred as a result of the introduction of an influenza A virus of the H1N1 subtype 

probably derived from an unidentified avian-like precursor virus which became adapted to 

mammals (Morens et al.,2009). 

The second such pandemic occurred in  1957 due to the introduction  of the H2N2  subtype causing 

the so called  'Asian  influenza'. This pandemic virus emerged by reassortment between  the viruses  

in humans at  that time and the virus from some aquatic avian reservoir killing an estimated 2 

million   people  worldwide (Morens et al., 2009). 

 

 

 



The last pandemic of the 20th century occurred in 1968, and was  due to  influenza A H3N2 virus 

subtype derived from both  human and avian  viruses. This pandemic was relatively mild (De Wit, 

and Fouchier, 2008). The PB 1 gene was itself seeded in swine from human (Garten et al.. 2009), 

and two segments (NA and M) from the Eurasian lineage (Dawood  et al., 2009). The amino acid 

sequence divergence of the 2009 pandemic H1 from human seasonal influenza H1 is  around 20-

24%, and for this reason, it is being considered as halfway towards a new serotype (Gatherer, 

2009). Results of virological surveillance conducted in Hong Kong live poultry markets before the 

depopulation in 1997 showed that several subtypes of avian influenza  viruses were co-circulating     

with the H5N1viruses during that time. Avian influenza has received world-wide attention as the 

highly pathogenic H5N1 virus progressively spread to poultry, and wild bird populations across 

Asia, Africa, the Middle East and Europe, and  unexpectedly   'traversed inter-class barriers' (FAO,  

2006; Perkins and Swayne, 2003) when transmitted from birds to mammals such  as humans,  pigs, 

and cats (FAO, 2006; Kuiken et al.,2004; WHO, 2005). Although not an entirely unexpected event 

(Hayden and Croisier, 2005; Koopmans et al., 2004), the substantial number of documented human 

cases associated with severe disease and fatalities raised serious concerns about the pandemic 

potential  of the H5N1 strain (Webster et al., 2006). 

Looking at the past phylogenetic relationships of the influenza virus can help lead to information 

regarding treatment, resistance, vaccine strain selection, and of future possible influenza strains. 

By looking at how previous strains have evolved, and gained  new traits, the information can be 

applied to predict  how current strains can evolve, and even how novel  strains might come about 

(Luksza et al.,2014). Another use of phylogeny for predicting future viral dangers would be 

through using various lineages may continue their presence, and reassert indicating the importance 

of a complete-genome approach to determine new influenza strains and  future epidemics (Holmes 

et al.,2005, Vana,  2008). 

 

 

 

 



By studying how past strains have evolved while spreading to different geographic regions can 

allow scientists to predict how a strain might accumulate new mutations through its geographic 

distribution, and the information could  be used to protect different  populations (Viboud, 2003). 

Phylogenetic analysis of two of the most commonly isolated viruses (H9N2 and H6N1) showed 

that these two viruses are closely  related  to the 1997 H5N1 virus (Guan  et al., 2000; Hoffmann   

et al.,2000).Estimation of phylogenetic trees has the advantage, other than predicting evolutionary 

relationship between sequences, that they can  also be used for the prediction of selection on the 

genes (Yang, and Nielsen, 2000), as well as for the estimation of evolutionary rates, and time of 

divergence in relation to the most recent common ancestor for a group of sequences (Holder and 

Lewis, 2003). 

Phylogenetic trees constructed using influenza sequence data are a natural way to monitor the 

genetic changes associated with antigenic drift. The World  Health Organization (WHO) and 

Global Influenza Surveillance Network have conducted influenza surveillance worldwide since 

1952. Antigenic characterization initially formed the basis of surveillance: gene sequencing was 

added as a surveillance tool in the mid-1980s. These efforts have produced a wealth of data for 

evolutionary analysis. 

