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Abstract
Background: In November of 2017, a school outbreak of 
acute gastroenteritis was reported from Shenzhen City.

Methods: A cohort study was conducted to describe the 
epidemiological characteristics of the outbreak. Data on 
demographic details, onset of clinical symptoms, food and 
water intake history, contact with ill person prior to illness 
were obtained.

Results: 98 student-cases were identified. The main symp-
toms included vomiting (69%), abdominal pain (59%), nau-
sea (47%), diarrhea (43%) and cough (38%) with the me-
dian duration of illness of 2 days (range: 1-8 days). The 
AR was 3.2% and involved 63% of the classes with the 
median age of 10 years (range 6-15 years). Based on ep-
idemiological investigation, multivariate analysis showed 
that touching with ill students (RR = 3.95, 95% CI = 2.18-
5.58) and touching the handles of faucet (RR = 4.18, 95% 
CI = 1.50-8.37) were associated with illness. Astrovirus 
serotype 4 was detected in 6 ill students and 1 asymp-
tomatic cleaning staff.

Conclusions: This outbreak was caused by astrovirus. 
The main exposure mode was likely person to person and 
touching a contaminated water faucet. Recommendations 
included immediate isolation of cases and daily disinfecting 
the drinking water faucet. In the future, surveillance for as-
trovirus should be strengthened by laboratory testing after 
other common pathogens are ruled out.
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Introduction
Human astrovirus (HAstV) was first detected by 

Appleton and Higgins in 1975 in association with an 
outbreak of acute gastroenteritis in a maternity ward 
in England, and the same year named by Madeley and 
Cosgrove because of its star-like appearance [1]. As-
trovirus along with rotavirus, norovirus and sapovirus, 
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is recognized as a common cause of viral acute gas-
troenteritis in adults and children. Similarly, with oth-
er enteric pathogens, the main clinical symptoms of 
astrovirus are vomiting, diarrhea, abdominal cramps 
and nausea [2]. However, incubation period varies 
within those common enteric viruses and astrovirus 
is longest among them, for example, the median in-
cubation period for astrovirus is 4.5 days, 1.2 days for 
norovirus genogroups I and II, 1.7 days for sapovirus, 
and 2.0 days for rotavirus [3]. Direct contact with 
vomits or feces of infected persons, sharing food, wa-
ter, utensils, and contact with a contaminated envi-
ronment are all possible routes of astrovirus transmis-
sion [4]. Among the 8 serotypes of astrovirus identi-
fied, serotype 1 is the predominant strain worldwide. 
In addition, the detection rate of astrovirus types 2 to 
8 has increased by using newly developed assays [5].

Shenzhen is a coastal city in Guangdong province, 
southern China. As a fast-developing city, many migrant 
populations and their kids are living in Shenzhen. Since 
October 23, 2017, more than 20 students developed a 
sudden onset of vomiting and diarrhea from a private 
school. In order to identify the source of contamination 
and infection route, Shenzhen Bao’an Center for Dis-
ease Control and Prevention (CDC), jointly with Chinese 
field epidemiology training program (CFETP) conducted 
a retrospective cohort study to investigate the risk fac-
tors and implement control measures associated with 
this acute gastroenteritis outbreak.

Methods

Study setting
The school, located at Bao'an district of Shenzhen 

city, was a private school from the 1st to 9th grades with 
a total of 49 classes, 3053 students and 151 staff, in-
cluding teachers, kitchen staff and cleaning staff. The 
school supplied meals and bottled drinking water for 
every staff that lived on the school campus. All the 
students lived nearby so no accommodation offered 
for them. The school had only 1 cafeteria in which 84 
students had breakfast and 1292 students had lunch, 
and all staff had 3 meals. Epidemiologists visited the 
premises after the outbreak to review the kitchen fa-
cilities and preparation procedures. All the meals were 
cooked in the kitchen of the school cafeteria. The cafe-
teria provided freshly prepared and completely cooked 
meals every day for part of students and all teachers. 
The Shenzhen Food and Drug Administration (Shenzhen 
FDA) requires that school cafeterias keep a food sam-
ple for 48 hours in one fixed refrigerator for each meal 
and that raw foods be stored in another refrigerator in 
a separate room. Students and all staff had breakfast in 
the cafeteria, while lunch for students were delivered 
to their own classrooms. All foods were served as usual 
from October 23 to November 17. The school provided 
direct drinking water for all students, which located at 
the playground. A total of 13 classes consumed com-

mercial bottled water manufactured by 7 commercial 
brands, while teachers consumed bottled water offered 
by school.

