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Abstract: [Background] An outbreak of gastroenteritis happened in a high school in Fangshan District, Beijing, China in 

March 2016，in which 44 students developed the symptoms of vomiting, nausea, diarrhea and abdominal pain. Epidemiological 

investigation, laboratory investigation and Statistical analysis were conducted to identify the agent and source of this 

outbreak.[Methods] A case–control study was performed to discover the factors associated with this infection. Questionnaires 

and clinical data from those infection-exposed people were assessed. Here an outbreak case was defined as a student who 

developed at least three following symptoms: diarrhea, vomiting, abdominal pain and nausea in 72 hours after the lunch on 2nd 

March., and controls were those who study or work in the school but did not have lunch on the day. Samples (Stool samples, 

rectal swabs and vomit samples) from infection-exposed students and controls, as well as environmental samples like food were 

collected to test for the existence of any suspicious bacteria or viruses. Detection of norovirus wasdone by real-time TaqMan 

RT-PCR and sequence analysis. Chi-square test was used to decide whether those differences could be of any statistical 

significance. [Results] The total number of respondents with complete data was 44. An epidemiological data combined with the 

epidemic curve indicated that the outbreak started initially from a point source type, and was followed by a secondary 

transmission. Five stool samples, three rectal swabs and one vomit sample from case group turned out to be positive for norovirus 

genotype I by real-time PCR, and two asymptomatic food handlers in control group were positive for NoV GI. Sequence analysis 

of GI positive sample confirmed that the norovirus GI.6 variant was the etiological agent of the outbreak. Comparasion between 

the tested results from samples of those students who had lunch in school canteen and those who did notindicates that the 

difference of incidence was of statistical significance (P<0.01, 95% CI:4.22-324.41). Food and environmental samples were 

tested to be bacteria-negative. [Conclusions] Our result suggested that the etiological agent of the outbreak was norvirus GI.6, 

which leads to gastroenteritis. We identified that asymptomatic infected food handlers were most likely to be the source of the 

outbreak. Therefore，hand hygiene practices strict adherence to regulations and access to hand washing facilities should be 

strengthened. 
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1. Introduction 

Noroviruses are divided into 5 genogroups (GI-GV) of 

which GI, GII and GIV could cause gastroenteritis in humans, 

and they are the major cause of gastroenteritis among all age 

groups worldwide [1-3], including foodborne outbreaks, and a 

major cause of sporadic gastroenteritis [4-6]. Norovirus is so 

highly infectious that it can be transmitted in various ways 

including person to person [7], contaminated environment or 

airborne contamination [8] and food [6]. It is reported that the 

food worker related factors contribute 70 percent of the source 

of the food contamination in the foodborne norovirus outbreak 

[9]. As has been widely reported, the dominant cause to the 

increasing number of norovirus outbreaks was genotype GII. 4 

virus, while the GI noroviruses seems to be a relatively 

uncommon one, whose outbreak epidemiology and 
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characteristics are scarce [10, 11]. In China, norovirus 

infections were frequently reported, and GII is the common 

genogroup [12, 13]. In the paper, for the first time, we will 

report the emergency of GI.6 nonrovirus as a cause of 

outbreaks in Fangshan District, Beijing, China and discuss its 

effect on public health. 

In the Emerence of GI.6 outbreak happened in the high 

school located in the Fangshan District, Beijing, China, seven 

gastroenteritis cases among students having lunch in the 

school carteen were found in the high school on 3
rd

 March 

2016 by a local hospital. Investigation was conducted by 

Fangshan District Center for Disease Control and Prevention 

of Beijing to pindown the etiological agent. To detect the 

existence of norovirus and further quantify the target genes in 

the samples, the real-time PCR is adopted for it is much more 

sensitive and specific than conventional PCR. 

2. Materials and Methods 

2.1. Epidemiological Investigation 

An epidemiological investigation was conducted to spot the 

possible causes. We define a suspected case for a student in 

this high school with at least three of the following symptoms: 

vomiting, nausea, diarrhea and abdominal pain, Confirmed 

cases for those Suspected cases with positive laboratory 

confirmation of exsistence of the norovirus, and Controls for 

students or staffs without symptoms of diarrhea and vomiting 

within the longest incubation period of norovirus infection (72 

h) after exposure to suspected risk factors. 

