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SUMMARY

The characteristics of norovirus outbreaks in children (0–5 years) in childcare centres in Victoria,
Australia (2012–2015) were examined. The three most common open reading frame (ORF) 2
genotypes in childcare centre outbreaks were GII.4 (42%), GII.6 (21%) and GII.3 (14%); the
remaining genotypes (GI.2, GI.3, GI.4, GI.8, GI.13, GII.1, GII.2, GII.7 and GII.13) each made
up <10%. The GII.4 genotype was the only norovirus genotype seen in all 4 years of the study
and was the most common genotype in 2012–2014 but in 2015 the most common genotype was
GII.2. The GII.4 genotype was more common in children 0–2 years, whereas GII.2 and GII.7
were more common in children 4–5 years. ORF 1/ORF 2 recombinant forms identified were GII.
P4_NewOrleans_2009/GII.4_Sydney_2012, GII.P12/GII.3, GII.Pb (GII.21)/GII.3, GII.Pe/GII.2,
GII.Pe/GII.4_Sydney_2012 and GII.Pg/GII.1. The findings indicate that norovirus genotype
prevalence patterns in children were influenced by the age of the children and the year in which
the analysis was carried out. The majority of norovirus infections (84%) occurred after the first
year of life so that vaccination before the age of one would appear to be the most efficacious.
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INTRODUCTION

Noroviruses are now considered a major cause of
gastroenteritis worldwide [1]. Norovirus outbreaks
can occur in virtually any setting where people are
in close contact and can affect individuals of all ages
[2–4].

Noroviruses are single-stranded positive-sense
RNA viruses classified as the genus Norovirus within
the family Caliciviridae [3]. The genome consists of
three open reading frames (ORFs) that encode a non-
structural polyprotein (ORF 1), the major capsid

protein (ORF 2) and a minor structural protein
(ORF 3) [3].

Norovirus typing, based on the ORF 2 capsid
sequence, has identified six genogroups which are
designated GI–GVI [3]. Only genogroups GI, GII
and GIV are known to infect humans, with the major-
ity of infections in humans being associated with GII
[3]. GIV norovirus infection in humans is poorly
understood but appears to be rare [5].

Norovirus genogroups can be further divided into
genotypes and these can be based on either ORF 1
or ORF 2 sequencing [6]. As recombination can
occur between ORF 1 and ORF 2 regions, a given
norovirus can have more than one genotype [7]. The
GII.4 genotype is the most common in humans and
has been estimated to cause approximately 70–80%
of norovirus-associated gastroenteritis outbreaks
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worldwide [8]. The GII.4 genotype can be further sub-
divided into ‘variants’ [6].

Norovirus is an important cause of morbidity and
mortality in children in both developed and develop-
ing countries. It has been estimated that norovirus
accounts for 900 000 clinic visits for children per
year in developed countries [4] and in the USA, for
example, the cost of norovirus treatment in children
aged <5 years has been estimated at more than US
$273 million annually [9]. In developing countries it
has been calculated that norovirus causes up to 200
000 deaths in children <5 years old annually [10].

The development of norovirus vaccine strategies
requires a detailed knowledge of the nature and inci-
dence of norovirus genotypes in particular age groups
but the literature on norovirus in children is incomplete
in that most studies on norovirus genotypes in children
have focused on children presenting to hospitals rather
than those in childcare centres. Although norovirus is
well documented in childcare centres [11, 12], norovirus
genotype analysis of outbreaks in these centres appears
to be rare. Detailed studies on the precise relationship
between age of infected individuals and norovirus
genotype are also lacking. The current study examines
the incidence of norovirus outbreaks in childcare cen-
tres in Victoria, Australia over a 4-year period (2012–
2015), and documents the incidence and characteristics
of norovirus genotypes associated with these outbreaks.

METHODS

Outbreak identification

For the purposes of this study an outbreak of gastro-
enteritis was defined as an incident, apparently
associated with a common event or location, in
which four or more individuals had symptoms of
gastroenteritis. This study is based on outbreaks for
which faecal specimens were sent to the Victorian
Infectious Diseases Reference Laboratory (VIDRL)
for norovirus testing. VIDRL is the main public
health laboratory for viral identification in the state
of Victoria, Australia. As such, it receives faecal
material from gastroenteritis outbreaks reported to
the Victorian Health Department. Only outbreaks
that occurred in Victoria were included in the study.

