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SUMMARY

The high incidence of norovirus (NoV) infections seems to be related to the emergence of new
variants that evolved by genetic drift of the capsid gene. In this work, that represents a first effort
to describe the molecular epidemiology of NoV in the northwest of Spain, a total of eight
different NoV genotypes (GII.1, GIL.3, GIL.4, GIL.6, GIL.7, GII.12, GII.13, GII.14) were
detected. The major genotypes observed were GII1.4 (45-42%) and GII.14 (34-9%), being detected
in all age groups. In addition, and although most of GII.4 sequences belonged to 2006b (7-2%)
and 2010 (50-35%) variants, the presence of new NoV variants was observed. Phylogenetic
analysis revealed that a high number of GII.4 sequences (35-24%) could be assigned to the newly
emerging Sydney 2012 variant, even during late 2010. The high prevalence of NoV GII.14
observed in this study may indicate the emergence of this genotype in Spain.
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INTRODUCTION

Noroviruses (NoVs) are the major cause of outbreaks
and sporadic cases of acute non-bacterial gastroenter-
itis in patients of all ages [1, 2]. It has been estimated
that they are responsible for 218000 deaths each year
in children aged <5 years and 1-1 million of hospitali-
zations worldwide [1, 2]. NoV transmission occurs by
the faecal-oral route, either by direct contact or via
contaminated surfaces, food or water. NoVs are ex-
tremely contagious, owing to a very low infectious
dose (estimated median infectious dose of 18 viral
particles) [3] and to high levels of shedding in stools
(>1x10'"" RNA copies/g). Additionally, although
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patients recover from symptoms in 2-3 days, shedding
may last several weeks [4]. No or limited long-term
immunity results from infection, so one person may
be repeatedly infected [5].

NoVs, classified in the family Caliciviridae, are a
group of non-enveloped, icosahedral viruses, with
a 7-5-7-7kb positive-sense single-stranded RNA
genome. NoVs are genetically diverse, classified with-
in five genogroups (GI-GV) [6]. A novel genogroup,
affecting dogs has been recently proposed [7],
although it has not been agreed internationally yet.
These genogroups are further divided into at least
33 different genotypes based on <15% amino acid vari-
ation in the VPI region [6, 8]. Genogroups II, I and
rarely IV are, in order of greatest to lowest, respon-
sible for human infections [6]. Within genogroup II,
strains belonging to genotype II.4 are the most com-
mon cause of gastroenteritis outbreaks, including pan-
demics, and sporadic cases since the mid-1990s [9].
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The high incidence of NoV infections seems to be
related to the emergence of new GIIL.4 variants that
evolved by genetic drift of the capsid gene [10, 11].
NoVs, and especially GII.4 variants, have been
increasingly studied over the past 10 years. It has
been shown for the first time that NoV GII.4 variant
US95/96 was identified and was predominant world-
wide during the winter of 1995-1996 [12]. This variant
was detected from outbreaks for the next 7 years. In
2002, a new type of GIL4, the 2002 variant named
Farmington Hills, was detected and became predomi-
nant [13]. The main feature of this strain was the inser-
tion of 1 amino acid in the hypervariable region of the
capsid [13]. Since 2002, a new GII.4 variant has be-
come predominant every 2 or 3 years. Indeed, the
2002 strain was replaced in 2004 by the 2004 variant
[14], which was then replaced by the 2006a and
2006b variants. Both 2006 variants co-circulated dur-
ing 2006 and 2007 [15]. During recent years, a 2010
variant (New Orleans_2009 strain) was identified.
This variant replaced the 2006 variants, accounting
for 60% of outbreaks [16]. Recent studies have re-
ported the detection of a new 2012 variant (Sydney
variant), that could be emerging in different regions
throughout the world, being responsible for most out-
breaks during late 2012 [17, 18]. The classification
of these emerging GII.4 variants is based on >5%
amino acid variation in the VP1 gene from other
GIL.4 strains [8, 14].

