
Noroviruses are a genetically diverse group of 
RNA viruses found in a plethora of terrestrial, 

aerial, and aquatic mammalian species, including hu-
mans, pigs, cows, sheep, rats, bats, sea lions, and har-
bor porpoises (1). These viruses are classified into 48 
genotypes, including the pandemic GII.4 genotype. In 
humans, norovirus is the cause of almost one fifth of 
all cases of acute gastroenteritis globally and the lead-
ing cause in all age groups (2,3). The highest disease 
burden has been documented in young children (4,5), 
whereas, in developed countries, infections have been 
associated with increased deaths in the elderly (6). 

Norovirus GII.4 viruses have caused most gas-
troenteric infections for >2 decades, and new vari-
ants have emerged every 2–4 years since 2002 (7). 
Six pandemic GII.4 variants have been named af-
ter the place of first reported sequence and year of 
predominance: US 95–96, Farmington Hills 2002, 
Hunter 2004, Den Haag 2006, New Orleans 2009, 

and Sydney 2012. Several norovirus vaccine can-
didates are in preclinical studies and clinical trials 
(8); however, it is currently unclear if these vaccine 
formulations could protect against newly emerging 
GII.4 viruses that are often associated with more 
norovirus outbreaks and hospitalizations. 

Norovirus surveillance networks, such as 
NoroNet, CaliciNet U.S. and CaliciNet China, are 
tracking norovirus genotypes (9–11). Surveillance 
data from NoroNet has shown that GII.4 variants can 
be detected at low levels years before they cause a 
new pandemic (9). We report the detection of a new 
norovirus variant called GII.4 Hong Kong that was 
circulating sporadically in communities of 2 countries 
in Asia and 2 in Europe during 2017–2019. This new 
variant has sequence features of a potential pandemic 
GII.4 variant.

The Study
We recently reported the full genome of a new noro-
virus GII.4 variant called GII.4 Hong Kong, discov-
ered from the local molecular surveillance of norovi-
rus gastroenteritis in hospitalized patients in Hong 
Kong, China (12). The strain Hu/HK/2019/GII.4 
Hong Kong[P31]/CUHK-NS-2200 was collected in 
August 2019. Preliminary analysis indicated that the 
full genome had 91.1% nucleotide identity to that of 
the prototype of the most recent pandemic GII.4 Syd-
ney variant, Hu/GII.4/Sydney/NSW0514/2012/AU, 
which had predominated worldwide since 2012. The 
major capsid protein of GII.4 Hong Kong had 89.6% 
amino acid identity with GII.4 Sydney 2012; phyloge-
netic distance within this new variant had no overlap 
with distance between other known GII.4 variants, 
suggesting a new GII.4 variant (Appendix Figure, 
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We report a new norovirus GII.4 variant, GII.4 Hong Kong, 
with low-level circulation in 4 Eurasia countries since mid-
2017. Amino acid substitutions in key residues on the vi-
rus capsid associated with the emergence of pandemic 
noroviruses suggest that GII.4 Hong Kong has the poten-
tial to become the next pandemic variant.



DISPATCHES

https://wwwnc.cdc.gov/EID/article/27/1/20-
3351-App1.pdf). Coordinated through the interna-
tional norovirus classification working group (1), the 
2 most widely used norovirus and calicivirus typ-
ing tools hosted by the National Institute for Public 
Health (RIVM) of the Netherlands (https://www.
rivm.nl/mpf/typingtool/norovirus) and the US 
Centers for Disease Control and Prevention (https://
norovirus.ng.philab.cdc.gov) have been updated and 

synchronized to include the new norovirus to enable 
retrospective identification and prospective monitor-
ing of GII.4 Hong Kong.

We subsequently identified and sequenced 4 
additional GII.4 Hong Kong strains from archived 
stool samples from Hong Kong, the Philippines, 
the Netherlands, and the United Kingdom (Table 
1); these strains were collected during May 2017–
March 2019 (2 in 2017, 1 in 2018, and 1 in 2019). 
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Table 1. Norovirus GII.4 Hong Kong strains detected during 2017–2019 

Collection date Strain designation City and country of origin Settings 
Patient 
age/sex Sequence availability 

GenBank 
accession no. 