The date of an outbreak was taken as the onset
date. If this was not available, the date the outbreak
was first notified or the earliest date of collection of
a specimen from the outbreak was taken as the date
of the outbreak.

Childcare centres were identified on the basis of the
description of the facility provided by the Victorian
Health Department in the outbreak investigation
report. Where faecal specimens were received from a
childcare centre outbreak, specimens were only
included in the study if they were collected from an
individual 5 years old or younger (i.e. all adult carers
and older siblings were excluded from the study). For
each outbreak, the outbreak age was defined as the
average age of all norovirus-positive individuals 5
years old or younger in the outbreak.

Faecal processing and RNA extraction prior to PCR
testing

Faecal specimens were prepared as a 20% (v/v) sus-
pension in Hanks’ complete balanced salt solution,
which was then clarified by centrifugation at 7000g
for 10 min [13]. An aliquot of the clarified fluid was
then collected and RNA extraction carried out using
the Corbett (now Qiagen Sciences, Maryland) auto-
mated nucleic acid extraction procedure [14].

RT–PCR, nucleotide sequencing and phylogenetic
analysis

Five two-round RT–PCR protocols were used in the
study. Initially all specimens received for norovirus
identification were tested by an ORF 1 RT–PCR for
GI and GII norovirus. This was carried out with a
two-round RT–PCR protocol using primers NV
4562, NV 4611, NV 4692, NV 5296, NV 5298 and
NV 5366, as given previously [15]. Nucleotide sequen-
cing analysis of the PCR product derived from this
protocol utilised a 440 bp fragment corresponding to
nucleotides 4484–4923 (relative to Camberwell virus,
AF145896).

Specimens were then tested by an ORF 2 RT–PCR
protocol directed at GI noroviruses. This two-round
RT–PCR protocol was carried out using primers
COG1F and G1SKR as given previously [15].
Nucleotide sequencing analysis of the PCR product
derived from the GI protocol utilised a 198 bp frag-
ment corresponding to nucleotides 5415–5612 (rela-
tive to Norwalk virus, M87661).

Specimens were also tested by an ORF 2 RT–PCR
protocol directed at GII noroviruses. This two-round
RT–PCR protocol was carried out using primers
G2F3 and G2SKR as given previously [16].
Nucleotide sequencing analysis of the PCR product
derived from the GII protocol utilised a 195 bp
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fragment corresponding to nucleotides 5133–5327
(relative to Camberwell virus, AF145896).

Where both ORF 1 and ORF 2 genotypes were
available, but gave different designations, a fourth
and fifth RT–PCR that cross the ORF 1–ORF 2 inter-
sect were used to try and confirm recombination status
in at least one specimen for each genotype combin-
ation. These two-round RT–PCR protocols were car-
ried out using primers NV4692 and G2SKR for GII–
GII specimens as given previously [15], and primers
NV4692 and G1SKR for GII–GI specimens as
given previously [16]. Nucleotide sequencing analysis
of the PCR product derived from the GII–GII proto-
col utilised a fragment in the range 345–753 bp corre-
sponding to nucleotides 4484–5273 (relative to
Camberwell virus, AF145896). The GII–GI protocol
did not yield any product.

Nucleotide sequencing and phylogenetic analysis
were carried out using the software MacVector
software (Oxford Molecular Limited, Madison, WI,
USA), Phylip [17] and FigTree (available at http://
tree.bio.ed.ac.uk/software/figtree/). Genotype analysis
also made use of the norovirus-automated geno-
typing tool (http://www.rivm.nl/mpf/norovirus/typing
tool) [18].

Experimental plan

Between 1 and 6 specimens were received from chil-
dren in each childcare centre outbreak.

Every such specimen (other than duplicate speci-
mens from the same individual in a given outbreak)
was then processed and tested by the ORF 1 RT–
PCR protocol, the ORF 2 GI RT–PCR protocol
and the ORF 2 GII RT–PCR protocol. An outbreak
was designated as norovirus positive if at least one
norovirus positive specimen was identified by one of
these protocols in a given outbreak.

An attempt was made to sequence every norovirus
RT–PCR-positive specimen (by all three RT–PCR
protocols above). In addition, where both an ORF 1
and ORF 2 genotype was available, but gave different
genotype designations, further RT–PCR protocols
were carried out to try to confirm the recombination
status of these specimens.

Statistical analysis

Statistical analysis made use of three procedures: the
χ2 test, the partitioning of χ2 procedure [19] and
Fisher’s exact two-tailed test [20].

