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Same procedure as last year – the influenza vaccination 
 

Human beings are endowed with an intelligent defence system, which identifies foreign 

invaders like bacteria or viruses. This defence system is called immune system; it fights 

continuously against invaders and memorizes the information about pathogens like a picture 

used by the police to search for a criminal. This process takes place in several steps. Initially, 

the immune system identifies foreign invaders on the basis of particular protein molecules on 

their surfaces, which are called antigens.   

The immune system synthesizes complex protein molecules (antibodies), which fight and 

defeat the invaders. The immune system is able to defeat known pathogens more quickly by 

producing so-called memory cells, which act like pictures used by the police to search for 

criminals. In the case of a reinfection, the immune system can use them to immediately 

recognize pathogens. This way, the immune system is able to react very fast and defeats 

pathogens, even before the illness breaks out.  

Vaccination is used in order to prepare the immune system for the attack of certain pathogens. 

Therefore, vaccines have to be optimally adapted to the particular pathogen. Pathogens, 

however, often have different strategies for infection.  

Against many virus infections a once-only vaccination is sufficient to prevent the outbreak of 

a disease, e.g. measles. In 1963, a vaccination against the measles virus was developed and 

released; since large-scale vaccinations against measles have focused on young children 

measles have declined (figure 1). 

Influenza vaccinations have been common practice for decades as well. In contrast to the 

measles vaccination, which takes place only once in childhood, people are encouraged to get 

vaccinated against the influenza virus every late fall. This is the case, because every winter 

new influenza viruses occur, which are highly variable and can cause influenza pandemics 

(figure 2). According to recommendations of the World Health Organization (WHO), 

influenza vaccines change every year. They are composed of three different components. One 

of the components acts against influenza-B viruses (tab. 1).  
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Figure 1: Number of measles cases since 1960. 
(see also: Madigan, M.T., Martinko, J.M. (2006): Brock, Mikrobiologie; 11. überarbeitete Auflage, Pearson Studium) 
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Figure 2: Numbers of influenza cases since 1970.  
(see also: http://www.rivm.nl/vtv/object_document/o1733n18081.html, December 2008) 
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Table 1: Influenza vaccines used in the last years (according to WHO) 

Season Recommended influenza-strains for vaccination 

2005/06 one strain similar to A/New Caledonia/20/99 (H1N1)  

one strain similar to A/California/07/2004 (H3N2) 

one strain similar to B/Shanghai/361/2002 

2006/07 one strain similar to A/New Caledonia/20/99 (H1N1) (not changed) 

one strain similar to A/Wisconsin/67/2005 (H3N2) (replaces the former H3N2-component) 

one strain similar to B/Malaysia/2506/2004 (replaces the former B-component) 

2007/08 one strain similar to A/Solomon Islands/3/2006 (H1N1)  

one strain similar to A/Wisconsin/67/2005 (H3N2)  

one strain similar to B/Malaysia/2506/2004 

2008/09 one strain similar to A/Brisbane/59/2007 (H1N1)  

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

one strain similar to B/Florida/4/2006  

 

 

Nomenclature of the vaccine-strains: 

The following information is included in the name of a vaccine strain: virus-type (influenza 

virus A, B or C), host (from which the pathogen is isolated), geographical location, number of 

the isolate, year and subtype of the hemagglutinin (HA) proteins and neuraminidase (NA) 

proteins. One of the first influenza viruses isolated from a pig was named 

A/Swine/Iowa/15/30/(H1N1). It was isolated in 1930 in Iowa as 15th virus of the subtype 

H1N1. If the strain is isolated from a human being, the host is not named (see table 1).  
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© Gleiberg, 2007 (www.wickipedia.org)  Licenced by: Creative Commons 
Attribution ShareAlike 3.0 (http://creativecommons.org/licenses/by-sa/3.0/legalcode) 

 

 

Portrait 1 

 

MEASLES 

The virus and its origin 

The measles virus belongs to the so-called morbilliviruses 

within the group of paramyxoviruses. They are surrounded 

by an envelope, which is derived from the cell membrane of 

the host cell; virus specific surface proteins, the 

hemagglutinin (H) and the fusion protein (F), are embedded 

in this envelope. A single RNA strand of about 15.900 bases 

is located inside the nucleocapside. It encodes for a total of 

7 proteins which are essential for the structure of the virus 

and the replication of the virus-RNA. In contrast to the 

influenza virus, the measles virus occurs exclusively in humans and not in animals, unlike influenza 

viruses, there does not exist an ‘animal reservoir’ for measles viruses. However, it is assumed, that 

measles viruses have evolved from a closely related virus, maybe the ‘Rinderpest’ virus (RPV) and 

has adapted to human populations.  

