
 

Perspectives

What is the Potential Cause for the Predominance of GII.2[P16]
Norovirus in Acute Gastroenteritis Outbreaks in China?

Jie-mei Yu1,#

 

ABSTRACT

GII.2[P16]  noroviruses  (NoV)  reemerged  and
rapidly  became  the  main  epidemic  strain  in  acute
gastroenteritis  (AGE)  outbreaks  in  Asian  countries
since 2016. The current GII.2 [P16] NoV showed the
same antigenicity to the ones before 2016,  but several
unique  amino  acid  substitutions  existed  in  the  RNA
dependent  RNA  polymerase  (RdRp)  and  other  non-
structural  proteins,  and  the  viral  load  of  the  current
GII.2[P16]  NoV  was  higher  than  those  of  other
genotypes,  it  was  estimated  that  the  viral  replication
ability may have improved. However, other genotypes,
such as GII.1 and GII.3, also had recombination with
the novel RdRp, were not prevalent in AGE-outbreaks;
thus, it was inferred that the capsid proteins also played
an important role in the enhanced replication process.
The  viral  infection  could  also  be  affected  by  other
factors, such as the population genetic background, the
climate  and  environment,  and  people’s  lifestyles.
Continued  surveillance  on  genetic  diversity  and
evolutionary  pattern  for  the  GII.2[P16]  NoV  is
necessary. 

INTRODUCTION

Human  norovirus  (NoV)  is  the  leading  cause  of
epidemics  of  viral  acute  gastroenteritis  (AGE)
worldwide,  affecting  people  in  all  age  groups.  Data
showed that NoVs were genetically diverse and played
an increasingly  important  role  in the etiology of  AGE
in  China  (1),  among  which  GII.2[P16]  recombinant
NoV  reemerged  and  caused  outbreaks  in  some  Asian
countries  like  China  and  Japan  in  2016.  The
mechanism  behind  the  sudden  epidemic  is  poorly
characterized.  In  this  study,  we  summarized  and
analyzed  the  major  potential  reasons  for  the  re-
emergence and the prevalence of GII.2[P16] NoV. 

Genomic Feature and Genetic
Diversity of NoV

NoVs  are  non-enveloped,  single-stranded,  positive

sense,  polyadenylated  RNA viruses  that  belong  to  the
Norovirus  genus,  Caliciviridae  family.  The  genome  is
approximately  7.3–7.7  kb  in  length  and  consists  of
three  open  reading  frames  (ORFs):  ORF1  encodes  a
polyprotein  that  is  further  cleaved  into  six
nonstructural  proteins  (P48,  NTPase,  P22,  VPg,  Pro,
and  RdRp);  ORF2  encodes  the  major  capsid  protein
VP1 and can be divided into shell  (S)  and protruding
(P)  domains,  and  the  P  domain  is  further  subdivided
into  P1  and  P2  subdomains,  where  P2  is  a
hypervariable region, determining the antigenicity and
cell  binding  of  the  virus;  ORF3  encodes  the  minor
structural  protein  VP2.  The  genomes  begin  with  a  5'
end terminal pGpU sequence that is  covalently linked
to  VPg,  and  a  short-conserved  region  (CR)  at  the  5'
end  is  repeated  internally  in  the  genome  near  the
beginning  of  a  subgenomic-sized  RNA  transcript
(Figure 1).

NoVs  have  high  genetic  and  antigenic  diversity.
Based  on  amino  acid  diversity  of  the  complete  VP1
and  nucleotide  diversity  of  the  RdRp,  NoVs  can  be
divided  into  10  (GI–GX)  genogroups  with  48
confirmed  genotypes  and  60  confirmed  P-types  (2).
GII  genogroup  viruses  are  the  most  commonly
detected  in  humans;  they  can  be  further  divided  into
27  confirmed  genotypes  and  37  P  types.  From  the
mid-1990s  to  2014,  GII.4  genotype  and  its  new
variants  have  caused  about  70%−80%  of  all  NoV-
associated  AGE  outbreaks  worldwide  (3).  However,
non-GII.4 NoVs have also severely affected China and
some  other  Asian  countries;  in  2014  to  2015,  GII.17
NoV emerged and increased in prevalence, while since
2016, GII.2[P16] reemerged and became predominant
in AGE outbreaks. 

