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Epidemiology of Foodborne Norovirus Outbreak in Incheon, 
Korea

On June 14, 2008, an outbreak of gastroenteritis occurred among elementary school 
students in Incheon. We conducted an investigation to identify the source and described 
the extent of the outbreak. We performed a retrospective cohort study among students, 
teachers and food handlers exposed to canteen food in the elementary school. Using self-
administered questionnaires we collected information on symptoms, days of canteen food 
eaten, food items consumed. Stool samples were collected from 131 symptomatic people 
and 11 food handlers. The catering kitchen was inspected and food samples were taken. Of 
the 1,560 people who ate canteen food, 117 were symptomatic cases, and the attack rate 
was 7.5%. Consumption of cucumber-crown daisy salad (RR=2.71), fresh cabbage mix 
(RR=2.23), dried radish salad (RR=3.04) and young radish kimchi (RR=2.52) were associated 
with illness. Sixty-four (45%) of the 142 stool specimens were positive for norovirus. 
Norovirus was detected in 2 food handlers. Interviews with kitchen staff indicated the 
likelihood of contamination from an infected food handler to the dried radish salad during 
food processing. The excretion of norovirus from asymptomatic food handlers may be an 
infection source of norovirus outbreaks.
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INTRODUCTION

Norovirus (NV) is recognized as a worldwide cause of acute non-
bacterial gastroenteritis (1). The virus is transmitted predomi-
nantly through ingestion of contaminated food as well as person-
to-person by the fecal-oral route, airborne transmission, and 
contact with contaminated surfaces (2-4). For 348 outbreaks of 
NV gastroenteritis reported to the U.S. Centers for Disease Con-
trol and Prevention during 1996-2000, food was implicated in 
39%, person-to-person contact in 12%, and water in 3%; 18% 
could not be linked to a specific transmission mode (5). Infect-
ed food handlers have been implicated repeatedly as the source 
of infection in several outbreaks (6-8). Asymptomatic NV infec-
tions of food handlers may play a role in transmission (9). Since 
2003, there have been several large outbreaks of NV in Korea 
(10-12). However, few studies have linked the outbreaks with 
asymptomatic food handlers. 
  On June 14, 2008, a parent contacted the Incheon City school 
infirmary to report that her child had symptoms of diarrhea ac-
companied by an abdominal cramp. The school nurse reported 
to a regional public health office that mass food poisoning pre-
vailed among students. The epidemiological investigation team 
in the public health office arrived at the school and started an 
epidemiological investigation. Additional students came down 

with symptoms after the epidemiological study had commenced. 
By June 16, a total of 131 people were afflicted with symptoms 
of the disease. On June 16, a second epidemiological investiga-
tion team was deployed to Incheon City to perform a field inves-
tigation. The objective of this study was to identify the source 
and describe the extent of the outbreak that occurred at an ele-
mentary school on June 14, 2008. 

MATERIALS AND METHODS

We did a retrospective cohort study among students, teachers 
and food handlers exposed to canteen food in the elementary 
school. Based on the typical incubation period of NV (24-48 hr) 
(5) and reports of peak incidence on June 13, exposure was most 
likely to have occurred during June 11-12. Self-administered 
paper questionnaires were distributed to students, teachers and 
food handlers on June 16 and information was collected on de-
mographic details, symptoms, time of onset and duration of ill-
ness, the individual canteen food items consumed in the can-
teen during June 11-13. A case was defined as a confirmed case 
or a school member who consumed canteen food during June 
11-13 and who developed vomiting, accompanied with one or 
more symptoms such as abdominal pain, headache, nausea 
and diarrhea after June 13. 
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  We inspected the catering kitchen and interviewed kitchen 
staff about food handling practices and illness. Processed, un-
processed food and drinking water specimens were collected 
and examined by the public health office. Specimens of kitchen 
utensils were collected and investigated. Symptomatic people 
(including cases) and food handlers were asked to submit stool 
samples for standard bacteriological and virological analysis. 
We calculated food and water specific attack rates (AR), relative 
risks (RR), 95% confidence intervals (95% CI). We measured the 
association between the drinking water (or food) consumption 
and the risk of disease using chi-squared test or Fisher’s exact 
test. Statistical analyses were made using SPSS (version 12.0.1).
  This study was approved by the Institutional Review Board of 
Inha University (IRB No. 2010-0125). 