2017 May RS17–1713 Pangasinan, Philippines Inpatient* 11 mo/M Complete capsid MT774555 
2017 Nov Zandvoort/0471 Zandvoort, the 

Netherlands 
Sporadic† 23 mo/F Full genome MT735394 

2018 Mar CUHK-NS-1772 Hong Kong, China Inpatient‡ 15 y/M Partial 
polymerase/capsid 

MT577843 

2019 Mar WT_NORO_0887 Manchester, UK Nursing home§ 90 y/F Full genome MT742777 
2019 Aug CUHK-NS-2200 Hong Kong, China Inpatient¶ 42 y/F Full genome MN400355# 
*Eight (12.1%) of 66 genotyped norovirus samples tested positive for GII.4 Hong Kong in 2017 in Philippines. 
†One (0.2%) of 482 genotyped norovirus samples tested positive for GII.4 Hong Kong in the 2017–18 season in the Netherlands. 
‡One (0.3%) of 307 genotyped norovirus samples tested positive for GII.4 Hong Kong in 2018 in Hong Kong. 
§One (1.0%) of 105 genotyped norovirus samples tested positive for GII.4 Hong Kong in the 2018–19 season in the United Kingdom. 
¶One (0.3%) of 368 genotyped norovirus samples tested positive for GII.4 Hong Kong in 2019 in Hong Kong. 
#Prototype sequence of the GII.4 Hong Kong variant. 

 

Figure 1. Maximum-likelihood phylogeny of complete sequences of the major capsid protein of norovirus GII.4 variants. A) Nucleotide 
phylogenetic inference was computed using the Tamura-Nei model with gamma distribution of evolutionary rates among sites. A total of 
1,617 positions were included in the final dataset. B) Amino acid phylogenetic inference was computed using the Jones-Taylor-Thornton 
model with gamma distribution of evolutionary rates among sites. A total of 536 positions were included in the final dataset. Best 
substitution models were selected using the lowest Bayesian Information Criterion scores. Magenta text indicates the 4 GII.4 Hong Kong 
sequences. Other GII.4 sequences used as references in the human calicivirus typing tool (https://norovirus.ng.philab.cdc.gov) were 
downloaded from GenBank. Sequence names are in the following format: GenBank accession no., virus strain name, 2-letter code of 
country/city of collection, year of collection. Bootstrap values >70% (of 100 iterations) are shown at nodes. Tree branches are drawn to 
scale; scale bars indicate number of substitutions per site. Trees are rooted to the oldest sequences collected from 1970s. GII.4 variants 
with pandemic spread are shown in bold text and annotated with the year of predominance (e.g., Sydney 2012); those without pandemic 
spread are labeled with variant names only (e.g., Osaka). AU, Australia; DE, Germany; HK, Hong Kong; IN, India; JP, Japan; NL, the 
Netherlands; PH, Philippines; UK, United Kingdom; US, United States.
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Prevalence of the new variant was <1% in each 
country, except the Philippines (Table 1). The 
youngest patient was an 11-month-old hospital-
ized infant and the oldest patient was a 90-year-old 
woman living in a nursing home. 

We obtained full genomes from 2 patients using 
next-generation sequencing and a complete major 
capsid protein sequence from 1 patient using Sanger 
sequencing. We sequenced part of the polymerase-
capsid junction region in another case but could not 
sequence the complete capsid because of low viral 
load. All consensus virus sequences have been de-
posited into GenBank (Table 1). The new GII.4 vari-
ant was not found in norovirus outbreaks in the 
United States.

We performed sequence analysis on the 4 avail-
able complete major capsid protein sequences of 
GII.4 Hong Kong. Sequence alignment showed that 
they shared a pairwise identity of 96.4%–99.3% 
at nucleotide level and 97.2%–99.4% at amino 
acid level. We performed maximum-likelihood  