RESULTS

Incidence and seasonal periodicity

In the 4-year period 2012–2015, 1076 gastroenteritis
outbreaks were received and 697 (64.8%) were
found to be norovirus positive. Out of the 1076
gastroenteritis outbreaks, 91 outbreaks were received
from childcare centres. Of these 37 were positive by
the ORF 1 RT–PCR and a further 11 were negative
by the ORF 1 RT–PCR but positive by one of the
ORF 2 RT–PCRs. Thus a total of 48 (52.7%) of all
outbreaks received from childcare centres were posi-
tive for norovirus, indicating it was an important
cause of viral gastroenteritis outbreaks in childcare
centres.

The cumulative periodicity of norovirus-positive
outbreaks over the 4-year period is shown in Fig. 1.
A difference in the seasonality of outbreaks in child-
care centre and non-childcare centre outbreaks was
found in that 40% of the outbreaks in childcare centre
outbreaks occurred in the period February–June
compared with only 23% for non-childcare centre
outbreaks; the difference was statistically significant
(P < 0.025, χ2 test).

Genotypes detected in children

A broad range of norovirus genotypes were detected
over the 4-year period of the study (Table 1). ORF 2
genotypes were characterised in 43 outbreaks and of
these the three most common genotypes (i.e. >10%)
were GII.4 (42%), GII.6 (21%) and GII.3 (14%); all
of the remaining ORF 2 genotypes (GI.2, GI.3,
GI.4, GI.8, GI.13, GII.1, GII.2, GII.7 and GII.13)
each made up <10% of the total (Table 1).
Phylogenetic trees showing the relationships between
all unique ORF 2 sequences (except GI.13) are given
in Fig. 2.

From Table 1 it can also be seen that there were a
number of potential ORF 1/ORF 2 recombinant
forms (i.e. noroviruses where the genotypes or geno-
type variants in ORF 1 and ORF 2 were different).
Application of the ORF 1–ORF 2 RT–PCRs
confirmed the identity of six recombinant forms.
These recombinants and their associated GenBank
numbers were as follows: GII.P4_NewOrleans_2009/
GII.4_Sydney_2012 (KX789172), GII.P12/GII.3
(KX064757), GII.Pb(GII.21)/GII.3 (KX064758), GII.
Pe/GII.2 (KX064759), GII.Pe/GII.4_Sydney_2012
(KX789173) and GII.Pg/GII.1 (KR338971) [21].
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Fig. 1. The 4-year cumulative periodicity of norovirus-positive outbreaks from childcare centres (left axis) compared with
norovirus-positive outbreaks from all other settings (i.e. non-childcare centre outbreaks) (right axis).

Table 1. Norovirus ORF 1 and ORF 2 genotype combinations observed in childcare centre outbreaks, 2012–2015

ORF 1 genotype ORF 2 genotype Number of norovirus-positive outbreaks

GI.P2 GI.2 1
GI.P2 or no sequence available* GI.2 or GII.6* 1
GI.P8 GI.8 1
GII.P4_DenHaag_2006b GII.4† 1
GII.P4_NewOrleans_2009 GII.4_Sydney_2012 1
GII.P12 GII.3 3
GII.P12 GI.3 & GII.3‡ 1
GII.P12 no sequence available 1
GII.P16 GII.13 1
GII.Pb (GII.P21) GII.3 2
GII.Pb (GII.P21) GII.6 1
GII.Pb or GII.Pe* GII.4_Sydney_2012 1
GII.Pe GII.2 1
GII.Pe GII.4_Sydney_2012 6
GII.Pe GII.4† 8
GII.Pe No sequence available 4
GII.Pg GII.1 2
No sequence available GI.13 & GII.4_Sydney_2012‡ or GI.4* 1
No sequence available GII.2 2
No sequence available GII.2 or GII.6* 1
No sequence available GII.6 5
No sequence available GII.6 or GII.7* 1
No sequence available GII.7 2
Total 48

*Mixed outbreak with different individuals giving different genotypes.
†GII.4 variant could not be determined.
‡Mixed infection of two genotypes in a single individual.
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Variation in ORF 2 genotype incidence, 2012–2015

The changing temporal pattern of ORF 2 norovirus
genotypes found in childcare centre outbreaks is
given in Table 2. It can be seen that GII.4 norovirus
was present in all 4 years of the study, GII.3 and
GII.6 in three of the 4 years, GI.2 and GII.7 in 2
years and all the remaining genotypes (GI.3, GI.4,
GI.8, GI.13, GII.1, GII.2, and GII.13) in only 1
year of the study.