RESULTS

Epidemiologic investigations
Of the 1,560 school members who consumed canteen food (1,485 
students, 64 teachers, 11 food handlers), 1,522 (97.5%) returned 
questionnaires. Therefore, 1,522 questionnaires were included 
in the analysis. Among the 1,522 school members, 1,452 (95.4%) 
were students and 59 (3.8%) were teachers. Eleven (0.7%) of the 
1,522 school members were food handlers. The median age in 
this cohort was 10 yr (range 5-60 yr), and 752 (49.4%) were male. 
One hundred and seventeen school members met the case defi-
nition. The overall attack rate was 7.5% (117/1,560). AR did not 
differ significantly among groups or among grades. However, 
the AR was higher significantly in females than males (P=0.03) 
(Table 1).  
  Day of illness onset for 88 cases is shown in Fig. 1; information 
on date of onset was missing for 29 cases. The epidemic curve 
showed characteristics of a single exposure route. The canteen 
food and drinking water were provided during lunch time (12:00-
13:00). The first patient developed symptoms beginning at ap-
proximately 1 a.m. on June 13. After a slight increase beginning 
in the morning on June 13, the number of cases rose sharply to 
a distinct peak in the afternoon on June 13 and decreased then 
exponentially during the following 2 days. The cases’ main symp-

toms were vomiting (82.1%) and abdominal pain (65.8%). Fever 
(29.1%) and tenesmus (12.0%) were less frequent (Table 2).

Laboratory investigations
Of the 142 people who provided stool samples (Table 3, 4), 64 
samples were positive for NV (45%), two of these samples were 
from food handlers. All NV genotypes were GII-4 except for 1 
student, whose NV genotype was an unusual type. All sequences 
detected in this study closely matched the published sequences 
(Fig. 2). The GII-4 sequences shared 100% nucleotide similarity. 
This reveals that there was a single source of infection in this 
outbreak. The second stool examination was made on June 26 
for the 2 food handlers (A, B) testing positive for NV. It came out 
that NV was positive in the food handler A. The third investiga-
tion was made for the food handler A on July 9. The result of the 
third investigation was negative for NV. Besides, other bacteria 
(Enterohemorrhagic Escherichia coli, Staphylococcus aureus) 
were detected simultaneously in 7 students testing positive for 
NV. However, the number of the protons of these bacteria was 
too small to be considered as the cause of the outbreak of this 
food poisoning. The results of the drinking water and environ-
mental specimen all came out as non-detection (Table 3). The 
drinking water in the purifiers was not examined for NV. In order 

Table 1. Attack rate by group, an elementary school, Incheon, Korea, 2008

Group
Males Females Total

Subjects Cases Attack rate (%) Subjects Cases Attack rate (%) Subjects Cases Attack rate (%)

Students
   1st grade
   2nd grade
   3rd grade
   4th grade
   5th grade
   6th grade

133
165
110
118
121 
126

  9
  7
10
  7
  6
  8

6.8
4.2
9.1
5.9
5.0
6.3

107
132
108
125
123
117

12
  8
10
11
  9
13

11.2
  6.1
  9.3
  8.8
  7.3
11.1

  240
  297
  218
  243
  244
  243

  21
  15
  20
  18
  15
  21

  8.8
  5.1
  9.2
  7.4
  6.1
  8.6

Teachers   10   0 0   54   5   9.3     64     5   7.8
Food handlers     0   0 0   11   2 18.2     11     2 18.2
Total 783 47 6.0 777 70   9.0 1,560 117   7.5
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Fig. 1. The epidemic curve by symptom onset date, an elementary school, Incheon, 
Korea, 2008.  
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to detect NV in water with Korean technology, more than 100 L 
of water was required as a sample. The amount of the water stored 
in the water purifiers was not enough.  

Statistical analyses of food and water
Upon menu analyses, the cucumber-crown daisy salad, fresh 
cabbage mix on June 11 and the dried radish salad, young rad-
ish kimchi on June 12 were statistically significant (Table 5). Con-
sumption of drinking water on the 4th floor in main building 
(on June 11, 13) was associated with illness (Table 6). However, 
the number of cases consumed the water on the 4th floor in 
main building was so low for the cause of outbreak. 

Investigations of the food ingredients 
The food ingredients of the cucumber-crown daisy salad, the 
dried radish salad were cucumbers, crown daisies, dried radish-

es. All of them had been supplied by company A. The company 
A supplied the food ingredients as they received them from the 
cultivating farms without going through any washing processes. 

