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Fig. 1: Schematic representation of an influenza-A virus.  
© National Institute of Allergy and Infectious Diseases (NIAID) (modified). 

 

Information 

The “rapid” evolution of influenza viruses 

 

The influenza-A virus 

Influenza virus type A (Fig. 1) can occur in 

different variants. Its genetic information is 

segmented and consists of 8 separate single-

stranded RNA-molecules, which encode a total of 

11 different viral proteins. These proteins are a 

polymerase as well as various structure proteins 

and envelope proteins. Distinctive features of this 

virus are the surface proteins hemagglutinin (H or 

HA) and neuraminidase (N or NA). 16 different forms of hemagglutinin (H1-16) and 9 

different forms of neuraminidase (N1-9) have been identified so far. These surface proteins 

play an important role in the distribution and reproduction of the virus. The hemagglutinin 

initiates the infection of the host cell by binding to the corresponding receptors of the host cell 

(sialic acids on the host cell-surface), while the neuraminidase affects the budding of new 

viruses from the host cell and therefore supports new infections.  

The names of the different subtypes of the influenza-A viruses are derived from the 

combination of the surface proteins H and N. Table 1 lists the different influenza epidemics in 

the last decades and the subtypes of viruses 

responsible for them. The virus of the avian flu 

H5N1, which first occurred 1997 in humans, is a 

subtype of the influenza-A viruses as well. 

 

 

 

 

Nomenclature within influenza viruses 
 

Type: Influenza-A virus  
Subtype: combination of H (1-16) and  

  N (1-9) 
Strain:  Variant of a subtype, which originated
 through change (genetic drift or  

genetic shift)  

Table 1: Influenza epidemics of the 20th century (WHO, 2008) 

Year of outbreak Influenza epidemic Virus type 
   
1918/19 Spanish Flu H1N1 
1957/58 Asian Flu H2N2 
1968/69 Hongkong Flu H3N2 
1976 Swine Flu  H1N1 
1977/78 Russian Flu H1N1 
1997 Hongkong Avian Flu H5N1 
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Causes of the “rapid” evolution of influenza viruses  

Most pathogens have large population sizes and short generation times. This is particularly 

true for viruses. The complete replication-cycle of a virus within a host cell often takes only a 

few hours and results in many thousands new viruses. Because the viral RNA-polymerase 

does not possess a proof-reading-function, faulty nucleotides are integrated during replication 

with a likelihood of 10-3 to 10-4, which results in high mutation rates. In fact, the error rate of 

the viral RNA-polymerase is 1000 times higher than the error rate of the human DNA-

polymerase. Thus, three characteristics contribute to the rapid evolution of these viruses: large 

populations, short generation times and high mutation rates. Every mutation, which enables its 

carrier to evade the host’s immune system, will be (positively) selected, passed on to the next 

generation and distributed more widely. Influenza viruses evolve 1 million times faster than 

mammals. Five years of virus evolution roughly correspond to the time span, which separates 

humans and chimpanzees from their last common ancestor (Freeman & Herron 2007).  

 

Survival through variability 

The surface proteins of the viruses are subject to the selection pressure of the host’s immune 

system because they represent the antigens for the development of antibodies in the immune 

system of the host. Hemagglutinin is a specific protein of the virus, which is recognized, 

attacked and memorized as an undesirable invader by the immune system. It is advantageous 

for a virus to either find a host which has never been exposed to the type of hemagglutinin it 

possesses or change its hemagglutinin so that the immune system cannot identify it. The virus, 

therefore, has a selective advantage compared to other viruses. Thus, variability is of vital 

importance for the virus and it is ensured in different ways during the replication-cycle of the 

virus. The two most important mechanisms in this regard are mutations (genetic drift, 

especially antigenic drift) and genetic shift (especially antigenic shift). 

