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Abstract Human noroviruses (NoVs) are an important

cause of epidemic acute gastroenteritis. Their role in spo-

radic cases, however, is less clear. In this study, we per-

formed a two-year surveillance (September 2005 to August

2007) of NoV gastroenteritis in outpatient clinics in

a southern city of China, Jiangmen City. NoVs were

detected in 115 patients (115/881, 13.1%) with 30 (26.1%)

co-infections with rotaviruses. Sequence analysis showed

that all 115 NoVs belonged to genogroup II, with GII.4

being the most predominant (87.8%). NoV-associated

infection can be seen year-around, with autumn and winter

peaks. This study provides basic information on sporadic

cases of major NoV gastroenteritis in children in different

seasons, which is valuable for future disease control and

prevention.
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Noroviruses (NoVs) are the leading cause of non-bacterial

acute gastroenteritis in people of all ages in both devel-

oping and developed countries [1, 4, 7, 30, 37]. These

viruses are highly infectious and stable in the environment

and can cause large outbreaks in different institutional and

community settings [28, 35, 39]. NoVs have a single

positive-strand RNA genome of approximately 7.4-7.7 kb,

enclosed in a non-enveloped protein coat with distinct cup-

shaped depressions [14, 32]. The genome can be divided

into three open reading frames (ORFs): ORF1 encodes six

nonstructural proteins, including the RNA-dependent RNA

polymerase, and ORF2 and ORF3 encode structural pro-

teins [13]. NoV is genetically diverse, and human strains

can be divided into three genogroups (GI, GII, and GIV), at

least 25 genotypes, and numerous subgroups based on

sequence information from the ORF1 or ORF2 region

[31, 44]. The high genetic diversity of NoVs can be attributed

to both point mutations during genome replication and RNA

recombination between co-circulating strains [2]. At least 23

inter-genotype and 9 intra-genotype NoV recombinants have

been identified worldwide [8, 11, 26, 27].

Acute gastroenteritis (AGE) is one of the most common

illnesses in China as well as in other developing countries.

In family settings, gastroenteritis is second in frequency

only to the common cold [6, 22]. The role of human NoV

in epidemic and sporadic AGE has been emphasized

recently [9, 30, 37]. However, their role in sporadic gas-

troenteritis in children in China (especially southern China)

is not well described. The present study was carried out to

determine the prevalence and genetic variability of NoVs
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in young children with AGE at outpatient clinics from a

middle-sized southern city of China, Jiangmen City of

Guangdong province.

AGE diagnosis was made according to the viral gastro-

enteritis diagnosis standard of ‘The Chinese Diarrhea

Diagnosis Treatment Plan (1993)’. Patients included in this

study met the following criteria: [1] they presented with

clinical symptoms of gastroenteritis, including vomiting,

diarrhea and fever, and the illness lasted less than 7 days

[2]. Stools from the patients were often watery, but without

blood [3]. White blood cells were detected occasionally, but

no red blood cells were detected. Stool specimens were

collected from each of 881 children younger than 5 years of

age who were admitted to the outpatient clinics of Chil-

dren’s Hospital of Jiangmen City for AGE from September

2005 to August 2007. Information about clinical charac-

teristics was collected by reviewing the clinical records and

interviewing the parents as well as follow-up at the clinics

every day until the child recovered from the illness. All

stool specimens were tested for rotavirus by using a col-

loidal gold device (Wantai, Beijing, China) within 24 h and

then stored at -80�C before being tested for NoV. Informed

consent was obtained from the parents of all children who

provided specimens. The study protocol was approved by

the ethics committees of the School of Public Health and

Tropical Medicine of Southern Medical University.

Nucleic acid was extracted from 100 ll of 20% (w/v)

stool-PBS suspensions of 881 stool specimens using TRI-

zol Reagent (Invitrogen, Carlsbad, CA, USA). Precipitated

RNA was dissolved in 20 ll of RNase-free water. The first-

strand cDNA was synthesized using reverse transcriptase

Superscript III (Invitrogen, Calrsbad, CA) and random

hexamers (TakaRa, Japan) at 50�C for 1 h followed by

another incubation of 99�C for 5 min. The RdRp genes

were amplified with oligonucleotide primers JV12Y and

JV13I, and capsid genes were amplified with GISKF/

GISKR and COCG2F/GIISKR by using methods described

earlier [19, 38]. Then, strains that seemed likely to be

recombinant because the genotype was different between

the RdRp and the capsid were amplified by using primers

JV12Y and GISKR for GI or primers JV 12 Y and GIISKR

for GII. The amplified PCR products were 1120 bp long for

GI and 1111 bp for GII [11].

