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Appendix F. Overall and antigenic region identity of 2009 pandemic H1N1 (pH1N1) proteins 
compared to representative recently circulating and vaccine strains of A/H1N1 and A/H3N2  
 

Methods:  
To quantify the overall identity between the proteins of pH1N1 and those of recently circulating (1974-

2008) seasonal A/H1N1 and A/H3N2 viruses, we performed a BLAST [1] search of each of the ten pH1N1 
(A/California/04/2009(H1N1)) proteins against a database of 249 proteins from representative A/H1N1 and 
A/H3N2 virus isolates (restricted to H1N1 viruses for the HA and NA surface proteins). The 36 representative 
isolates1 were selected based upon their inclusion in WHO vaccine recommendations from 1974 onward and 
availability of protein sequence in the NCBI Influenza Virus Resource. 

We also performed a more focused comparison, measuring the similarity at the level of antigenic 
regions. Antigenic regions for hemagglutinin (HA) and neuraminidase (NA) were reported in Soundararajan et al 
[2], while antigenic regions for the other proteins were determined through mapping of influenza epitopes from 
the Immune Epitope Database (IEDB, http://www.immuneepitope.org, [3]). IEDB was queried for all influenza A 
epitopes, with the results filtered to remove: i) epitopes in viruses other than H1N1 and H3N2, ii) epitopes from 
non-human viruses or other organisms, iii) single-residue epitopes, iv) epitopes that could not be assigned to a 
protein due to incomplete annotation, v) epitopes from prior to 1977, and vi) epitopes from HA and NA.  

Aligning epitope sequences to each protein allowed the putative antigenic regions to be extracted. For 
two proteins, NP and M1, the mapped epitopes covered the entirety of the protein. In lieu of these epitopes, 
alternative annotations were used to identify relevant antigenic regions of NP and M1. Literature searches 
revealed the following common epitopes: NP35-42 [4], NP217–225 [5], NP366–374[6], M1-17-31 & M1-58-66 [7], 
M1-128-135 [4]. The antigenic regions of each A/California/04/2009 protein were concatenated and BLASTed 
against the concatenated antigenic regions of that protein’s respective best recent BLAST hit to quantify identity 
at the antigenic level.  For each protein, the best and worst overall (1974-2008) and recent (2000-2008) hits are 
indicated in Table F1. Only sequences of matching length were considered. 
 

Results:  
There was little dissimilarity in the internal polymerase proteins (95-98% identity both overall and in antigenic 
regions), regardless of timeframe (1974-2008 or 2000-2008) or subtype (Table F1). The M1 protein was also 
well-conserved between pH1N1 and recent human H1N1 isolates (94%), particularly with respect to its antigenic 
regions (97%), while the internal nucleoprotein (NP) displayed 85-92% homology with recent H3N2 strains. 
Taken together, there is marked degree of conservation amongst key internal proteins of pH1N1 and seasonal 
influenza (notably M1, NP and polymerases) for both recent (2000 onwards) and more historical (1974-2000) 
viruses. Conversely, the HA and NA surface components of the virus were quite divergent from human H1N1 
viruses. It is notable that while the best hits to pH1N1 HA and NA exhibited 81% (1986 H1) and 83% (1978 N1) 
overall identity, respectively, this dropped to 65% and 37% when their antigenic regions were considered. 
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1A/Bangkok/01/1979 (H3N2), A/Bayern/7/95 (H1N1), A/Beijing/262/95 (H1N1), A/Beijing/32/92 (H3N2), A/Beijing/353/89 (H3N2), A/Brazil/11/78 (H1N1), 
A/Brisbane/10/2007 (H3N2), A/Brisbane/59/2007 (H1N1), A/California/7/2004 (H3N2), A/Chile/1/83 (H1N1), A/Fujian/411/2002 (H3N2), A/Hiroshima/52/2005 
(H3N2), A/Johannesburg/33/94 (H3N2), A/Leningrad/360/1986 (H3N2), A/Moscow/10/99 (H3N2), A/Nanchang/933/95 (H3N2), A/New Caledonia/20/1999 
(H1N1), A/New York/55/2004 (H3N2), A/Panama/2007/1999 (H3N2), A/Philippines/2/82 (H3N2), A/Port Chalmers/1/1973 (H3N2), A/Shangdong/9/93 (H3N2), 
A/Shanghai/11/87 (H3N2), A/Sichuan/02/87 (H3N2), A/Singapore/6/1986 (H1N1), A/Solomon Islands/3/2006 (H1N1), A/South Dakota/6/2007 (H1N1), 
A/Sydney/5/97 (H3N2), A/Texas/36/91 (H1N1), A/Uruguay/716/2007 (H3N2), A/USSR/90/77 (H1N1), A/Victoria/3/75 (H3N2), A/Wellington/1/2004 (H3N2), 
A/Wisconsin/67/2005 (H3N2), A/Wuhan/359/95 (H3N2), A/Wyoming/03/2003 (H3N2). 
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Table F1. pH1N1 overall and antigenic identity to recently circulating influenza viruses. 
  IDENTITY 

