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Abstract
AIM: To report an acute gastroenteritis outbreak caused by a genogroup 2 genotype 6 (GII.6) strain norovirus in Shanghai, China.

METHODS: Noroviruses are responsible for appro​ximately half of all reported gastroenteritis outbreaks in many countries. Genogroup 2 genotype 4 strains are the most prevalent. Rare outbreaks caused by GII.6 strains have been reported. An acute gastroenteritis outbreak occurred in an elementary school in Shanghai in December of 2013. Field and molecular epidemiologic investigations were conducted.

RESULTS: The outbreak was limited to one class in an elementary school located in southwest Shanghai. The age of the students ranged from 9 to 10 years. The first case emerged on December 10, 2013, and the last case emerged on December 14, 2013. The cases peaked on December 11, 2013, with 21 new cases. Of 45 students in the class, 32 were affected. The main symptom was gastroenteritis, and 15.6% (5/32) of the cases exhibited a fever. A field epidemiologic investigation showed the pathogen may have been transmitted to the elementary school from employees in a delicatessen via the first case student, who had eaten food from the delicatessen one day before the gastroenteritis episodes began. A molecular epidemiologic investigation identified the cause of the gastroenteritis as norovirus strain GII.6; the viral sequence of the student cases showed 100% homology with that of the shop employees. Genetic relatedness analyses showed that the new viral strain is closely related to previously reported GII.6 sequences, especially to a strain reported in Japan.

CONCLUSION: This is the first report to show that norovirus strain GII.6 can cause a gastroenteritis outbreak. Thus, the prevalence of GII.6 noroviruses requires attention. 

Key words: Genogroup 2 genotype 6 genogroup; Genetic relatedness analyses; Gastroenteritis; Noroviruses; Outbreak
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Core tip: Noroviruses are responsible for approximately half of all reported gastroenteritis outbreaks in many countries. Rare outbreaks caused by genogroup 2 genotype 6 (GII.6) strains have been reported. An acute gastroenteritis outbreak occurred in an elementary school in Shanghai in December of 2013. Molecular epidemiologic investigations showed that the gastroenteritis outbreak was caused by norovirus strain GII.6 infection. Thus, the prevalence of GII.6 noroviruses requires attention.
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INTRODUCTION
Norovirus infection is recognized as a leading cause of epidemic and sporadic acute gastroenteritis in children and adults worldwide[1]. Most infected individuals get sick within one day of norovirus ingestion[2], though the incubation period ranges from 12 h to 48 h[3]. The symptoms include vomiting, watery diarrhea, or both. Stomach pain and a general feeling of tiredness, headache, and muscle aches are also common[4]. Fever occurs in one-third to one-half of infected individuals[5]. The main transmission routes of noroviruses include oral-fecal, person-to-person, and waterborne[1-5]. Noroviruses cause outbreaks in autumn and winter in over-populated settings such as schools and hospital wards[6]. 

The Norovirus genus belongs to the Caliciviridae family[7]. The genome is comprised of a single-stranded positive-sense RNA molecule approximately 7.5 kb in length with three open reading frames (ORFs)[7]. ORF1 encodes a polypeptide of six nonstructural proteins, including RNA-dependent RNA polymerase (RdRp)[7,8]. ORF2 encodes the major capsid protein VP1, which consists of a shell (S) and two protruding (P) domains, P1 and P2. ORF3 encodes the minor capsid protein VP2[7,8]. Noroviruses are categorized into five distinct genogroups (GI-V); of these, GI, GII, and GIV can infect humans[9]. The genogroups of noroviruses were defined on the basis of the amino acid diversity of the three ORFs, RdRp, and VP1[10,11]. The current five genogroups, which were developed based on VP1 protein divergence, can be further divided into genotypes and subgenotypes[12,13]. The genotypes are defined on the basis of either the RdRp sequence or the capsid sequence[12-14]. Recombination occurs occasionally at the ORF1/ORF2 junction[15,16]; thus, to define a field norovirus strain it is necessary to determine both the polymerase and capsid genotypes[15,16]. This explains why the current nomenclature comprises both polymerase and capsid genotypes. To date, 14 GI and 29 GII polymerase genotypes, and 8 GI and 23 GII capsid genotypes, have been described[14]. 