Potential Factor for the Reemergence of
GII.2[P16] in China

Though the GII.2 genotype has been reported since
the  1970s,  it  was  only  detected  in  sporadic  cases  and
accounted  for  less  than  2%  of  all  NoV  genotypes.
GII.2[P16]  recombinant  NoV first  appeared  in  Japan

China CDC Weekly

Chinese Center for Disease Control and Prevention CCDC Weekly / Vol. 4 / No. 2 27



in  2008  and  caused  AGE  outbreaks  in  Osaka  at  that
time  and  then  was  occasionally  detected  in  sporadic
cases.  In  2016,  GII.2[P16]  NoV  reemerged  in
Guangdong  Province,  China,  and  rapidly  became  the
main  epidemic  strain  in  Asian  countries  (4–6).  The
occurrence  of  GII.2[P16]  from  sporadic  to  large-scale
outbreaks  suggested  that  the  reemergence  and  sudden
epidemic  may  be  related  to  the  change  of  viral
biological  properties,  which  led  to  stronger
transmissive and infective ability.

Multiple  amino acid  changes  at  antigenic  sites  have
always  been  the  most  important  factors  for  the
emergence  of  an  antigenically  distinct  GII.4  virus  (7).
However, compared with the GII.2 viruses from before
2016,  the  currently  prevalent  GII.2[P16]  has  no
unique amino acid changes on VP1, and phylogenetic
analyses revealed that capsid protein did not play a role
in the potential of GII.2 NoV to become an epidemic
(8).  It  was  also  shown  that  different  GII.2  strains
circulating  between  1976  and  2010  had  undergone  a
limited amount of  evolution in blockade epitopes  (9).
All  these  results  revealed  that  the  reemergence  of
GII.2[P16] NoV was not caused by the antigenic drift
of  capsid  proteins.  On  the  contrary,  compared  with
GII.P16  RdRp  detected  before  2016,  five  unique
amino  acid  substitutions  (D173E,  S293T,  V332I,
K357Q, and T360A) were found in the novel GII.P16
RdRp;  except  for  V332I,  all  were  located  on  the
surface of the protein. Since a single amino acid change
on  the  RdRp  surface  of  GII.4  NoV  can  affect  the
biological  function  (10),  it  is  speculated  that  the
unique  amino  acid  changes  on  RdRp  of  GII.2[P16]
could  have  certain  impacts  on  the  viral  replication
activity.  Indeed,  it  was  observed  that  the  viral  load  of
current  prevalent  GII.2[P16]  NoV  was  higher  than
those  of  GII.4  and  GII.17  genotypes  in  the  whole

population  (11),  suggesting  that  the  enhanced
replication  ability  was  an  important  factor  for  the
recurrence of GII.2[P16] NoV.

RdRp  is  a  key  protein  that  determines  the
replication  efficiency  of  the  NoV genome,  and  amino
acid  substitutions  on  it  may  alter  the  replication
kinetics  or  fidelity  of  the  virus.  However,  besides
GII.2,  the  emerging  novel  GII.P16  RdRp  has  been
recombined  with  seven  other  different  capsid
genotypes:  GII.1,  GII.3,  GII.4,  GII.12,  GII.13,
GII.16, and GII.17. A total of 312 nearly full genome
sequences  of  these  different  genotypes  were
downloaded  from  NCBI  GenBank  database
(http://www.ncbi.nlm.nih.gov/genbank)  in  this  study.
Amino acid comparison results showed that, except for
GII.13,  GII.16  and  GII.17  still  recombining  with
GII.P16  RdRp  before  2016,  the  capsids  from  the  5
other  genotypes  after  2016 were  recombined with  the
novel GII.P16 RdRp (Table 1). However, among these
5  different  novel  recombinant  genotypes,  GII.2[P16]
caused  81.2%  of  the  NoV-related  AGE  outbreaks  in
China  (12),  indicating  that  the  novel  GII.P16  RdRp
was  not  the  only  factor  that  enhanced  the  viral
replication ability. As a matter of fact, previous studies
have  determined  that  NoV  proteins  P48,  VP1,  and
VP2  can  modulate  GII.4  RdRp  activity  in  a  species-
specific  manner  (13).  Compared  with  the  GII.2[P16]
before  2016,  excluding RdRp,  the  current  GII.2[P16]
had  9  unique  amino  acid  sustitutions  in  other
nonstructural proteins. Amino acids in position 78-79
in P48, 147 in P22, and 49 in Pro of the viruses that
had  the  novel  GII.P16  RdRp  were  all  EE,  Q,  and  I.
Except GII.12, the amino acids in position 165 of P48,
312 of NTPase, and 52 of P22 on the viruses that had
novel GII.P16 RdRp were all R, P, and R, respectively
(Table 1).  This  phenomenon  suggested  that  the  P48,
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FIGURE 1. NoV genome structure and the encoding proteins.
Note: ORF1 encodes a polyprotein further cleaved into six nonstructural proteins. ORF2 encodes the major capsid protein
and can be divided into S and P domains — the P domain is further subdivided into P1 and P2 subdomains. ORF3 encodes
the minor structural protein.
Abbreviations: CR=conserved region; ORF=open reading frame; RdRp=RNA dependent RNA polymerase; S=shell domain;
P=protruding domain.
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NTPase,  P22,  and  Pro  together  with  the  novel
GII.P16  RdRp  may  enhance  the  viral  replication
ability and the fitness to the host.