    Overall  Antigenic Regions 
PB2       

Best Hit 1974-2008 A/USSR/90/1977* 95.12% 94.82% 
Best Recent Hit 2000-2008 A/NewYork/55/2004** 94.73% 92.83% 

Worst Hit 1974-2008 A/Beijing/262/1995* 93.93% 92.83% 

Worst Recent Hit 2000-2008 A/Brisbane/10/2007** 94.46% 92.83% 
PB1       
Best Hit 1974-2008 A/Shangdong/9/1993** 98.15% 98.22% 
Best Recent Hit 2000-2008 A/Wellington/01/2004** 97.62% 97.55% 

Worst Hit 1974-2008 A/Chile/1/1983* 94.31% 94.88% 

Worst Recent Hit 2000-2008 A/Wisconsin/67/2005** 97.09% 97.10% 
PA       
Best Hit 1974-2008 A/Chile/1/1983* 95.25% 95.86% 

Best Recent Hit 2000-2008 A/Wisconsin/67/2005** 94.00% 94.14% 
Worst Hit 1974-2008 A/Hiroshima/52/2005** 93.58% 93.79% 

Worst Recent Hit 2000-2008 A/Hiroshima/52/2005** 93.58% 93.79% 
HAa 

      

Best Hit 1974-2008 A/Singapore/6/1986* 80.74% 64.79% 

Best Recent Hit 2000-2008 A/SolomonIslands/3/2006* 79.68% 57.14% 

Worst Hit 1974-2008 A/SouthDakota/06/2007* 78.80% 55.71% 
Worst Recent Hit 2000-2008 A/SouthDakota/06/2007* 78.80% 55.71% 
NP       

Best Hit 1974-2008 A/Sydney/5/1997** 91.57% 92.31% 
Best Recent Hit 2000-2008 A/Wisconsin/67/2005** 90.36% 84.62% 

Worst Hit 1974-2008 A/Beijing/262/1995* 89.16% 80.77% 
Worst Recent Hit 2000-2008 A/NewYork/55/2004** 89.56% 84.62% 
NAa 

      
Best Hit 1974-2008 A/Brazil/11/1978* 82.98% 37.25% 
Best Recent Hit 2000-2008 A/SouthDakota/06/2007* 81.28% 35.29% 

Worst Hit 1974-2008 A/Bayern/7/1995* 81.06% 33.33% 

Worst Recent Hit 2000-2008 A/Brisbane/59/2007* 81.16% 35.29% 
M1       
Best Hit 1974-2008 A/USSR/90/1977* 94.44% 96.77% 
Best Recent Hit 2000-2008 A/SolomonIslands/3/2006* 93.65% 96.77% 

Worst Hit 1974-2008 A/NewYork/55/2004** 91.27% 96.77% 

Worst Recent Hit 2000-2008 A/NewYork/55/2004** 91.27% 96.77% 
M2       
Best Hit 1974-2008 A/Brazil/11/1978* 85.57% 86.67% 

Best Recent Hit 2000-2008 A/Hiroshima/52/2005** 76.19% 85.33% 
Worst Hit 1974-2008 A/SolomonIslands/3/2006* 73.81% 82.67% 

Worst Recent Hit 2000-2008 A/SolomonIslands/3/2006* 73.81% 82.67% 
NS1       
Best Hit 1974-2008 A/Chile/1/1983* 83.11% 83.00% 

Best Recent Hit 2000-2008 A/NewYork/55/2004** 78.54% 78.00% 
Worst Hit 1974-2008 A/Leningrad/360/1986** 77.63% 78.00% 

Worst Recent Hit 2000-2008 A/Wyoming/03/2003** 78.08% 77.00% 
NS2       
Best Hit 1974-2008 A/Brisbane/10/2007** 90.08% 86.96% 

Best Recent Hit 2000-2008 A/Wellington/01/2004** 90.08% 89.13% 

Worst Hit 1974-2008 A/Beijing/262/1995* 87.60% 89.13% 
Worst Recent Hit 2000-2008 A/Fujian/411/2002** 89.26% 89.13% 

 
pH1N1= pandemic influenza A (H1N1) 
*A/H1N1; **A/H3N2 
aAnalysis restricted to A/H1N1 viruses for the HA and NA surface proteins. 
NOTE:  A/SouthDakota/06/2007 and A/Brisbane/59/2007 considered antigenically equivalent as 2008-09 H1N1 vaccine components based on HA.  
Similarly, A/Hiroshima/52/2005 and A/Wisconsin/67/2005 considered antigenically equivalent as 2006-07 H3N2 vaccine components based on HA.  


