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ABSTRACT A novel GII.17 norovirus variant caused major gastroenteritis epidemics
in China in 2014 to 2016. To explore the host immune factors in selection of the
emergence of this new variant, we characterized its antigenic relatedness with the
GII.4 noroviruses that have dominated in China for decades. Through an enzyme-
linked immunosorbent assay (ELISA) and a histo-blood group antigen (HBGA) block-
ing assay using sera from GII.4 and the GII.17 variant-infected patients, respectively,
we observed limited cross-immune reactivity by the ELISA but little reactivity by the
HBGA blocking assay between GII.4 norovirus and the new GII.17 variant. Our data
suggest that, among other possible factors, GII.4-specific herd immunity had little
role in the emergence of the new GII.17 variant. Thus, GII.17 may be an important
active antigenic type or immunotype that needs to be considered for future vaccine
strategies against human noroviruses.
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The genus Norovirus comprises seven genogroups (G), which can be subdivided into
more than 30 genotypes (1). Genogroups GI, GII, and GIV noroviruses can infect

humans, with GII.4 viruses causing the majority (70 to 80%) of all norovirus-associated
gastroenteritis outbreaks worldwide (2, 3). However, it was noted that a novel GII.17
variant (GII.P17-GII.17) emerged as a predominant norovirus, causing major epidemics
in China and several other Asian countries during the epidemic seasons of 2014/2015
and 2015/2016 (4–7), replacing the previously predominant GII.4/Sydney 2012 variant.
Although it has been suggested that the predominance of GII.17 strains during 2014 to
2016 was associated with the ability to infect a broader range of susceptible individuals
and/or a better polymerase that improved viral fitness (8, 9), the precise mechanisms,
particularly the host immune selection factor, of this sudden predominance have not
been entirely elucidated. Thus, it is highly significant and urgent to explore such
mechanisms leading to this sudden epidemic increase, as the GII.17 norovirus was
almost undetected in the previous decades. To this end, we measured the cross-
reactivity and cross-blockade activity between GII.4 and GII.17 noroviruses using serum
samples from norovirus-infected patients to determine the antigenic relatedness be-
tween the two predominant norovirus genotypes. Our data help to explain the sudden
increase in epidemics caused by the new GII.17 variant and provide valuable informa-
tion for future vaccine strategies against noroviruses.
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RESULTS
Gastroenteritis outbreak caused by GII.17 norovirus. A total of 146 medical staff,

5 inpatients, and 12 food workers were reported sick with acute gastroenteritis in the
10 days of outbreak. Among 58 stool swabs or stool samples tested, 33 samples were
found positive for the new GII.17 variant. An inwall swab sample from barrel water was
also positive, with 99.8 to 100% shared nucleotide sequence identity with the stool
samples (Fig. 1). Outbreak investigation also showed that the barrel water was an
important risk factor of the outbreak (�2 � 59.8, P � 0.001; relative risk [RR] � 12.5, 95%
confidence interval [CI] � 7.1 to 27.0). In addition, the same lot of barrel water also
caused 3 other school gastroenteritis outbreaks due to the same GII.17 norovirus
contamination during the same period in Guangdong Province (unpublished data).

HBGA phenotyping of saliva samples. The HBGA phenotypes of the saliva samples
from 15 individuals were determined for downstream characterization of cross-
reactivity and cross-blockade between GII.4 noroviruses and the new GII.17 variant. We
found two nonsecretors among 5 asymptomatic controls, but only one nonsecretor
among 10 symptomatic cases, indicating that nonsecretors were at lower infection risk,
which was consistent with results of our previous study (10). The basic demographics,
symptoms, stool test results, and HBGA phenotypes of these 15 individuals are shown
in Table 1.

