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Abstract

Between October 4 and 6, 1995, dozens of students in a high school in Taipei County were sent to hospitals because of diarrhea, abdominal pain, and vomiting. According to the time of onset and distribution of cases, a cluster infection was suspected. Through questionnaires to all teachers, workers, and students, examination of specimens from patients, drinking water and food, and environmental surveillance, the common infection source was suspected to be the school lunch supplied on October 4.

The results of analyzing questionnaires showed that, among the 1,4171 students, 336 had symptoms satisfying the definition of food poisoning, with an infection rate of 22.8%. Symptoms among cases included diarrhea (100%), abdominal cramping/pain (96.7%), and nausea/vomiting (41.1%). The incubation time of onset was between 1 to 73 hours with a median of 19 hours, and hence pathogens having long incubation periods were suspected. No pathogens could be identified in 103 anal swab specimens, 8 food specimens, and 10 environmental specimens. Squid potage from the lunch showed statistically significant correlation with the food poisoning. Age-adjusted risk was 1.40, with 95% confidence interval between 1.04 and 1.90.

Introduction

Many pathogens can cause cluster diarrhea outbreaks, including bacteria such as Vibrio cholerae (1), Salmonella typhi, Salmonella paratyphi (2-3), Bacillary dysentery (4-5), Enterohemorrhagic E. coli (6), Staphylococcus aureus (7-8), Bacillus cereus (9), Salmonella (10), Vibrio parahemolytica (11), and Enteropathogenic E. coli (12); viruses such as Rota virus, Norwalk virus (now called Norovirus) (13-14); and protozoa such as amebic dysentery (15). Food poisoning is the most common cause of cluster diarrhea. According to the database from the Bureau of Food Sanitation of Department of Health (16) between 1981 and 2004, the main pathogens of food poisoning were bacteria (1,576/3,077, 51.2%). Among them, Vibrio parahemolytica accounted for most of the cases (1,092/1,596, 68.4%). Among the 678 incidents of food poisoning having identifiable causes, 250 (36.9%) were caused by compound processed food (including lunch box) and 185 (27.3%) by seafood. Among the 3,077 incidents of food poisoning, 982 (31.9%) occurred in restaurants, 808 (26.3%) in households, and 598 (19.4%) in schools. However, food poisoning incidents in schools resulted in the largest number of victims. In addition, among the 1,915 incidents of food poisoning that occurred between 1996 and 2004, 600 (31.3%) were related to contamination of processing raw foods, followed by 524 (27.4%) caused by insufficient processing and 192 (10.0%) by prolonged storage at room temperature (16%).

On October 4 1995, around 4 PM, 27 students in a high school in Taipei County began to have symptoms of abdominal discomfort. Between October 5 and 6, dozens of people continued to be sent to the hospital each day because of symptoms such as diarrhea, abdominal pain, and vomiting. Since many students had gastrointestinal symptoms at the same place around the same time, it was certain that a gastrointestinal cluster had occurred in the high school. Accordingly, surveillance was conducted by professionals from the Field Epidemiology Training Program, First Branch Office of Center for Disease Control (CDC), and Taipei County Government’s Public Health Bureau. This joint investigation involved disease surveillance to estimate the number of cases and the incidence, epidemiological surveillance to understand the route of transmission and causes of the outbreak, and specimen gathering to confirm the pathogens.

Background

This high school in Taipei County has junior and senior sections, and the senior education involves general classes in addition to classes for special skills.  The total number of students and teachers was more than sixteen thousand. To accommodate the needs of students and teachers who live far from the school, the school has dormitories for teachers and students of the senior section. The school also has a kitchen to prepare lunches for all students and teachers and dinners for students and teachers in the dormitories. The school has tap water and machines for continuous supply of drinking water.

Materials and Methods

Subjects

All 143 teachers and workers and 1,544 students in the junior and senior sections were included.

Surveillance

Semi-structured questionnaires were used. Interviewees’ profile, date of illness onset, time of onset, symptoms, medical interventions, health status of family members, status of recovery, and dishes eaten during lunch were asked and recorded. All teachers were first instructed about the purpose and method of the surveillance, and the surveillance was then conducted by the teachers after explaining the content of the questionnaire to students.

Case Definition

Cases were teachers, workers and students having at least one symptom of diarrhea, abdominal pain/cramping, or nausea/vomiting after consuming lunch from the kitchen in the school on October 4.

