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Background: On 12 May 2012, over 200 college students with acute diarrhoea were reported to the Guizhou Center for 
Disease Control and Prevention. We conducted an investigation to identify the agent and mode of transmission and to 
recommend control measures.

Methods: A suspected case was a person at the college with onset of  two of the following symptoms: diarrhoea 
(more than three loose stools in 24 hours), abdominal pain, vomiting or fever (> 37.5C) between 6 and 15 May 2012. 
A confirmed case also had a positive Aeromonas hydrophila culture from a stool sample. A retrospective-cohort study of 
902 students compared attack rates (AR) by dining place, meals and food history. We reviewed the implicated premise, its 
processes and preparation of implicated food.

Results: We identified 349 suspected cases (AR = 14%) and isolated Aeromonas hydrophila from three stools of 
15 cases. Students who ate in cafeteria A were more likely to be ill compared to those eating in other places (relative risk 
[RR]: 3.1, 95% confidence interval [CI]: 2.0–4.8). The cohort study implicated cold cucumber (RR: 2.6, 95% CI: 2.0–3.3) 
and houttuynia dishes (RR: 1.8, 95% CI: 1.4–2.3). Environmental investigation showed that vegetables were washed in 
polluted water from a tank close to the sewage ditch, then left at 30°C for two hours before serving. The Escherichia coli 
count of the tank was well above the standard for drinking water.

Conclusion:  This outbreak of Aeromonas hydrophila was most probably caused by salad ingredients washed in contaminated 
tank water. We recommended enhancing training of foodhandlers, ensuring tanks and sewerage systems comply with 
appropriate standards and adequate monitoring of drinking water sources.

On 12 May 2012, a college in Xingyi City, China 
notified the Guizhou Center for Disease Control 
and Prevention (CDC) of over 200 students 

sick with acute diarrhoea. The illness was reported as 
gastroenteritis-like with diarrhoea, abdominal pain, 
headache, vomiting and fever being common symptoms. 
An outbreak investigation was conducted to identify the 
agent, the mode of transmission and to recommend 
control measures. This paper describes the public health 
investigation.

METHODS

Cases

A suspected case was defined as any person in the 
college with two or more of the following symptoms: 
diarrhoea (more than three loose stools in 24 hours), 
abdominal pain, vomiting or fever (> 37.5°C) between 
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6 and 15 May 2012. A confirmed case was a suspected 
case with a positive Aeromonas hydrophila culture from 
a stool specimen.

Case-finding was conducted through outpatient 
and inpatient records from the school infirmary and 
county hospital. Student dormitories were visited 
and students interviewed to find further unreported 
cases. A structured questionnaire comprised questions 
about detailed food and water consumption for the 
three days preceding illness onset. Students, teachers 
and cafeteria staff were interviewed using the 
standardized questionnaire to identify illness and 
exposure details.

We were able to obtain computerized data 
that recorded meals served at college cafeterias by 
student name. Data were collected for all meals from 
6 to 11 May.
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RESULTS

Cases

There was a total of 349 suspected cases (AR = 14%). 
After diarrhoea, the main symptoms were abdominal 
pain (80%), headache (55%), vomiting (29%) and 
fever (18%); 14% of cases reported acute diarrhoea 
with blood and mucus. Median duration of illness was 
seven days (range: two to 18 days) with 40% having 
self-limiting symptoms. The first case’s onset date was 
8 May and cases continued until 15 May (Figure 1).

The ARs for students (14%) and cafeteria staff 
(21%) were much higher than that of teachers (1%). 
Boarding students had a significantly higher risk 
than those who were on graduation field work and 
did not live at the school (relative risk [RR] = 6.9, 
95% CI = 4.4–11). There were four dormitories (A, B, 
C and D) and ARs among dormitory A, B and C were 
higher than dormitory D. The AR among students who 
ate in cafeteria A was 64% compared to the 21% 
who ate in other places (RR: 3.1, 95% CI: 2.0–4.8). 
From analysis of the electronic cafeteria records, 
four meals were associated with illness: lunch on 8 May 
(RR: 1.8, 95% CI: 1.3–2.4); supper on 8 May (RR: 1.5, 
95% CI: 1.1–2.1); supper on 9 May (RR: 1.5, 95% CI: 
1.1–2.1); and supper on 10 May (RR: 1.5, 95% CI: 
1.1–2.1).

Cohort study

A retrospective cohort study was initiated to compare 
attack rates (AR) for dining place, meals and food 
history. We selected 40 dormitories by AR-stratified 
sampling. The cohort study population comprised the 
989 students that had lunch at the college on 8 May. 
We calculated relative risks (RR) with 95% confidence 
intervals (CI), comparing all foods consumed at that 
meal. We also calculated a chi-squared test for trend for 
the dose–response data for the cucumber salad.