As  described  above,  VP1  can  enhance  the  RdRp
activity  of  NoV,  we  inferred  that  GII.P16  RdRp
recombined  with  different  types  of  capsid  may
potentially  have  different  effects  on  the  replication
ability of the recombinant viruses, which needs further
detailed  scientific  support.  Furthermore,  compared
with  the  rare  prevalent  genotypes,  the  long-term
prevalent  ones  like  GII.4  would  have  a  better  fitness
and  stronger  transmission  ability  in  the  population,
and indeed, GII.4 [P16] was the primary cause of NoV
outbreaks  in  the  United  States,  Canada,  and  many
other  non-Asian  countries  at  present  (14–15).  The
regional  specificity  of  GII.2[P16]  and  GII.4[P16]  has
little  relation  to  the  biological  properties  of  the  virus
itself,  while  it  may  be  attributed  to  the  differences  in
the  population’s  genetic  background  and  lifestyes,  the
climate, the environment, and so on. 

Potential Evolutionary Pattern of
GII.2[P16] NoV in the Future

A  previous  study  suggested  that  the  non-GII.4
genotype  NoVs  were  static  with  their  capsid  as  they

were unable to evolve antigenically, and they would be
prevalent  for  only  a  short  period  in  limited  areas  and
populations and then would shift to another genotype
(8).  Until  now,  GII.2[P16]  NoV  has  been  the
predominantly circulating strain in China and in many
Asian  countries  for  more  than  five  years  since  its
reemergence in 2016. The evolutionary patterns for the
viruses  are  unclear.  Will  the  virus  disappear  after  a
period of  epidemic?  Or will  the  virus  evolve  into  new
variants that can lead to new outbreaks by adapting to
new  susceptible  populations  and  drive  escape  from
herd immunity every 2–7 years just like GII.4 did? Or
will  the  virus  generate  new  receptor-binding  sites  like
GII.13  and  GII.21  did?  Or  will  the  virus  optimize
receptor-binding  sites  for  enhancing  receptor-binding
ability  just  like  GII.17  did?  Or  even,  will  the  virus
acquire  another  novel  RdRp  and  produce  novel
recombinant just like it already did? So, it is important
to trace the genomic signatures and dynamic evolution
of  the  GII.2[P16]  NoV,  which  can  provide  scientific
evidence  and guidance  for  the  prevention  and control
of the virus. 

Funding:  Fundamental  Research  Funds  for  the
Central Universities (2020RC016).
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TABLE 1. Amino  acid  comparisons  of  nonstructural  proteins  between  different  NoV  genotypes/variants  recombined  with
GII.[P16] RdRp.