phylogenetic inference using MEGA version 6.06 
(http://megasoftware.net). The 4 GII.4 Hong Kong 
strains formed a monophyletic cluster that was dis-
tant from other pandemic GII.4 variants but was 
closest to GII.4 Osaka, which had no pandemic 
spread (Figure 1). We calculated root-to-tip dis-
tance that reflected phylogenetic relatedness using 
TempEst version 1.5.3 (http://tree.bio.ed.ac.uk/
software/tempest). Sequences of GII.4 Hong Kong 
had the longest distance from the root at both nu-
cleotide and amino acid levels (Figure 2), indicating 
the virus had evolved farthest from ancestral GII.4. 
Inclusion of the new variant preserved and extended 
the strong linear clock−like relationship of evolu-
tionary distance with time (nucleotide R2  =  0.9691; 
amino acid R2  =  0.9362). R2 values of ≈1 indicate a 
nearly constant rate of accumulation of virus muta-
tions over time, which has been characteristic in the 
molecular evolution of the major capsid protein of 
GII.4 variants since the 1970s (7). Of note, amino acid 
sequences of GII.4 Hong Kong occupied a distinct  
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Figure 2. Root-to-tip distance plots of the major capsid protein nucleotide (A) and amino acid (B) sequences of norovirus GII.4 variants. 
Distance from best-fitting root was calculated using the corresponding maximum-likelihood phylogenetic tree shown in Figure 1. Each 
circle represents 1 strain color-coded by GII.4 variant; darker shades of color indicate >2 strains of the same variant. R2 values indicate 
the linearity of the accumulation of virus mutations over time; for nucleotide sequences, R2 = 0.9691, and for amino acid sequences, R2 
= 0.9362. An identical set of sequences were used in phylogenetic inference and root-to-tip distance estimation.



DISPATCHES

spatial-temporal area on the plot with no overlap 
with other GII.4 variants (Figure 2, panel B). A recent 
large-scale sequence analysis and antibody blockage 
confirmation study proposed a set of 5 residues on 
the major capsid protein that are influential in the 
emergence and replacement of pandemic GII.4 vari-
ants since 1995 (7). We observed that residues on 4 of 
these 5 positions on GII.4 Hong Kong have changed 
compared with the consensus of GII.4 Sydney 2012 
and that 3 residues have changed compared with the 
consensus of GII.4 Osaka (Table 2).

Conclusions
The last GII.4 variant, GII.4 Sydney, which has been 
circulating since 2012, had only a few substitu-
tions when a new recombinant, GII.4 Sydney[P16], 
emerged in 2015 (10). Our findings in 4 countries of 
low-level circulation (but probably not unique cases) 
of a new GII.4 variant over a 2-year period clearly in-
dicates that the evolution of GII.4 has been ongoing, 
if mostly underreported. Phylogeny indicates that 
the major capsid protein of GII.4 Hong Kong may 
have evolved from the older GII.4 Osaka variant that 
was epidemic in 2007, rather than from the newer 
GII.4 Sydney 2012 variant. The cause of this find-
ing and its implications into GII.4 evolution remain 
elusive. Although substitutions were found in most 
of key antigenic residues that have been suggested 
to be influential in the emergence of new pandemic 
GII.4 variants, GII.4 Hong Kong has yet to cause out-
breaks. Previously, GII.4 variants have been detected 
at low levels for as long as 18 years before they be-
came pandemic (13). GII.4 Hong Kong viruses may 
still need to further explore the antigenicity land-
scape to evade herd immunity in humans or to wait 
for waning of cross-reacting host immunity against 
GII.4 variants, ultimately allowing pandemic spread 
of the new variant (14). The mechanism for GII.4 
viruses to become pandemic remains poorly under-
stood; viral RNA polymerase may also contribute to 

virus fitness by influencing replication and shedding 
amount (15). Not all GII.4 variants have resulted in 
pandemics; those of GII.4 Asia, GII.4 Yerseke, and 
GII.4 Osaka did not. 

In conclusion, we report a new norovirus GII.4 
variant called GII.4 Hong Kong that has been circulat-
ing sporadically in Eurasia since mid-2017. Because 
some GII.4 variants do not become predominant 
pandemic strains, continued surveillance of both out-
breaks and sporadic cases is important for monitor-
ing emergent norovirus strains.
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Table 2. Amino acids on the major capsid protein at 5 positions 
proposed to be influential in the emergence and replacement of 
pandemic norovirus GII.4 variants since 1995* 

GII.4 variant 
Amino acid position 

352 355 357 368 378 
Hong Kong S A D G G 
Osaka L S D A G 
Sydney 2012 Y S D E N 
New Orleans 2009 Y S D A N 
Den Haag 2006 Y S P S H 
Hunter 2004 S S H S G 
Farmington Hills 2002 S D H N G 
US 1995–96 S S H T G 
*GII.4 variants with pandemic spread are annotated with the year of 
predominance (e.g., Sydney 2012). Amino acids are shown by 1-letter 
codes and color-coded to show variations. Source: (7).  
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