Demographicclinical data and Questionnaire survey were 

conducted to investigate the conditions of food and water that 

the students used. Survey and tested Data were analyzed by 

Excel, version 2010(Microsoft) and SPSS for Windows, 

version 18.0 (SPSS Inc, USA). Categorical variables for 

exposure of students and controls were analyzed by 

Chi-square or Fisher’s exact test. All comparisons were two 

tailed and P-value <0.05 was considered significant.  

2.2. Samples Collection 

The high school students involved in the study were below 

18 years of age, we had written informed consent from the 

human subjects. Their guardians have signed informed 

consent. We have requested permission before we got the 

student's rectal swab. We tried our best to collect vomit 

samples of the cases, the stool stample if the vomit samples 

were not available, and the rectal swab sample if the stool 

stemples are no available. Finally, a total of 24 clinical 

samples (including 2 vomit, 7 stool and 15 rectal swab 

samples) were collected from case group, then we collected 20 

clinical samples from control group and 10 from school 

canteen food handlers, staffs and teachers (including 3 stool 

and 7 rectal swab samples), 10 from students without infection 

exposure (including10 rectal swab samples). Meanwhile, 

every food item was aseptically collected from canteen. For 

the purpose of detecting highly transmissible environmental 

contagious agents, samples like surface swabs from canteen, 

classroom tables, kitchen rags, kitchen cabinet, the knobs of 

the classroom, communal water cooler spigot in the affected 

classroom and direct drinking water were collected. As soon 

as the collection was finished, clinical samples and food 

samples were immediately sent to the laboratory for testing. 

2.3. Laboratory Testing 

All clinical samples were sent to the Fangshan District 

Center for Disease Control and Prevention (CDC) of Beijing 

for bacterial and viral tests, and sequencing and sequence 

analysis were also performed by the Beijing CDC. Bacterial 

tests included isolation, culture and purification for 

Staphylococcus aureus, Bacillus cereus, Salmonella spp. and 

diarrhoeagenic Escherichia coli. After RNA extraction were 

done by Roche MagNA Pure LC instrument (Roche Applied 

Science, IN, USA), the vomits, stools, rectal swabs, food 

samples and concentrated water sample were tested for 

existence of viral agent by real-time TaqMan RT-PCR on 

Roche LightCycler 480 using corresponding detection kit 

(Jiangsu Shuoshi Bio-TechCo, Ltd, Jiangsu, China). 

PCR products were purified and sequenced directly on an 

ABI 3730×l DNA Analyzer using a BigDye Terminator v3.1 

Cycle Sequencing Kit (ABI, Austin, TX, USA). All sequences 

were prepared and aligned by BioEdit (version 7.0.9.0) with 

the Clustal W program. Genotypes were determined by 

phylogenetic analyses with the Norovirus Typing Tool 

(available at http://www.rivm.nl/mpf/norovirus/typingtool). 

The phylogenetic tree was constructed using the maximum 

likelihood method with MEGA software (version 6.06) and 

bootstrap analysis was performed with 1000 replications.  

2.4. Ethical Statement 

This study was approved by the Ethics Committee of the 

Fangshan District Center for Disease Control and Prevention 

of Beijing. 

3. Results 

3.1. Epidemiological Investigation 

The first case was recognized on 3rd March 2016. Up to 5th 

March 2016, a total number of 38 cases were identified. Figure 

1 shows the distribution of cases by date of symptom onset. 

The main symptoms were vomiting (94.7%), diarrhea (57.9%), 

nausea (57.9%), abdominal cramp (55.26%) and fever 

(31.6%). 
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Figure 1. Cases of outbreak of norovirus gastroenteritis in the high school. 

Risk factor analysis, as shown in Table 1, showed that the 

incidence of gastroenteritis among those who had lunch in 

school canteen were 37.0-fold (95%CI:4.22-324.41), higher 

than those who did not, and the incidence of gastroenteritis 

among those who live in school were 35.0-fold 

(95%CI:7.40-165.55), higher than those who did not live in 

school (P<0.05). 

Table 1. Risk factors analysis table. 