The relative importance of the GII.4 genotype var-
ied from year to year. In 2 years of the study (2012 and
2014) GII.4 made up over 50% of outbreaks of known
genotype. In 2013 GII.4 was the most common geno-
type but made up <50% of outbreaks of known geno-
type. However, in 2015 GII.4 was only found in 23%
of outbreaks of known genotype and occurred at the
same frequency as GII.3 and GII.6 in that year; the
most common genotype in 2015 was GII.2.

The relationship between age, norovirus outbreak
incidence and norovirus genotype

The relationship between age and norovirus incidence
was first examined for the outbreaks of known ORF 2
genotype and it was found that the outbreak age of
most of the outbreaks (84%) was >1 year (Table 3).
In particular, norovirus incidence tended to occur
more commonly in the 1 to <2 year age group, with
statistical analysis confirming that the number of out-
breaks in the 1 to <2 year age group was significantly
higher (P < 0.001, partitioning of χ2) than in any other
age group (Table 3).

A broad range of norovirus genotypes were detected
in the study (Table 3). Although for most genotypes
there was no simple relationship between incidence and
age, for three genotypes (GII.4, GII.2 and GII.7) there
was. In particular, GII.4 norovirus was significantly
more common in outbreaks involving children aged 0–
2 years than in outbreaks involving children aged 3–5
years (P< 0.05, χ2 test). Thus, GII.4 norovirus tended
to occur more commonly in younger children. In con-
trast, GII.2 norovirus was significantly more common
in outbreaks involving children aged 4–5 years than in
outbreaks involving children aged 0–4 years (P<
0.0033, Fisher’s exact two-tailed test). Similarly, GII.7
norovirus was significantly more common in outbreaks
involving children aged 4–5 years than in outbreaks
involving children aged 0–4 years (P< 0.0033, Fisher’s
exact two-tailed test). Thus, GII.2 and GII.7 norovirus
tended to occur more commonly in older children.

DISCUSSION

The current consensus is that one of the primary target
groups for norovirus vaccination should be young
children, as this group has one of the greatest disease
burdens [22–26]. Vaccine strategies, however, require
a thorough knowledge of what genotypes are found
in children and how or whether they change over
time. This was the subject of the current study.

A review of recent studies of norovirus genotypes in
children revealed that studies of this type were com-
mon. However, community-based outbreaks were
not considered and in all studies identified in the lit-
erature only hospital cases were analysed. The prob-
lem with using hospital cases alone and considering
each individual to be separate and distinct from
other cases is that there is a risk that the data will
give a slanted view of norovirus genotype prevalence,
as hospital-based data may be sampling multiple indi-
viduals from the same cluster. The current study
attempted to give a broader view of the topic by
using community-based gastroenteritis outbreaks as
the data source and by focusing on little discussed
topics, such as how norovirus genotypes in children
vary over time and the relationship between norovirus
genotype and the age of the infected child.

Norovirus outbreaks in the current study showed a
distinctive seasonal pattern, with a non-epidemic per-
iod in the early part of the year and then an epidemic
peak in the latter part of the year. However, a differ-
ence in the seasonality of outbreaks in childcare cen-
tres compared with all other outbreaks was found,
in that the seasonality of outbreaks in childcare cen-
tres was less pronounced than the seasonality of out-
breaks in other settings. Thus seasonal factors, while
important, were less influential in childcare norovirus
outbreaks than in all other norovirus outbreaks.

A broad range of norovirus genotypes were detected
over the 4 years of the study and the principal geno-
types found were the same as those found in a hos-
pital-based study of children in the same age group
over a similar time period [27]. The three most com-
mon ORF 2 genotypes in the current study were
GII.4 (42%), GII.6 (21%) and GII.3 (14%). In this
regard the findings accord with those of Chan et al.
[27], who examined norovirus ORF 2 genotypes in hos-
pitalised children (45 years) in Hong Kong in the per-
iod 2012–2014 and found that GII.4 was by far the
most common, followed by GII.6 and then GII.3.