Purified PCR products were sequenced by Invitrogen

(Shanghai, China). The nucleotide sequences of the PCR

amplicons were aligned with the corresponding NoV

sequences from the GenBank database using BLAST.

Multiple sequence alignments were created using Clustal X

(version 1.83) [36]. Phylogenetic trees of NoVs were

constructed using the neighbor-joining method in MEGA

(version 4.1) [34]. SimPlot software (Version 3.5.1) was

used to compare sequences to identify potential recombi-

nant virus strains [23].

Of the 881 stool samples, 115 (13.1%) were positive for

NoV. Rotavirus was detected in 368 samples (41.8%), which

was consistent with the results from most other parts of

China and in the surrounding countries [3, 4, 15, 18, 22, 41].

Co-infection with these two viruses was found in 30 cases

(3.4%). The majority (96.5%) of the diarrhea samples were

collected from young children from birth to 3 years of age.

Of the 190 infants who were less than 6 months old, 17

(8.95%) were positive for NoV. The prevalence of NoV

infection was 12.7% (35/275) in infants from 6 to

11 months. High detection rates were observed in children

between 24 to 35 months (14/68, 20.6%, Fig. 1). Of the

115 children with NoV infection, 73 were boys, with an

infection rate of 13.8% (73/530). Different seasonal pat-

terns of NoV infections have been reported. Some studies

showed a higher frequency in the winter, spring or rainy

season, and others indicated no obvious peak season

[15, 24, 29]. In this study, NoV was detected almost all

year around except March and June 2006 and August 2008,

and the highest detection rates were from September to

January, the autumn/winter seasons (Fig. 2). Similar sea-

sonal distributions were also found in Shanghai and in our

previous study in Guangzhou [7, 41]. The onset symptoms

included vomiting (40.9%), diarrhea (44.3%), fever (7.0%)

and other symptoms (7.8%). The main symptoms during

the diarrhea period also included vomiting (59.2%), fever

(20%), stomach ache (13.0%), dehydration (19.1%) and

cough (9.6%). The median (0–100%) duration of diarrhea

was 3.5 [1–10] days, and the number of stools per day was

5 [2–15]. Approximately one-fifth of the children had mild

fever (mean [SD] = 38.3�C [0.6�C]).

All 115 NoVs detected in this study belonged to

genogroup II (GII), based on the RNA-dependent RNA

polymerase (RdRp) and the capsid protein sequence

(Fig. 3). Phylogenetic analysis of partial capsid sequen-

ces (241 bp) of GII NoV (Fig. 3b) indicated that the

main cluster of GII.4 strains (80/101, 79.2%) belonged to

the GII.4/2006b cluster, which shared 97.8-99.3%
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Fig. 1 Prevalence of NoV infections in children in Jiangmen, China,

2005-2007, by age group. Bars represent the number of detected

cases, and lines represent the positive rate of NoV infections
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nucleotide identity with Hu/GII-4/Aichi3/2006/JP (AB44

7446). One of the two minor clusters of GII.4 strains

belonged to the GII.4/Hunter variant (2006a variant),

which was associated with both outbreaks and sporadic

cases throughout the world [33]. Another minor cluster

of GII.4 showed 98% identity to virus strain Hu/GII-4/

Sakai2/2006/JP, which was also found in Japan and

Korea during the same time period [33, 43]. Ten of the

115 NoV strains were found to belong to GII.3 geno-

types, clustering in the same linage with the Mexico

strains. Two GII.6 strains showed high identity (99%) to

the reference strain SaitamaU17 [17]. Moderate varia-

tions were observed in strains circulating over the two

years of surveillance. In the first period, from September

2005 to August 2006, the NoV infection rate was 11.1%

(55/496). Of 55 positive samples, 31 (56.4%) belonged

to GII.4/2006b, 8 (14.5%) belonged to the Sakai strain, 5

(9.1%) belonged to the Hunter strain and 8 (14.5%)

belonged to the GII.3 strain. In the second period

(September 2006-August 2007), the NoV infection rate

was slightly increased to 15.6% (60/385). Of the 60

positive samples, 49 (81.7%) belonged to GII.4/2006b, 8

(13.3%) belonged to the Sakai strain, and 2 (3.3%)

belonged to the GII.3 strain.
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Fig. 2 Seasonal distribution of 115 NoV infections in Jiangmen city,

China, 2005-2007. a Bars represent the number of detected cases, and

lines represent the positive rate of NoV infections. b Bars represent

the number of cases of the NoV genotype
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Fig. 3 Phylogenetic tree based on nucleotide sequences from 65

randomly selected representatives of the NoV strains in this study.