In addition, occasional increases in prevalence of
other genotypes aside from GII.4 have been reported
[19-21]. Recent studies revealed that other NoV geno-
types evolved similarly to GII.4, suggesting the possi-
bility of future emergence and epidemic spread of
other genotype variants [22].

In this work, NoV detected from patients with
acute gastroenteritis in northwest (NW) Spain, during
a l-year period, from July 2010 to June 2011, were
characterized with the aim of determining the molecu-
lar epidemiology of NoV in this region, as well as the
possibility of newly emerging variant strains.

METHODS
NoV detection

In a previous study [23] conducted in NW Spain dur-
ing a l-year period (July 2010 to June 2011) a total
of 2643 specimens from both hospital outpatients
(~90%) and inpatients (~10%) of all ages affected
with sporadic cases of acute gastroenteritis were
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examined for NoV presence. Stool samples included in
the study were obtained from Complejo Hospitalario
Universitario de A Corufia, Galicia (NW Spain).
This hospital complex serves more than 550000
people in an area of 2750 km?. NoV GI and GII detec-
tion was performed by real-time reverse transcription—
polymerase chain reaction (QRT-PCR) with TagMan
probes in all the samples. A total of 747 NoV strains
were detected from analysed stool samples [23].

NoV typing

Genotyping of the detected NoV strains was per-
formed on the basis of the partial capsid gene se-
quence. For this purpose, a semi-nested RT-PCR
protocol with specific primers for NoV GI and NoV
GII was performed. RT was performed with the
Expand Reverse transcriptase (Roche, Germany)
and 5 ul purified RNA and 100 um random hexamer
stock as reverse primer according to the manufac-
turer’s specifications. First-round PCR was conducted
using primers GOG1F and G1SKR for NoV GI and
GOG2F and G2SKR for NoV GII [24, 25]
(Supplementary Table S1). Second-round PCR for
NoV GI was conducted with primers G1SKF and
GI1SKR. For NoV GII, the second round of PCR
was performed with primers G2SKF and G2SKR
(Supplementary Table S1). All the PCRs were con-
ducted using the Expand High Fidelity PCR System
(Roche, Germany) following the manufacturer’s
specifications. RT-PCR amplicons for NoV GI and
GII were 330 bp and 344 bp, respectively. Amplifica-
tion products were analysed by electrophoresis in
1-5% agarose gels and visualized with ethidium
bromide. Amplicons were purified from gel with
QIAQuick Gel Extraction kit (Qiagen, USA) and
sequenced.

Phylogenetic analysis NoV strains

From the NoV partial capsid gene sequences
obtained, 306 were appropriated for phylogenetic
analysis. Sequence analysis was performed with the
DNASTAR Lasergene SeqMan program (DNA-
STAR, USA). Phylogenetic reconstructions were per-
formed based on the sequences of NoV partial capsid
gene. Sequences of NoV reference strains were re-
trieved from Genbank. Neighbour-Joining (NJ) phylo-
genetic trees were constructed with MEGAS software
using the Kimura two-parameter model, and a boot-
strap of 1000 replicates [26].
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Table 1. Prevalence of the different norovirus genotypes in each of the established age groups

Age group
Unknown
0-2yr 3-5Syr 6-12yr 13-18 yr 19-59 yr >60 yr age Total
No. of positive 281 41 76 20 180 146 3 747
samples
Sequences 117 (41-6%) 17 (41-5%) 39 (51:3%) 11 (55%) 70 (38:9%) 52 (35:6%) — 306
analysed
GIIL.1 1(0-8%) — — — 1(1-4%) — 2 (0:6%)
GIL3 2(17%) — 2(51%) — 1(14%) — 5 (1:3%)
GIlL4 53 (45:3%) 7 (41-1%) 13 (33:4%) 8 (72:7%) 30 (42-8%) 28 (53-8%) 139 (45-4%)
GIL6 1(0:8%) — 1(2:6%) — 2(2:8%) — 4 (1-:3%)
GIL.7 11 (9-4%) 1 (5:9%) 5(12:8%) 1(9:1%) 2 (2-8%) 1 (1-9%) 21 (6:9%)
GII.12 4 (34%) — 1(2:6%) — 1(1-4%) — 6 (1-9%)
GII.13 13 (11-2%) — 3(77%) — 4 (5:7%) 1 (1-9%) 22 (7-2%)
GII. 14 32 (27-3%) 8 (47%) 14 (359%) 2 (182%) 29 (41-4%) 22 (43-3%) 107 (34:9%)

To compare the obtained phylogenetic results,
sequences obtained were also analysed with the
Norovirus Genotyping Tool version 1.0 [27].