Table 2. Prevalence of symptoms in cases, an elementary school, Incheon, Korea, 
2008

Symptoms Number of cases %

Vomiting 96 82.1
Abdominal pain 77 65.8
Headache 65 55.6
Nausea 51 43.6
Diarrhea 46 39.3
Fever 34 29.1
Chill 29 24.8
Tenesmus 14 12.0
Helplessness 14 12.0

Table 3. The result of microbiological examination 

Group Subjects NV*
NV/

S.aureus
NV/ 

EHEC† S. aureus Negative

Students 124 52 6 1 0 65
Teachers     7   3 0 0 1   3
Cooking
Workers   11   2 0 0 0   9
Total 142 57 6 1 1 77

*Norovirus; †Enterohemorrhagic E. coli.

Table 4. Pathogens examined in environmental samples and stool samples

Samples
Number of specimens  
(Number of persons) 

Microorganisms

Stools 24 (24) Bacteria (10): Salmonella, Shigella, Staphylococcus aureus, Vibrio species,Listeria monocytogenes, Yersinia 
enterocolitica, Bacillus cereus, Escherichia coli, Clostridium perfringens, Campylobacter jejuni
Viruses (5): Rotavirus, Norovirus, Adenovirus, Astrovirus, Sapovirus
Protozoa (3): Cryptosporidium , Giardia , Entamoeba

Rectal swabs 426 (142) Bacteria (10): Salmonella, Shigella, Staphylococcus aureus, Vibrio species,Listeria monocytogenes, Yersinia 
enterocolitica, Bacillus cereus, Escherichia coli, Clostridium perfringens, Campylobacter jejuni
Viruses (5): Rotavirus, Norovirus, Adenovirus, Astrovirus, Sapovirus

Drinking water 10 (a hydrant in the kitchen, a water 
purifier in the kitchen, water purifiers in 

classroom corridors)

Bacteria (9): Salmonella, Staphylococcus aureus, Vibrio species,Listeria monocytogenes, Yersinia 
enterocolitica, Bacillus cereus, Escherichia coli, Clostridium perfringens, Campylobacter jejuni

Preserved foods, food 
ingredients

20, 38 Bacteria (9): Salmonella, Staphylococcus aureus, Vibrio species,Listeria monocytogenes, Yersinia 
enterocolitica, Bacillus cereus, Escherichia coli, Clostridium perfringens, Campylobacter jejuni

Kitchen utencils 17 Bacteria (7): Salmonella, Shigella, Staphylococcus aureus, Vibrio species,Listeria monocytogenes, Yersinia 
enterocolitica, Bacillus cereus

Fig. 2. Phylogenetic relationships between the outbreak strains and reference strains 
of NV based on partial nucleotide sequence of capsid. Nucleotide sequences were 
aligned using Clustal W and a phylogenetic tree was constructed by Neighbor-Joining 
method. The numbers on each branch indicate the bootstrap values for the clusters 
supported by that branch. Branch lengths are proportional to the calculated genetic 
distances (scale shown). FH A indicates the food handler A. 

OC IC 0614 P83
OC IC 0614 P85
OC IC 0614 P187
OC IC 0614 P231
OC IC 0614 P101
OC IC 0614 P229
OC IC 0614 P114
OC IC 0614 P184
OC IC 0614 P75
OC IC 0614 P115
OC IC 0614 P199
OC IC 0614 P154
OC IC 0614 P198
OC IC 0614 P106
OC IC 0614 P185
OC IC 0614 P194
OC IC 0614 P68
OC IC 0614 P82
OC IC 0614 P224
OC IC 0614 P91
OC IC 0614 P188
OC IC 0614 P227
OC IC 0614 FHB
OC IC 0614 P189
OC IC 0614 P73
OC IC 0614 P66
OC IC 0614 P70
OC IC 0614 P93
OC IC 0614 P211
OC IC 0614 P133
OC IC 0614 P217
OC IC 0614 P221
OC IC 0614 P216
OC IC 0614 P63
OC IC 0614 P151
OC IC 0614 P206
OC IC 0614 FHA
OC IC 0614 P103
OC IC 0614 P128
OC IC 0614 P192
OC IC 0614 P96
OC IC 0614 P110
OC IC 0614 P155
OC IC 0614 P212
OC IC 0614 P207
OC IC 0614 P122
OC IC 0614 P186
OC IC 0614 P218
OC IC 0614 P69
OC IC 0614 P230
OC IC 0614 P197
OC IC 0614 P178
OC IC 0614 P67
OC IC 0614 P149
OC IC 0614 P223
OC IC 0614 P190
OC IC 0614 P102
OC IC 0614 P136
OC IC 0614 P108
OC IC 0614 P137
OC IC 0614 P226

