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SUMMARY

In December 2006 an outbreak of Campylobacter infection occurred in Forth Valley, Scotland,

affecting 48 people over a 3-week period. All cases dined at restaurant A. We conducted a cohort

study in a party of 30 who ate lunch at restaurant A on 21 December to identify the vehicle of

infection. Of 29 respondents, the attack rate in those who ate chicken liver pâté was 86% (6/7)

compared to 0% (0/22) for those who did not. Between 1 December and 1.30 p.m. on 21

December the restaurant had used a different method of cooking the pâté. No cases reported

dining at the restaurant after this time. The outbreak’s duration suggested a continuous source.

This is the first continuous source outbreak of Campylobacter documented in Scotland. Chicken

liver pâté was the most likely vehicle of infection. This outbreak illustrates the hazards associated

with undercooking Campylobacter-contaminated food.
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INTRODUCTION

Campylobacter is the most common laboratory-

identified cause of infectious intestinal disease in hu-

mans in Scotland. About 5000 cases are reported each

year, with an incidence in 2006 of 95.3/100 000 popu-

lation [1]. Despite its high incidence, only four out-

breaks were reported between 2002 and 2006, all

occurring in 2005.

Symptoms of campylobacteriosis include diar-

rhoea, bloody diarrhoea, vomiting, nausea and fever.

Occasionally infection leads to severe sequelae such as

Guillain–Barré syndrome and reactive arthritis. The

incubation period is usually between 2 and 4 days and

seldom outside the range of 1–7 days. Symptoms ty-

pically last from 1 day to 1 week but can persist for

much longer [2].

Consumption of contaminated water and food,

such as undercooked meats, and in particular under-

cooked poultry, is a common cause of infection in

humans. Vehicles including milk, fatty foods and

water may facilitate the transfer of the bacterium

through the gastric acid barrier and so allow some

infections to occur at a relatively low infectious dose

[2]. Continuous common-source outbreaks are usual-

ly associated with contaminated water supplies [3, 4].

Only one foodborne continuous common-source

outbreak of campylobacteriosis, due to the distri-

bution of contaminated chicken from a single poultry

producer, has been reported in the literature [5].
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Between 15 and 21 December 2006 Forth Valley

National Health Service Board (FV NHSB) received

four laboratory reports of cases of Campylobacter. As

per standard practice, environmental health officers

(EHOs) interviewed all cases using a standard sur-

veillance questionnaire. As all four cases had recently

eaten chicken liver pâté at restaurant A, part of a

chain of three restaurants in the area with a common

owner, EHOs reported the suspected outbreak to

the on-call Consultant in Public Health Medicine

(CPHM), who on 4 January 2007 convened an out-

break control team (OCT) to investigate and manage

the outbreak. The objectives of the outbreak investi-

gation were to describe the extent of the outbreak, to

identify its cause and to identify appropriate control

measures to help prevent further cases and similar

outbreaks in the future.

MATERIALS AND METHODS

Descriptive epidemiology

A probable case was defined as a person with at least

one of the following symptoms: diarrhoea (o3 loose

stools in 24 h), vomiting, stomach pains or bloody

stools, with a date of onset of illness after 1 December

2006, who had eaten at one of three restaurants in the

area with a common owner. A confirmed case was a

probable case who had Campylobacter cultured from

their stool.

The CPHM alerted general practitioners and acci-

dent and emergency units in the area to the outbreak.

The OCT ascertained additional cases through the

existing passive surveillance systems such as the

notification of food poisoning and the laboratory

reporting system for Campylobacter. Additional cases

self-reported to the local council. Some self-reported

cases also reported illness among their colleagues.

EHOs traced contacts of the self-reported cases.

EHOs compiled a list of all laboratory-reported

cases and took their food history using the standar-

dized surveillance questionnaire. A full food history

was not taken from self-reported cases or cases in-

dicated by them, however, they were asked if and

when they had dined at restaurant A. This was con-

ducted prior to the instigation of the outbreak inves-

tigation.