RESULTS

Visual inspection of the tree built with the 306 se-
quences of NoV revealed that all sequences belonged
to genogroup II, being distributed within eight differ-
ent genotypes. Each of the different genotypes con-
stituted a robust monophyletic group with bootstrap
values between 95% and 99% (Supplementary
Fig. S1). The major genotypes observed in the studied
NoV population were GII.4 and GII.14, with 139
(45-4%) and 107 (34-9%) of cases, respectively. The
other genogroups detected were: GII.1 (0-6%), GIIL.3
(1-9%), GIL6 (1:3%), GIL7 (6:9%), GII.12 (1-9%)
and GII.13 (7-2%). NoV GIIL.4 was the major geno-
type detected in all age groups, with prevalences
higher than 33%. GII.14 was the second highest geno-
type detected in patients from all ages. It was observed
in more than 18% of the samples from each age group.
Only in children aged <2 years and in adults aged
19-59 years were all the eight genotypes detected.
Results of the characterization of the NoV strains
detected from each age group are show in Table 1.
To assign the GII.4 sequences to a specific GII.4
variant, the Norovirus Genotyping Tool version 1.0
was employed. Of the 139 GII.4 sequences, 10
(7-19%) were characterized as 2006b variant, detected
between August and December 2010. No NoV GII.4
sequences were detected in July 2010. In the period
from July 2010 to June 2011, 70 (50-35%) of the
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strains were characterized as 2010 variant whereas
the other 59 (42-44%) strains could not be assigned
to any specific variant. A phylogenetic tree for NoV
GIIL.4 sequences assigned to 2006b and 2010 variants
was obtained based on the NJ method (Fig. 1).

A phylogenetic tree was also constructed with the
59 unassigned sequences together with sequences of
the newly emerging 2012 variant (Sydney strain).
Visual inspection of the tree revealed that 49 of the
analysed sequences and the 2012 variant sequences
clustered together in a well-differentiated branch.
The other 10 sequences included in the analysis were
not located in any specific cluster (Fig. 2). The detec-
tion of the strains assigned to the new 2012 variant
was higher during the winter season 2010/2011.
Between October 2010 and March 2011 a total of
88 NoV GIlL.4 strains were detected, 44 (50%) of
them characterized as the new 2012 variant and 43
(48-8%) characterized as 2010 variant. In the warm
months of 2010 (August-September), five (31:25%)
of the 16 NoV GIIL.4 detected strains corresponded
to the 2010 variant and two (12-5%) to the 2012 vari-
ant. In the warm months of 2011 (April-June) of the
35 NoV GII .4 strains detected, 23 (65-7%) were 2010
variant, two (5-75%) were 2012 variant, and 10
(34:28%) were unassigned variants (Fig. 3).

Similarities in sequences belonging to 2010 and
2012 variants ranged from 94:6% to 98-4%, and in
sequences belonging to 2010 and 2006b variants
from 94-8% to 98-9%. Slightly lower similarities were
observed in 2012 and 2006b variants, with values
ranging from 94-4% to 96-3%. Within the 2010 vari-
ant, similarity in sequences ranged from 96-8% to
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Fig. 1. Phylogenetic reconstruction based on the partial capsid gene sequences of norovirus GII.4 2006b and 2010 variant
strains (using the Norovirus Genotyping Tool version 1.0) and reference strains by the neighbour-joining method. Bar,
expected nucleotide substitutions per site. Only bootstrap values >70% are shown (1000 re-samplings) at each branch
point. GenBank accession numbers of reference sequences are given in parentheses.