               

The infection 

Measles is an acute, viral infectious disease, which belongs to the so-called ‘teething problems’. The 

viruses are transmitted via the air (droplet or airborne infection) and enter the human body through the 

respiratory system. In most cases, the symptoms (e.g. fever, cough, rash) persist for 7-10 days. About 

5 days after the infection, antibodies against the measles virus can be detected in the blood. In the 

course of a measles infection various complications can occur, so that the disease has a high mortality 

rate. Following a measles infection, there is lifelong immunity, so that a new infection with measles is 

unlikely.  

 

Outbreak and vaccination 

Although measles was once common, today its outbreaks are rare and restricted to isolated regions in 

the industrialized countries. This is due to large-scale vaccination programs, which have been 

conducted since the middle of the 1960s. The vaccine that immunizes human beings against the 

measles virus was officially authorized in 1963. Usually a combined vaccination is administered, 

which protects against measles, mumps and rubella viruses simultaneously. In the USA, the measles 

virus has been nearly eradicated in some regions by large-scale and intensive vaccination campaigns 

(see figure 1). 
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  © NIAID, modified 

 

Portrait 2 
INFLUENZA 

The virus and its origin  

The influenza virus belongs to the orthomyxoviruses. 

The genome consists of 8 single-stranded RNA 

fragments located in a nucliocapsid. It is surrounded 

by a lipid double-layer, derived from the cell 

membrane of the host cell. The glycoproteins 

hemagglutinin (H) and neuraminidase (N) are 

embedded in this envelope and play an important role 

for the attachment of the virus to the cell. 16 different 

H-types and 9 different N-types have been identified until now and therefore they are also responsible 

for the name of the virus (e.g. H1N1 or H5N1). Due to mutations in the genes encoding the surface 

proteins (antigenic drift, see additional information) and due to recombination of the fragments 

(antigenic shift, see additional information), the virus is very variable and different combinations of 

surface proteins are possible.  

The influenza virus originated in wild waterfowl. Birds represent a natural ‘animal reservoir’ (storage 

basin) for all subtypes of influenza viruses (H1-16, N1-9), which can theoretically be transmitted from 

birds to humans. In particular, the subtypes H1N1, H1N2, H2N2 and H3N2 are known as influenza 

viruses, which infect humans. Other groups of organisms which can be infected by influenza-A viruses 

are e.g. horses, seals and pigs.  
 

The infection 

The influenza virus spreads by droplet infection and initially affects the upper respiratory system. 

Infections with influenza viruses can pass without any symptoms or lead to lethal pneumonia. After an 

incubation period of 1-5 days, the disease breaks out suddenly, dependent on the virus load and the 

strength of the immune system of the patient. Most infected persons develop a temporary immunity 

against the infectious virus, so that it is impossible for viruses with similar antigenic characteristics to 

cause an epidemic for the next 2-3 years.  
 

Outbreak and vaccination 

The infection exists as an ‘endemic viral plague’ among the human population and outbreaks take 

place every year, especially during late autumn and winter. The mechanism of antigenic drift allows 

the virus to continuously evade the immune system, which leads to repeated outbreak of epidemics 

(figure 2), usually every 2-3 years. Global epidemics (so-called pandemics) occur infrequently, 

approximately every 10-40 years, and result from antigenic shift.  

Influenza epidemics can be controlled by vaccination, but the vaccines have to be adapted every year 

to the prevailing influenza virus subtype.  
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Exercises 
1.) Although our immune system can remember pathogens that invaded in the past and builds 

antibodies, we don’t achieve a permanent protection against influenza viruses through a 

single vaccination. An influenza infection that we successfully fought in the past leads to 

immune protection for a short period of time only.  

 Describe the processes that cause the variability of the influenza virus (use portrait 2). 

2.) Portrait 2 (“Influenza”) describes that subtypes of the influenza virus can be composed of 

all combinations of the 16 hemagglutinin types and the 9 neuraminidase types.  

a. Examine table 1 and find out, which virus subtypes are subject to vaccination 

every year.  

b. Why don’t vaccinations take place against all subtypes? 

c. Explain why different isolates of the same subtypes are used every year for 

developing vaccines.  