In the last 2 weeks of January EHOs telephoned all

the cases documented as being part of the outbreak

and not included in the subsequent analytical study

and obtained data on each case including: gender,

date of birth, date of visiting the restaurant, date of

onset of symptoms, whether they had submitted a

specimen, whether the specimen was positive and

whether they had consumed chicken liver pâté.

Analytical epidemiology

We conducted a retrospective cohort study among a

single party of 30 people who ate lunch at restaurant

A on 21 December and who reported illness in their

group, to test the hypothesis that chicken liver pâté

prepared at restaurant A was the outbreak’s vehicle

of infection. This party represented a convenient

well-defined cohort from whom it was relatively easy

to collect data and they were one of the most recent

groups reporting illness having dined at restaurant

A. The cohort did not include cases used in hypothesis

generation. EHOs interviewed the cohort between

5 and 22 January 2007 and collected information on

all menu items consumed at restaurant A using a

standardized questionnaire. EHOs asked all re-

spondents to submit a stool specimen for analysis if

they had not already done so.

Data analysis

We analysed data using EpiData Analysis (version

1.1 ; EpiData Association, Odense, Denmark) and

R (version 2.4.1; R Foundation for Statistical Com-

puting, Vienna, Austria). We calculated food specific

attack rates, relative risks (RR) and 95% confidence

intervals (CI). For those food items where the RR was

infinite and where EpiData Analysis could not calcu-

late a 95% CI, the 95% CI was calculated using the

Cox–Hinkley–Miettinen–Nurminen method [6]. We

conducted an adjustment by adding a value of 1 to

each cell in the 2r2 table to allow us to estimate the

RR for food items where no non-cases consumed

the food. We used Fisher’s exact test to determine

statistical significance.

Risk assessment

EHOs visited restaurant A twice between 19 and

21 December. On the second visit they observed that

the chicken liver pâté had a pinker appearance than

usual and questioned staff about the production

method. A sample of about 2 kg of pâté that was

being served at the restaurant on that day was taken

for microbiological culture. No other foods were

sampled.
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The pâté sample was sent to Glasgow Scientific

Services, where there was a 13-day delay before

culturing it. Thirty grams of pâté were cultured by

pre-enrichment in Bolton Broth under micro-

aerophilic conditions for 4 h at 37 xC followed by 44 h

at 41.5 xC and subsequent culture on solid selective

media under microaerophilic conditions at 41.5 xC for

48 h. Suspect colonies were confirmed using appro-

priate biochemical tests.

RESULTS

By 19 January 2007 a total of 48 cases were identified

(15 confirmed and 33 probable) (Fig. 1). Two of these

were hospitalized. There was a median of 2 days be-

tween onset of symptoms and dining at restaurant

A (range 0–9 days). Of the 48 cases, 38 (79%) were

female. Of the 32 cases for whom age was known, the

median age was 38 years (range 23–64 years). All

cases reported dining at the restaurant between 3 and

21 December 2006 and all reported consuming

chicken liver pâté. Using the chef’s estimate of about

53 portions of pâté having been served during this

period, the attack rate amongst those who consumed

pâté was 91% (48/53). This is, however, speculative

and cannot be verified. Eleven Christmas work parties

were affected by the outbreak accounting for 34 of the

cases. The attack rates for four parties were known

(10%, 20%, 21% and 32%).

The response rate for the cohort study was 97%

(29/30) including one confirmed and five probable

cases (attack rate 21%). The attack rate for females

(26.3%) was higher than for males (10%) (RR 2.63,

95% CI 0.4–17.0). The median age of the participants

was 39 years (range 20–58 years). One case did not

report their age. Of the remaining cases, the median

age was 31 years (range 22–47 years). All other data

collected was complete. Among cases the mean

duration of illness was 11 days (range 6–15 days),

however, two respondents were still symptomatic at

the time of interview.