Genotypes/Variants
P48 NTPase P22 Pro RdRp

52 78-79 165 312 52 147 158 49 173 293 332 357 360

GII.2 2009−2014 N − K A K P V V D S V K T

GII.2 2010−2012 N E- K S K P A V D S V K T

GII.2 2016−2019* K† EE§ R† P† R† Q§ T† I§ E§ T§ I§ Q§ A§

GII.4 2013 NA NA K P R S V V D S V K T

GII.4 2016−2019* E/G† EE§ R† P/S† R† Q§ A/T† V/I E§ T§ V/I Q§ A§

GII.3 2011−2015 N E- K P/S K P A V D S V K T

GII.3 2016−2018* E† EE§ R† P/S† R† Q§ T† I§ E§ T§ I§ Q§ A§

GII.1 2016−2018* K/E† EE§ K/R† P† R† Q§ P/S¶ I§ E§ T§ I§ Q§ A§

GII.12 2017−2018* K† EE§ K¶ S† K¶ Q§ P¶ I§ E§ T§ I§ Q§ A§

GII.13 2011−2015 N E- K S K P A/T V D S V K T

GII.13 2016−2018* N/K E-/EE K/R P/S K/R P/Q A/T V/I D/E S/T V/I K/Q T

GII.16 2018* N − K A K P A V D S V K T

GII.16 2012 N E- K S K S A V D S V K T

GII.17 2014 N E- K A K P T V D S V K T
Note: “−” stands for amino acid deletion; “/” stands for “or,” e.g., R/K stands for R or K in the site.
Abbreviations: RdRp=RNA dependent RNA polymerase; NoV=norovirus; NA=not applicable.
* The GII.P16 NoVs currently prevalent.
† Key amino acid sites with changes on the currently circulating NoVs that had the novel GII.P16 RdRp.
§ Unique amino acids in currently predominant viruses.
¶ Different amino acids between currently circulating GII.[P16] strains.

China CDC Weekly

Chinese Center for Disease Control and Prevention CCDC Weekly / Vol. 4 / No. 2 29

https://doi.org/10.46234/ccdcw2022.003
https://doi.org/10.46234/ccdcw2022.003


 
# Corresponding author: Jie-mei Yu, jmyu1@bjtu.edu.cn.
 
1  College  of  Life  Sciences  and  Bioengineering,  Beijing  Jiaotong
University, Beijing, China.

Submitted: September 18, 2021; Accepted: October 29, 2021

REFERENCES

 Zhou  HL,  Zhen  SS,  Wang  JX,  Zhang  CJ,  Qiu  C,  Wang  SM,  et  al.
Burden  of  acute  gastroenteritis  caused  by  norovirus  in  China:  a
systematic  review.  J  Infect  2017;75(3):216 − 24.  http://dx.doi.org/10.
1016/j.jinf.2017.06.004.

1.

 Chhabra P, de Graaf M, Parra GI, Chan MCW, Green K, Martella V,
et  al.  Updated  classification  of  norovirus  genogroups  and  genotypes.  J
Gen  Virol  2019;100(10):1393 − 406.  http://dx.doi.org/10.1099/jgv.0.
001318.

2.

 van  Beek  J,  de  Graaf  M,  Al-Hello  H,  Allen  DJ,  Ambert-Balay  K,
Botteldoorn N, et al.  Molecular surveillance of norovirus, 2005-16: an
epidemiological  analysis  of  data  collected  from  the  NoroNet  network.
Lancet  Infect  Dis  2018;18(5):545 − 53.  http://dx.doi.org/10.1016/
S1473-3099(18)30059-8.

3.

 Ahmed K, Dony JJF, Mori D, Haw LY, Giloi N, Jeffree MS, et al. An
outbreak  of  gastroenteritis  by  emerging  norovirus  GII.2[P16]  in  a
kindergarten  in  Kota  Kinabalu,  Malaysian  Borneo.  Sci  Rep
2020;10(1):7137. http://dx.doi.org/10.1038/s41598-020-64148-4.

4.

 Ao YY, Wang JJ, Ling H, He YQ, Dong XG, Wang X, et al. Norovirus
GII.P16/GII.2-associated  gastroenteritis,  China,  2016.  Emerg  Infect
Dis 2017;23(7):1172 − 5. http://dx.doi.org/10.3201/eid2307.170034.

5.