Figure 2 shows phylogenies constructed using the HA1 domain of the HA gene of human influenza 

A subtypes H3N2, and H1N1 and of influenza B (Bush et al., 2004). The slender "trunk" of the 

H3 tree in an especially characteristic reflection of the serial replacement of strains that result from 

antigenic drift. Although brief co-circulation of closely related H3 lineages is not uncommon, the 

H3 tree appears linear because the average survival  time of side lineages is only 1.6 years (Fitch  

et al., 1977). 

The H1 tree is  similar to that of H3, although recent bifurcation of the main trunk has resulted in 

several extant lineages. It remains to be seen whether more than one will  persist. The influenza B 

virus was first isolated from humans in 1940; its evolutionary history prior to that point in time is 

unknown. Although limited sequence data exist prior to the mid-1980s, phylogenetic analysis 

shows a split into two distinct B lineages sometime in the early 1970s. One lineage circulated 

globally throughout the 1990s; the other lineage was restricted to Asia. In the last few years, the 

restricted lineage has reappeared. Re-emergence may have been due to the accumulation of a large 



cohort of immunologically naive children. However, genetic change, including between lineage 

reassortment, occurred during this time as well (Lindstrom et al., 2004). 

If both influenza B lineages  persist, it may be necessary to add an additional influenza  B virus to 

the current vaccine formulation. The processes responsible for these phylogenetic patterns are not 

well understood (Ferguson et al., 2003). Studied the interaction between ecological, and 

immunological factors affecting drift using a mathematical model   that  incorporated both realistic 

epidemiological dynamics, and viral  evolution  at the sequence level. Matching of model output 

to phylogenetic patterns suggested that short-lived strain-transcending immunity, such that 

infection by one strain  of influenza prevented reinjection by any strain during  the  next  month or  

so, was essential to restrict  viral  diversity, and linearize the tree. This result is  intriguing, but the  

precise immunological factors  responsible  remain  to  be  identified. It is easy to draw intuitive    

but incorrect inferences from quick visual inspection of an influenza tree. For instance, one might 

think, given the linear  phylogeny  of  the  H3N2 tree that each subsequent influenza epidemic 

evolves from the  previous  epidemic strain. This is  not  always  the  case. For example, the 

A/Singapore/l/86-like  H1Nl viruses that caused the 1986-1987 epidemic did  not evolve from the  

previous epidemic strain, the A/Chile/1/83-like viruses. They belonged  to a separate lineage; the  

ancestor of  both  strains was a virus that had circulated much earlier  in China.   

It is also a mistake to assume that the sizes of the clades (genetic clusters) on the trees in Figure 2 

reflect the frequencies of these genotypes in nature, or the severity of the disease that they caused. 

Surveillance by the WHO, currently the main source of influenza sequence data, is purpose fully 

biased  toward  sequencing viruses that differ antigenically from the current epidemic strain on the 

basis of the hemagglutination inhibition test. As a result of this intentional sampling bias, HA 

genotypes at high frequencies in nature may in fact not be most frequent in Gen Bank, particularly      

in years with few samples. Assuming otherwise will inevitably lead to erroneous results under  

current WHO sampling protocols (Plotkin et al.,2002).  

 



 

 

Figure 2. Influenza  phylogenies. Phylogenetic trees showing the evolution of the HA1 of influenza  

Subtypes H3N2  (a), and H1N1 (b), and influenza B. Dark lines are superimposed to indicate some 

of the major genetic lineages. As explained in the text, because of non-random sampling the  

relative size of various branches is not an accurate reflection of the frequency of those genetic  

lineages in nature. Lines ending  in arrows indicate extant lineages. 

3.2. Mechanisms and causes of evolution 

The evolution of influenza A virus is driven by the high rate of mutations, and the ability to reassort  

gene segments (Boni,2008). Influenza A viruses are evolutionarily dynamic viruses, and have  high 

mutation rates (ranging from approximately 1x10-3 to 8 x 10-3 substitutions per site per year). 