Epidemiological investigation
We designed a retrospective cohort study to inves-

tigate and analyze the potential transmission mode. In 
this outbreak, cases were classified as probable cases 
and laboratory-confirmed cases. Probable case was 
defined as the person who had ≥ 1 vomits or ≥ 3 loose 
stools within 24 hours in this school between Octo-
ber 23 and November 17, 2017 without laboratory 
confirmation of astrovirus infection. Confirmed case 
was defined as the persons with identified astrovirus 
in his or her stool or rectal swabs among probable 
cases. Carriers are those who have astrovirus in their 
stool or rectal swab specimen without presenting any 
symptoms during the study period. We searched for 
cases among all students and school staff based on 
gastrointestinal symptoms. A questionnaire was used 
to collect information for cases on demographic char-
acteristics, symptoms, meals in the school cafeteria, 
sources of drinking water, history of contact with per-
sons who had diarrhea and/or vomiting, exposure to 
environmental fomite and personal hygiene habits. 
The study was conducted according to the principles 
and guidelines of the Declaration of Helsinki.

Specimen collection
Stool specimens were collected from 25 patients 

within 3 days post symptoms onset, because stool shed 
more virus load than other specimen. Due to the po-
tential role of cleaning staff in transmitting the intesti-
nal virus, we collected 2 rectal swabs of cleaning staff 
who were mainly engaged in sweeping the toilet and 
environment during the field investigation, even though 
none of them had reported any similar symptoms. All 
samples were placed on ice and transported to Beijing 
CDC laboratory via bio-safety cycle boxes and transfer 
vehicles.

Laboratory examination
The common intestinal bacteria including Escherichia 

coli, Salmonella, Shigella, Yersinia enterocolitica, Chol-
erae, Vibrio parahaemolyticus, Aeromonas hydrophila 
and Plesiomonas shigelloides were identified via bac-
terial culture according to the technical procedures of 
diarrheal pathogenic spectrum surveillance formulated 
by the China Center for Disease Control and Prevention. 
The intestinal viruses including Rotavirus, Enteric ade-
novirus, Norovirus, Saporovirus and Astrovirus were 
detected using the real time reverse transcription PCR 
detection kits (Bioperfectus Ltd., Taizhou, CHN) accord-
ing to the manufacturer’s protocol. The QIAGEN One-
Step RT-PCR Kit (QIAGEN, Hilden, Germany) was used 
to amplify the partial ORF2 gene of HAstV with primers 
Mon269 and Mon270 [6]. The PCR products were puri-
fied and sequenced directly on an ABI 3730xl DNA Ana-
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(69%), abdominal cramps (59%), nausea (47%), diar-
rhea (43%) and cough (38%) (Table 1). Most of these 
infections are short-lived, mild and remain largely 
unnoticed. Few of them went to the hospital, and no 
hospitalizations or deaths were reported. The first 
case developed gastrointestinal symptoms on Oct 23, 
2017, with the main symptoms of vomiting more than 
3 times a day. 4 days later, the first laboratory-con-
firmed case presented vomiting and diarrhea, which 
was suspected as the outbreak source of the first 
cluster of outbreaks due to his widely spread of vom-
its on the playground, classroom and corridors. Since 
Nov 1, 2017, cases emerged rapidly among the school 
and one family member of first laboratory-confirmed 
case developed gastrointestinal symptoms simulta-
neously. The number of new cases reached peak on 

lyzer using a BigDye Terminator v3.1 Cycle Sequencing 
Kit (ABI, Austin, TX, USA). The sequence was compared 
with reference strains in GenBank to determine the 
genotype using BLAST.

Statistical analysis
The distribution of major symptoms in students 

was summarized by frequency and percent. A retro-
spective cohort study was conducted to investigate 
possible risk factors for acute gastroenteritis among 
five classes with highest Attack Rates (AR). Overall at-
tack rate was calculated using the number of cases 
divided by the total number of students in the school. 
To evaluate the risk factor on the route of transmis-
sion, relative risks (RRs), with the corresponding 95% 
confidence intervals (CIs), and Fisher’s exact test 
were calculated. A P-value of < 0.05 was considered 
statistically significant.

Results

Descriptive epidemiology
A total of 98 cases developed gastrointestinal 

symptoms during this outbreak, and the attack rate 
was 3.2%. All cases were students and distributed 
across 9 grades and 31 classes (Figure 1), including 
61 boys and 37 girls (male-to-female ratio = 1.65:1). 
The attack rate in students from each grade (elemen-
tary and middle school) was not statistically different 
(P = 0.07). The average age was 10-years-old (range 
6-15 years-old). The main symptoms were vomiting 
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Figure 1: Cases distribution among all classrooms in school compound.

Table 1: Clinical symptoms of 98 clinical cases.