Specimen gathering and examination

Anal swabs from 103 patients were gathered on October 5 by Taipei County Bureau of Health and sent to CDC’s Kun-Yang lab. The specimens were examined for Staphylococcus aureus (including enterotoxin), Bacillus cereus, Shigella sonnei, Salmonella typhi, Salmonella paratyphi, Salmonella, Vibrio cholerae, Vibrio parahemolytica, and Enteropathogenic E. coli. In addition, ten environmental specimens including hand swabs from six kitchen workers, eight food specimens, knives, wooden ladles, iron containers, swabs from water containers, samples of water from the tap and from water supply machines were sent to Department of Health’s Bureau of Food and Drug Analysis to be tested for Salmonella, Staphylococcus aureus (including enterotoxin), Bacillus cereus, Clostridium perfringens, Vibrio parahemolytica, and Enteropathogenic E. coli.

Environmental surveillance

Kitchen, surrounding environment, management of kitchen workers, refrigerators, and bacteria load in tap water and water storage devices were examined.

Data processing and analysis

Questionnaires were corrected and filed by EPI Info 2005. Number of cases satisfying the definition of food poisoning, overall incidence and grade-specific incidences, demographic distribution of cases, symptoms, and incubation periods were then analyzed. Relationship between the lunch dishes and cases of food poisoning was examined. Their relationship was shown by Relative Risk (RR). Their 95% confidence interval is statistically significant if it does not include 1.0. Age adjustment was made to junior and senior section students, and age-adjusted Relative Risk and its 95% confidence interval were obtained. Finally, Logistic Regression Analysis was used to identify the relationship between dishes and food poisoning. Incubation distribution was shown in Epidemic Curve plotted by Excel.

Results

A total of 1,1471 effective questionnaires were obtained from junior and senior section students with a recovery rate of 95.3%. Ninety-three questionnaires were obtained from teachers and workers with a recovery rate of 65.0%. Only questionnaires from students were analyzed because of the low recovery rate of questionnaires from teachers and workers. The results showed that 336 students satisfied the case definition of food poisoning with an overall incidence of 22.8% (Table 1). Incidence was highest in the third year of the senior section (66/178, 37.1%) and lowest in the third year of the junior section (33/287, 11.5%). Among the cases, 160 (47.6%) were boys and 176 (52.4%) were girls, 173 (51.5%) from the junior section and 163 (48.5%) from the senior section. The distribution of symptoms among the 336 patients included 336 (100%) diarrhea, 320 (95.2%) abdominal pain, 140 (41.7%) dizziness, 116 (34.5%) headache, 103 (30.7%) nausea, 102 (30.4%) weakness, 88 (26.2%) anorexia, 65 (19.3%) vomiting, 63 (18.8%) abdominal cramping, 62 (18.5%) tenesmus, and 51 (15.2%) fever.

Figure 1 depicts the distribution of onset dates of cases. The appearance of a single peak suggests a common route of transmission. Taking lunchtime of Oct. 4 as the start of exposure, the shortest incubation period was 1 hour with the longest 73 hours. The median was 19 hours and the mode was 18 hours. Most cases recovered within three days of onset. Figure 2 and 3 show the distribution of cases in the junior and senior sections of the school respectively.

The dishes in the lunch of Oct. 4 included sliced chicken with sauce, spicy bean curd, stir-fried vegetables, squid potage, and fruits. Analysis (Table 2) showed that the RR of sliced chicken with sauce was 1.31 (95% CI 0.87-2.02), the RR of spicy bean curd was 1.47 (95% CI 1.01-2.13), the RR of stir-fried vegetable was 1.07 (95% CI 0.78-1.48), the RR of squid potage was 1.45 (95% CI 1.08-1.95), and the RR of fruit was 1.06 (95% CI 0.82-1.37). Spicy bean curd and squid potage showed the most significant relationships with this incidence of food poisoning (95% CI did not include 1.0).

Since the age distribution of students was wide, between 13 and 19, and significantly associated with the food poisoning, (RR = 1.16, 95% CI 1.08-1.25, not including 1.0), age difference was then adjusted before analyzing the lunch dishes. Table 2 showed that the RR of spiced chicken with sauce was 1.38 (95% CI 0.90-2.11), the RR of spicy bean curd was 1.59 (95% CI 1.09-2.32), the RR of stir-fired vegetable was 1.16 (95% CI 0.84-1.61), the RR of squid potage was 1.49 (95% CI 1.11-2.01), and the RR of fruits was 1.10 (95% CI 0.85-1.41). Spicy bean curd and squid potage were still significantly associated with the food poisoning (95% CI not including 1.0).