100%, from 96-4% to 100% within the 2012 variant
and from 94-9% to 100% within the 2006 variant.

The NoV GII.14 phylogenetic tree revealed that,
although in general terms bootstrap values obtained
were not high, the 107 analysed sequences belonging
to GII.14 constituted a robust monophyletic group
with a bootstrap value of 98% (Fig. 4). The similarity
within the GII.14 sequences ranged from 86-6% to
100%. With regard to NoV GII.4, NoV GII.14 strains
were detected in higher numbers during the cold
months. Of the 107 GII.14 strains, 70 (65-42%) were
detected between October 2010 and March 2011.
The other 37 (34-57%) strains were detected in
April-June 2011. No NoV GII.14 strains were de-
tected during July—September 2010.

During the cold months between October 2010 and
March 2011 both NoV GII.4 and GII.14 presented a
peak in prevalence. However, it appears that both
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genotypes showed alternate detection during these
months as shown in Figure 5.

A total of 21 sequences were assigned to NoV GIL.7
and 22 sequences to GII.13. Regarding the other geno-
types, phylogenetic trees were obtained based on the
NJ method. Both GII.7 and GII.13 strains constituted
robust monophyletic groups with bootstrap values
of 99% and 100%, respectively (Supplementary
Fig. S2). The similarity percentage within the GIIL.7
sequences ranged from 96-1% to 100%, whereas for
GII.13 it ranged from 98-8% to 100%. A potential
link with temperature or season was observed for
GII.7 strains, as the strains belonging to this genotype
were more prevalent during the warm months (con-
trary to GII.4 and GII.14) (Supplementary Fig. S3).
Differences in prevalence linked with temperature
were not observed for NoV GII.13 during the time
period analysed (Supplementary Fig. S3).
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DISCUSSION

NoV are the leading cause of outbreaks and sporadic
cases of acute non-bacterial gastroenteritis in patients
of all ages [1, 2]. A study analysing the role of NoV in
gastroenteritis development during a 1-year period in
NW Spain [23] revealed that an aetiological agent,
viral and/or bacterial, could be detected in 39-5% of
the patients studied, and NoV was responsible for
28:3% of those with an identified aetiology. This
finding is in agreement with previous studies. In
patients in Germany in 2004, the aetiology of gastro-
enteritis could be determined in 35% of the examined
samples [28], with viral pathogens detected far more
often than bacterial pathogens. These authors pro-
posed that their results might be representative for
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shown (1000 re-samplings) at each branch point. GenBank accession numbers of reference sequences are given in

parentheses.

Germany and other European countries. On the other
hand, a study in one US state in 2004/2005 [29] also
found NoV as the leading cause of acute gastroenter-
itis, although with a much lower prevalence (12%).
An exclusive distinction between infectious and non-
infectious intestinal disease cannot be made on the
basis of clinical signs, therefore the cases in which
no pathogen could be detected may be due to a non-
infectious disease. Moreover, these cases may be
caused by intestinal microorganisms not included in
the study or by non-intestinal infections, such as
influenza [30].

The genotyping of NoV strains detected in clinical
samples from sporadic gastroenteritis cases in NW
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Spain showed the appearance, spread and monthly
prevalence of different NoV genogroups and the
changes in NoV molecular epidemiology in a limited
geographical region. Although all the detected strains
were submitted for typing analysis, in only 41% was a
proper sequence obtained. No differences in the pro-
portions of sequenced strains detected from inpatients
or outpatients were observed. In addition, RNA quan-
tification levels obtained from qRT-PCR detection
showed no differences in genotyped and ungenotyped
strains. One possible reason for these results is that
NoV strain diversity is extremely high. The 5’ end of
the NoV capsid region is not the most heterogeneous
region in the NoV genome and it is used to amplify
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Fig. 5. Monthly prevalence of norovirus GII.4 and GII.14
strains.

a wide range of NoV GI and GII genotypes [24] using
a conserved set of primers. Even in this relatively con-
served region, a variety of single nucleotide poly-
morphisms (SNPs) were found, which makes a
suitable primer and probe design difficult, as well as
assay optimization and verification extremely import-
ant [24, 31, 32].