Sera from GII.17-norovirus-infected patients showed limited cross-reactivity to
GII.4 noroviruses. Sera collected during the acute phase of the GII.17-infected patients
exhibited high antibody titers against GII.4 (�1,600, accounting for 86.7%), but low
titers against GII.17 (�1,600, accounting for 93.75%) noroviruses (Fig. 2). These preex-
isting specific antibody titers to GII.4 and GII.17 noroviruses were significantly different
(paired t test; t � 3.775, df � 14, P � 0.002), showing no correlation (correlation �

0.405, P � 0.135). For the asymptomatic controls (n � 5), antibody titers of the sera
collected during the convalescent phase did not increase against either GII.4 or GII.17
noroviruses (Fig. 2A and B). In contrast, antibody titers of the convalescent-phase sera
from six symptomatic patients (n � 10) exhibited seroconversion (�4-fold increase)
against the new GII.17 variant (Fig. 2B). However, only one had a 4-fold increase in the
antibody titers against GII.4 norovirus (Fig. 2A).

Sera from GII.17 norovirus-infected patients did not cross-block against GII.4
norovirus-attachment factor interaction. Our data showed that 8 out of 15 (53.3%)
acute-phase serum samples showed blockade antibody titers of �50 against GII.4
norovirus-attachment factor interaction (Fig. 3A), while only three (20%) had low
blockade antibody titers (�25 but �50) against the new GII.17 variant (Fig. 3B).
Similarly, for the asymptomatic controls (n � 5), blockade antibody titers of convalescent-
phase sera against GII.4 and GII.17 noroviruses did not increase (Fig. 3A and B). In
contrast, six convalescent-phase sera from the symptomatic individuals (n � 10)

FIG 1 Phylogenetic analysis based on P-domain sequences of noroviruses detected from stool specimens
and water samples during the outbreak. Sequenced nucleotides of case and barrel water samples are
shown. P particles of GII.17/DG 42, GII.4/Sydney 5, and GII.4/VA387 were used in cross-reaction and
cross-blockade assays.
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showed increased antibody titers against the new GII.17 variant with a �4-fold increase
(Fig. 3B). It was noted that no blockade antibody titers against GII.4 norovirus were seen
among the convalescent-phase sera with a �4-fold increase (Fig. 3A).

None of the three acute-phase serum samples from nonsecretor individuals showed
blockade titers against GII.4 norovirus-HBGA attachment. Interestingly, the convalescent-
phase sera from patient GZ06 who is a nonsecretor but showed typical symptom of 6
diarrhea episodes within 24 h after onset, exhibited no increased blockade titer either.

Sera from GII.4 norovirus-infected patients did not cross-block against GII.17
norovirus-attachment factor interaction. All five convalescent-phase sera that were
collected from GII.4 norovirus-infected volunteers at day 30 after GII.4 challenge/
infection exhibited both IgG and blockade antibody titers against GII.4 norovirus
with �4-fold increases compared with those of the sera from the same volunteers
before the challenge (Fig. 4A and C). A total of 4 of the 5 sera also showed serocon-
version (IgG) (�4-fold increase; Fig. 4B) against the new GII.17 variant. However, no
specific blockade (�25, set as 12.5) against the GII.17 variant attachment to HBGAs was
seen for acute- and convalescent-phase serum samples (Fig. 4D).

DISCUSSION

Noroviruses, members of the Norovirus genus, are the major viral cause of acute
gastroenteritis in both children and adults worldwide (11). While noroviruses of geno-

TABLE 1 Basic demographics, symptoms, stool tests, and HBGA phenotypes of study populationa

Group (n) Subject Age (yrs)
Onset date
(yr.mo.day)

No. of patients within
24 h with:

Stool test results for
norovirus

HBGA
phenotypes

Secretor
statusVomiting Diarrhea

PCR
positive Genotype

Asymptomatic
controls (5)

GZ01 20 ND ND H�, Leb�, Ley� S
GZ02 24 ND ND B�, Leb�, Ley� S
GZ08 30 ND ND Lea�, Lex� N
GZ09 54 ND ND H�, Leb�, Ley� S
GZ10 45 ND ND Lea�, Lex� N

Symptomatic
cases (10)

