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Abstract
Introduction: Norovirus (NoV) is a contagious virus causing acute gastroenteritis and is mainly responsible for diarrheal outbreak in closed
settings. The aims of this study were to describe the epidemiological characteristic of an outbreak in a boarding school, to assess the extent of
the outbreak and to implement appropriate control measures.
Methodology: A descriptive study was conducted to describe the epidemiological characteristics of the outbreak. Data on demographic details,
onset of abdominal symptoms, food intake history and contact with ill person three days prior to illness were obtained.
Results: Twelve fresh stool and 14 food samples were tested for NoV and enteric pathogens, respectively. Out of 745 students, 42 (5.6%) were
infected during this outbreak. Predominant clinical features were diarrhea (76.1%), vomiting (71.4%) and abdominal pain (67%). Eight (67%)
stool samples and six (43.9%)food samples were positive for NoV and total coliforms, respectively. The dissemination of the disease was due
to poor hygiene practices among students. Quarantine was imposed until the last case on September 28, 2016. The outbreak was declared over
on September 30, 2016.
Conclusions: A NoV outbreak was determined first time in Malaysia. Environmental assessment showed poor hygienic conditions in the
school’s kitchen. The number of infected students increased considerably despite the implementation of preventive and control measures.
Quarantine was effective to stop the outbreak which is characteristics of NoV outbreak.
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Introduction
Globally, acute gastroenteritis remains a significant
burden of the health care system [1,2]. Across all age
groups, norovirus (NoV) is the most common cause of
the 685 million diarrheal episodes and 212,000 deaths
[3,4]. NoV is the major cause of community acquired
diarrhea among children in developing countries [5]. It
is highly infectious and transmitted primarily from
person-to-person within closed settings such as schools,
cruise ships, hospitals, child care facilities and
institutions for elderly [6,7]. It can also spread through
contaminated food and drinks, as well as via aerosol
formation [8,9]. There is a lack of published reports on

NoV from Malaysia. This is the first outbreak we
encountered in Kluang district of Johor state and we
analyzed the epidemiological characteristics which can
be useful for the evaluation of future outbreak and thus
prevention.
Methodology
On September 24, 2016, the Kluang District Health
Office received notification of food poisoning from
Enche’ Besar Hajah Khalsom Hospital involving seven
students from a boarding school. A team was sent
immediately to investigate and confirm the outbreak, to
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identify the risk factors, and to come out with
recommendations to control the outbreak.
Case findings: active case findings and passive case
findings
A case was defined as a student from the school
who had acute gastroenteritis symptoms, including
vomiting, diarrhea, abdominal pain, nausea and fever
from September 18 to 22, 2016.
Active case detection was done for all students and
staff of the school. Those fulfilled the case definition
were interviewed and examined. Demographic details,
onset of symptoms, history of food intake and
information on any contact with ill persons was
obtained. Cases who presented with dehydration was
referred to the nearest health center.
Laboratory investigation
A total of 12 fresh stool samples were collected
from the students who fulfilled the case definition and
samples were sent to the National Public Health
Laboratory, Sungai Buloh to test for NoV and rotavirus
using a commercially available kit (RidaQuick
Norovirus, R-Biopharma AG, Darmstadt, Germany and
SD Bioline Rotavirus, Standard Diagnostics Inc.,
Gyeonggi-do, Republic of Korea). In addition, eight
rectal swabs from the cases, six rectal swabs from food
handlers, six environmental swabs and 14 food samples
(proxy sample) were taken and sent to the Public Health
Laboratory in Johor Bahru to test for enteric bacteria.

Results
In September 2016, a NoV outbreak occurred in a
boarding school located about 12 kilometers from
Kluang town, which involved745 students, where 350
of them were male and 395 were female. The students
had limited exposure to outside environments except
some of them were visited by family members during
the weekend.
Descriptive study
A total of 42 students fulfilled the case definition of
the outbreak in which the male:female ratio was 4.25:1.
The attack rate was 5.6%, while it was higher for male
students (9.7%) compared to females (2.0%) (Table 1).
There were no cases among teachers and other staff.
The age distribution of the cases was in the following
order: eight (19.0%) were 13 years old, seven (16.7%)
were 14 years old, 14 (33.3%) were 15 years old, five
(11.9%) were 16 years old, and eight (19.0%) were 17
years old.
Of the 42 students, 26 (61.9%) were referred to the
nearest health center for further treatment. None of
them required admission and were provided outpatient
treatment, indicating that their conditions were not
severe. The symptoms of gastroenteritis were diarrhea
(32, 76.1%), vomiting (30, 71.4%), abdominal pain (28,
Figure 1. The epidemic curve of norovirus outbreak at the
boarding school in Kluang, Johor, Malaysia during September
2016. The numbers of cases were plotted against the day of
occurrence of diarrhea.