 Nagasawa  K,  Matsushima  Y,  Motoya  T,  Mizukoshi  F,  Ueki  Y,  Sakon
N, et al. Phylogeny and immunoreactivity of norovirus GII.P16-GII.2,
Japan,  Winter 2016−17. Emerg Infect  Dis 2018;24(1):144 − 8. http://
dx.doi.org/10.3201/eid2401.170284.

6.

 Kendra  JA,  Tohma  K,  Ford-Siltz  LA,  Lepore  CJ,  Parra  GI.  Antigenic
cartography  reveals  complexities  of  genetic  determinants  that  lead  to

7.

antigenic  differences  among  pandemic  GII.4  noroviruses.  Proc  Natl
Acad Sci USA 2021;118(11):e2015874118. http://dx.doi.org/10.1073/
pnas.2015874118.
 Tohma  K,  Lepore  CJ,  Ford-Siltz  LA,  Parra  GI.  Phylogenetic  analyses
suggest  that  factors  other  than  the  capsid  protein  play  a  role  in  the
epidemic  potential  of  GII.2  norovirus.  mSphere  2017;2(3):e00187 −
17. http://dx.doi.org/10.1128/mSphereDirect.00187-17.

8.

 Swanstrom  J,  Lindesmith  LC,  Donaldson  EF,  Yount  B,  Baric  RS.
Characterization  of  blockade  antibody  responses  in  GII.2.1976  snow
mountain  virus-infected  subjects.  J  Virol  2014;88(2):829 − 37.  http://
dx.doi.org/10.1128/JVI.02793-13.

9.

 Bull RA, Hyde J, Mackenzie JM, Hansman GS, Oka T, Takeda N, et
al.  Comparison  of  the  replication  properties  of  murine  and  human
calicivirus  RNA-dependent  RNA  polymerases.  Virus  Genes
2011;42(1):16 − 27. http://dx.doi.org/10.1007/s11262-010-0535-y.

10.

 Cheung SKC, Kwok K, Zhang LY, Mohammad KN, Lui GCY, Lee N,
et  al.  Higher  viral  load  of  emerging  norovirus  GII.P16-GII.2  than
pandemic  GII.4  and  epidemic  GII.17,  Hong  Kong,  China.  Emerg
Infect  Dis  2019;25(1):119 − 22.  http://dx.doi.org/10.3201/eid2501.
180395.

11.

 Jin  M,  Wu  SY,  Kong  XY,  Xie  HP,  Fu  JG,  He  YQ,  et  al.  Norovirus
outbreak  surveillance,  China,  2016-2018.  Emerg  Infect  Dis
2020;26(3):437 − 45. http://dx.doi.org/10.3201/EID2603.191183.

12.

 Qian Y, Song MH, Jiang X, Xia M, Meller J, Tan M, et al. Structural
adaptations  of  norovirus  GII.17/13/21  lineage  through  two  distinct
evolutionary  paths.  J  Virol  2019;93(1):e01655 − 18.  http://dx.doi.org/
10.1128/JVI.01655-18.

13.

 Cannon  JL,  Barclay  L,  Collins  NR,  Wikswo  ME,  Castro  CJ,  Magana
LC,  et  al.  Genetic  and epidemiologic  trends  of  norovirus  outbreaks  in
the united states from 2013 to 2016 demonstrated emergence of novel
GII.4  recombinant  viruses.  J  Clin  Microbiol  2017;55(7):2208 − 21.
http://dx.doi.org/10.1128/JCM.00455-17.

14.

 Hasing  ME,  Lee  BE,  Qiu  YY,  Xia  M,  Pabbaraju  K,  Wong  A,  et  al.
Changes in norovirus genotype diversity in gastroenteritis  outbreaks in
Alberta,  Canada: 2012-2018. BMC Infect Dis 2019;19(1):177. http://
dx.doi.org/10.1186/s12879-019-3792-y.

15.