Symptom/sign No. of cases (n = 98) Proportion (%)

Vomiting 68 69

1time 28 41

2times 25 37

≥ 3times 15 22

Diarrhea 41 43

Bellyache 58 59

Nausea 46 47

Cough 37 38

Fever 11 11

Ventosity 12 12
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Retrospective cohort study

Altogether, 5 classes with higher attack rate were 
selected for the retrospective cohort study. A total of 
269 pupils have completed the questionnaire, among 
which there were 23 cases and 249 non-cases. Table 2 
illustrated the univariate and multivariate analysis re-
sults. Astrovirus outbreak rates were found to differ: 
Drinking water from home was found to be related 
to decreased rates, while having breakfast outside of 
school, contacting with school cases, touching direct 
drinking water faucet were found to have an elevated 
astrovirus outbreak rate. Going to washroom more 
than 3 times per day was found to be marginally re-
lated to rates of outbreak. No difference was found in 
terms of seeing vomits nearby, having cleaned vom-
its before outbreak occurrence, washing hands thor-
oughly and commuting to school by school bus. In the 
multivariate analysis, contacting with school cases 
and touching direct drinking water faucet was still 
significantly related to increased astrovirus outbreak 
rates after adjusting for potential confounding fac-
tors (RR = 3.95, 95% CI: 2.18-5.58) (RR = 4.18, 95% CI: 
1.50-8.37). And having Breakfast outside and drinking 
water from home were not statistically significant af-
ter adjusting for potential confounding factors.

Environmental survey
An environmental survey of the school compound 

was conducted to assess the general sanitation of the 
school. There were only 2 cleaning staff responsible 
for the sanitation and hygiene of school compound 
including the washrooms, corridors, playground, 
stairs, direct drinking water surfaces and  waste bins. 
A total of 14 washrooms were provided for boys or 

6-Nov (Figure 2). As of Nov 14, seven days after the 
control measures implementation, the last case ap-
peared, and the outbreak terminated.

Cafeteria and drinking water investigation
We inspected the school’s kitchen, pantry and dining 

hall and canteen. This school had 1 cafeteria providing 
various food for students and teachers, in which 13 em-
ployees working as kitchen staff. The environment at 
the canteen looked clean. The cafeteria was completely 
independent in both staff and food raw materials. No 
employee presented any symptom during this epidem-
ic. The attack rate among those who took breakfast in 
the school canteen was not significantly different with 
those who took breakfast out of school (p = 0.3), while 
the pupils who took lunch in the school was less likely 
to get infected than those who took lunch out of school 
(p = 0.01).

We inspected their sources of cooking water and 
drinking water. Both were a public water source and 
were supplied as usual, during the epidemic, no com-
munity cases were reported. The mechanism of direct 
drinking water was adopting a physical filter which 
can exclude the macromolecule substance when wa-
ter passed by. As we investigated, only 13% of cases 
consumed direct drinking water in this school. More-
over, student guardians from 13 classes invested 
separately to buy commercially-bottled water in the 
market for their kids; however, the brands were man-
ufactured by as more as 7 companies. In conclusion, 
the attack rate among those classes who were sup-
plied with barreled purified water had no difference 
with those who did not have in the classroom (p = 
0.96).
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Figure 2: Cases of gastroenteritis by onset of illness during a school outbreak, 2017.
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Control measures

To control the outbreak, the Bao’an CDC used im-
mediate control measures as soon as the epidemio-
logical survey initiated on Nov 7, 2017, including en-
vironment disinfection, case isolation, school bus clo-
sure and hand hygiene enforcement. Since then, the 
classrooms and pubic areas were disinfected by local 
health department every day until outbreak suspend-
ed. Ill students were excluded at least 3 days since the 
date of onset, and chemical disinfection for hand hy-
giene were available in classrooms and washrooms, 
which was a central approach to interrupt the chain 
of astrovirus transmission. All those comprehensive 
control measures worked efficiently as no more case 
reported after Nov 14, 2017.

Discussion
Acute gastroenteritis is an important public health 

issue in children worldwide [7]. Recent studies have 
shown that among pathogens causing viral gastro-
enteritis, astrovirus was the third most common vi-
ral cause of acute gastroenteritis outbreaks in North 
Carolina from 2005-2007 and of sporadic cases in 
children in China through 1998 to 2005, following 
rotavirus and calicivirus [8]. 25% of children expe-
rienced astrovirus infections and the prevalence of 

girls on the school. Each washroom merely had one 
water faucet for washing hand, thus the lack of hand 
washing facilities and washrooms was a serious prob-
lem in this school. Based on the observation, cleaning 
staff used same towel and gloves to sweep and disin-
fect toilet surface, waste bin and direct drinking wa-
ter faucets. Sometimes, the cleaning staff swept the 
toilet floor by using classroom floorcloth which was 
nearby, without washing and disinfection.