Environment investigation
Food safety and risk assessment was done at both
the school’s canteen and the kitchen using a standard
form provided by the Ministry of Health Malaysia.
Besides, environmental assessment was done in the
students’ hostel, academic blocks and the school’s
environment to assess hygienic practices and other risk
factors that might contribute to the dissemination of
diarrhea.
Analytical study
Data were analyzed using SPSS version 19.0 and
Epi Info 7.2.
Table 1. The gender specific distribution of students infected with diarrhea during the outbreak.

Male

350

34

Percentage
b/a × 100
9.71

Female

395

8

2.03

Total

745

42

5.64

Gender

Number of student (a)

Number of infected students (b)

275
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67%), nausea (14, 40.0%), headache (14, 40.0%), and
fever (4, 9.5%).
The epidemic curve (Figure 1) shows that this was
a propagated source outbreak and transmitted through
person-to-person contact. The onset was reported on
September 21, 2016 and the last cases were reported on
September 28, 2016. There were two peaks in the curve,
one on September 22 and the other one on September
26, 2016.The second peak was higher than the first
peak, representing a rapid outbreak dissemination
following the first peak.
Laboratory investigations of stool
Eight (66.7%) of the twelve stool samples were
positive for NoV. None of the samples were positive for
rotavirus. No pathogenic bacteria were detected in the
rectal swabs from the cases and food handlers.
All food samples were negative for Escherichia
coli, Salmonella spp, Bacillus cereus, and Vibrio
cholerae. However, the environmental samples were
positive for total coliform and a sample was also
positive for coagulase positive Staphylococci.
Discussion
Upon notification of the first case on September 24,
2016, at 11.15 pm, we conducted field investigation in
the next morning and found 21 students with acute
gastroenteritis. In this school, meals were prepared in
the dormitory kitchen and served in the dining hall. The
hygienic condition of the dormitory kitchen was not
satisfactory. Students were allowed to buy food from
the school’s canteen and also parents or guardians were
allowed to bring in any food and students were also
permitted to bring food from home after holidays.
Although only 12 samples were available for NoV
testing and eight of them were positive, we could not
apply the Kaplan criteria [10] to determine that the
outbreak was caused by NoV. Although more than 50%
of the cases had vomiting and no pathogenic bacterial
growth was observed in submitted samples, therefore,
applying other criteria were challenging. The outbreak
continued for eight days, indicating that even though
the outbreak initially started by consumption of
contaminated food, the subsequent spread was from
person-to-person which is supported by the epidemic
curve. One of the weaknesses of the study was that
genotyping of NoV could not be performed. Genotype
data could be used to compare strains with an outbreak
in other countries or could be used for future outbreaks
in Malaysia.
This study is in agreement with other studies [1115], showing that NoV spreads rapidly among students
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with close proximity to one another and who share
common places for activities. Furthermore, notification
was delayed, which was made four days after the onset
of the first case. Within that period, the infection has
already spread to 21 students. Therefore, all cases were
isolated in a sick room and specific dorm. All school
buildings were disinfected with benzalkonium chloride
and chloroxylenol. Health education training were
provided to all students and staff, including food
handlers and cleaners, especially on proper hand
washing and cleanliness of toilets and bathroom. Even
after implementing the preventative and control
measures, within the next three days, the number of
infected students increased to 42. Therefore, quarantine
was imposed until the last onset of the case on
September 28, 2016and finally, the outbreak was
declared over on September 30, 2016.
NoV cases or outbreaks have never been reported in
Malaysia. As a result, diagnostic facilities for NoV
infection were not readily available; hence, NoV was
not considered as the cause of the present outbreak
initially. Underreporting might be one of the reasons for
the lack of publications on NoV in Malaysia. Further
studies are needed to understand the burden of NoV in
the country.
Conclusion
A diarrheal outbreak by NoV was identified in a
boarding school in Malaysia. Possibly the virus was
initially transmitted by food and then person-to-person
transmission occurred. All food samples were negative
for other bacteria causing diarrhea. The outbreak was so
severe that all measures were ineffective to control the
outbreak requiring implementation of quarantine.
Traditionally diarrheal outbreak by NoV is not
considered in Malaysia. Therefore, samples were
submitted for identification of bacteria and were
negative for any growth. This caused a delay in
identifying the causative agent of this outbreak. This
study might encourage looking for viral etiology in
future diarrheal disease outbreak investigations.
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