GZ03 29 2015.11.6 3 1 GII GII.17 B�, Leb�, Ley� S
GZ04 37 2015.11.6 4 5 GII GII.17 H�, Leb�, Ley� S
GZ05 Unknown 2015.11.7 5 4 GII NP A�, Leb�, Ley� S
GZ06 Unknown 2015.11.8 0 6 GII NP Lea�, Lex� N
GZ07 Unknown 2015.11.7 5 2 GII NP A�, Leb�, Ley� S
GZ15 38 2015.11.5 0 4 GII GII.17 B�, Leb�, Ley� S
GZ16 23 2015.11.5 5 3 GII GII.17 H�, Leb�, Ley� S
GZ21 29 2015.11.6 1 4 GII GII.17 B�, Leb�, Ley� S
GZ23 23 2015.11.6 0 3 GII GII.17 Lea�, Leb� S
GZ25 24 2015.11.5 0 4 GII GII.17 A�, Leb� S

aND, not determined; NP, not performed; S, secretor; N, nonsecretor.

FIG 2 IgG titers specific to GII.4 (A) and GII.17 (B) of human sera collected from a GII.17 outbreak. Acute- and convalescent-phase serum samples (5
asymptomatic controls and 10 symptomatic cases) were collected during an outbreak. The fold increases from acute- to convalescent-phase serum in IgG titers
(green columns) were determined (right-hand y axis).
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groups GI, GII, and GIV infect humans, GII.4 noroviruses were the predominantly
circulating genotype, causing 70 to 80% of all norovirus epidemics (2, 3, 12) over the
past 3 decades. Thus, GII.4 noroviruses are the major targets for ongoing norovirus
vaccine development (13–15). However, the recent emergence and predominance of
the new GII.17 variant causing major gastroenteritis outbreaks in China (4–7) suggest a
need for inclusion of other non-GII.4 viruses in the vaccine strategy.

Our group and others have previously demonstrated that the new GII.P17-GII.17
variant gained a broad host spectrum of A, B, and H HBGAs of the general population
(4, 6, 10), explaining the predominance of the new GII.17 variant. In this study, we
further demonstrated that there is no cross-blockade between GII.17 and GII.4 norovi-

FIG 3 Blockade titers against GII.4 P domain-HBGA (A) and GII.17 P domain-HBGA attachments (B) using human sera collected from a GII.17 outbreak. Acute-
and convalescent-phase serum samples (5 asymptomatic controls and 10 symptomatic cases) were collected during an outbreak. The fold increases from acute-
to convalescent-phase serum in blockade titers (green columns) were determined (right-hand y axis).

FIG 4 IgG and blockade titers against GII.4 (A and C) and GII.17 (B and D) norovirus from human sera from a GII.4 challenge study. Five pairs of prechallenge
(day 0) and postchallenge (day 30) serum samples were used. The fold increases from acute- to convalescent-phase serum in IgG or blockade titers (green
columns) were determined (right-hand y axis). No specific blockade (�25, set as 12.5) against the GII.17 variant attachment to the HBGAs was seen for either
phase serum samples (D).
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ruses, using serum samples from patients infected with a new GII.17 variant collected
from an outbreak study and patients infected with GII.4 norovirus collected during a
previous GII.4 challenge study (16). Our data strongly suggested that an individual with
a high blockade antibody titer against GII.4 norovirus did not block the new GII.17
variant attachment to HBGAs, suggesting no protection against infection by the new
GII.17 variant. In other words, the host herd immunity against the predominant GII.4
noroviruses played little role in the emergence of the new GII.17 variant. Thus, in
addition to the broadened host spectrum and increased polymerase activity proposed
in previous studies (6–8, 10, 17, 18), lack of specific herd immunity among susceptible
populations may also contribute to the emergence and rapid expansion of the new
GII.17 variant causing major epidemics in China in recent years.

The lack of immune protection by previous norovirus infection has been shown by
several sequential infection studies on different norovirus genotypes. For example, two
children in Hong Kong that were infected with GII.4 noroviruses were reinfected with
GII.17 viruses (6); a child was infected sequentially by three different noroviruses (GII.4,
GII.6, and GII.17) during a 3-year period (19); and another young child was infected
sequentially by a GII.4 and then a GII.6 norovirus (20). These case study results suggest
little heterologous protection among different norovirus genotypes, indicating that
host herd immunity against the predominant GII.4 viruses played little role in the
emergence of the new GII.17 variant. A similar case of sudden emergence of GII.2
viruses occurred in different countries during the 2016 to 2017 season (21–23).

