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SUMMARY

The concomitant occurrence of a case of haemolytic–uraemic syndrome (HUS) and 62 cases of

mild gastroenteritis in schools of a small rural community in southern Italy induced the health

authorities to suspect a foodborne outbreak of shiga-toxin-producing Escherichia coli (STEC)

infection. The schools were closed and the catering service involved was investigated. However,

STEC were not isolated from the HUS case or from the 56 cases of gastroenteritis examined, and

the HUS case and the outbreak of gastroenteritis were probably just coincidental. A retrospective

cohort study failed to show any correlation with consumption of school meals and suggested that

the outbreak probably started outside the school setting and then spread within the schools by

person-to-person transmission. All the cases examined were negative for common enteric

pathogens and the responsible agent for the cases of gastroenteritis was not identified. The

concern raised in the small community by the occurrence of a severe case of HUS and the lack of

a rapid epidemiological assessment excluding the occurrence of a STEC outbreak, turned an

epidemic episode of mild gastroenteritis into a public health emergency with relevant

socioeconomic consequences. Prompt intervention in outbreaks following timely and effective risk

communication are crucial for taking the most appropriate control measures and avoiding the

spread of fear and panic in the community.

INTRODUCTION

The haemolytic–uraemic syndrome (HUS) is the

most common cause of acute renal failure in children

and is also characterized by thrombocytopaenia, and

microangiopathic haemolytic anaemia [1]. More than

80% of HUS cases occur as a complication of intes-

tinal infections with shiga-toxin (ST)-producing

Escherichia coli (STEC) [2–4].

STEC are zoonotic pathogens and represent

an important cause of diarrhoea and bloody diar-

rhoea worldwide [3, 5]. The most important reservoir

of these pathogens is the gastrointestinal tract of

ruminants, mainly cattle, and the agent can be trans-

mitted to humans via contaminated meat products,

unpasteurized milk and other foods or beverages,

direct contact with animals, or contamination of the

environment [3, 6, 7]. Person-to-person transmission

is frequent, because of the high potential of trans-

mission and the low infectious dose [3].

In Italy, a surveillance system for paediatric HUS

coordinated by the Istituto Superiore di Sanità (ISS)
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and the ‘Bambino Gesù ’ Paediatric Hospital in Rome

has been active since 1988. The system involves most

Italian paediatric nephrology units, which notify

HUS cases and collect samples for laboratory diag-

nosis of STEC infection, carried out at the ISS.

Between 1988 and 2000, the surveillance system has

observed 342 cases of HUS, 73% of which were

shown to be associated with STEC infection [8].

In this paper we report the investigations carried

out on a case of HUS associated with a concomitant

outbreak of mild gastroenteritis involving school

children and their relatives in a small rural community

in southern Italy. The possible links between these

events and their public health and socioeconomic

impact are evaluated and discussed.

METHODS

Background

On 30 October 2001, a case of HUS in a 3-year-old

child residing in the municipality of Drapia, Calabria

region, southern Italy, was notified to the ISS. The

child developed diarrhoea with acute abdominal pain

on 26 October and was administered oral neomycin

and bacitracin. Diarrhoea became bloody on 27

October and on 28 October she was admitted to the

local hospital. On 29 October she developed renal

failure and anuria, and was transferred to the

‘Ospedale Bambino Gesù ’ Paediatric Hospital in

Rome, where she underwent dialysis and surgery for

intestinal perforation. The parents’ interview carried

out on 4 November and preliminary contact with

local health authorities on 5 November revealed that,

in the same period of time, many cases of gastro-

enteritis had occurred among children attending the

nursery and primary schools of the area, which had

been closed on 31 October together with the catering

service which provided the meals to the schools. Since

the HUS case had prodromal haemorrhagic colitis

and had eaten hamburgers in the school cafeteria on

25 October, an outbreak of STEC infection was sus-

pected. On 6 November, the Regional Health

Authority requested the collaboration of the ISS.

Information concerning the situation in the affected

municipality and the seriousness of the condition of

other sick people were not available when the inves-

tigation started.

Settings

The municipality of Drapia is constituted of three

small neighbouring rural villages, identified as A, B

and C, with a total population ofy2200 people. Each

village has a school district including a nursery for

children between 3 and 5 years of age and a primary

school with children aged from 6 to 11 years.

Nurseries and primary schools were served by the

same catering service, which also served other cafe-

terias in the area. The caterer delivered meals in

refrigerated boxes to the school kitchen, located in

one of the nurseries. Meals were warmed up in the

kitchen and distributed to all the schools by car within

30 min. The daily menu was the same in all the school

districts.