China CDC Weekly

30 CCDC Weekly / Vol. 4 / No. 2 Chinese Center for Disease Control and Prevention

https://doi.org/10.1016/j.jinf.2017.06.004
https://doi.org/10.1016/j.jinf.2017.06.004
https://doi.org/10.1016/j.jinf.2017.06.004
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1016/S1473-3099(18)30059-8
https://doi.org/10.1016/S1473-3099(18)30059-8
https://doi.org/10.1016/S1473-3099(18)30059-8
https://doi.org/10.1038/s41598-020-64148-4
https://doi.org/10.1038/s41598-020-64148-4
https://doi.org/10.3201/eid2307.170034
https://doi.org/10.3201/eid2307.170034
https://doi.org/10.3201/eid2307.170034
https://doi.org/10.3201/eid2401.170284
https://doi.org/10.3201/eid2401.170284
https://doi.org/10.3201/eid2401.170284
https://doi.org/10.1073/pnas.2015874118
https://doi.org/10.1073/pnas.2015874118
https://doi.org/10.1073/pnas.2015874118
https://doi.org/10.1073/pnas.2015874118
https://doi.org/10.1128/mSphereDirect.00187-17
https://doi.org/10.1128/mSphereDirect.00187-17
https://doi.org/10.1128/JVI.02793-13
https://doi.org/10.1128/JVI.02793-13
https://doi.org/10.1128/JVI.02793-13
https://doi.org/10.1007/s11262-010-0535-y
https://doi.org/10.1007/s11262-010-0535-y
https://doi.org/10.3201/eid2501.180395
https://doi.org/10.3201/eid2501.180395
https://doi.org/10.3201/eid2501.180395
https://doi.org/10.3201/eid2501.180395
https://doi.org/10.3201/EID2603.191183
https://doi.org/10.3201/EID2603.191183
https://doi.org/10.1128/JVI.01655-18
https://doi.org/10.1128/JVI.01655-18
https://doi.org/10.1128/JVI.01655-18
https://doi.org/10.1128/JCM.00455-17
https://doi.org/10.1128/JCM.00455-17
https://doi.org/10.1186/s12879-019-3792-y
https://doi.org/10.1186/s12879-019-3792-y
https://doi.org/10.1186/s12879-019-3792-y
https://doi.org/10.1016/j.jinf.2017.06.004
https://doi.org/10.1016/j.jinf.2017.06.004
https://doi.org/10.1016/j.jinf.2017.06.004
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1016/S1473-3099(18)30059-8
https://doi.org/10.1016/S1473-3099(18)30059-8
https://doi.org/10.1016/S1473-3099(18)30059-8
https://doi.org/10.1038/s41598-020-64148-4
https://doi.org/10.1038/s41598-020-64148-4
https://doi.org/10.3201/eid2307.170034
https://doi.org/10.3201/eid2307.170034
https://doi.org/10.3201/eid2307.170034
https://doi.org/10.3201/eid2401.170284
https://doi.org/10.3201/eid2401.170284
https://doi.org/10.3201/eid2401.170284
https://doi.org/10.1073/pnas.2015874118
https://doi.org/10.1073/pnas.2015874118
https://doi.org/10.1073/pnas.2015874118
https://doi.org/10.1073/pnas.2015874118
https://doi.org/10.1128/mSphereDirect.00187-17
https://doi.org/10.1128/mSphereDirect.00187-17
https://doi.org/10.1128/JVI.02793-13
https://doi.org/10.1128/JVI.02793-13
https://doi.org/10.1128/JVI.02793-13
https://doi.org/10.1007/s11262-010-0535-y
https://doi.org/10.1007/s11262-010-0535-y
https://doi.org/10.3201/eid2501.180395
https://doi.org/10.3201/eid2501.180395
https://doi.org/10.3201/eid2501.180395
https://doi.org/10.3201/eid2501.180395
https://doi.org/10.3201/EID2603.191183
https://doi.org/10.3201/EID2603.191183
https://doi.org/10.1128/JVI.01655-18
https://doi.org/10.1128/JVI.01655-18
https://doi.org/10.1128/JVI.01655-18
https://doi.org/10.1128/JCM.00455-17
https://doi.org/10.1128/JCM.00455-17
https://doi.org/10.1186/s12879-019-3792-y
https://doi.org/10.1186/s12879-019-3792-y
https://doi.org/10.1186/s12879-019-3792-y
https://doi.org/10.1016/j.jinf.2017.06.004