The genogroup and genotype of norovirus strains associated with sporadic and epidemic gastroenteritis remain poorly described. Two recent systematic literature reviews demonstrated several important points[14,17]. First, genogroup GII is the most prevalent, accounting for 96% of all sporadic infections. GII genotype 4 (GII.4) is the most prevalent genotype, accounting for 70% of the capsid genotypes and 60% of the polymerase genotypes, followed by capsid genotype GII.3 (16%) and polymerase genotype GII.b (14%)[14]. Second, based on 71724 illnesses, 501 hospitalizations, and 45 deaths, the overall hospitalization and mortality rates are 0.54 and 0.06%, respectively. GII.4 norovirus strains are associated with higher hospitalization and mortality rates[17].

At present, reports on acute gastroenteritis caused by norovirus GII.6 are rare. In a study of 187 fecal specimens collected from non-hospitalized children with acute gastroenteritis in Shizuoka, Japan, between July of 2008 and June of 2009, 55.6% tested positive for noroviruses; of these, 53.8% and 40.4% contained strains GII.4 and GII.6, respectively[18]. Active surveillance for laboratory-confirmed cases of norovirus among children younger than five years of age with acute gastroenteritis in hospitals in the United States showed that GII.6 noroviruses were also detected in fecal specimens[19]. These are the only two reports of GII.6 norovirus infections, and neither report provided evidence showing that GII.6 could cause gastroenteritis outbreaks. In this study, we present an acute gastroenteritis outbreak caused by norovirus strain GII.6 in an elementary school located in Minhang District, Shanghai, China, which occurred in 2013. Our data complement the current understanding of norovirus infection, especially of GII.6 noroviruses.

MATERIALS AND METHODS

Subjects, samples, and ethical issues

Fecal specimens from 32 elementary school students in Class 1/Grade 4 were collected for suspected gastroenteritis pathogen detection. Fecal specimens were also collected from two employees of a deli​catessen who were suspected of being the source of the pathogen. Data on the hospitalized students, including body temperature and routine blood test results, were also collected. 

This study was conducted according to the principles of world Medical Association Declaration of Helsinki. The study was specifically approved by Internal Review Board of the Center for Disease Control and Prevention of Shanghai Minhang District, China (Permit Number: 2013-0012). All participants gave written informed consent for research use of stool samples. We also obtained written informed consent from the parents on the behalf of the minors enrolled in our study. The ethics committee specifically approved the consent procedure for the participants between nine and ten years of age (Permit Number: 2013-0012m).

Screening for gastroenteritis pathogens

The detection of rotavirus was performed as described by Jothikumar et al[20]. For bacterial evidence, the isolation and culture of Campylobacter spp, Escherichia coli (E. coli), Salmonella, and Shigella were performed as reported previously[21,22].

RNA extraction

The fecal specimens were prepared as a 10% (w/v) suspension in distilled water and then centrifuged for 10 min at 10000 × g. Viral RNA was extracted from the suspensions using a QIAamp Viral RNA Mini Kit (Qiagen, Venlo, Limburg, Netherlands), according to the manufacturer’s instructions. The RNA pellet was re-dissolved in 10 (L of 10 mmol/L dithiothreitol containing 5% (v/v) RNasin (40 U/(L; Promega, Madison, WI, United States) and stored at -80 ℃ until use.

Norovirus-specific RNA detection methods

Based on routine disease surveillance data and the characteristics of the acute gastroenteritis outbreak, a norovirus was suspected to be the causative pathogen. For norovirus detection, the regions encoding RdRp and VP1 were amplified by one-step reverse transcription (RT)-PCR (Figure 1). The primers used for the VP1 region were GIIF1: 5’-GGHCCMBMDTTYTACAGCAA-3’; GIIF2: 5’-GGHCCMBMDTTYTACAAGAA-3’; GIIF3: 5’-GGHCCMBMDTTYTACARNAA-3’; and GIIR: 5’-CCRCCNGCATRHCCRTTRTACAT-3’. The estimated amplicon size was 468 bp. The primers used for the RdRp region were GF: 5’-TCATCATCACCATAGAAIGAG-3’ and GR: 5’-ATACCACTATGATGCAGAYTA-3’. The estimated amplicon size for RdRp was 327 bp.