The bootstrap values generated from 1000 replicates are shown at

each node. a Nucleotide sequences were determined for a 209-bp

fragment of the RDRP region (nt 4397-4605) corresponding to

NVgz01 strain (GenBank DQ 369797). b Nucleotide sequences were

determined for a 241-bp fragment of the capsid region (nt 5085-5324)

corresponding to the NVgz01 strain. (The NCBI GenBank accession

numbers are as follows: Lincoln House (DQ676865), Hunter (DQ78794),

Hawaii (U07611), Melksham (X81879), Mexico (U22498), Lordsdal

(X86557), MOH (AF397156), Gwyned (AF 414 409), SaitamaU25

(AB067543), Sw918 (AB 074893), SaitamaU1 (AB039775), Pont de

Roide (AY682548), M7 (A Y130761), Tiffin (AY502010), CS-E1

(AY502009), SaKaeo-53 (AY646870), NLV/VannesL 169/2000/France

(AY773210), Hu/C 14/2002/AU (AY845056), SaitamaU17 (AB03

9779), Hu/GII-4/Sakai2/2006/JP (AB447448), Hu/Hebei/48580/2006/

CHN (EF670649)
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GII.4 was the predominant genotype (101 cases, 87.8%),

which is consistent with reports from many countries,

including China [3, 10, 15, 16, 18, 41]. The predominance

of GII.4 also is believed to be attributable to the broad

spectrum of GII.4 in recognizing human histo-blood group

antigen receptors [42] . We also observed the occurrence of

similar correlation patterns of major circulating GII.4

variants found in our study with those found in other

countries. For example, in the past two decades, the cir-

culating NoV GII.4 variants could be further divided into

six clusters: Camberwell (GII.4–1987), Grimsby (GII.4–

1997), Farmington Hills (GII.4–2002), Hunter (GII.4–

2004), Sakai (GII.4–2005) and DenHaag (2006b variants)

clusters [21], in which the GII.4/2006b variant was first

isolated and accounted for 79.2% of GII.4 infections in

Spain in 2005. This variant was then spread and became

predominant in Europe, Japan, western India and China

(Beijing) [4, 12, 15, 25]. In our study, the GII.4/2006b

variant accounted for 56.4% of all NoV infections in

2005-2006 and 81.7% in 2006-2007. The Hunter cluster,

which was dominant in 2004 in other countries, caused

9.1% of NoV infections in 2005-2006 but disappeared in

2006-2007 in our study.

We also found linkage of outbreak strains of GII NoVs

in our study with those in other countries. For example, the

GII.6 NoV was reported in the surrounding areas and

countries [4, 40, 43] but was hardly detected in China,

except for a GII.6 recombinant reported in 2008 [15]. Two

GII.6 NoVs were found in our study, with high identities to

those circulating in neighboring countries and cities, indi-

cating a common source of infection. In addition, the GII.3

strain was the second predominant genotypes (14.5%) in

2005-2006 and decreased to 3.3% in 2006-2007 in our

study, which was similar to that in the entire province of

Guangdong [20], in which GII.3 was common in 2005 but

was almost completely replaced by GII.4/2006b in 2006.

We also detected two recombinant NoVs in this study.

The RdRp gene of strain NoV/Jiangmen380/2006/China

had 97% identity to strain Hu/NLV/VannesL169/2000/

France and Hu/C14/2002/AU of the GII.b strains. How-

ever, its capsid gene had 97% identity to NoV/SaKaeo-53/

Thailand and 94% identity to the IF1998 strain, a ‘‘novel

capsid type’’ described as GII.18 strains [31]. Because the

RdRp sequence for NoV/SaKaeo-53/Thailand and IF1998

is not available, SimPlot analysis was performed with the

reference strain Hu/NLV/VannesL169/2000/France (Fig. 4a).

This recombinant has rarely been reported, and to our

knowledge, this is the first report of the GII.b/GII.18

recombinant in China. Though rarely reported, this recom-

binant contributed to 37% of NoV infections in western India

in 2005 [5]. Another strain, NoV/Jiangmen056/2006/China,

had 97% identity in the RdRp but only 71.8% in the capsid
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gene with strain Hu/GII-4/Sakai2/2006/JP, but the capsid

gene had 95% identity to that of the Mexico strain (GII.3)

(Fig. 4b).

In conclusion, the present study highlights the epide-

miology, strain variations and putative recombinants of

NoV in sporadic cases of AGE in children in China. The

age and seasonal distribution data are valuable for future

disease control and prevention. The predominance of GII.4

and its genetic variation as well as the variations in other

GII NoVs and their potential relatedness to those of the

surrounding countries found in our study provide further

information for understanding the global distribution of

NoV as an important cause of acute gastroenteritis.
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