3.) Look at figures 1 and 2. Measles vaccinations take place once in childhood and have been 

conducted since 1963. Following measles vaccination, there is lifelong immune 

protection. Influenza-vaccination, in contrast, is conducted every year anew.                                                            

a. Describe and compare figures 1 and 2. 

b. The different success of the vaccinations can be explained with reference to the 

different strategies of virulence that evolved in the influenza virus and in the 

measles virus. Consider the variability of the viruses, their adaptation and their 

host specificity (use portrait 1 + 2). 

c. Describe the advantages and disadvantages of these strategies in influenza 

viruses and measles viruses for the survival of the viruses.  

4.) There is an annual vaccination program against the human influenza virus. People are 

afraid that there is a ‘normal’ influenza epidemic. In addition, there is the fear of an 

outbreak of an H5N1 pandemic, which means that the lethal avian flu virus H5N1 is 

transmitted to humans and subsequently passed on between humans. Why don‘t we 

vaccinate the people against this virus as a preventative measure? 

5.) Which differences between the measles virus and the influenza virus can be used to 

explain the high variability of the influenza virus in comparison to the measles virus?  
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Solutions 

Exercise 1  
Influenza A viruses are characterized by an extraordinary ability of genetic change and therefore 
show very high variability. Successive random mutations lead to a cumulative change of the protein 
structure and a continuous change of their properties (antigenic drift). Mistakes during the replication 
of the genetic information and subsequent changes of the protein structure have the effect that the 
surface proteins hemagglutinin and neuraminidase cannot be identified by the immune system any 
more. Furthermore, influenza viruses can also change their characteristics dramatically in a single 
step by exchanging whole genome segments during a double infection (antigenic shift).  
 

Exercise 2 
a. The subtypes H1N1 and H3N2 are the same every year. 
b. Not all influenza subtypes can infect the human until now. H1N1 and H3N2 have been responsible 
for the infections during the great epidemics and pandemics of the last decades and are proven to be 
infectious for humans.  
c. The isolates of the subtypes vary among the vaccines because high mutation rates (especially 
antigenic drift), which affect the surface proteins, lead to continuous change. 
 

Exercise 3 
b. In contrast to measles viruses, influenza viruses possess a higher variability (in the antigens); but 
measles viruses are adapted exclusively to humans as host. 
c. Advantage measles virus: optimal adaptation to the human host  
Disadvantage measles virus: antigenic structure does not change; the immune system of the host 
(human) can also adapt optimally (lifelong immunization); eradication of the virus is possible through 
the development of an effective vaccine (blind alley of evolution!?) 
Advantage influenza virus: variable antigenic characteristics enable the virus to avoid the human 
immune system again and again; the development of a long-term effective vaccine is nearly 
impossible, the immunization of the host for a longer period of time is unlikely; the (host)species 
barrier (bird – human) can easily be skipped and therefore the virus spreads; greater ability of 
adaptation to new hosts 
Disadvantage influenza virus: always subject to high selection pressure by the human immune system 
  

Exercise 4  
Until now, the H5N1-virus has not skipped the species barrier from bird to human and the 
transmission between humans has not been successful yet or happened only a few times under extreme 
circumstances (very close contact between infected poultry and humans is one of the pre-
conditions).For a successful adaptation to a new host and an effective transmission between 
individuals of the new host mutations are necessary, which cannot be foreseen because they happen by 
chance. Because of the unpredictable change of the virus, it is not possible to develop a prophylactic 
vaccine, thus an effective vaccine has to be adapted optimally to the virus.    
    

Exercise 5 
The genome of the measles virus consists of one single RNA strand, while the genome of the influenza 
virus consists of 8 RNA segments. Thus the probability of reassortment and variability is much higher 
in the influenza virus.   
In contrast to the influenza virus, the measles virus is not found in an ‘animal reservoir’ (they are 
endemic to human), so that it is possible to eradicate the virus by vaccination of humans. Influenza 
viruses have a natural reservoir in wildfowl, so that a successful eradication is impossible because 
new transmissions from animal to human can happen at any time.    
 
 

Literature:  
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Additional information 

Genetic drift / Antigenic drift 

 

 
 
 
 
 
 
  

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 
in the gene pool, which are favoured by selection (positive selection).  
 
 

Antigenic drift  
© National Institute of Allergy and Infectious Diseases (NIAID) (modified) 
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Additional information 

Genetic shift / Antigenic shift 

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 hemagluttinin (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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