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Abstract – The swine origin influenza A (S-OIV) virus of 
2009 reached pandemic proportions due to its novel 
sequence identity in human populations of North America 
and other localities. The S-OIV virus shows subtle change 
from 2009-2010 in humans, affirming that the HA and NA 
sequences have been unable to antigenically drift or shift 
enough to emerge as another pandemic. This study aimed to 
document the succession of S-OIV from 2009 to current in 
addition to investigating its relationship among other 
locations. Based on the phylogenetic analysis, the 2010 
H1N1 is similar to other isolates circulating the previous 
year. Furthermore, the protein sequences with the highest 
non-synonymous to synonymous ratio were HA and NA thus 
indicating strong selective pressures for the antigen receptor 
binding sites to adapt even within human hosts. 
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1 Introduction 
 

With the development of antibiotics within the past 
century, life expectancy has increased despite a prolonged 
window of susceptibility and transmissibility to viral and 
bacterial infections during humans’ life span. Currently, with 
over a quarter of a million deaths and upwards of three 
million cases of influenza globally each year in humans, the 
emergence of a novel swine-origin influenza virus (S-OIV) in 
2009 garnered much attention [1]. The common influenza 
(flu) is caused by the Orthomyxoviridae family of ssRNA 
viruses including Influenzavirus A, Influenzavirus B, 
Influenzavirus C, Isavirus and Thogotovirus. All but Isavirus 
are detected in vertebrates with Influenzavirus A seemingly 
the most virulent, diverse, and pathogenetic to humans. The 
present paper deals with the pandemic H1N1 flu virus, a 
novel subtype of Influenzavirus A.  

 
Three months after its identification in Mexico in 2009, the 
S-OIV epidemic had reached alert phase 6, marking the first 
pandemic in almost forty years to reach that phase [1, 2]. The 
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S-OIV virus, despite its novel sequence and severity, is a 
triple reassortment from three different “donors” [3, 4].  
Phylogenetic analyses conclude that of its eight nucleotide 
sequences, six of them (HA, PB2, PB1, PA, NP, NS) are 
highly similar to influenza viruses endemic to pigs in the late 
1990’s with the other two genes (NA and MP) from a bird 
lineage isolated in Europe [5-7]. None of the individual 
genes were previously found in Europe or North America, 
reaffirming conditions for a pandemic viral outbreak [3, 4, 8, 
and 9].  

 
Therefore the early detection and continuous monitoring of 
novel strains in the environment are poised at the interface of 
molecular biology, viral biology, and, more recently, 
computer science.  Furthermore, the inherent diversity, total 
number of sequences of Influenzavirus A and the lack of 
sampling resolution make phylogenetic analysis very 
complex. The present paper focuses on the antigenic shifting 
and drifting of the virus from 2009 to present and the post 
pandemic evolution of the 2009 H1N1 (S-OIV) Influenza 
virus.  

 
2 Materials and Methods 
 

In order to study the evolution of S-OIV since its 
emergence, phylogenetic trees were constructed using only 
unique, full length coding sequences, human host H1N1 
nucleotide sequences from April 2009 to January 2011 [10]. 
The trees were constructed via the neighbor-joining method, 
with distances calculated using the Felsenstein F84 
nucleotide method [11]. Non-synonymous (dN) to 
synonymous (dS) substitution ratio were then calculated 
using the Nei-Gojobori method [12]. The 
A/California/04/2009(H1N1) isolate was used as the first 
identified S-OIV strain (highlighted in green in figures) and 
2010 strains were highlighted in red. A/Moscow/ 
01/2009(H1N1), A/Boston/ 653/2009(H1N1), A/Korea/ 
CJ01/2009(H1N1), A/Chile/ 4064/2009(H1N1), 
A/MexicoCity/ WRAIR1752N/2010(H1N1), A/Newark/ 
INS429/2010(H1N1), A/Vienna/ INS179/2010(H1N1), and 
A/Ontario/ 3620/ 2010 were randomly selected in calculating 
dN/dS ratios. In constructing the phylogenetic trees, only 
unique isolates were used and a Perl script was written to 



 

 

randomly select a sample of 1000 sequences. 
Kingdom/1/1933(H1N1) is used as the 
A/California/04/2009(H1N1) and 2010 sequences
highlighted in each tree for reference and 
branches were collapsed for tree readability. 

 
3 Results and Discussion 
 

Phylogenetic trees were constructed using neighbor
joining method to understand how the novel S
influenzavirus A strain has changed through its pandemic 
period (April 2009 - January 2011) in human hosts. The 
phylogenies for the unique protein coding sequences HA, 
NA, M1, M2 and PB2 are shown in Figures 1

 
 
 
 
 
 

 
Figure 1. Phylogenetic relationships among human H1N1 viruses (HA)
 
 
 
 
 
 

 

sequences. The A/United 
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joining method to understand how the novel S-OIV (H1N1) 
influenzavirus A strain has changed through its pandemic 

January 2011) in human hosts. The 
phylogenies for the unique protein coding sequences HA, 
NA, M1, M2 and PB2 are shown in Figures 1-5 (phylogenies 

for other coding sequences are not shown here).These trees 
show the genotypic variation of encoded protein
influenzavirus A. Our results indicate that the 
A/California/04/2009(H1N1) strain is genetically similar to 
2010 isolated strains and is always present within every tree. 
Furthermore A/United Kingdom/1/1933 (H1N1) is
outgroup for all trees. Interestingly, 2010 isolates are 
genetically similar to the previous 2009 isolates once again 
reiterating that most epidemic H1N1 stem from circulating 
viral reservoirs. Surprisingly, a large polytomy occurred 
within the 2009 pandemic and 2010 isolates are 
diverse from one another, yet still similar to 
than any other sequences.  