In an effort to optimize the vaccine development against norovirus, Parra et al.
provided a new perspective recently on the genetic and antigenic diversity of norovi-
ruses, describing two patterns of diversification, “static” versus “evolving” (19). They
proposed a new clustering of human norovirus genotypes into “immunotypes,� in
which GII.4 belongs to immunotype G as an “evolving” pattern, while GII.17 belongs to
immunotype J as a “static” pattern. They also suggested that there may be little to no
protection between different immunotypes (19). In our present study, we provide
further support for their hypotheses. Thus, the GII.17 noroviruses may represent a new
target that needs to be considered for future vaccine strategies against noroviruses
(24).

A recurrent infection by the new GII.17 variant was observed in an elderly patient
(25), suggesting a short-duration homogeneous immunity against the new GII.17
Kawasaki variant in some individuals with impaired immunity. In the present study, we
noted that a blockade titer at 50 (GZ21) against the new GII.17 variant did not provide
effective protection in the studied outbreak (Fig. 3), which indicated that a preexisting
low antibody titer may not protect against infection by the homologous GII.17 variant.
We also noted that 2 (GZ06 and GZ15, Fig. 2) out of 10 sera from patients did not show
an increase in antibody titers after GII.17 infection, suggesting a lack of an effective
homogenous immune response in some individuals. Finally, we noted that nonsecretor
GZ06 was infected, indicating that the nonsecretor status does not absolutely protect
an individual against infection by the new GII.17 variant. Further study is warranted to
clarify these issues.

Conclusion. We found limited cross-reactivity but no cross-blockade activity be-
tween GII.4 and GII.17, using human sera from patients after noroviruses infection,
providing new evidence explaining the emergence and rapid expansion of the new
GII.17 variant causing major epidemics. Our data indicated that the GII.17 variant needs
to be included in future vaccine strategies against human noroviruses.

MATERIALS AND METHODS
Outbreak investigation and sample collection. From 2 to 11 November 2015, a norovirus gastro-

enteritis outbreak occurred at a hospital in the city of Guangzhou, Guangdong Province, China. Cases of
norovirus infection and disease were defined by having at least one of the following symptoms after 2
November (26): vomiting, diarrhea, or nausea combined with stomach cramps. A total of 58 stool swabs
or stool samples from patients with infection and one inwall swab from barrel water were collected. The
inwall swab was taken because field investigation often showed that drinking barrel water was a
high-risk source, leading to norovirus outbreaks. A total of 15 saliva samples and paired serum samples
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were collected, of which acute-phase sera were collected on 11 November, while convalescent-phase
sera were collected on 11 December. Among these 15 sera, 10 were taken from symptomatic patients
at onset time on or after 5 November, and 5 were collected from asymptomatic individuals as controls
in the same setting. Sample collection was approved by the ethics committee of the Guangdong
Provincial Center for Disease Control and Prevention (GDCDC-W96-027B-2014.100) and informed consent
was obtained from each involved individual.

Detection of histo-blood group antigens in saliva. The HBGA phenotypes of A (Z2A), B (Z5H-2), H
(87-N) (Santa Laboratories, Inc., CA), Lea (BG-5), Leb (BG-6), Lex (BG-7), and Ley (BG-8) (Signet Dedham, MA)
antigens of the saliva samples were determined using the corresponding monoclonal antibodies, as
described previously (27). Briefly, boiled saliva (1:1,000) was coated on high-binding ELISA plates (Costar,
Corning, NY, USA). After blocking with 5% nonfat milk-phosphate-buffered saline (PBS), 100 �l diluted
(1:300) monoclonal antibodies specific for A, B, H (Santa Cruz, CA), Lea, Leb, Lex, and Ley (Signet
Laboratories Inc., Dedham, MA) antigens were added. Then horseradish peroxidase (HRP)-conjugated
goat anti-mice IgG or IgM (1:3,000) (Boster Biological Technology, Pleasanton, CA) was added. The signal
intensities were displayed by adding HRP substrate reagents for 10 min (Beyotime Biotechnology Co.,
Ltd., Shanghai, China). The cutoff for a positive signal was optical density at 450 nm (OD450) � 0.2.
Well-characterized positive and negative saliva samples were added in each plate as quality control.