Laboratory investigation

Faecal specimens were cultured at laboratories at 
Guizhou CDC. Food and environmental samples were 
tested at Xingyi CDC. The World Health Organization 
(WHO) definition of safe drinking-water, Escherichia coli 
not detectable in 100 ml of water,1 was used to assess 
the water.

Environmental investigation

Site visits were made to the suspected cafeteria and 
bottled-water factory to identify the possible sources and 
causes of contamination. The entire production process 
in the cafeteria, from the purchase of raw ingredients to 
preparation of implicated food, was thoroughly reviewed 
with management.

Figure 1. Epidemic curve by onset date and time, Aeromonas hydrophila outbreak, Guizhou Province, China, 
2012 (n = 349)
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villages and because interviews with the teachers found 
that although they drank bottled water at the college, 
they had a much lower morbidity (1%).

Environmental investigation of cafeteria A showed 
that when the supply of tap water in the kitchen 
stopped, a water tank was used for washing vegetables. 
The tank was located close to the sewage ditch of the 
cafeteria (< 10 cm) and there was a weep hole at the 
bottom of tank (Figure 2). Interviews with school staff 
identified that between 8 and 10 May the cafeteria 
stopped supplying tap water and that the sewage ditch 
was blocked on 8 May, resulting in the overflow of dirty 
water into the weep hole of the tank. Cafeteria staff then 
washed the vegetables for the cold dishes using water 
from the tank. The cold dishes were then left at 30°C for 
two hours before serving.

DISCUSSION

This serious outbreak of Aeromonas hydrophila was most 
likely caused by contaminated cold dishes. The possible 
source was contaminated water from the tank used for 
washing vegetables. The inappropriate food storage 
and display allowed for the reproduction of Aeromonas 
hydrophila.

Aeromonas hydrophila is a gram-negative 
facultatively anaerobic bacteria with an optimal growth 
temperature of 35%–37°C.2–4 The incubation period 
of Aeromonas hydrophila is typically 24–48 hours,2 
and the main symptoms are diarrhoea, gastroenteritis, 
abdominal pain, vomiting and fever. Duration of illness 
can range from three days to six months but can be self-

Cohort study

Questionnaire responses were returned for 902 (91%) 
students in the cohort study of all students who had 
lunch on 8 May at the college. We found that the cold 
cucumber dish made from Chinese cucumbers (RR: 2.6, 
95% CI: 2.0–3.3) and the cold houttuynia dish (a wild 
heartleaf vegetable that grows in the south-west of China 
[RR: 1.8, 95% CI: 1.4–2.3]) were associated with 
illness. Illness was not statistically significantly different 
among those exposed and not exposed to the other 
28 dishes (data not shown). The RR of the cucumber 
dish increased by 1.4 for each tablespoon consumed 
(P = 0.016, Table 1).

Laboratory fi ndings

We collected 15 stool specimens from 15 cases, of which 
three were culture positive for Aeromonas hydrophila 
and negative for all other common gastroenteritis 
agents, such as Salmonella, Shigella, Vibrio cholera, 
Vibrio parahemolyticus, Typhoid bacillus, Bacillus 
paratyphosus, Campylobacteria and toxigenic 
Escherichia coli.

The testing of the tank water showed that the 
Escherichia coli count was > 1600MPN/100ml, higher 
than the WHO standard.

Environmental fi ndings

Bottled water is the most common drink at the college. 
There were 300 bottles of water restocked between 
4 and 8 May, and the same batches were also restocked 
in 56 nearby villages. This bottled water was not 
considered a source of the outbreak as there were no 
increases in notifications of acute diarrhoea in these 

Table 1. Dose–response analysis of Chinese cucumber 
salad in an outbreak of Aeromonas hydrophila, 
Guizhou Province, China, May 2012

Tablespoons Sick Not sick AR (%) RR 95% CI

2 73 105 41.0 1.8 1.1–2.0

1 59 94 38.6 1.6 1.1–1.9

½ 39 102 27.7 Ref –

AR – attack rate, RR – rate ratio; CI – confidence interval.

Figure 2. The tank used to wash the vegetables in 
an outbreak of Aeromonas hydrophila, 
Guizhou Province, China, May 2012
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Gastroenteritis occurs frequently in summer, 
and nonstandard cold salad preparation and storage 
could make pathogens easy to spread and breed. This 
outbreak highlighted the importance of enhancing the 
training of kitchen staff on correct operations such as 
using clean water to wash vegetables and keeping food 
in cold storage before serving. Moreover, tanks and 
sewage ditches should comply with the Code for Design 
of Dietetic Buildings.13 The supervision department also 
should strengthen monitoring and sterilizing drinking-
water to guarantee food safety.
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