Age, spicy bean curd and squid potage were then grouped together for analysis of correlation with food poisoning. The results (Table 3) showed that only squid potage significantly correlated with the food poisoning with age-adjusted RR 1.40 (95% CI 1.04-1.90). Spicy bean curd was only marginally close to statistical significance with age-adjusted RR 1.46 (95% CI 0.99-2.14).

Laboratory examination showed that no pathogen could be isolated from the 103 anal swab specimens. Food specimens and skin swabs from kitchen workers showed Staphylococcus aureus and Bacillus cereus. Among the environmental specimens, only specimens from iron containers showed Staphylococcus aureus, and the rest 9 specimens were negative for pathogens.

As to the kitchen and environmental surveillance, there were five kitchen workers and one long-term temporary worker. All of them had Level C Technical Licenses and attended the hygiene-training course held in August 2005. When inspected, the hands of workers showed no wound but were dirty. They wore facial masks, hats and uniforms while working. There was only one single entrance for the delivery of vegetables and meat as well as for the removal of trash and recyclable waste. Water quality examination on September 15, 2005 was normal. The last time the water tower was cleaned was on July 13, 2005. Items in fridges were all over the place, and expired items were identified. Meals at school were sent by suppliers directly to the school, mainly as semi-processed foods that were then processed by washing, cutting and batch cooking. Lunch was provided in buckets that were carried to each classroom and distributed to students. Dinner plates were disinfected for around 20 minutes at 10AM each morning. Since dinner was only provided to people living in dormitories, it was provided in boxes and sent to the dormitories by students.

Conclusion and Discussion

The onset dates of most students having gastrointestinal symptoms were between October 4 and 6 (Fig. 1) and had a single peak distribution. Within a short time frame, each classroom had students with gastrointestinal symptoms (Fig. 2 and 3), suggesting a common route of transmission. The possible causes of common transmission include: drinking water (17-19), common containers (20), disease carriers (21) and food (22-23). However, the examination result of the tap water in the school was normal, and students did not use common utensils. There is also no evidence for a common carrier who spread the disease. Hence, we suspect the lunch service provided in the school was the cause of this cluster. Because not only commuting students (81.5%) but also dormitory students (18.5%) had gastrointestinal symptoms, the dormitories are not where the problem lies. Since the kitchen provided lunch for all teachers and students as well as breakfast and dinner for students living in the dormitories, having cases outside of the dormitories excluded the possibility that breakfast or dinner are the cause of this incident. Besides, commuting students usually have breakfast at home or elsewhere, and hence can exclude breakfast as the cause of this incidence. In addition, since in the afternoon of October 4, many students and teachers were sent to hospitals because of diarrhea, abdominal pain and nausea, we suspect that the lunch on October 4 was closely related to this incident.

Results of questionnaires showed that, among the 336 food poisoning cases, the median incubation period was 19 hours with the shortest being 1 hour and longest 73 hours, suggesting a long incubation period of this pathogen. Specimens of the food from the dinner on October 4 showed Staphylococcus aureus and Bacillus cereus, and Staphylococcus aureus was also identified in hand swabs of two kitchen workers and specimens form an iron container. Bacillus cereus was also identified in hand swabs of two other kitchen workers. Although enterotoxin-negative Staphylococcus aureus and Bacillus cereus were identified in specimens from residual food, environmental specimens and hand swabs from kitchen workers, none of them was positive for enterotoxin. Since these specimens were not collected on Oct. 4, they were weak evidence for this incident. Anal swabs also did not show any pathogens. However, fecal specimens were not collected, and viral examination was not done in the laboratory, and hence the pathogen responsible for this incident could not be identified. Among all cases, only one student was hospitalized. His blood examination showed an abnormal white count (19.5x103cmm, normal3.5-11x103 cmm). C-reactive protein (26.9 mg/L) was also elevated (normal 5 mg/L). Hence, we could not identify the pathogen as bacteria or virus. Between 1999 and 2004, there were 681 (51.5%) incidents of food poisoning for which no pathogens could be identified. Among them, 588 (86.3%) were negative after laboratory examination, and 93 (13.7%) had no specimens for examination (16). Virus is not routinely included in food examination. Since the majority of food poisoning incidents had no identifiable causes and Norovirus is highly related to gastrointestinal clusters occurring in winter in recent years, authorities should consider including virus as an item of examination to help prevent food poisoning.

