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Antigenic Characterization of Novel Human 
Norovirus GII.4 Variants, San Francisco 

2017 and Hong Kong 2019 
Appendix  

Genetic Analyses 

The emergence of GII.4 variants was associated with multiple mutations mapping to five 

major antigenic sites (namely, A, C, D, E, and G) on the major capsid protein, VP1 (1,2). These 

antigenic sites are involved in viral neutralization and blockade of interactions between the VP1 

and histo-blood group antigen (HBGA) carbohydrates (3), which are ligands that facilitate 

norovirus infection (4–7). This Appendix provides a comprehensive mutational analysis of new 

GII.4 variants using a large, n = 3,142, dataset of complete GII.4 VP1 sequences (8), and the 

viruses classified as GII.4 Hong Kong 2019 (9) and GII.4 San Francisco 2017 (10). The 

phylogenetic relationship of new and historical GII.4 variants were estimated using maximum-

likelihood method using VP1 amino acid sequences. In the phylogenetic analysis, the dataset was 

downsized to consist of randomly subsampled sequences with a maximum of 30 sequences per 

variant. The phylogenetic tree was calculated using the best-fit substitution model as 

implemented in IQ-TREE (11). The number of nucleotide or amino acid changes between 

previous GII.4 variants and new variants was measured using phylotools and utils packages and 

consensus sequence from each variant was estimated using seqinr package in R (12). 

As indicated in previous studies (9,10), the phylogenetic tree showed that Hong Kong 

2019 and San Francisco 2017 variants are distinct from other GII.4 variants (Appendix Figure 1). 

The Hong Kong 2019 is most closely related to the Osaka 2007 variant, while San Francisco 

2017 branched out from Sydney 2012 variants. The mutational analysis of the new variants 

confirmed multiple substitutions on the major antigenic sites A, C, D, E, and G as indicated in 

previous studies (9,10,13), and on other subdominant sites, namely I, resulting in different amino 
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acid sequence patterns (Appendix Figures 2, 3). Hong Kong 2019 showed unique patterns on 

antigenic sites A, D, I, and multiple other positions on the P domain. As expected by the 

phylogenetic analysis (9) (Appendix Figure 1), this virus showed sequence similarities with 

Osaka 2007 on the major antigenic sites. Notably, Hong Kong 2019 displayed the same amino 

acid sequence on antigenic site E from the ancestral Farmington Hills 2002, but the overall 

difference between these two viruses is marked by ≥4 amino acid changes on each of the other 

four (A, C, D, G) antigenic sites (Appendix Figure 2). 

In addition to an insertion described between positions 293 and 294 (10), the San 

Francisco 2017 variant contained multiple amino acid mutations on antigenic site A as compared 

with Sydney 2012 (median: 3 mutations out of 8 residues) and Apeldoorn 2007 (median: 4 

mutations), but ≤2 mutations on antigenic sites D, E, and G (Appendix Figure 2). Interestingly, 

San Francisco 2017 presented large intra-variant variations on antigenic site A, and 6 out of 15 

San Francisco 2017 strains reported in previous study (10) shared same sequence on this 

antigenic site with Sydney 2012 viruses that were detected in late 2010s and 2020s (8). These 

late Sydney 2012 viruses showed evolutionary convergence into the ancestral GII.4 variants on 

antigenic site A (8) (Appendix Figure 4). Likewise, San Francisco 2017 presented a similar 

antigenic site A (median: 3 mutations) to ancestral Grimsby 1995 or Farmington Hills 2002 

variants, but a completely different antigenic site G (median: ≥5 mutations out of 6 residues) 

(Appendix Figure 2). Although these variants shared similarity on antigenic site A, their 

consensus nucleotide sequences indicated a large divergence between them. Thus, the San 

Francisco 2017 consensus sequence displayed 5–7 nucleotide but only 2 amino acid changes as 

compared to the Farmington Hills 2002 and Grimsby 1995 consensus sequences of antigenic site 

A (Appendix Figure 4). When comparing the nucleotide sequence of these codon positions with 

phylogenetically closer variants (Apeldoorn 2007, early and late Sydney 2012 viruses), the San 

Francisco 2017 viruses presented 4–6 nucleotide changes that resulted in 2–4 amino acid 

mutations. Of note, consensus San Francisco 2017 presented a different codon pattern on 

position 368 (GAA) as compared with Farmington Hills 2002 (AAC) and Grimsby 1995 (ACC), 

which is same codon (GAA) with early and late Sydney 2012 viruses. Together, these data 

suggest that the San Francisco 2017 variant converged into similar amino acids on the antigenic 

site A present in the ancestral variants via different evolutionary pathways, confirming previous 
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observations that there are constraints on the use of residues throughout the evolution of GII.4 

norovirus (8). 

In conclusion, the new variants presented multiple amino acid changes on the major 

antigenic sites when compared with all previously described viruses, with several of them 

converging into motifs observed in previous variants. A description of effect of these mutations 

on the antigenic profile of these variants is presented in the main text. 
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Appendix Figure 1. Phylogenetic tree showing the evolutionary relationship of the new variants, GII.4 

Hong Kong 2019 and San Francisco 2017, with previously described GII.4 variants. The phylogenetic tree 

was calculated with the maximum-likelihood method and randomly sampled (n = 338) VP1 sequences 

with sequences from new variants, Hong Kong 2019 and San Francisco 2017. Scale bar indicates the 

genetic distance, measured by the number of amino acid substitutions per site.  
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Appendix Figure 2. Number of amino acid mutations on individual major antigenic sites between new 

and previous variants. The bar graphs show the number of amino acid mutations on each antigenic site 

between Hong Kong 2019 (A) or San Francisco 2017 (B) and historical GII.4 variants (n = 3,142). The bar 

and error bars indicate median and interquartile range. AA, amino acid. 
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Appendix Figure 3. Sequence alignment of major strain(s) from GII.4 variants used in immunoassays in 

this study. VLPs from the MD-2004/United States/2004 and RockvilleD1/United States/2012 viruses were 

used to generate mouse monoclonal antibodies (mAbs) (3). VLPs from Oxford/United Kingdom/2002, 

Osaka/Japan/2007, Iwate4/Japan/2008, Virginia/Unites States/2010, and RockvilleD1/United States/2012 

were used to generate mouse hyperimmune sera (14). Because MD-2004/Unites States/2004 virus, 

which was used to produce mAbs for the Farmington Hills 2002 variant, has a mutation (G295D) on 
antigenic site A, sera raised against Oxford/United Kingdom/2003 was selected to test responses at the 

polyclonal level. Individual cells are colored based on the biochemical properties of the residues. HGBA, 

histo-blood group antigen; VLPs, virus-like particles. 
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Appendix Figure 4. Comparison of consensus codon and amino acid sequences of antigenic site A from 

GII.4 variants. The amino acid sequences are shown in italic on the top and the corresponding codon 

(nucleotide) sequences are shown on the bottom. Mutations as compared to San Francisco 2017 
consensus sequences are highlighted in bold and red. 
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