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Abstract. There are three ways how influenza A 
viruses can escape the immune response in the human 
population: (1) By antigenic drift. This means by 
mutation and selection of variants under the selec- 
tion pressure of the immune system. These variants 
have amino acid replacements mainly in the epitopes 
of the hemagglutinin. (2) By antigenic shift. This 
means replacement of at least the hemagglutinin gene 
of the prevailing human strain by the allelic gene of 
an avian influenza virus by reassortment. (3) As a 
rare event, direct or indirect introduction of an avian 
influenza virus in toto into the human population. A 
prior introduction of an avian virus into pigs and an 
adaptation to the new host might be a presupposi- 

tion for its final passage to humans. In this sense the 
nowadays situation is reminiscent to that of about 
100 years ago, when an avian virus was presumably 
first introduced into pigs, and from there into 
humans. Immediately or some time thereafter the 
disastrous Spanish Flu in 1918/19 had killed at least 
20,000,000 people in one winter. Pandemic strains 
can be created by all three means, however the 
most common way is by reassortment. In order to 
recognize a pandemic strain as soon as possible a 
worldwide surveillance system and collaborating 
laboratories equipped with corresponding modern 
technologies are required. 
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Introduction 

The genome of influenza A viruses consists of 8 
single-stranded RNA segments (genes) of negative 
polarity. Because of the extremely high mutation rate 
of RNA viruses, influenza variants with amino acid 
replacements in the epitopes of the surface glyco- 
proteins appear easily under the selection pressure of 
the immune system, leading to the antigenic drift. 
Drift variants mostly cause relatively defined epi- 
demics, but occasionally they spread worldwide. 
Viruses with a segmented genome exhibit the 
phenomenon of reassortment during a double infec- 
tion of a cell or an organism. In the example shown 
in Figure 1 the prevailing human influenza strain has 
received a new gene coding for the major surface 
antigen, the hemagglutinin, from an animal influenza 
virus. This new shift variant can cause the next 
pandemic, because no neutralizing antibodies against 
the new virus are present in the human population. 
Such a reassortment between a human and an avian 
influenza strain, suddenly creating a new pandemic 
virus, has happened the last time in 1968 [1]. 

The pig as 'mixing vessel' for the creation of  
new shift reassortants 

There exist two major reservoirs of influenza A 

viruses, one in humans, and another one in water 
fowl[21. However, human influenza viruses do not 
spread in the avian population, and vice versa, avian 
influenza viruses do not spread in humans. Therefore, 
the question arises, where this mixing of virus genes 
(Figure 1) occurs. It was found that pigs exhibit a 
relatively low species barrier towards infection with 
avian or human influenza viruses. This observation 
is supported by studies on sequences of the nucleo- 
protein (NP) gene [for reviews see 3-5]. The NP gene 
was chosen, because it is the major determinant for 
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Figure 1. Scheme to explain the creation of a new 
pandemic influenza A strain by antigenic shift. A cell 
becomes doubly infected by an animal virus and by the 
prevailing human strain. One of the 254 possible new reas- 
sortants has the gene constellation shown on the right, 
which could theoretically cause the next pandemic. 
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species specificity [6]. In the phylogenetic tree 
constructed by using the NP sequences of 100 dif- 
ferent influenza strains (Figure 2) it can be seen, that 
swine viruses (SW) are scattered among the avian 
as well as the human branch, while human and avian 
viruses were never mixed. Thus 'avian-like' and 
'human-like' influenza viruses can be isolated from 
pigs relatively frequently. 

Because of  a dense cohabitation of humans, pigs 
and water fowl around fish ponds in villages in China 
the probability of  the creation of new pandemic 
strains is the greatest in Southeast Asia. This might 
explain why all the pandemics in historical times 
have started from this area [7, 8]. 

As a rare  event ,  an  av ian  in f luenza  v irus  can  be 
in troduced  to to to  into  a m a m m a l i a n  p o p u l a t i o n  
f o r m i n g  a s table  l ineage  

A surprising feature of the avian NPs in Figure 3 is, 
that there is no depth in this branch. This means, that 
the bird NPs are under no selection pressure to 
change. They are optimized. In contrast, the NPs of 
the human or classical swine viruses are under a 

strong selection pressure. From these data it is 
concluded that the avian viruses stayed in the bird 
population since centuries almost unchanged, while 
the mammalian influenza strains were derived from 
an avian ancestor virus. If the number of nucleotide 
substitutions, starting from the common root, is 
plotted against the time of isolation, the regression 
lines as shown in Figure 2 were obtained. From the 
extrapolation of these lines towards the time axis it 
can be concluded that an avian ancestor virus was 
stably introduced, presumably first into the pig 
population about I00 years ago, and shortly there- 
after into the human population. It is not clear from 
these data, but it might be assumed that an avian 
virus first entered the pig population and, after some 
adaptation to the new host, passed to humans forming 
a stable new lineage [9-11]. The human influenza B 
and C viruses presumably also have an avian 
influenza A ancestor introduced into the human 
population much earlier [9]. Possibly additional 
lineages might have died out in the meanwhile. 
Shortly after the latest establishment of a human 
influenza virus lineage we had the disastrous Spanish 
Flu in 1918/1919 killing at least 20,000,000 people 
worldwide in one winter. 
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Figure 2. Evolutionary rate determinations for the NP genes for human (circles) and classical swine (squares) virus 
isolates. The evolutionary rates are estimated by regression of the years of isolation (horizontal scale) against the branch 
distance from the common ancestor node of the nucleotide phylogenetic tree (total nucleotide substitutions vertical scale 
[4]. For abbreviations see Figure 2. Only the closed symbols were used for the calculations of the best fitting lines. The 
closed triangle is the assumed human-pig divergence point plotted at 1918. At the left and right phylogenetic trees of 
total nucleotide substitutions are shown in a different way. Side branches are indicated originating from a hypothetical 
main stream. 
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Figure 3. Most parsimonious tree for the amino acid sequences of 100 influenza A virus nucleoproteins [4]. Only non- 
silent nucleotide substitutions were used for calculation. The two major branches 'birds' and 'mammals' have a common 
root. Numbers on the tree are the numbers of substitutions required by the strict parsimony procedure. The major abbre- 
viations for the animal strains are: SW swine; EQ equine; DK duck; CK chicken; TY turkey; GUL gull. The human 
strains do not carry such an abbreviation. The letters thereafter determine the site of isolation: WIS Wisconsin; NJ New 
Jersey; ENG England; GER Germany; AUS Australia; etc. The two numbers at the end determine the year of isolation. 
E.g. CKPENN83 A/chicken/Pennsylvania/83, 

Establishment of  a new swine virus lineage in 
1979 in Northern Europe 

Northern Europe was free of  swine influenza up to 
1979. However,  in the winter 1979/80 influenza 
outbreaks in pig farms were registered in many places 
in this area. The viruses isolated from diseased pigs 
turned out to be of  avian origin [12, 13]. As can be 
seen in Figure 3 on top of  the Eurasian bird branch, 
these swine viruses from Europe have established 
now a new stable lineage with an extremely fast 

evolutionary rate. They are still related enough to 
avian viruses to be able to enter the bird population, 
e.g. causing great economical  losses in turkey 
breeding farms in Germany and Holland [14]. This 
situation is reminiscent to that of  about 100 years 
ago, and we should watch out where these new 
'avian-like' swine viruses go next. If they show up 
in the human population we might have a situation 
comparable to that immediately before the Spanish 
Flu. However,  this time we might be prepared by 
having a corresponding spilt vaccine available. 
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