OC IC 0614 P225
Grimsby GII4

OC IC 0614 P88

0.05

99

99

CI-220606-2006-SGP

OC IC 0614 P92



Yu J-H, et al.  •  Epidemiology of Foodborne Norovirus Outbreak in Incheon, Korea

http://jkms.org    1131DOI: 10.3346/jkms.2010.25.8.1128

Among 112 schools supplied by the company A, there were no 
cases of food poisoning at the other schools. All vegetable ingre-
dients supplied by the company A were chlorinated, with water 
chlorinated to the concentration rate of 100 ppm in the kitchen 
sink, so the chance that NV came in from food ingredients from 

supplier companies is low. Fresh cabbage mix and young radish 
kimchi were supplied by company B. The company B also sup-
plied other schools (128 schools) with the same products and 
no food poisoning occurred in these schools.

Table 5. Relative risk of suspected food 

Date Food*
Intake Non-intake Relative risk

(95% C.I.)
P value

No.† Cases AR‡ (%) No. Cases AR (%)

6/11 Rice
Curried pumpkin
Cucumber-crown
Daisy salad
Fresh cabbage mix
Apple pie
Yogurt
Milk

1,385
1,288
1,098
1,181
1,289
1,387
  803

104
  99
  99
  98
  96
106
  60

7.5
7.7
9.0
8.3
7.4
7.6
7.5

  17
123
301
215
138
  51
557

  0
  5
10
  8
11
  3
45

0
4.1
3.3
3.7
8.0
5.9
8.1

-
1.89 (0.78-4.55)
2.71 (1.43-5.13)
2.23 (1.10-4.51)
0.93 (0.51-1.70)
1.29 (0.42-3.95)
0.92 (0.63-1.34)

0.631
0.142
0.001
0.020
0.824
1.000
0.680

6/12 Kidney bean rice
Spinach toenjang soup
Steamed pork rib
Dried radish salad
Young radish kimchi
Sesame doughnut
Milk

1,315
1,175
1,306
1,051
1,217
1,277
  682

103
  93
101
  92
  98
100
  55

7.8
7.9
7.7
8.8
8.1
7.8
8.1

  64
220
  97
313
188
119
478

  3
12
  5
  9
  6
  6
40

4.7
5.5
5.2
2.9
3.2
5.0
8.4

1.67 (0.54-5.12)
1.45 (0.80-2.60)
1.50 (0.62-3.59)
3.04 (1.55-5.96)
2.52 (1.12-5.67)
1.55 (0.69-3.46)
0.96 (0.65-1.42)

0.475
0.204
0.354
0.000
0.018
0.272
0.853

6/13 Boiled barley
Hot shredded beef soup
Boiled mackerels and 
potatoes
Pizza and rice cake with 
hot seasoning
Cubed radish kimchi
Milk 

1,363
1,218
1,066

1,307

1,261
  716

105
  98
  88

101

102
  54

7.7
8.0
8.3

7.7

8.1
7.5

  31
167
335

106

146
512

  1
  9
18

  7

  6
42

3.2
5.4
5.4

6.6

4.1
8.2

  2.38 (0.34-16.56)
1.49 (0.76-2.89)

1.53 (0.93-2.51)
1.17 (0.55-2.45)

1.96 (0.88-4.40)
0.91 (0.62-1.35)

0.726
0.228

0.082
0.675

0.087
0.670

*Foods were provided during lunch time (12:00-13:00); †Number of subjects; ‡Attack rate.

Table 6. Relative risk of suspected water 

Date Water*
Intake Non-intake Relative risk

(95% C.I. )
P value

No.† Cases AR‡ (%) No. Cases AR (%)

6/11 Main 1st floor
Main 2nd floor
Main 3rd floor
Main 4th floor
Annex 1st floor
Annex 2nd floor
Annex 3rd floor
Annex 4th floor

  68
135
120
  82
  25
  50
  51
    6

  9
  5
  4
11
  0
  1
  2
  1

13.2
  3.7
  3.3
13.4

0
  2.0
  3.9
16.7

1,442
1,375
1,390
1,428
1,485
1,460
1,459
1,504

105
109
110
103
114
113
112
113

7.3 
7.9
7.9
7.2
7.7
7.7
7.7
7.5

1.81 (0.96-3.43)
0.46 (0.19-1.12)
0.42 (0.15-1.12)
1.86 (1.04-3.32)

-
0.25 (0.03-1.81)
0.51 (0.13-2.01)