The attack rate among those who ate pâté was

85.7% (6/7) compared to 0% (0/22) for those who did

not (RR O, 95% CI 4.9–O, P<0.0001) (Table 1). If

there had been a single case amongst those who did

not consume pâté the RR would have been 18.7 (95%

CI 2.7–131.2, P=0.0001). The attack rate was 100%

(2/2) among those who ate salmon compared to

14.8% (4/27) among those who did not (RR 6.8, 95%

CI 2.7–16.7, P=0.04). No other food items were as-

sociated with illness. We excluded food items that

were not eaten by the cohort.

Fifteen of 21 (71%) cases who submitted specimens

tested positive for Campylobacter. Campylobacter was

not cultured from the pâté. A new method of cooking

pâté was introduced on 1 December involving lightly

sautéing fresh chicken livers until coloured on the

outside followed by blending them with the other in-

gredients. The new method was instigated to produce

a pinker more aesthetically pleasing product. At

around 1.30 p.m. on 21 December the chef agreed to

remove the pâté from the menu, although pâté was

still served at lunch that day. No cases reported dining

at the restaurant after lunchtime on this date.

DISCUSSION

We report a continuous common-source outbreak

whereby the descriptive epidemiology, the obser-

vations made during the risk assessment and the re-

sults of the cohort study suggest that chicken liver

pâté was the most probable vehicle of infection.
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Fig. 1. Number of known confirmed ( ) and probable (%) cases of Campylobacter gastroenteritis associated with dining at
restaurant A (n=47), by date of onset of symptoms, December 2006, Forth Valley NHS Board, Scotland. X indicates a case
included in the cohort study (one case with missing information on date of onset not included).
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Changes made to its preparation on 1 December led

to the production of several undercooked batches that

resulted in an outbreak of campylobacteriosis that

affected 48 people between 3 December and lunchtime

on 21 December.

Our investigation had a number of limitations.

Chicken liver pâté was the only food item sampled

and Campylobacter was not successfully cultured

from it.

Campylobacter is sensitive to drying and oxygen,

although it survives well at temperatures as low as

4 xC [7]. A cross-section of the pâté, that included

material from the core, where lower oxygen levels

were expected, was cultured. A 13-day delay in pro-

cessing the sample, over the Christmas holidays, may

have adversely impacted on the potential to success-

fully cultureCampylobacter from it, despite its storage

under favourable conditions and despite the inclusion

of an enrichment step in the culturing procedure.

Only one of four listed symptoms of campylo-

bacteriosis was needed to meet the probable case

definition. This may have resulted in the misclassi-

fication of non-cases as cases. However, all but five

cases reported two or more symptoms of infection

including all cases in the cohort study.

EHOs took a full food history from all laboratory-

confirmed cases, however, when they interviewed

probable cases as part of the descriptive study, they

specifically enquired about the consumption of pâté,

possibly leading to a biased response and over-

reporting of pâté consumption. The use of different

subjects in the cohort study, which sought infor-

mation on all menu items, ensured that bias during

hypothesis testing was minimized. However, as mem-

bers of the cohort were not interviewed until 2–3

weeks after dining at the restaurant, poor recall may

have limited the accuracy of response.

Since the outbreak appeared to be over by the time

the analytical investigation was instigated, a small

cohort study with a single party of diners was con-

sidered to be the best use of resources. This limited

statistical power and included only a fraction of the

cases documented in the outbreak. Despite this a

statistically significant higher attack rate was detected

among those who ate pâté compared to those who

did not.

Table 1. Food specific attack rates (AR), relative risks (RR), 95% confidence intervals (CI) and Fisher’s

exact test P values, outbreak of Campylobacter, restaurant A, Scotland, December 2006

Food

Food eaten Food not eaten

RR 95% CI
Fisher’s exact
test P valueCases Total AR (%) Cases Total AR (%)

Chicken liver pâté 6 7 85.7 0 22 0 O 4.9–O <0.0001
Chicken liver pâté* 7 8 87.5 1 23 4.3 18.7 2.7–131.2 0.0001