Figure 1. Phylogenetic relationships among human H1N1 viruses (HA) 

for other coding sequences are not shown here).These trees 
show the genotypic variation of encoded proteins in H1N1 
influenzavirus A. Our results indicate that the 
A/California/04/2009(H1N1) strain is genetically similar to 
2010 isolated strains and is always present within every tree. 
Furthermore A/United Kingdom/1/1933 (H1N1) is the 

nterestingly, 2010 isolates are 
genetically similar to the previous 2009 isolates once again 
reiterating that most epidemic H1N1 stem from circulating 
viral reservoirs. Surprisingly, a large polytomy occurred 
within the 2009 pandemic and 2010 isolates are much more 
diverse from one another, yet still similar to ones from 2009 



 

 
 

 
Figure 2. Phylogenetic relationship among human H1N1 viruses (M2) 
 
 

 
 

Figure 3. Phylogenetic relationship among human H1N1 viruses (NA)  
 
 
 



 

 
 

 

 
 

Figure 4. Phylogenetic relationship among human H1N1 viruses (M1) 
 
 

 
 
Figure 5. Phylogenetic relationship among human H1H1 viruses (PB2) 
 

 



 

 

Figure 6. Non-synonymous to synonymous (dN
 
 

To quantitatively identify the changes in primary sequence 
from 2009 to 2010, non-synonymous to synonymous 
(dN/dS) substitution ratio were calculated to identify 
whether changes in nucleotide sequence actually resulted in 
changes in primary sequence. Unusually high number of 
non-synonymous substitutions is widely accepted as a
of positive selection [13]. Within our case study, the non
synonymous substitutions between A/California/04/2009 
(H1N1) strain and the 2010 sequences of HA and NA are 
considerably smaller than their respective synonymous ones. 
Ratios of less than one across all 2010 isolates suggest 
concrete evidence as to why no genetically dissimilar S
isolates have arisen (Figure 6). Furthermore, in comparing 
randomly selected 2009 and 2010 sequences to 
A/California/04/2009(H1N1), there was less variation 
between A/California/04/2009(H1N1) and more recent 2010 
sequences than amongst 2009 sequences (0.424 vs 0.371, 
respectively). This suggests there was more genetic 
variation among the initial outbreak than subsequently 
documented in 2010 and even more so, this 
strains identified are likely small antigenic drifts from other 
viruses circulating in 2009. 

 
Genetically dissimilar and novel isolates to a population are 
the cruxes of a pandemic.  Additionally, the d
HA and NA are considerably larger than th
proteins (not shown in paper); suggesting that as these ratios 
increase, the prevalence of new coded amino acids will 
increase. A new amino acid can be the difference betwee
viral detection and infection [14-16]. However, the direction 
of selection is not well articulated within dN/dS ratios
begs the question of whether neutral theory is the 
evolutionary process underlying epidemic viral outbreaks 
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and the “perfect storm” reassortments in pigs and birds 
causing pandemic outbreaks [17].  

 
By crossing the positive selection threshold, the possibility 
of novel strains of influenza virus A increase, requiring new 
vaccines. In other words, as the dN/d
the novelty of its structure begins t
virus’s transmission, ultimately increasing its fitness. 
Despite research indicating that selective pressures will 
increase non-synonymous substitutions, the lack of 
biochemical and evolutionary data is not in accordance. For 
all proteins, there are both essential and nonessential amino 
acids, those which are responsible for function and those 
that are not. HA and NA are two proteins on the viral coat 
which, by being genetically different through selective 
pressures from innate and adaptive immunity, can cause a 
pandemic. Yet proteins within the virion that are not as 
plastic show little variation from one host or year to the next
(Figure 2). The later example is similar to most proteins in 
the human body in which there are areas cap
nonsynonomous substition and areas that have conserved 
sequences. Consequently, in viral biology producing a 
genetically different coat is advantageous as oppossed to 
maintaining the status quo and being erradicated. 
inability to infect (highly detected) or novel
virulent) may both result in the erradication of the strains 
from the gene pool.  

 
4 Conclusions 
 

The swine origin influenzavirus A S
2009 has a unique genetic composition as suggested by 
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almost a century of viral data. Our study reveals that despite 
being phylogenetically similar to 2010 influenza viruses in 
human, the dN/dS ratios indicate that the surface proteins 
HA and NA do antigenetically drift fastest amongst human 
hosts. Furthermore, the dN/dS ratios suggest that sequences 
during 2009 are significantly more dissimilar than recent 
2010 isolates, suggesting that the 2009 S-OIV pandemic 
might have peaked during the summer of 2009.  

 
Future studies should comparatively measure the 
substitution rates amongst host types and by locations to 
further elucidate whether avian and swine lineages are the 
most capable and dominating viral incubators or whether 
attention should be focused at a more macroscopic regional 
or continental understanding of viral transmission. Thus 
further research of immunoinformatics will increase the 
interdisciplinary understanding of viral transmission, 
vaccination, documentation, and retrieval.   
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