Random   mutations   can   be  rapidly   selected  for  or  against depending    upon   the   evolutionary 

pressures applied.    including    novel   host environment     (Landolt,    and Olsen,   2007), response   

to preexisting immunity   leading   to antigenic   drift  (Smith   et  al..  2004),  or antiviral   drug 

pressure leading   to resistance  (Ong and Hayden,  2007). Because of  its high rate of mutation    

combined  with   the  lack of error correcting mechanisms during   replication influenza   virus can 



easily  generate  different   phenotypes   that  have the  ability to survive  within   its host  and  

infect  others.  

Continuing evolution is  most  prominent in  the surface glycoproteins of influenza  viruses but 

also occurs in  each  of the eight  gene  segments of both type A and type B  influenza  viruses.   

The variability results from accumulation of molecular   changes in the eight  RNA segments that 

can occur by a number of different mechanisms    including    (i) point   mutations (antigenic drift),   

(ii) gene   reassortment   (genetic  shift),   (iii)  defective-interfering particles,   and   (iv)  RNA 

recombination.   Each  of these mechanisms may contribute to the evolution   of influenza   viruses 

(Steinhauser. 1987). Sequencing   of the  whole   influenza virus genome facilitates   comparison 

and understanding   of the evolutionary   dynamics of circulating     viruses and the prediction of 

potential evolution   events  that are likely   to result in new strains   (Greninger  et al.,  2010).  

Two common mechanisms by which viruses evolve are Antigenic drift, and Antigenic shift (Chen,  

and Holmes, 2006). Both antigenic drift and  antigenic   shift   allow   for the virus to  evade the 

host's   immune   response and rapidly adapt to  new hosts   (Caron et al., 2009:   Suzuki,   2006).    

3.2.1.  Antigenic  shift 

Antigenic  shift   occurs when complete gene  segments   are exchanged among different   subtypes  

of influenza   viruses within    a host cell,  resulting  in  what effectively  amounts to a whole  new 

influenza  virus  genome (Caron et al..  2009:  Suzuki,   2006).   

Antigenic shift is sudden and profound change in antigenic determinants, i.e. a switch  of Hand/or 

N subtypes, within a single  replication cycle. This occurs in a cell which is simultaneously infected   

by two or more influenza A viruses of  different  subtypes. Since the distribution of replicated   

viral genomic segments into budding virus progeny occurs independently from the subtype origin  

of each segment, replication-competent progeny carrying genetic information of different   

parental   viruses  (so-called  re-assortants)   may spring   up and show  substantial  differences 

from progenitor  viruses  in their  epidemiological   behavior   (Webster  and Hulse.  2004). 

 

 



Re-circulation of  existing  subtypes is another form of antigenic shift in the susceptible population.   

Evidence for this theory comes from  sero-epidemiological studies of antibody to influenza  viruses  

in sera  taken  at different  times  from  subjects   of different ages  in population. Antibody to a 

human  influenza  A subtype  was  often  found  in the sera  of elderly  persons  taken years before   

the appearance of the same subtype as a cause of pandemic infection. It was suggested that all  

influenza A subtypes exist in nature, and emerge when the antibody status of the population has 

fallen to levels which allow new infection (Kilbourne  et al.,  1990). In this kind of  antigenic shift,  

influenza viruses exploit different strategies to escape immune surveillance, including the 

introduction of mutations in cytotoxic T-lymphocyte (CTL) epitopes (Voeten  et al.,2000).   

Antigenic shift occurs when complete gene segments are exchanged among different subtypes of 

influenza viruses within a host cell, resulting in what effectively amounts  to a whole new influenza  

virus genome  (Caron et al., 2009; Suzuki, 2006). 

Because the IAV genome consists of eight discrete RNA segments, co-infection of one host cell 

with two different IAVs can result in progeny viruses containing gene segments of both  parental 

viruses. When this process of genetic reassortment involves the gene segments encoding the HA 

and/or NA genes it has been termed antigenic shift. There are theoretically 256 (28) possible 

combinations of the eight gene segments from reassortment between two parental viruses. 

Reassortment has been shown to be both common, and important in IAV evolution  (Dugan  et al., 

2008: Holmes  et al.,2005), and host switch  events  (Garten  et al.,  2009). 