Although the majority (65.5%) of the 336 cases had been sent to hospitals, no pathogens could be identified. Their anal swabs were also negative of bacterial pathogens. The symptoms of this incident were mainly diarrhea (100.0%), abdominal pain (95.2%), and abdominal cramping (18.8%), and these symptoms together accounted for 96.7% of all cases. Besides, vomiting (19.3%) and nausea (30.7%) also occurred in certain proportion (41.1%) of cases. In addition, the median incubation period was 19 hours. The symptoms and incubation were compatible with Norovirus gastroenteritis. The mean incubation of Norovirus is between 12 and 48 hours (24). Hence, Norovirus could be the pathogen of this incident. However, virus is not included in the examination of human and food specimens, and hence we could not confirm Norovirus as the pathogen. In conclusion, to confirm the pathogen, early specimen gathering before drug administration is very important. The possibility to isolate pathogen, especially virus, is higher in fresh fecal specimens than in anal swabs. While taking anal swabs, pressing the swab against the rectal wall will induce a sense to defecation in patients, providing a good opportunity for gathering fecal specimens.

Despite age difference, analysis of lunch dishes showed that squid potage might be the cause of this food poisoning. After age adjustment, the relative risk of squid potage was 1.40 with 95% confidence interval 1.04-1.90. Although the school did not keep food specimens for 24 hours as required and hence we could not get specimens of the squid potage, squid potage was still suspected as the cause of this incident. Besides, previous studies have suggested that rice contaminated by Bacillus cereus could be a cause of food poisoning (25). In the investigation of food poisoning incidents, investigators often overlook rice, as the investigators did this time.

Inspection of the kitchen showed that fingers of kitchen workers were dirty, suggesting poor personal hygiene. The common entrance for delivery of vegetables and meat as well as removal of trash and recyclable kitchen waste suggested that there was an opportunity for cross-contamination of raw and cooked foods. Because squid potage could be the cause of this incident, insufficient cooking could also be the cause. While investigating incidents of food poisoning, investigators should consider factors such as the source of each dish, the process of food processing, whether the food was cooked on the day of their purchase, whether the foods were stored in fridges as required, when each dish was cooked, how each dish was cooked, the amount of each container, the sequence of cooking, when was cooking completed, which containers were used to store cooked foods, how temperature of foods was kept, the process of distribution, the persons responsible for food distribution, and the process of recycling kitchen waste, of cleaning containers and of disinfection. Only when these factors are thoroughly investigated, the causes of food poisoning can be identified and explained. If necessary, simulation can be performed to identify the cause.
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Table 1
Case number and incidence of food poisoning among junior and senior students in a high school in Taipei County

	Grade
	7
	8
	9
	10
	11
	13
	total

	Number of students
	352
	315
	317
	200
	179
	181
	1,544

	Number of Questionnaires
	327
	307
	287
	197
	175
	178
	1,471

	Case number
	 71
	 69
	 33
	 44
	 53
	 66
	 336

	Incidence %*
	21.7
	22.5
	11.5
	22.3
	30.3
	37.1
	 22.8


*incidence = case number/number of questionnaires

Table 2
Analysis of dishes on Oct. 4 in a high school in Taipei County

	Dishes
	Relative risk

(95% Confidence Interval)
	Age-adjusted relative risk

(95% Confidence Interval)

	Sliced chicken with sauce
	1.32 (0.87-2.02)
	1.38 (0.90-2.11)

	Spicy bean curd*
	1.47 (1.01-2.13)*
	1.590 (1.09-2.32)*

	Stir-fried vegetable
	1.07 (0.78-1.48)
	1.16 (0.84-1.61)

	Squid potage*
	1.45 (1.08-1.95)*
	1.49 (1.11-2.01)*

	fruits
	1.06 (0.82-1.37)
	1.10 (0.85-1.41)


*statistically significant at alpha level of 0.05。

Table 3
Analysis of the lunch on Oct. 4 in a high school in Taipei County

	Dishes
	Relative risk (95% Confidence interval)

	Age
	1.17 (1.09-1.26)

	Spicy bean curd
	1.46 (0.99-2.14)

	Squid potage*
	1.40 (1.04-1.90)*


* statistically significant at alpha level of 0.05.
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[image: image2.png]Figure 2. Distribution of cases in the junior section of a high school in Taipei County
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[image: image3.png]Figure 3. Distribution of cases in the senior section of a high school in Taipei County
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