Laboratory tests
A total of 7 samples were tested positive for astro-

virus using real time RT-PCR including 2 rectal swabs 
and 5 stool specimens. Of the 7 positive rectal swabs 
and stool specimens, 6 were from student cases and 1 
from asymptomatic cleaning staff who did not report 
any clinical symptoms. In addition, another 1 stool 
sample from a school case was detected sapovirus 
positive as Table 3 shows. All specimens were test-
ed negative for other bacterial and viral pathogens. 
In conclusion, the causing pathogen associated with 
this outbreak was found to be astrovirus type 4 strain 
which was rarely reported worldwide. Days between 
resolution to taking sample were ranged from 1 to 
12 days, while the first laboratory-confirmed case 
was the person who shedding virus as long as 12 days 
since all the symptoms released.

Table 2: Univariate and multivariate analysis of the relative risk of astrovirus during a school outbreak.

Risk factors
Exposed Unexposed Univariate 

analysis 

RR (95% CI)

Multivariate 
analysis

RR (95% CI)total cases AR (%) total cases AR (%)

Contacting with school cases 32 9 28.1 237 14 5.9 6.23 (2.43-15.97) 3.95 (2.18-5.58)

Touching direct drinking water faucet 21 5 23.8 248 18 7.3 3.99 (1.31-12.15) 4.18 (1.50-8.37)

Having Breakfast from vendors 128 16 12.5 141 7 5.0 2.74 (1.09-6.89) 2.03 (0.81-4.58)

Water from home 189 12 6.3 80 11 13.8 0.43 (0.18-1.01) 0.43 (0.16-1.11)

Seeing vomits 36 5 13.9 233 18 7.7 1.92 (0.67-5.56)

Cleaning vomits 4 1 25.0 264 21 8.0 3.86 (0.38-38.73)

Went to toilet ≥ 3 74 10 13.5 192 13 6.8 2.15 (0.89-5.15)

Washing hand thoroughly 116 9 7.8 150 14 9.3 0.82 (0.34-1.96)

Catching school bus 47 3 6.4 221 20 9.0 0.69 (0.20-2.41)

Table 3: Results of samples collection and detection.

No. Type of 
samples

Samples 
origination

Date of 
onset

Date of 
resolution

Date of 
collecting 
sample

Duration 
of illness

Days between 
resolution to 
taking sample

Detection 
result

1 Stool school cases 10/27 11/4 11/16 8 12 astrovirus 

2 Stool school cases 11/14 11/15 11/16 1 1 astrovirus 

3 Stool school cases 11/3 11/5 11/16 2 11 astrovirus 

4 Stool school cases 11/2 11/5 11/10 3 5 astrovirus 

5 Stool school cases 11/3 11/7 11/16 4 9 astrovirus 

6 Rectal swab school cases 11/5 11/8 11/10 3 2 astrovirus 

7 Rectal swab asymptomatic staff -# - 11/17 - - astrovirus 

8 Stool school cases 11/4 11/8 11/10 4 2 sapovirus 

#Clean staff is asymptomatic, date of illness is not applicable.
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tion, astrovirus can be infected by person to person 
transmission and touching the contaminated envi-
ronment surface. In China, astrovirus is belong to 
Other Infectious Diarrheal Diseases which is a type 
of syndrome surveillance. Other infectious diarrhea 
disease is defined as infectious diarrhea other than 
cholera, dysentery, typhoid and paratyphoid and 
belongs to category C notifiable disease. Due to low 
awareness and lack of laboratory testing, astrovirus 
is rarely reported to national surveillance system. In 
conclusion, our study recommends that surveillance 
for astrovirus should be strengthened by laboratory 
testing after other common pathogens are ruled out 
in the future. Continuous monitoring the circulating 
strains of astrovirus outbreak is also important.

Our study has several limitations. First, the out-
break characteristics were highly presumptive of 
contaminated environment transmission, but this 
was not confirmed through detection of astrovirus 
in implicated high-touch items, for example direct 
drinking water faucets, door handles, gloves or tow-
els. Second, recall bias was difficult to avoid in this 
research since the young pupils were lack of commu-
nication and understanding ability, for example, they 
hardly remember the details about duration of onset, 
risk factors and behavior history when the investiga-
tor asked them questions.

Conclusions
This outbreak was caused by astrovirus serotype 4 

which was rarely reported. The main exposure mode 
was likely person to person and touching a contam-
inated water faucet. Recommendations included im-
mediate isolation of cases, disinfecting drinking wa-
ter faucet daily, proper handling of vomits and train-
ing in good hand washing for students and teachers. 
Surveillance for astrovirus should be strengthened 
by laboratory testing after other common pathogens 
are ruled out. Continuous monitoring the circulating 
strains of astrovirus outbreak in China is also import-
ant.
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