Homologous recombination is not common in negative sense RNA viruses like IAV (Boni et al 

.,2008). But recombination by template switching has been described, and has played a role in 

changing the virulence or fitness of some IAVs (Wright et al., 2007). The other mechanism for 

antigenic shift  is the gradual adaptation of animal influenza viruses (avian especially) to human 

transmission. There is now evidence that this might have happened in the 1918 pandemic that the 

pandemic virus was directly descended from an avian ancestor (Taubenberger et al.,2005). 

 

 

 

 



3.2.2.  Antigenic drift 

A slower, more continuous evolutionary process called  "antigenic drift" occurs in influenza 

lineages once they become established in a new host. Antigenic drift  is due to the high mutational 

rate of the  polymerase, where the lack of proofreading of the RNA polymerases contribute to a 

mutation rate of the order of 10-5 to 10-6 substitutions/site/replication and the selective pressure 

of the immune system of the host. Most nucleotide substitutions are silent, meaning that they do 

not affect the virus (Nobusawa  and Sato, 2006). Antigenic drift  consists of the  accumulated    and 

continual    mutations   on  surface proteins,  resulting in  the generation   of antigenic   variants  

(Caron  et al..  2009:  Suzuki,   2006).   

The majority of amino acids  residues in the IAV are negatively selected, a process termed 

purifying selection. This means that substitutions are only accepted under certain selection 

pressures, since they otherwise would affect viral fitness. When amino acid residues are positively    

selected, it is termed diversifying selection, and only very few residues are positively selected.    

The combination of  the lack of proofreading of the polymerase, and  the immune pressure exerted  

by the will favor the situation where the virus obtains a substitution that permits its escape from  

the immune  system, and  thereby  provides a fitness advantage to the virus. The accumulation of  

these substitutions will eventually lead to the development of an antigenically different virus strain   

which is more fit, and able to replace existing strains (Zell et al., 2012). 

4. Evolution in various hosts 

4.1. Influenza evolution in avians 

Two evolutionary models can explain the global  pattern of IAV diversity in wild birds, analogous 

to the allopatric and sympatric models of speciation and  it is likely that both have played roles in 

lAV evolution in wild birds (Dugan et al., 2008). Phylogenetic analyses demonstrate that while all   

IAV HA subtypes had a common ancestor, the HA subtypes did not originate in a single radiation,   

and include higher-order clustering. Inter-subtype genetic diversity is high, but intra-subtype 

diversity is quite low. Hence, the genetic structure of avian IAV HA is characterized by highly   

divergent subtypes that harbor relatively little internal genetic diversity. This is also the case for 

the evolution of the 9 NA subtypes. Interestingly, analyses suggest that this diversity reflects a 



very recent origin, with ranges for the most recent common  ancestors (TMRCAs) of the different 

HA subtypes in the period of the last several hundred years (Chen and Holmes, 2010). 

The NS gene segment in bird IAV is characterized by a deep divergence between the A and B 

alleles, strongly suggesting that the two alleles are subject to some form of balancing selection 

(Dugan et al.,2008). Far less genetic diversity is observed in  the 5 remaining  IAV gene segments 

in wild birds (PB2, PB 1,  PA, NP and  M). Phylogenetic analyses also reveal  a clear separation 

of avian IAV sequences from Eastern, and Western Hemispheres, supporting allopatric 

evolutionary pressures (Dugan el al., 2008; Munster  and Fouchier, 2009). 

Mixed infection, and reassortment has also been shown to be extremely common in IAV in wild 

birds (Wang et al., 2008) with little evidence of genetic linkage among specific segments. The 

large number of different HA-NA  subtype combinations recovered also highlights the frequency 

of reassortment in avian IAV, and provides little evidence for the elevated  fitness of specific HA- 