Epidemiological investigation

Preliminary information was collected by interview-

ing the local family paediatrician and the school per-

sonnel on 7 November. Then a retrospective cohort

study on children and staff members attending the six

schools was carried out from 7 to 9 November. We

tested several case definitions. However, since most

children complained of mild symptoms and a more

strict case definition would have left only a few cases,

a case of gastroenteritis was defined as the occurrence

of vomiting and/or diarrhoea, and/or abdominal

pain. Diarrhoea was defined as the passing of two or

more liquid or semi-liquid stools per day. A standard

questionnaire was administered to collect information

on clinical features, frequency of meal consumption at

the school cafeteria and food items consumed,

attendance at children’s parties or other recreational

activities, exposure to known risk factors for STEC

infection such as living close to cattle or sheep dairy

operations, raw milk consumption, using well water,

having a garden where vegetables for home con-

sumption were grown [7].

Because of the involvement of children, the ques-

tionnaires were administered to their parents, who

also provided information on other household mem-

bers with clinical signs suggestive of gastroenteritis.

Sample collection

Samples of minced meat were collected on 2

November at the butchery that supplied the meat to

the catering service. Stool and serum samples were

collected from the child with HUS at 5, 15, and 25

days after onset of intestinal symptoms. Faecal and

serum specimens were also collected between 6 and 8

November from 56 gastroenteritis cases (41 children

and 15 adults). The median interval between onset of
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symptoms and sample collection was 11 days (range

4–19 days). Each stool specimen was split : some was

stored at x20 xC and sent to ISS for examination for

the presence of STEC and Norovirus, and the rest was

examined for common enteric pathogens at the

laboratory of the local hospital within 24 h from

collection.

Laboratory investigations

Stools were examined for the presence of free faecal

VT by the Vero cell cytotoxicity assay [9] and streaked

onto MacConkey agar for STEC isolation. STEC

strains were identified by testing colony sweeps for VT

production by Vero cells [9] and for the presence of

VT genes by PCR amplification [10]. Salmonella,

shigella, and campylobacter were sought by standard

methods. Search for noroviruses was performed on 26

stool samples by RT–PCR using generic primers

JV12I and JV13Y [11], and primers SR80 and JV33

were used in a Sapovirus-specific RT–PCR [12].

Serum samples were tested for antibodies to the lipo-

polysaccharide (LPS) of five major STEC serogroups

(O157, O26, O103, O111, and O145) by ELISA, as

previously described [9, 13, 14]. Minced meat samples

were examined for E. coli O157 by using an O157-

specific immunomagnetic separation enrichment

technique [10]. Supernatants of pre-enrichment broth

cultures were also examined for the presence of VT by

the Vero cell assay [9].

Data analysis

The questionnaires were entered in an Epi-Info ver-

sion 6.04 b database (Centers for Disease Control and

Prevention, Atlanta, GA, USA), univariate analysis

with odds ratio (OR) and 95% confidence interval

(CI) calculation was carried out with the same

software. Outcomes that provided statistically sig-

nificant association in the univariate analysis were

included in a multivariate model, run by a backward

deletion procedure with SPSS version 9.0 (SPSS Inc.,

Chicago, IL, USA).

RESULTS

Descriptive epidemiology

Questionnaires were collected from all the 42 school

teachers and assistants and from 139 out of the 188

children attending the three school districts. Sixty-two

cases were identified; eight of them were among the

school personnel (median age 42 years) and 54 were

children (median age 5 years). The rate of illness

among the school personnel was significantly lower

than among children (19.0% vs. 38.8%; RR=0.5,

P=0.02). The overall attack rate in the schools was

34.2%, but it was significantly higher in district A

(57.1%), where most of the cases (34 children and 6

adults) occurred (Table 1). Also a decreasing trend

from the schools of village A to those of village C was

observed. The attack rate in the nursery schools was

significantly higher than in the primary schools

(43.4% vs. 26.8%, P<0.01). No pattern of illness

among the school personnel by school was observed.

An additional 32 cases, 10 children and 22 adults,

were identified among the household contacts of 19

children with gastroenteritis (35.2%) and three chil-

dren without symptoms (3.5%). Twenty-five out of 32

were contacts of children attending district A schools.