The reaction mix contained 1 (L of RNA, 2.5 (L of 10 (mol/L primer solution, 21.5 (L of H2O, and 25 (L of 2× One-Step Fast RT-PCR Mix (BiovisuaLab, Shanghai, China). PCR was performed using a Robocycler thermal cycler (Stratagene, La Jolla, CA, United States) with the following cycling parameters: RT at 42 ℃ for 0.5 h, followed by 35 cycles of denaturation at 95 ℃ for 35 s, annealing at 60 ℃ for 30 s, and elongation at 70 ℃ for 30 s. 

Nucleotide sequencing

In positive samples, nucleotide sequencing was performed directly on the purified RT-PCR products using internal primers and an ABI PRISM BigDye Terminator Cycle Sequencing Kit (Applied Biosystems of Thermo Fisher Scientific, Waltham, MA, United States) in an ABI PRISM 3130XL DNA Analyzer (Applied Biosystems).

Genogroup and genotype definition and phylogenetic analysis

The sequences of the RdRp and VP1 regions were input into the Basic Local Alignment Search Tool (BLAST, http://blast.ncbi.nlm.nih.gov/Blast.cgi), and the genogroup and genotype definition, as well as the possibility of recombination, were decided according to the “Sequences producing significant alignments of 100 Blast Hits on the Query Sequence.” A distance tree of the “100 Blast Hits on the Query Sequence” was drawn using the “Fast Minimum Evolution” method.

RESULTS

Descriptive epidemiology 

On December 10, 2013, the first case of acute gastroenteritis emerged in a Class 1/Grade 4 of 45 students (9-10 years of age) in an elementary school in Shanghai. The case was hospitalized for diarrhea and was reported to the local Center for Disease Control and Prevention. On the second day, December 11, 2013, the number of cases of acute gastroenteritis in the same class increased to 22; among the 21 new cases, 8 visited a hospital and 4 had a fever (mean body temperature: 39.0 ± 0.4 ℃). On the third day, December 12, 2013, the number of new cases decreased to 9 (Table 1). No new case emerged on December 13, 2013. The last case emerged on December 14, 2013. The main symptoms of gastroenteritis were vomiting, diarrhea, abdominal pain, and fever; of the 32 cases, the overall frequencies of vomiting, diarrhea, abdominal pain, and fever were 100%, 56.3%, 43.8%, and 15.6%, respectively. Among the ten cases who visited a hospital, five underwent a routine blood examination; the average white blood cell count was 17.2 × 109/L ± 2.3 × 109/L. Hospitalization was restricted to outpatient treatment, including routine blood tests and an intravenous infusion with saline and glucose. 

Field epidemiologic investigation

On the second day (December 12, 2013) of the outbreak, specialists from the Center for Disease Control and Prevention of Shanghai’s Minhang District performed a field epidemiologic investigation. The school was located in southwest Shanghai in an area with both urban and rural areas; Class 1/Grade 4 was located at the west corner on the fourth floor of a five-story building. There were three classes on the same floor, with 45 students in each class. Extracurricular activities among classes at the school are rare; the only sites for cross-class interaction are the lavatories, of which one is for male students and the other is for female students. All of the students at the school eat lunch in school. The lunches provided to the elementary school students are tightly controlled by the local department of public health. Based on evidence showing that the gastroenteritis outbreak was limited to Class 1/Grade 4, the possibility that the gastroenteritis outbreak was caused by having lunch in school was excluded. All students in the school drink purified water from a bottled-water supplier located in each classroom. The water was sampled for pathogen detection. A questionnaire survey for diarrheal diseases showed that the first case had a history of ingesting possibly contaminated food from a delicatessen. A field epidemiologic investigation was then performed in the delicatessen. None of the foods were kept in a refrigerated space. There were four employees in the shop. Fecal and food samples were collected for pathogen detection. Any sporadic gastroenteritis case related to the delicatessen would be difficult to identify owing to the high population mobility in the area. 