NA combinations. In contrast  to the extensive genetic diversity seen in HA, NA and NS, the 5 

remaining internal gene segments encode proteins that are highly conserved at the amino acid 

level, indicating that they are subject to widespread purifying selection. The fitness landscape for 

these genes is therefore not determined by cross-immunity, but by functional viability with less 

selective pressure to fix advantageous mutations. Given such strong conservation of amino acid 

sequence, large-scale reassortment likely involves the exchange of functionally equivalent 

segments, with little impact on overall  fitness. Dugan, et al. hypothesized that IAV in wild birds 

exists as a large pool of functionally equivalent, and so often inter-changeable,  gene  segment that 

form transient genome constellations, without  the strong selective pressure to be maintained as 

linked genomes (Dugan et al., 2008). IAV maintained in wild birds have been associated with 

stable host switch events to novel  hosts including domestic gallinaceous poultry, horses, swine 

and humans leading to the emergence of viral lineages transmissible in the new host. Adaptation 

to domestic poultry species is the most frequent (Wright et al., 2007). 

Stable host switching likely involves the acquisition of a number of mutations depending on the 

virus, and the species that serve to separate an individual, clonally-derived IAVs strain from the 

large wild bird IAV gene pool. Because adaptation to a new host likely limits the ability of these 

viruses to return to the wild bird IAV gene pool (Swayne, 2007), these emergent viruses must 

evolve as distinct eight-segment genome constellations within the new host (Dugan et al., 2008; 



Taubenberger and Morens, 2009). Sporadically, strains of poultry-adapted H5 or H7  IAV evolve 

into  HPAI usually through acquisition of an insertional mutation resulting in a polybasic amino 

acid cleavage site within the HA (Wright et al., 2007). 

The current panzootic of Asian-lineage HPAI H5N 1 appears to be  unique in  the  era of modern 

influenza virology (Webster et al., 2007). The molecular features of host adaptation to domestic 

gallinaceous poultry are not  yet fully elucidated, but include positive selection for mutations in 

both HA and NA (Campitelli et al., 2004;  Perez et al., 2003), and viral  RNP proteins (Wasilenko 

et  al., 2008). Influenza  A viruses  isolated  from domestic poultry generally maintain an HA 

receptor binding specificity for alpha 2, 3-SA (Wright et al..  2007). Neuraminidase stalk deletion   

has been associated with reduced enzymatic activity of the  NA (Baigent and McCauley, 2001).   

and may be a compensatory adaptive change to reduced HA receptor binding activity  of wild bird 

IAV adapted to replicate in the respiratory tract of poultry. 

4.2. Influenza evolution in equine and swine 

Two IAV  H7N7 and H3N8 have been emerged in equines. Equine H7N7 is  now likely extinct, 

but H3N8 equine IAV lineage, first  detected in the early 1960's, continues to circulate 

enzootically, and cause a high disease and economic burden on the horse industry. In 1989 an 

independent, avian-like H3N8 virus was isolated following an epizootic in horses in China, but 

this lineage has not persisted. Available phylogenetic evidence suggests that all these equine 

lineages were derived from avian IAV (Horimoto and  Kawaoka, 2001 ). Unlike swine IAV, equine  

IAV has been recognized for hundreds of  years (Taubenberger  and  Morens,  2009), interestingly    

often in close association with human IAV epidemics or pandemics. In the virologic era, the first 

IAV isolated from horses occurred in an epizootic in 1956.  

In March and early April 2009; new swine-origin influenza A (H1N1) virus  (S-OIV) emerged in  

Mexico and the United States (CDC, 2009). Since then, the virus (later renamed influenza A  

(HlN1) pdm09 virus) spread rapidly across the world by human-to-human transmission. On the l 

lth of June 2009, the World Health Organization declared a global  pandemic of 2009 H1N1     

infection making it the first pandemic of the 21st century (WHO, 2009). By April 2010, there   

were 18,500 laboratory confirmed deaths with recent studies estimating a higher figure  of  201,200   

deaths (Viboud  and Simonsen, 2012). 



The outbreak strain was identified as a swine origin influenza virus that resulted from a 

reassortment of two previously circulating strains. The new strain contains six segments (PB2, 

PBl, PA, HA, NP, and NS) that were similar to the ones previously found in triple-reassortant 

swine influenza viruses circulating in  pigs in North America (Dawood et al., 2009). From 1998, 

several   different   lineages of 'triple' reassortant viruses of H3N2, H1N2 and H1N1 subtypes, 

containing genes from the classical swine H1N1, human H3N2 and avian IAVs, emerged to cause 

enzootic disease in pigs in the U. S. and globally (Olsen, 2002).  