In 14 of the 26 household cases for whom information

was available the onset of symptoms occurred before

or on the same day as in the school child. Cases

occurred between 15 October and 8 November, with a

peak (22 cases) on 26 October (Fig.). The clinical

features included abdominal pain (75.5%), diarrhoea

Table 1. Attack rates of gastroenteritis observed in the nursery and primary schools of the three villages in the

municipality of Drapia, Calabria, southern Italy, October–November, 2001

Village

No.

of subjects

No.

of cases

Attack

rate (%) RR (95% CI)*

Nursery schools A 32 24 75.0 5.7 (2.0–16.8)
B 14 5 35.7 2.7 (0.8–9.7)
C 23 3 13.0 1

Primary schools A 38 16 42.1 3.2 (1.0–9.9)
B 26 5 19.2 1.5 (0.4–5.5)
C 48 9 18.8 1.4 (0.4–4.8)

* RR (95% CI) indicates the point value of the relative risk (RR), and the lower and the upper limits of the 95% confidence

interval (95% CI).
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(57.4%), vomiting (34.0%), and fever (27.7%). The

symptoms were generally mild and in y50% of cases

lasted 1 day only. Two children needed hospitaliza-

tion: one was the HUS case and the other one was a

child admitted to the emergency room of the local

hospital on 25 October with acute abdominal pain,

but discharged after a few hours.

Analytical epidemiology

Food exposures at school

Among the 181 school personnel and children, 22

usually did not consume food served at the school

cafeteria, but brought their meals from home. Five of

them (22.7%) were cases, against 57 out of the 159

who usually consumed the school meals (35.8%,

P=0.22). Moreover, none of the food items served at

the cafeteria from 22 to 26 October was statistically

associated with cases.

Other exposures

ORs and 95% CIs were estimated for possible risk

factors outside the school. Among the 181 subjects

who attended the schools, significant association was

observed for having household contacts with symp-

toms, attendance at children’s parties on 20 and/or 23

October in districts C and A respectively, living close

to cattle or sheep dairy operations, habitual consump-

tion of raw milk, having a garden where vegetables

for home consumption were grown (Table 2). When

the OR were adjusted for significant predictors, only

residence in district A, and having household contacts

with symptoms remained significant (Table 2).

Attending children’s parties also maintained a high

OR, but did not reach a level of statistical significance.

In particular, known risk factors for STEC infection,

e.g. the possible contact with ruminants and their

manure or the habit of raw milk consumption were

not independently associated with illness.

Microbiological results

Neither microbiological nor serological evidences of

STEC infection were observed for the child with

HUS. Stool and serum samples from her parents were

also negative. Among the 56 cases with gastroenteritis

examined, two had free VT2 in the stool but no STEC

strains could be isolated. Examination of sera for LPS

antibodies showed the presence of antibodies against

E. coli O145 in two subjects, one of whom was also

positive for free VT. One of the three children with

evidence of STEC infection was the one admitted

to hospital with acute abdominal pain; the other

two had mild diarrhoea only. All the stool specimens

were negative for salmonella, shigella, campylobacter

and other common enteric pathogens. Search of

Norovirus and Sapovirus RNA yielded negative

results for all the 26 cases examined. Neither E. coli

O157 nor other STEC were detected in the samples of

minced meat.

DISCUSSION

The epidemiological investigation of a case of HUS

revealed the concomitant occurrence of an outbreak

of mild gastroenteritis in a small rural community,

involving at least 94 people during a period of y3

weeks. Outbreaks of STEC-associated gastroenteritis

in the community are often detected by the occurrence

of cases of HUS [15, 16] but in this case several evi-

dences suggest that the HUS case and the outbreak of

gastroenteritis were not directly related. The presence

of severe haemorrhagic colitis in the HUS case

strongly suggests that this was due to a STEC infec-

tion, despite the negative laboratory results. Stool

examination could have been affected by the previous

antimicrobial therapy administered to the child. As

for the serological analyses, the patient may have had

an infection due to a STEC strain belonging to a sero-

group that was not included in the LPS panel used in

this study. Moreover, it is possible that patients with
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STEC infection do not have a serological response

[17, 18]. Conversely, the possibility that the cases of

uncomplicated gastroenteritis were due to STEC

infection is unlikely, due to the very mild symptoms

they complained of [19]. Laboratory evidence of

STEC infection was obtained in three of the 46 cases

examined with gastroenteritis, but no obvious epide-

miological link among the three cases and between

them and the HUS case was found. Two of these

children, as well as the child with HUS, belonged to

families of dairy farmers and contact with the farming

environment is a well known risk factor for acquiring

STEC infections [7, 20–22]. On the other hand,

asymptomatic STEC infections have been frequently

described among farm residents, who often develop

immunity, probably due to recurrent exposure to less

virulent strains [23, 24]. The multivariate analysis of

exposure variables showed that risk factors for STEC

infection, e.g. living close to cattle or sheep dairy

operations, habit of raw milk consumption, and hav-

ing a garden where vegetables for home consumption

were grown, were not independently associated with

illness, and this makes less likely a role of STEC as a

causal agent of this outbreak.