  2.21 (0.36-13.39)

0.069
0.076
0.072
0.039
0.252
0.174
0.426
0.376

6/12 Main 1st floor
Main 2nd floor
Main 3rd floor
Main 4th floor
Annex 1st floor
Annex 2nd floor
Annex 3rd floor
Annex 4th floor

  41
  93
  99
  63
  17
  41
  34
    7

  6
  3
  3
  7
  0
  2
  1
  1

14.6
  3.2
  3.0
11.1

0
  4.9
  2.9
14.3

1,469
1,417
1,411
1,447
1,493
1,469
1,476
1,503

108
111
111
107
114
112
113
113

7.4
7.8
7.9
7.4
7.6
7.6
7.7
7.5

1.99 (0.93-4.26)
0.41 (0.13-1.27)
0.38 (0.12-1.19)
1.50 (0.73-3.09)

-
0.64 (0.16-2.50)
0.38 (0.05-2.67)

  1.90 (0.30-11.76)

0.082
0.152
0.111
0.274
0.633
0.765
0.510
0.423

6/13 Main 1st floor
Main 2nd floor
Main 3rd floor
Main 4th floor
Annex 1st floor
Annex 2nd floor
Annex 3rd floor
Annex 4th floor

  44
  90
  96
  56
  26
  38
  34
    7

  5
  2
  2
  8
  0
  1
  1
  2

11.4
  2.2
  2.1
14.3

0
  2.6
  2.9
28.6

1,466
1,420
1,414
1,454
1,484
1,472
1,476
1,503

109
112
112
106
114
113
113
112

7.4
7.9
7.9
7.3
7.7
7.7
7.7
7.5

1.52 (0.65-3.55)
0.28 (0.07-1.12)
0.26 (0.06-1.04)
1.96 (1.00-3.81)

-
0.34 (0.04-2.39)
0.38 (0.05-2.67)

  3.83 (1.17-12.53)

0.331
0.060
0.042
0.052
0.255
0.357
0.510
0.092

*Water was consumed during lunch time (12:00-13:00); †Number of subjects; ‡Attack rate.
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Environmental investigations
The kitchen had water supplies and a water purifier. The water 
supplies were used in the process of preparing food. However, 
the water purifier was not used. The original water for the water 
purifier was supplied from water suppliers. The filters of the water 
purifiers in the school have been replaced with new ones once 
in 3-4 months. Water samples collected from the water purifiers 
in the school were tested on May 21 at private inspecting office 
and were negative for total coliform bacteria. As a result of mea-
suring the residual chlorine concentration rates of the water pipes 
in the bathrooms in the kitchen, the main building, the annex 
building and outside the building, the concentration rates were 
more than 0.47 ppm and there was no evidence of underground 
water supplies. There was no evidence of underground water 
supplies in their water supplies and drainage tax receipts during 
the last three months. Also, drainage pipes were located outside 
the kitchen at intervals of about 1 meter. They looked unclean 
and smelled nasty. The school facilities had been worn out for 
more than 20 yr so there was a possibility of cross contamination 
between the water supply pipes and the drainage pipes. Consid-
ering the water supplies in the kitchen might have been contam-
inated, it was requested that the water supplies in the kitchen 
be investigated. However, the investigation had not been made 
because of terms in administrative procedures. 

Investigations of food handlers
There were 11 food handlers (1 nutritionist, 8 food handlers, 2 
food deliverers) at the school. One of the food handlers (C) had 
a medical history of going to a clinic due to flu-like symptoms. 
She had no other symptoms except sweating and myalgia. She 
had recovered after taking medication for 3 days. All the other 
food handlers stated that they had no related symptoms. A re-
quest was made to the National Health Insurance Corporation 
for medical records of 3 food handlers (A, B, C) from May 1 to 
June 14. There was no evidence of NV infection found on the 
record. 
  An Interview with a nutritionist revealed that food handler A 
participated in cooking dried radish salad. The food handler A 
washed dried radish after steeping them in water for 4-5 hr. Then, 
she dipped them in the red pepper sauce and stored them in the 
refrigerator. In the answer of questionnaire, the food handler A 
stated that she had no idea whether she ate dried radish salad 
or not. So, the food handler A might eat very few dried radish 
salad. The food handler B did not participate in any process of 
cooking dried radish salad or cucumber-crown daisy salad but 
ate both of them. The food handler C made cucumber-crown 
daisy salad. She stirred cucumber and crown daisy into salad 
sauce. In-depth interviews with the food handlers revealed that 
they had not had any symptoms within 1 month prior to the out-
break. Interviews with other food handlers revealed that food 
handler D participated in cooking (washing and cutting) cucum-

ber-crown daisy salad and dried radish salad simultaneously. 
However, the stool sample of food handler D was negative for NV. 
 