Pathogen detection

Based on routine testing for diarrheal pathogens, the season, and the course of the disease and its transmission features, the pathogen was initially suspected to be a gastroenteritis virus, including a norovirus. To confirm this speculation, two sets of norovirus-specific primers were used for PCR-based detection. One of the primer sets, located in region C (Figure 1), targeted the VP1 region of all noroviruses belonging to GII. The other primer set, which covered region B (Figure 1), targeted the RdRp region of all norovirus genogroups. In total, 26/32 students with acute gastroenteritis and 2/4 employees of the delicatessen tested positive for norovirus RNA in their feces. No norovirus RNA was detected in the other samples, including the food samples from the delicatessen and water samples.

Rotavirus was not detected in any of the samples. Testing for C. jejuni, E. coli, Salmonella, Shigella, and Campylobacter spp produced a low-positive rate. 

Together, the laboratory data suggested that the pathogen responsible for this acute gastroenteritis outbreak was a GII norovirus. 

Norovirus definition and molecular epidemiologic investigation

As described in the introduction, recombination occurs occasionally between two noroviruses at the ORF1/ORF2 junction (Figure 1); thus, in order to define a field norovirus strain, determination of both the polymerase and capsid genotypes is necessary. The regions currently used for norovirus definition are located within RdRp and VP1. To identify the detected norovirus, the PCR fragments amplified from the 26 students and 2 employees for both RdRp and VP1 were sequenced. The sequences were spliced and aligned using Sequencher 4.9. The consensus sequences for each subject at each site were used for homology comparisons. The sequences derived from all 28 subjects displayed complete homology in the RdRp and VP1 regions, suggesting that the subjects were infected by the same norovirus strain, and that the norovirus was transmitted from the employees at the delicatessen to the first case student and then to the rest of the affected students. 

The consensus sequences for RdRp and VP1 were input into the BLAST. The “Sequences producing significant alignments of 100 Blast Hits on the Query Sequence” showed 92%-99% homology with the RdRp and VP1 sequences reported for GII.6, suggesting that the strain was a GII.6 norovirus, and that no recombination had occurred.

Genetic relatedness to previously reported GII.6 strains

To study the genetic relatedness among GII.6 noro​viruses, the consensus sequence was input into the BLAST and a distance tree of the “100 Blast Hits on the Query Sequence” was drawn using the “Fast Minimum Evolution” method. The lowest homology among the 100 hits was 92%, suggesting that they belonged to the same genotype. As shown in Figure 2, GII.6 strains are widely distributed in Japan, Vietnam, Korea, Ireland, Sweden, and the United States. Interestingly, in addition to humans, viral RNA could be isolated from oysters and effluent (e.g., JQ362549, JQ362508.1, JQ362536.1, KC954469.1, and KC954468.1) (Figure 2). The closest strains were AB919087.1 (a human isolate detected from 2013 to 2014 in Okinawa, Japan), KC709595.1 (an isolate from an outpatient in Beijing, China), and AB818397.1 (a human isolate detected in 2009 in Ehime, Japan), suggesting that, although outbreaks of gastroenteritis caused by GII.6 are rare or are rarely reported, closely related GII.6 strains have actively circulated in these areas for a certain period of time.