It is also worth noting that the findings of the cur-
rent study accord closely with those of Brown et al.
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Fig. 2. DNA (dist) Kimura phylogenetic trees showing the relationship of ORF 2 GI (Fig. 2a) and GII (Fig. 2b)
genotypes detected. The GI tree was based on an ORF 2 sequence 198 bp long and the GII tree was based on an ORF 2
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[28] who examined prevalence patterns of norovirus
genotypes in paediatric inpatients in a British hospital
in the period 2014–2015. Depending on their clinical
classification the patients had a median age varying
from 1.5 to 3.3 years although individuals as old as
18 were also included in the study. These authors
found that the four most common norovirus geno-
types detected were GII.4 (52%), GII.3 (26%), GI.3
(9%) and GII.6 (5%). The high detection rate of
GI.3 in the study of Brown et al. [28] compared with
the current study may reflect the broader age range
sampled in the study of Brown et al. [28].

However, care is needed in making broad generali-
sations on norovirus prevalence patterns in children,
as the results of the current study indicate temporal
factors are also important. Thus it was notable that

GII.4 was only found in the majority of outbreaks
in 2 years (2012 and 2014) although it was the most
common genotype in 3 years of the study (2012,
2013 and 2014). In 2015 GII.4 was only found in
23% of norovirus outbreaks and occurred at the
same frequency as GII.3 and GII.6 in that year; the
most common genotype was GII.2. Thus the incidence
of norovirus genotypes in childcare centres can vary
markedly from year to year.

In the current study norovirus outbreak incidence
was found to be linked to the age of the children.
Thus outbreaks among children aged 1 to <2 years
were significantly more common than in children
aged <1 year and children aged 2–5 years, so that nor-
ovirus susceptibility peaked in the second year of life
in young children.

It was also noted there was a significant link
between age and the incidence of some norovirus gen-
otypes. Thus GII.4 norovirus was more common in
very young children (0–2 years) than in older children
(3–5 years). On the other hand, GII.2 and GII.7 nor-
ovirus were significantly more common in older chil-
dren (4–5 years) than in younger children (0–4 years).

The results of the current study also give some indi-
cation of the age at which children should be vacci-
nated against norovirus. It was found that most
infections in children (84%) occurred from the age of
one, so early vaccination would appear to be the
most efficacious. This is in agreement with the study
of Shioda et al. [29], who proposed that norovirus
immunisation should be completed by 6 months as
this would prevent approximately 85% of cases.

The findings of the current study indicate that nor-
ovirus genotype prevalence patterns in children can
be complex and are influenced by two sets of vari-
ables, the age of the infected child and the calendar
year in which the study was carried out. The study
also provides independent data that early norovirus
vaccination of children would appear to be the most
effective.

sequence 195 bp long. Only unique sequences were included in the trees. The reference strains included in the trees were as
follows: Arg320/1995/AR (AF190817), Baltimore/274/1993/US (AF414408), Boxer/2001/US (AF538679), Chiba/1987/JP
(AB042808), DenHaag89/2006/NL (EF126965), Fayetteville/1998/US (AY113106), Hawaii/1971/US (U07611), Leeds/90/
UK (AJ277608), Melksham/1989/UK (X81879), NewOrleans/2009/US (GU445325), Southampton/1991/UK (L07418),
Sydney/2012/AUS (JX459908) and Virginia115/1998/US (AY038598). In Fig. 2b all GII.4 noroviruses that could not be
assigned to a variant form are shaded. The genotype GI.13 could not be incorporated in the GI tree as the sequence had
an extra codon and therefore could not be made to match the sequence length of the other GI genotypes. The figures on
the branches represent bootstrap values (%) after resampling 1000 datasets. Only bootstrap values 570% are shown. The
scale marker represents substitutions per site.

Table 2. Norovirus ORF 2 genotypes detected by year
(2012–2015)

ORF 2 genotype

Number of outbreaks

2012 2013 2014 2015

GI.2 0 1 0 0
GI.2 or GII.6* 0 0 1 0
GI.3 & GII.3† 0 0 1 0
GI.8 1 0 0 0
GI.13 & GII.4† or GI.4* 1 0 0 0
GII.1 0 2 0 0
GII.2 0 0 0 3
GII.2 or GII.6* 0 0 0 1
GII.3 0 1 1 3
GII.4 6 3 5 3
GII.6 3 0 1 2
GII.6 or GII.7* 1 0 0 0
GII.7 1 0 0 1
GII.13 0 1 0 0
No sequence available 2 0 2 1
Total 15 8 11 14

*Mixed outbreak with different individuals giving different
genotypes.
†Mixed infection of two genotypes in a single individual.
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