DISCUSSION
  
The results suggest that the vehicle of transmission in this out-
break was dried radish salad prepared by the food handler A 
and served to students of the elementary school on June 12. This 
finding is not surprising, given that approximately 50% of all NV 
outbreaks in the United States are linked to ill food-handlers (13). 
Ozawa et al. reported that the frequency of NV detection was 
19% in outbreak facilities in Japan and that 73% of symptomatic 
food handlers and 7% of asymptomatic food handlers were posi-
tive for NV (14). They suggested that asymptomatic infections 
are common and contribute to the spread of the infection in ar-
eas of outbreak. 
  In the case of dried radish salad, there was a process of wash-
ing, steeping in water, dipping in red pepper sauce with the food 
handler A’s hands. Additionally, there is a possibility that the food 
handler A did not have the dried radish salad. This means that 
food handler A might not be infected through the dried radish 
salad but through other routes. This suggests that the salad had 
been contaminated with NV through food handler A’s hands. 
Considering the incubation period and the fact that the food 
handlers A, B did not participate in cooking cucumber-crown 
daisy salad, the chance is very low that the cucumber-crown 
daisy salad was a vehicle of transmission. Considering the fact 
that food handler D participated in cooking cucumber-crown 
daisy salad and dried radish salad simultaneously, it is possible 
that she contaminated both menus and did not excrete NV on 
the day of stool examination. However, additional evidence was 
not available.
  Also, in case of fresh cabbage mix and young radish kimchi, 
finished products were used for the school meals only by unpack-
ing the food. Therefore, there was no possibility that the products 
were contaminated by food handlers. Considering no occurrence 
of food poisoning in other schools supplied by the same com-
pany, Both of them could hardly be the vehicle of transmission.  
  It is known that the period that NV can be detected is usually 
from 2 days after the symptoms start to 2 weeks later after the 
recovery. However, Elise et al. reported that the period that the 
virus RNAs are detected in the stools of the patients turned out 
to be 28.7 days (13.5 days-44.5 days) on an average (15). Also, 
Atmar et al. reported the similar results (16). This reveals that 
the excretion of NV from food handler A can last longer than 2 
weeks. Therefore, food handler A can be infected by NV before 
June 12 (dried radish salad was provided on June 12) and posi-
tive for NV until June 26.  
  Students stated that they usually drank water that they brought 
from home. They said they did not drink water from the water 
purifiers. Few students drank water from the water purifier near 
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their classrooms. However, there is no chance that water purifi-
ers might have been the source of infection, because the NV cases 
ranged across the grades. It is not plausible that all the purifiers 
installed on every floor were contaminated at once. 
  Food handlers used the water from the water supplies in the 
kitchen when making cucumber-crown daisy salad and dried 
radish salad. Drainage pipes outside the kitchen had been worn 
out and buried near the water supply pipes at intervals of about 
50 cm. NV can survive below the residual chlorine concentra-
tion rate 10 ppm (17). However, there was no possibility of cross 
contamination between the water supply pipes and the drain-
age pipes. It is because pathogenic E. coli that suggest fecal con-
tamination were not detected in the water from the water sup-
plies in the kitchen. In terms of water supplies, the risk of cross 
contamination increases when it rains, but it did not rain within 
1 week before the outbreak. Even though there was no replace-
ment of the drainage pipes, additional outbreak has not occurred 
for a year since the outbreak.
  In conclusion, NV is considered to be the cause of this outbreak. 
The findings in this report are subject to at least three limitations. 
First, it was impossible to detect NV in preserved foods and food 
ingredients due to technical limitations. In order to confirm the 
vehicle of transmission, it is necessary to detect NV in the sus-
pected foods. Second, it appears that certain answers of ques-
tionnaires are inaccurate because the majority of respondents 
are children. The statistical result that four menus were signifi-
cant simultaneously shows this possibility. Third, it was impossi-
ble to decide whether food handlers A, B were infected through 
the outbreak or not, because they ate the canteen foods. Despite 
these limitations, this outbreak in Incheon provides insights and 
lessons that the excretion of NV from asymptomatic food han-
dlers may be an infection source of NV outbreaks, especially in 
a place where underground water is not used. For a better risk 
management, more focus should be put on asymptomatic food 
handlers.
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