In Europe, a novel  lineage of HINl  emerged in the late 1970's by adaptation of an avian IAV  to 

swine leading to enzootic disease in Eurasia (Dunham et al., 2009). Other fully avian or  fully   

human  IAV-derived isolates or reassortant viruses containing genes of avian, swine and/or human 

IAV origin, have been associated with  less widespread  disease in swine (Reperant et al.,2009). 

4.3. Influenza evolution in humans 

The most salient feature of influenza evolution in humans is its antigenic drift. This process is 

characterized  by structural changes in the virus’s B-cell  epitomes’ and ultimately results in the 

ability of the virus to evade immune recognition and thereby re-infect previously infected hosts 

(Yuan and Koelle, 2013). The emergence of the pandemic H1N1 (H1Nlpdm09) virus in 2009 in 

humans followed by reverse zoonotic events, introduced yet another H1N1 virus in pigs in many 

countries (Pereda et al., 2010; Vijaykrishna et al., 2010). Only three HA subtypes of IAV (H1N1, 

H2N2 and H3N2) have caused epidemics in humans in modern times. The most severe pandemic 

in the past century was caused by the H1N1 subtype in 1918, also known as “the  Spanish  flu”, 

which resulted in approximately 546,000 deaths  alone in the United States (Taubenberger and 

Morens, 2006). 

In 1957, a pandemic was caused by an IAV of H2N2 subtype, known  as the “Asian flu” due  to 

its origin in China. The H2N2 subtype was replaced by the H3N2 subtype in 1968, which was the 

cause of the next pandemic known as  the  "Hong Kong flu". In 1977, a re-emergence of a 

descendant of the 1918 H1Nl IAV occurred, which  was found to be genetically similar to the 

viruses that circulated before 1957.  Since it was thought highly unlikely that a virus could  have 

circulated for 20 years without being  detected or having accumulated  mutations, it was therefore 

suggested that the re-emergence had to be caused  by an accidental release of a frozen  version of 

an early 1950 strain (Nakajima et al., 198l; Taubenberger and  Kash, 2010).    



In 2009 a new pandemic HlN1 virus  (H1N1pdm09) occurred which differed from the earlier   

known H1N1 viruses (Smith et al., 2009) and  since  then,  this IAV has gradually replaced the 

seasonal H1N1 virus and  began co-circulating with H3N2 causing seasonal influenza epidemics    

in humans (Neumann and Kawaoka, 2011). 

5. Methods for detecting influenza virus 

Public health is being attacked with influenza containing new genes from a genetic assortment 

between animals and humankind. Unfortunately, the population does not have immunity for 

mutant genes and is attacked in every viral outbreak season. For these reasons, fast and accurate 

devices are in high demand. As currently used methods like Rapid Influenza Diagnostic Tests lack 

specificity, time and cost-savings, new methods are being developed (Dziąbowska K et al., 2018). 

Methods for detection of influenza viruses are conventional serological methods as well as the 

advanced methods of molecular biology and biosensors. All these methods are based on different 

parameters and have different targets but the goal is to improve specificity and increase sensitivity. 

Amongst the molecular methods, real-time polymerase chain reaction (RT-PCR) is considered a 

gold standard test due to its many advantages whereas a number of other molecular methods are 

time-consuming, complex to perform or lack specificity (Ravina et al., 2021).  

6. Evolution and Intervention  

Vaccine has played a critical role in protecting the global community from various infectious  

diseases (Berhanu, M. 2021). Vaccines are currently available for the prevention of  human 

influenza and also for some subtypes of avian influenza. Two classes of antiviral drugs, although 

not widely used, have been approved  for influenza prophylaxis and treatment. The human 

influenza vaccine first developed in 1947 is currently a trivalent formulation containing one 

influenza B virus and one virus each from  influenza A subtypes H3N2 and  H1N1.  