Molecular characterization of NoV strains demon-
strated that GII.4 was the dominant genotype
throughout the 1-year period of the study and in
patients of all ages. This finding is consistent with
other recent molecular epidemiological and surveil-
lance studies that have found GII.4 to be responsible
for the majority of NoV infections and outbreaks
worldwide [9, 11, 33, 34]. It was also observed in the
present work that strains belonging to the GII.4
2006b variant were replaced by the 2010 variant.
Similar findings were reported in studies developed
in Asia, Europe and America [16, 34-36].

Lindesmith ez al. [37] studied the molecular mech-
anism of GII.4 NoV evolution resulting in the persist-
ence and emergence of new strains. The emerging
variants appear to have a transmissibility advantage
and increased virulence. It has been hypothesized
that NoV GII.4 persist by altering their ABH histo-
blood group antigens’ carbohydrate-binding target
over time, allowing them to escape host susceptibility.
An alternative explanation is that evolving strains
drift under immune selective pressure until mutations
have accumulated to a point where a novel genetic
variant phenotype becomes established and evades
pre-established host immunity [10]. It is important to
highlight the high number of sequences that could
not be assigned to any GII.4 variant by using the
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Norovirus  Genotyping tool version 1.0 [27].
Phylogenetic analysis by NJ performed with these
unassigned strains and the recently described 2012
variant strains [17, 18] allowed most of these se-
quences to be aligned with the newly emerging 2012
variant. The Sydney 2012 variant has been described
as being responsible for a high peak of NoV outbreaks
during late 2012 [17, 18]. However, results obtained
from the genotyping of Galician NoV strains revealed
that this 2012 variant could have been already circu-
lating since the last months of 2010.

On the other hand, the ten sequences that could not
be assigned to any specific variant by phylogenetic
analysis or by Norovirus Genotyping Tool version
1.0, might constitute newly emerging variants or
recombinant strains. The approach used in this work
utilizing the N-terminus of the VP1 protein (region
C) as a target region for NoV genotyping has been de-
scribed elsewhere [25] and the N/S domain was shown
to be able to separate the strains into internal clusters
or genotypes [38]. However, the use of the full-length
capsid gene would increase the phylogenetic signal
and would allow more accurate variant assignment
[27]. Therefore, further studies sequencing the com-
plete VP1 capsid coding region and the ORFI1-
ORF2 overlapping region (a known hotspot for
NoV recombination) are needed.

The emergence of non-GII.4 strains has also been
reported in the recent literature [19-21]. The winter
of 2009/2010 saw the emergence of a GII.12 strain
that was ultimately responsible for 16% of outbreaks
in the USA that year [36]. In the present study, from
July 2010 to June 2011, besides GII.4 seven other gen-
otypes were detected, in order of importance GII.14,
GIL.7 and GII.13, respectively. These non-GII.4
strains suddenly appeared, spread and decreased in
the short term. This behaviour might be attributed
to population immunity, as described in an earlier re-
port [22]. To our knowledge, this is the first time in
which a high prevalence of NoV GII.14 has been
observed in Spain. Previous studies in Spain reported
NoV GII.4 as a major cause of gastroenteritis, and
GIL.1, GII.2, GII.6 to a lesser extent [37-39].
Further studies would confirm the emergence of this
genotype and its importance as an aetiological agent
of diarrhoeal disease.

This article represents a first effort to describe the
molecular epidemiology of NoV in NW Spain.
Gastroenteritis caused by NoV continues to have a
great impact on public health worldwide. Since NoV
vaccines, if they are to be developed [40], will need
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to protect against the different emerging GII.4 var-
iants or other emerging genotypes, regional, national
and global analysis of NoV infections and a better
knowledge of NoV evolution will help in the develop-
ment of effective measures for their control and
prevention.

SUPPLEMENTARY MATERIAL

For supplementary material accompanying this paper
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