Variables Case n (%) Control n (%) P-valued OR (95%CI) 

Have lunch in school canteen 38 20 

<0.01 37.0(4.22-324.41) Yes 37 10 

No 1 10 

Live in school 38 20 

<0.01 35.0(7.40-165.55) Yes 35 5 

No 3 15 

 

3.2. Detection Results of Gastroenteritis Viruses 

Norovirus was not detected in surface swabs from canteen, 

classroom tables, kitchen rags, kitchen cabinet, the knobs of 

the classroom, communal water cooler spigot, drinking water 

and food samples. Nevertheless, norovirus was found positive 

in 9 clinical samples (37.5%, 9/24; including 1 vomit, 5 stool 

and 3 rectal swab samples) in case group. Norovirus was 

tested to be positive in 2 clinical samples (10%, 2/20; 

including 2 rectal swab samples) in control group, and the 

positive samples belong to the food handlers. GI.6 was the 

genotype. Table 2 shows the results of sample collection and 

detection. 

Table 2. Results of samples collection and detection. 

Tape of samples Numbers Bacterial pathogens* 
Norovirus 

Positive Negative Genotype 

Vomitus, stool and rectal swab 44 0 11 33 GI.6 

Food 15 0 0 15 NT 

Highly transmissible environmental contagious agents 50 0 0 50 NT 

Direct drinking water 51 0 0 51 NT 

*Detected bacterial pathogens include Staphylococcus aureus, Bacillus cereus, Salmonella spp. and diarrhoeagenic Escherichia coli. 

NT:samples were not tested. 

4. Discussion 

GII.4 has been the majority of clinical case [14] as previous 

epidemiologic data suggest，and GI.6 cases were reported in 

United States [15], Denmark [16] and Australia [17] etc. 

While in China, it is reported that the GII is the common 

genogroup in the norovirus infections issue [18-20], and the 

noroviruses is associated with sporadic gastroenteritis.  

The outbreak of acute gastroenteritis, reported on 3rd 

March 2016 in a high school in Fangshan District, Beijing, 

China, was to be caused by GI.6 because most of the affected 

students became symptomatic within 24-48 hours after having 

lunch on 2nd March 2016, accompanied with the predominant 

clinical symptoms of vomiting, abdominal pain and diarrhea, 

characteristic of norovirus infection. Norovirus is the most 

frequently reported cause of gastroenteritis outbreaks, which 

is transmitted through person-to-person contact, the most 

common mode of transmission [21, 22]. The epidemic curve 
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of the outbreak suggested a common point source, and the 

case-control study identified that having lunch in school 

canteen was a highly risk factor. Since norovirus can survive 

at a temperature as high as 60 degrees, consumption was made 

that incompletely-cooked or ready-to-eat food with norovirus 

contamination would be high risk of infection [23]. 

Foodborne transmission is a significant way of spreading 

noroviruses globally, and it happens either when food handlers 

contaminated the food on site or during the earlier steps of 

food production [24, 25]. Compared to GII strains 7, 

Genogroup GI strains are more likely to be present in 

waterborne transmission, because GI strains have a higher 

stability in water than GII strains [26]. But, in the outbreak, 

noroviruses were not detected in the water samples. 

According to the analyses of risk factors, students having 

lunch in school canteen and living in school increasthe risk 

of the transmission of the norovirus. Negative tested results 

for norovirus in drinking water and food samples and highly 

transmissible environmental contagious agents did not 

support the hypothesis of food-borne, water-borne or 

environmental contamination origin of the outbreak. The 

results of investigation of this outbreak of gastroenteritis 

suggested that the source of the outbreak were likely to be 

the two asymptomatic food handlers who were norovirus 

GI.6 tested positive. Asymptomatic food handlers were 

found highly contaminated by norovirus on a test on 

norovirus-associated gastroenteritis in food-catering settings 

[27]. Meanwhile, the existence of norovirus RNA were 

detected on the samples from the hands of food handlers, 

which would illustrate that the virus could be disseminated 

by virus-shedding food handlers [28]. Symptomatic food 

handlers were not allowed to work with food until 48 hours 

after clear of norovirus symptoms. In practice hygiene 

practices such as proper hand washing and wearing gloves 

must be strictly carried out according to the regulations while 

preparing foods in order to prevent the occurring and 

spreading of norovirus. 

5. Conclusions 

The culprit of the gastroenteritis outbreak happening in 

Fangshan District, Beijing was detected to be norovirus GI.6 

which is a foodborne norovirus, and the food handlers were 

traced back to as the source of this norovirus from the food 

supply chain. Therefore, hygiene practices according to the 

regulations, such as thorough hand hygiene and use of gloves 

and protective clothing in kitchen areas, must be strictly 

followed during the process of food supply to prevent the 

occurring and spreading of norovirus. 
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