Salmon 2 2 100.0 4 27 14.8 6.8 2.7–16.7 0.0369
Cherry &
almond tart

3 10 30.0 3 19 15.8 1.9 0.5–7.8 0.6328

Tiramisu 2 7 28.6 4 22 18.2 1.6 0.4–6.8 0.6199
Christmas pudding 1 5 20.0 5 24 20.8 1.0 0.1–6.5 1.0000
Turkey 3 15 20.0 3 14 21.4 0.9 0.22–3.9 1.0000

Steak 1 6 16.7 5 23 21.7 0.8 0.1–5.4 1.0000
Cheese board 0 4 0.0 6 25 24.0 0.0 0.0–2.5 0.5526
Chicken 0 2 0.0 6 27 22.2 0.0 0.0–4.0 1.0000
French onion

soup

0 1 0.0 6 28 21.4 0.0 0.0–5.3 1.0000

Fried rice 0 1 0.0 6 28 21.4 0.0 0.0–5.3 1.0000
Melon 0 7 0.0 6 22 27.3 0.0 0.0–1.5 0.2885

Mushroom & ham
croquette

0 5 0.0 6 24 25.0 0.0 0.0–2.1 0.5526

Risotto 0 3 0.0 6 26 23.1 0.0 0.0–3.1 1.0000

Salmon &
prawns

0 5 0.0 6 24 25.0 0.0 0.0–2.1 0.5526

Soup of the
day

0 3 0.0 6 26 23.1 0.0 0.0–3.1 1.0000

* Adjusted analysis.
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The attack rate and RR for salmon was also high,

however, the only two people who ate salmon also ate

pâté making it impossible to conduct a stratified

analysis. We consider the association between eating

salmon and illness to be due to confounding for

several reasons. Salmon is not commonly contami-

nated with Campylobacter and although its high fat

content makes it a plausible vehicle of infection, it is

rarely cited as such. Moreover, Campylobacter would

have been destroyed during cooking, although cross-

contamination following cooking is a possibility.

Last, if salmon were the only vehicle of infection,

the four cases who did not eat salmon could not be

explained.

Campylobacter has been found in over 75% of raw

chicken on sale in Scotland [8]. As chicken liver pâté

is a fatty food, it may favour the passage of

Campylobacter through the gastric acid barrier [2].

The survival of even small numbers of Campylobacter

in the pâté would be sufficient to cause illness.

Campylobacter can infect both the external and in-

ternal tissue of chicken livers [9, 10]. One study re-

ported the isolation of Campylobacter from 26% of

surface-sterilized livers [9], while another reported its

isolation from 100% of chicken liver surfaces and,

following surface sterilization, 90% of interiors, at

densities of up to>104 MPN (most probable number)

per liver [10]. The authors demonstrated that

inactivation of Campylobacter is proportional to

cooking time. With pan-frying, core temperatures

stabilized at 70–80 xC after 2.5 min and Campylo-

bacter was not completely inactivated until after

5 min. Livers remained bloody until after 3 min of

cooking time and remained pink until 5 min, after

which time they turned grey.

It is likely that the new recipe employed at res-

taurant A did not ensure sufficiently high internal

temperatures to kill all the Campylobacter, particu-

larly if the livers were heavily contaminated.

This is the first foodborne continuous common-

source outbreak of campylobacteriosis reported in

Scotland since the instigation of the current national

infectious intestinal disease surveillance system in

1996. It highlights the importance of the risk assess-

ment in terms of population health protection. Early

identification of unsafe cooking practices, in premises

where the overall standard of hygiene was high, led

to the implementation of control measures that pre-

vented further cases and successfully limited the

outbreak prior to the instigation of the analytical

epidemiological investigation.

Following this outbreak the following re-

commendations were made: chicken liver pâté should

be produced using a method that guarantees a prod-

uct that is consistently cooked throughout, such as

blending all ingredients followed by oven baking to a

minimum core temperature of 75 xC; changes to re-

cipes should be accompanied by a reassessment of the

hazards and implementation of the necessary controls

to ensure a safe product.
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