https://doi.org/10.1016/j.jinf.2017.06.004
https://doi.org/10.1016/j.jinf.2017.06.004
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1016/S1473-3099(18)30059-8
https://doi.org/10.1016/S1473-3099(18)30059-8
https://doi.org/10.1016/S1473-3099(18)30059-8
https://doi.org/10.1038/s41598-020-64148-4
https://doi.org/10.1038/s41598-020-64148-4
https://doi.org/10.3201/eid2307.170034
https://doi.org/10.3201/eid2307.170034
https://doi.org/10.3201/eid2307.170034
https://doi.org/10.3201/eid2401.170284
https://doi.org/10.3201/eid2401.170284
https://doi.org/10.3201/eid2401.170284
https://doi.org/10.1016/j.jinf.2017.06.004
https://doi.org/10.1016/j.jinf.2017.06.004
https://doi.org/10.1016/j.jinf.2017.06.004
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1016/S1473-3099(18)30059-8
https://doi.org/10.1016/S1473-3099(18)30059-8
https://doi.org/10.1016/S1473-3099(18)30059-8
https://doi.org/10.1038/s41598-020-64148-4
https://doi.org/10.1038/s41598-020-64148-4
https://doi.org/10.3201/eid2307.170034
https://doi.org/10.3201/eid2307.170034
https://doi.org/10.3201/eid2307.170034
https://doi.org/10.3201/eid2401.170284
https://doi.org/10.3201/eid2401.170284
https://doi.org/10.3201/eid2401.170284
https://doi.org/10.1073/pnas.2015874118
https://doi.org/10.1073/pnas.2015874118
https://doi.org/10.1073/pnas.2015874118
https://doi.org/10.1073/pnas.2015874118
https://doi.org/10.1128/mSphereDirect.00187-17
https://doi.org/10.1128/mSphereDirect.00187-17
https://doi.org/10.1128/JVI.02793-13
https://doi.org/10.1128/JVI.02793-13
https://doi.org/10.1128/JVI.02793-13
https://doi.org/10.1007/s11262-010-0535-y
https://doi.org/10.1007/s11262-010-0535-y
https://doi.org/10.3201/eid2501.180395
https://doi.org/10.3201/eid2501.180395
https://doi.org/10.3201/eid2501.180395
https://doi.org/10.3201/eid2501.180395
https://doi.org/10.3201/EID2603.191183
https://doi.org/10.3201/EID2603.191183
https://doi.org/10.1128/JVI.01655-18
https://doi.org/10.1128/JVI.01655-18
https://doi.org/10.1128/JVI.01655-18
https://doi.org/10.1128/JCM.00455-17
https://doi.org/10.1128/JCM.00455-17
https://doi.org/10.1186/s12879-019-3792-y
https://doi.org/10.1186/s12879-019-3792-y
https://doi.org/10.1186/s12879-019-3792-y
https://doi.org/10.1073/pnas.2015874118
https://doi.org/10.1073/pnas.2015874118
https://doi.org/10.1073/pnas.2015874118
https://doi.org/10.1073/pnas.2015874118
https://doi.org/10.1128/mSphereDirect.00187-17
https://doi.org/10.1128/mSphereDirect.00187-17
https://doi.org/10.1128/JVI.02793-13
https://doi.org/10.1128/JVI.02793-13
https://doi.org/10.1128/JVI.02793-13
https://doi.org/10.1007/s11262-010-0535-y
https://doi.org/10.1007/s11262-010-0535-y
https://doi.org/10.3201/eid2501.180395
https://doi.org/10.3201/eid2501.180395
https://doi.org/10.3201/eid2501.180395
https://doi.org/10.3201/eid2501.180395
https://doi.org/10.3201/EID2603.191183
https://doi.org/10.3201/EID2603.191183
https://doi.org/10.1128/JVI.01655-18
https://doi.org/10.1128/JVI.01655-18
https://doi.org/10.1128/JVI.01655-18
https://doi.org/10.1128/JCM.00455-17
https://doi.org/10.1128/JCM.00455-17
https://doi.org/10.1186/s12879-019-3792-y
https://doi.org/10.1186/s12879-019-3792-y
https://doi.org/10.1186/s12879-019-3792-y

	INTRODUCTION
	Genomic Feature and Genetic Diversity of NoV
	Potential Factor for the Reemergence of GII.2[P16] in China
	Potential Evolutionary Pattern of GII.2[P16] NoV in the Future