 

Variability through mutation: antigenic drift  

Viral RNA is replicated within the host cell. RNA-polymerase undertakes this task and has a 

relatively high error rate in comparison to DNA-polymerase. Also it does not have any 

proofreading-activity like other polymerases. Thus one nucleotide per viral generation 

changes on average. Numerous point mutations lead to (minimal) changes in the genome, 

which can result in a change of the amino acid sequence. This continuous change of the 

genome is called ‘genetic drift’. We speak of ‘antigenic drift’, in contrast, if the mutations  
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affect the genes encoding antigens (Fig. 2). The structure of these surface proteins can change 

minimally and therefore the immune protection of the host (acquired through previous 

infections or immunization) will not be effective any more. As a consequence, the immune 

system cannot identify the new, minimally changed virus variants anymore and the lock-and-

key principle of the antigen-antibody-interaction is no longer fully functional. Variation 

through antigenic drift is the cause for annual influenza outbreaks. 

 

 

 

 

 

 

 

 

 

 

Variability through reassortment: antigenic shift 

Besides mutations, viruses with segmented genomes change genetically through ‘genetic 

reassortment’. The latter term denotes the exchange of one or more genome segments 

between two related viruses which infect a host cell at the same time (Fig. 3A). During such a 

double infection the construction plans of both viruses become replicated in one host cell. 

During the following assembling of the virus, mistakes in the combination of the segments 

can happen because the system cannot distinguish, which RNA-segments stem from which 

subtype of the virus. The reassortment of complete units of genetic material results in the 

formation of ‘reassortants’ or ‘mosaic’ viruses (Fig. 3B, C). At times, ‘genetic reassortment’  

 

Genetic drift – a term with different meanings 
 
In virus genetics, the term genetic drift (also random allelic drift) is used differently from population 
genetics. In population genetics, genetic drift means change of the allele frequencies by chance, which 
can have a great influence especially on the gene pool in smaller populations. It leads to unpredictable 
changes of the gene pool, which can result in the disappearance of gene variants.  
In virus genetics, the term genetic drift is used to describe the continuous change by mutation. If the 
genes encoding the antigens are affected by mutation, it is called antigenic drift. Due to the continuous 
change of the antigens and the selection by the immune system of the host, mutations become 
established, which are favoured by selection (positive selection). 

Fig. 2: Antigenic drift © National Institute of Allergy and Infectious Diseases (NIAID) (modified) 
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affects the exchange of genome segments encoding the viral surface proteins hemagglutinin 

and neuraminidase. Thereby, the virus achieves a new antigenic pattern. Thus, the process is 

called ‘antigenic shift’ (Fig. 3C). While this is a common phenomenon, it is also the catalyst 

for pandemics among humans because pandemic viruses are often genetic reassortants of 

human and avian influenza-A virus-subtypes (see table 1). Even though avian influenza-A 

subtypes usually cannot infect humans and even though poultry is usually not susceptible to 

human virus-subtypes, pigs play a very important role in the formation of new influenza 

viruses. They serve as a kind of ‘melting pot’ because they are susceptible to double 

infections with avian influenza viruses as well as human influenza viruses. In this way, new 

virus variants can be transmitted from pigs to humans. The risk of jumping the species barrier 

between birds and humans is particularly high for the lethal avian flu virus H5N1, even 

though it caused only few infections of humans until now. 

The formation of new virus subtypes is a very impressive example for the effects of antigenic 

shift. Besides these conspicuous changes, less obvious reassortments and mutations of the 

segments happen, which are responsible for the formation of different genotypes within one 

subtype. Thus, 9 different genotypes of the avian flu virus H5N1 have been identified so far 

(Li et al., 2004), which differ in their degree of pathogenicity.  
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Fig. 3: Genetic shift and antigenic shift in influenza viruses. 
A: Double infection of a host cell, e.g. with H1N1 and H2N2.  
B: Genetic shift – During assembly of new viruses a reassortment of genome segments takes place (“genetic 
reassortment”). By chance, the gene segments encoding hemagglutinin (H) and neuraminidase (N) are not 
affected by the reassortment. Thus, the reassortant H1N1 does not get a new name. 
C: Antigenic shift – During assembly of new viruses a reassortment of genome segments takes place 
(“genetic reassortment”). In this case the RNA segments encoding the surface proteins are affected by the 
reassortment; therefore, the reassortant gets a new name: H2N1. The combination H1N2 is also possible, but 
not shown here. © NIAID (modified) 
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Is the variability of the influenza viruses observable? 