Norovirus genotyping. Viral RNA was extracted from 10% stool suspension, detected by one-step
real-time reverse transcription-PCR assay (RT-PCR; using GI and GII primers). For further genotyping,
One-Step RT-PCR (Qiagen, CA, USA) was performed with region-C-specific primers. The positive PCR
products were sequenced and genetic identity of the viruses was determined using the NoV Automated
Genotyping Tool and genotyped using the region-C-specific primers (17, 28, 29).

Preparation of norovirus P proteins. The cDNA encoding the P proteins of the new GII.17 variant,
collected from a previous GII.17 outbreak (10), was cloned into the expression vector pGEX-4T-1
(Amersham Biosciences, Piscataway, NJ) between the SalI and NotI sites. After sequence confirmation, the
P proteins were expressed in Escherichia coli. Briefly, the BL21 cultures were induced by IPTG (isopropyl-
�-D-thiogalactopyranoside) (0.5 mM) at room temperature (22°C) overnight. The recombinant capsid
fusion proteins were purified using Glutathione Sepharose 4 Fast Flow resin (7 Sea Pharmatech Co., Ltd.,
China) according to the manufacturer’s instructions. Glutathione S-transferase (GST) was removed from
the P proteins by thrombin (GE Healthcare Life Sciences, NJ, USA) cleavage on beads at room temper-
ature overnight (30, 31). P particles of GII.4/Sydney and GII.4/VA387 variants were used as GII.4 antigens
(32).

Cross-reactivity between GII.17 noroviruses with GII.4 using sera from norovirus-infected
patients. The paired serum samples were used to study antigenic cross-reactivity between GII.4 and
GII.17 norovirus by enzyme-linked immunosorbent assay (ELISA). Briefly, 96-well plates were coated with
0.5 �g/ml diluted P particles of GII.4/Sydney strain or GII.17/DG42 (10). After blocking, paired patient
serum samples were added at 2-fold serial dilution. Then horseradish peroxidase (HRP)-conjugated rabbit
anti-human IgG was used to detect the bound norovirus antibodies. The signals were developed using
a tetramethylbenzidine (TMB) substrate kit. The cutoff for a positive signal was set as OD450 � 0.2.

Cross-blockade between GII.17 and GII.4 using sera from norovirus-infected patients. Due to
lack of cell culture and small animal infection models, an HBGA-based blockade assay served as a
surrogate for neutralization (33). A blockade assay to measure the ability of serum antibodies to block
NoV P particles binding to saliva was developed and optimized. A saliva sample (HBGA phenotypes: B�,
Leb�, and Ley�), which showed good binding to the following P particles, was diluted (1:1,000) and
coated on a microtiter plate. After blocking with the dry milk, the GII.4 or GII.17 P particles (0.2 to 0.5
�g/ml) that were preincubated with paired sera from GII.17 norovirus-infected patients at 37°C for 1 h
were added to the saliva-coated plates. The bound P particles were detected using our in-house anti-GII.4
or anti-GII.17 norovirus (1:3,000) mice sera, followed by incubation with the HRP-conjugated goat
anti-mice IgG. P particles without preincubation with a serum sample were used as a positive control.
Results were accepted if positive-control optical density (OD) values were within the range of 1.0 � 0.3
(33). The 50% blocking titer (BT50), defined as the maximal dilution (folds) of a serum sample that showed
at least 50% blockade (OD) compared with the positive control, was determined for each serum sample.
A value of 12.5 was assigned to a serum sample with a BT50 �25.

Five paired sera from GII.4 norovirus-infected patients collected in a previous GII.4 challenge study
(16, 34) were used to determine cross-blockade against the HBGA attachment of the new GII.17 variant
as described above.

Statistical analysis. Paired t test and correlation analysis were used for the mean preexisting
antibody titers specific to GII.4 and GII.17 noroviruses using SPSS 20 for Windows 7 (SPSS Inc., IL, USA).
Statistical significance was set as a P value of �0.05.
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