 

 

 

 



To keep track of the evolution  of the virus,  annual update   to  the influenza    vaccine composition    

is  needed   in order to provide   a vaccine  induced immunity to the general  public (Boni,   2008). 

Antigenic drift  requires that vaccine strains be updated almost yearly, selection of viral strains for 

inclusion  in the vaccine is based on  antigenic, genetic,  and epidemiological data and practical 

issues such as the availability of high growth reassortments suitable for vaccine production. 

Reverse genetic and cell culture techniques are now being applied   to the production of  an H5N1 

vaccine. If successful these methods may eventually be adapted for the production of the yearly 

vaccine as well. This would provide greater flexibility and standardization in vaccine production 

and also allow for a more rapid vaccine response to antigenic   drift. The need for frequent vaccine 

updates might also be reduced by the development  of a vaccine eliciting  protective antibodies 

against a more evolutionary stable part of the  virus than  the HA (De Fillette  et al., 2005).  

One of the most studied and developed of these universal vaccines are those that target the 

extracellular portion of the M2 protein (M2e) (De jong et al., 2000). M2e  is not  the only conserved   

epitope between influenza viruses, and a number of other proteins have been targeted. These 

include nucleoprotein, and  polymerase proteins through T-cell mediated approaches and also   

more conserved domains of HA (Dowdle et al.,1997). In 2011 there was some research success 

towards a universal vaccine that produces antibodies against proteins on the viral coat which  

mutate less rapidly, and  thus  a single shot could potentially provide longer-lasting protection 

(Dowdle et al., 1999). 

Two families of antiviral drugs are currently used to treat human influenza virus infections. 

Oseltamivir  (Tamiflu; Roche) and zanamivir (Relenza: GlaxoSmithKline) inhibit the 

neuraminidase activity  of the NA protein, thus blocking release of the newly formed virions from 

infected cells.  The adamantanes   (amantadine,    and  rimantadine)    inhibit   the ability of the 

viral ion channel   protein  M2 to exchange H+  in  order to lower the pH inside   the virus,   a step  

that is needed for viral uncoating during entry into the host cell. Although these antiviral therapies    

are efficacious against the current influenza virus strains, their use can result in the selection of 

resistant viruses, and resistant strains do occur in nature. This emphasizes the great need for 

additional broad-spectrum therapeutic approaches (Zuckerman, 2004). 

 

 



7. Conclusions and Recommendations 

This paper describes how influenza virus undergoes evolution and presents ways of intervening 

continuously evolving influenza viruses. In this article, the past phylogenetic relationships of the 

influenza virus, evolution in various hosts, mechanism and causes of evolution were discussed. 

Comprehensive understanding of evolutionary history of influenza viruses can help us to predict 

the future possible influenza strains. Influenza virus undergoes perpetual evolution for a couple of 

reasons. These are lack of proofreading mechanism during replication and high rate of mutation in 

their surface glycoproteins. A highly pathogenic flu strain can evolve from a low  pathogenic 

strains. The need for updating flu vaccines arising from perpetual evolution of influenza virus.  

Early detection and rapid intervention of newly emerging influenza viruses are crucial to prevent 

future pandemics.   

Based on the above conclusive remarks the following recommendations were forwarded: 

 Further studies should  be carried out to halt  evolution of a highly  pathogenic strain from a low  

pathogenic strain. 

 Early detection and rapid response (EDRR) policy should be put into effect to mitigate the 

adverse outcomes of newly emerging influenza viruses. 

 Flu vaccines should be updated yearly to control continuously  evolving  influenza viruses. 

 Research  should  be targeted on  universal  influenza vaccines  which  are  capable  of protecting  

against different strains of influenza  virus. 

 Prophylactic antiviral  therapy should  be recommended as soon as the pandemic emerges so as 

to slow down the rate of new infection. 

 There should be strong collaboration among human health personnel, veterinarians  and other  

relevant stake holders  (one  health  approach)  so  as  to  control  future influenza epidemics and 

pandemics.   
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