 
1. Hemagglutinin (H or HA) and neuraminidase (N or NA) are the surface proteins of the 

influenza virus, which are primarily responsible for a successful infection of the host cell 
and the release of new viruses. However, the virus can be identified as an invader by the 
host’s immune system, which recognizes viral surface proteins. The immune system puts 
high selection pressure on the surface proteins. Because of this, it is advantageous for the 
virus, if the structure of the surface proteins continuously changes a little. Therefore, the 
ability to attack the host cell remains intact, but the immune system cannot recognize its 
structure. To test this hypothesis, Fitch et al. (1991) sequenced the hemagglutinin gene from 
virus samples of a period of 20 years. By comparing the sequences, the researchers 
discovered a continuous increase of mutations in this gene over the years (Fig. 4). 
Furthermore, Fitch et al. detected that the mutation rate and therefore the variability of the 
structure of the surface proteins is much higher than in genes which encode proteins, which 
are not exposed to the immune system (e.g. nonstructural proteins).       

2.  

              
                                   

 
3. Indirectly, the high variability of the influenza virus is recognizable by the fact that the 

influenza vaccination does not protect the organism permanently. The influenza vaccination 
is effective for a maximum of 2-3 years. In contrast, the once-only measles immunization in 
childhood lasts for life. The influenza virus is subject to continuous changes as well as 
continuous selection pressure by the immune system and vaccination. Again and again 
changed virus strains can establish themselves so that the annual influenza vaccination has to 
be adapted to the new virus strains.  

 
4. A further indirect sign of the high variability and adaptability of the virus can be seen in 

H5N1. Typically, this virus is specific to birds, but it succeeded in jumping the species 
barrier (bird – cat, bird – human) several times due to its high mutation rate during 
replication, even though it has not fully adapted to a new host yet.    

Fig. 4: Change of the 
hemagglutinin gene over time. 
(cf. Fitch et al., 1991) 
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The development of vaccines  

In the past, smallpox and polio pandemics had disastrous consequences for the world 

population. Due to comprehensive vaccination programs, smallpox has been officially 

eradicated and polio is well on the way to complete eradication. Vaccination is the most 

important preventative measure against influenza as well. Unfortunately, the strategy of 

eradication through vaccination does not work on influenza viruses because they are so highly 

variable. Influenza viruses, like most other viruses, evolve fast because of high mutation rates 

and because of antigenic shift, so that there is a high number of different genotypes at any 

time. The match between vaccine and virus, however, needs to be close to perfect, in order to 

shield an organism from an infection. Therefore, the influenza vaccination has to be adapted 

every year. Knowledge of the three most frequent strains in circulation is the basis of 

selecting the most appropriate seasonal vaccination.  

For the season 2008/2009 the vaccination was composed of the following influenza strains 

(WHO):  

 

 one strain similar to A/Brisbane/59/2007 (H1N1), 

 one strain similar to A/Brisbane/10/2007 (H3N2) and  

 one strain similar to B/Florida/4/2006.  

(Nomenclature: Virus-type/ geographical location of the isolation/ number of isolate/ year/ subtypes of HA-proteins and NA-proteins) 

 

Producing and storing adequate vaccines against an imminent H5N1 pandemic among 

humans bears a fundamental difficulty. So far, a pathogen, which is transmitted from human 

to human, does not exist. But not until the outbreak of an H5N1 pandemic, can the virus strain 

be determined with certainty, which provides the basis for developing a vaccine. Because of 

this, prototype vaccines are produced, which are based on virus variants, which have been 

infectious for humans in the past. Also, virus variants are used, in which the key components 

for the initiation of an immune answer can be introduced later, as soon as the pandemic strain 

is known (e.g. GlaxoSmithKline, Chiron Vaccines).  

The estimated global production of seasonal influenza vaccines based on three strains is about 

300 million doses per year. The required amount of antigens for the avian flu virus is about 6 

times higher than the amount for the seasonal vaccination. If such a vaccine was produced in 

large-scale, the production would meet its limits very soon. The amount would shrink to 150  
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million doses. Because 2 vaccinations are required for full immunization, the amount would 

not even be sufficient for the German population.  

Because of this, some companies work on the development of so-called adjuvants, chemical 

agents which can stretch the vaccine supplies and enhance the immune system. This way, the 

global capacity of producing and storing large amounts of a vaccine can be considerably 

extended (Gibbs et al. 2006, Schneider 2006).  
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