The involvement of other enteric pathogens could

not be demonstrated. All the specimens were negative

for common enteric pathogens like salmonella, shi-

gella, campylobacter and Norovirus, even if the long

interval between onset of symptoms and stool sample

collection (median 11 days, range 4–19 days) could

have affected the laboratory results. The involvement

of food poisoning agents such as Clostridium perfrin-

gens, Bacillus cereus and Staphylococcus aureus seems

unlikely because of the lack of association with food

consumption; moreover, the high rate of cases with

household contacts with symptoms suggests that

person-to-person transmission had a role in the

spread of the infection. Based on the frequency

distribution of symptoms and the duration of illness,

a comparison with other known causes of foodborne

outbreaks [25] might suggest the involvement of

Norovirus, even if the diagnostic assay attempted on

a limited number of samples proved negative. On

the other hand, the aetiology of a considerable

proportion of sporadic and epidemic episodes of

gastroenteritis remains unknown in many published

studies [25–27].

As far as the source of the outbreak is concerned,

the occurrence of a large number of cases in the

schools between 25 and 27 October led the local

health authorities to suspect a point source of infec-

tion, probably foodborne. This suspicion, together

with the concern raised from the severe clinical con-

ditions of the HUS case, prompted the authorities to

close the schools and enquire into the catering service.

However, the epidemiological investigation showed

that : (i) the attack rate was significantly higher in the

schools of district A, despite the same food being

served in all the schools ; (ii) no significant difference

was observed between subjects who consumed food

served at the school cafeteria and those who brought

their meals from home; (iii) no food item served at the

cafeteria was statistically associated with cases.

Conversely, case finding showed that the outbreak

probably started several days before the epidemic

peak, with y50% of early cases outside the school

setting. As a whole, these evidences suggest that the

outbreak started in the community. The causative

agent could have been carried into the schools by

infected subjects and then spread with a person-

to-person transmission mechanism, until the number

of children with diarrhoea and/or vomiting at-

tending school became high enough to cause the

epidemic peak. The hypothesis of a major role of

Table 2. Crude and adjusted (logistic regression) odds ratios (OR) and 95% confidence interval (95% CI) for

significant exposure variables and outcome variables

Crude

OR 95% CI

Adjusted

OR 95% CI

Having relatives with symptoms 8.7 4.1–18.6 7.5 3.3–16.9
Living in village A area 6.6 2.8–15.5 5.7 2.4–13.3
Attending children’s parties on 20 and/or 23 October* 6.1 1.8–22.5 2.9 0.8–10.7

Raw milk consumption 4.1 1.0–17.2 0.8 0.1–5.0
Living close to cattle or sheep dairy operations 2.1 1.0–4.5 1.5 0.6–3.8
Having a garden where vegetables for home consumption

were grown

1.8 1.0–3.1 1.4 0.6–2.9

* Parties were held in districts C and A respectively.
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person-to-person transmission is supported by: (i) the

high rate (35.8%) of cases with household contacts

with gastroenteritis ; (ii) the association with attending

children’s parties outside the schools ; (iii) the obser-

vation of a significantly higher attack rate among

children in the nursery schools, among whom trans-

mission of pathogens by the oral–faecal route is par-

ticularly frequent [28, 29].

In conclusion, the concern raised in a small com-

munity by a severe case of HUS and the potential

occurrence of additional cases turned an epidemic

episode of mild gastroenteritis, that otherwise would

have been barely detected, into a public health

emergency. This had relevant social and economic

consequences, such as the closure of schools for 2

weeks and their thorough sanitization, and the charge

of the catering service. These decisions were made

before undertaking a correct epidemiological investi-

gation. The local authorities could have performed a

rapid epidemiological assessment to evaluate whether

the interventions were indeed needed considering that :

(i) the very mild symptoms complained of by almost

all the cases were not compatible with the clinical

manifestation usually associated with outbreaks of

STEC infection; (ii) a foodborne point source of in-

fection was unlikely, due to the very different attack

rates between schools and the occurrence of disease

among children bringing their meals from home and

the many household contacts. Such a rapid epide-

miological assessment together with a more effective

risk communication effort might have been the best

strategy for minimizing the public anxiety that

accompanied this outbreak and for deciding more

appropriate interventions. Unfortunately, this ap-

proach was not adopted, mainly due to an insufficient

knowledge of the characteristics of STEC outbreaks,

which are relatively uncommon in Italy [8, 26].

This experience strengthens the importance of a

prompt intervention in outbreak settings for: (i) in-

creasing the likelihood of detecting both the causative

agent and the source of the outbreak; (ii) reassuring

the population about the real risk they are exposed to;

(iii) taking the most appropriate measures to stop the

outbreak.
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