DISCUSSION

In this study, we investigated a gastroenteritis outbreak that occurred in an elementary school in Shanghai, China, in 2013. Molecular epidemiologic data showed that the outbreak was caused by a GII.6 norovirus strain. As far as we know, GII.6 is a rare cause of gastroenteritis outbreaks; the existing literature indicates that GII.4 is the most prevalent norovirus genotype in the world[14,17]. A report from Japan showed that GII.6, the second most prevalent strain after GII.4, exclusively caused sporadic gastroenteritis in Shizuoka, Japan[18]. The closest strain from Japan to the strain reported in this study was isolated from Okinawa, not Shizuoka. These findings suggest that GII.6 noroviruses have spread across Japan for a long period of time. In the NCBI database, only one strain (KC709595.1) reported in 2013 from Beijing, China, belonged to GII.6[23]. Although strain KC709595.1 showed strong homology with the strain in this study, 84.6% of the identified noroviruses in that report were GII.4, while only 1/26 sporadic norovirus cases was related to GII.6. In China, molecular epidemiologic surveillance of viral diseases has been carried out for < 20 years. The resulting lack of lengthwise data have made it difficult to trail viral evolution, and the lack of transverse data have made it difficult to assess viral transmission[24-26]. Although we identified a GII.6 strain in this study, we are not certain whether it is indigenous or imported. Even so, this is the first report to show that norovirus GII.6 can cause a gastroenteritis outbreak; thus, the prevalence of GII.6 noroviruses requires attention.

Noroviruses are recognized as the leading cause of acute viral gastroenteritis worldwide, and the outbreaks always occur in an enclosed environment, such as school, hospital ward, and even cruise ships[1,27]. In the NCBI database, almost one-third of the GII.6 norovirus sequences are derived from oysters and effluent, suggesting that the source and route of norovirus transmission might be mussels and contaminated water[28]. This makes it difficult for norovirus infection control and prevention, especially in settings with a high population density. In China, due to the high population density and weak hygienic conditions, outbreaks or epidemics of infectious diseases are common[26]. This might be why GII.6 causes only sporadic gastroenteritis in Japan, but can produce outbreaks in China.

In developing countries, noroviruses are estimated to cause more than 0.2 million deaths annually among children younger than five years of age, and noroviruses are predicted to become the predominant cause of diarrhea in all age groups worldwide once rotavirus infection is controlled through vaccination[19]. In China, although the vaccine for rotavirus has not been widely applied, the situation for many viral diseases transmitted by the fecal-oral route, including those caused by enteroviruses[29], rotaviruses[30], and noroviruses[31], is severe. Thus, surveillance for norovirus infections is important for the control and prevention of these viral diseases. In this outbreak, fourteen students in the same class succumbed to a norovirus infection. Evidence indicates that individuals can be infected by noroviruses repeatedly; thus, pre-existing immunity did not protect these students from infection. Also, although norovirus RNA was detected in the fecal samples of the two delicatessen employees, the two adults showed no symptoms of gastroenteritis before, during, or after the outbreak. The above phenomenon might be explained by individual resistance to noroviruses or an inapparent infection.
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Figure 1  Diagram of the genetic structure of the virus. The RNA genome is organized into three open reading frames (ORF1, ORF2, and ORF3) that encode the designated nonstructural and structural proteins. The nonstructural protein consists of p48, nucleoside triphosphatase (NTP), p22, viral genome-linked protein (VPg), 3C-like protease (3C), and RdRp. VP1, the major capsid protein, is further organized into N-terminal, shell (S), and protruding (P) domains defined by the indicated VP1 amino acid residues. VP2 is a minor structural protein. The diagnostic and genotyping primers used in the RT-PCR assay targeting conserved areas are shown in red (A-D).
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Figure 2  Genetic relatedness among reported genogroup 6 genotype 6 norovirus strains. The consensus sequence was input into the BLAST, and a distance tree of “100 Blast Hits on the Query Sequence” was drawn using the “Fast Minimum Evolution” method. The accession numbers from the NCBI for all strains are presented. The genetic distance bar is shown in the lower left of the figure.
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Table 1  Epidemiologic information of the outbreak  n


Characteristic


�
Day


�
�
�
10-Dec-13


�
11-Dec-13


�
12-Dec-13


�
14-Dec-13


�
�
Cases


�
1


�
21


�
9


�
1


�
�
Symptom


�
�
�
�
   Vomiting


�
1


�
21


�
9


�
1


�
�
   Diarrhea


�
1


�
12


�
5


�
0


�
�
   Abdominal pain


�
1


�
11


�
2


�
0


�
�
   Fever


�
0


�
  4


�
1


�
0


�
�
   Hospital visit


�
1


�
  8


�
1


�
0


�
�









