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Summary
QUESTIONS UNDER STUDY/PRINCIPLES: Gathering
patient information to contain an outbreak of Listeria
monocytogenes is difficult because of the patients’ severe
illness or death. Extending the range of interviewees to acquire epidemiological data can thus be important to maximise information.
METHODS: We built the current analysis on a case-case
outbreak investigation conducted during a Swiss listeriosis
outbreak between 30 January and 11 May 2014, including
31 patients with confirmed L. monocytogenes infection. We
interviewed treating physicians and patients or their next of
kin to gather information on clinical aspects, eating habits
and food consumption. We compared the different information sources with regards to their potential to provide specific, complete and rapid information on the affected population and their food consumption history.
RESULTS: We obtained a 100% response rate among
physicians, providing detailed information on the affected
population by describing health status, underlying conditions, and signs and symptoms. Detailed information on
food history could not be obtained from physicians, making
the information vague and unspecific. Less than 50% of patients could be interviewed, limiting our information base.
Nevertheless, patient information on the food history was
sufficiently detailed and helped to identify the outbreak
source.
CONCLUSIONS: outbreak investigation teams confronted
with limited information from patients and with small numbers of cases can enhance information on the affected population and the outbreak source by combining information
from physicians and patients. Physicians provided comprehensive information on signs and symptoms, underlying
conditions and the general health status. Patients remain vi-
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tal to provide detailed information on the food consumption history.
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Introduction
Epidemiological investigations of foodborne outbreaks require rapid, valid, specific and complete information on
the affected population and their food consumption history.
Typically, this information is collected directly from patients or their next of kin. In outbreaks that are characterised by severe infections, critical health status or high mortalities, such as listeriosis [1–3], this can be a challenge.
In such outbreaks the exploration of additional information
sources is indicated [1, 4].
Listeria monocytogenes is a facultative anaerobic, Grampositive bacillus that can cause listeriosis, a severe human
disease, especially in patients with an impaired immune
system [5]. The bacteria can contaminate a range of foods,
such as meat and vegetables, unpasteurised milk products
and cooked or processed food, including certain soft
cheeses or ready-to-eat meats, and raw or smoked seafood
[3, 6–8]. In 2002, a laboratory analysis of ready-to-eat
foods in Switzerland identified the pathogen in 67 items,
most commonly in raw meat cured sausages, smoked fishes
and semi-hard cheeses [9]. L. monocytogenes is robust to
low and high temperatures, making contamination after
cooking and before packaging a common problem.
Immunocompetent people may be symptom-free or experience acute febrile gastroenteritis after infection with L.
monocytogenes. At highest risk of listeriosis are immunocompromised individuals, the elderly, pregnant women
and their unborn babies, and neonates. In those vulnerable
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individuals, listeriosis can cause severe to life-threatening conditions, including sepsis, meningitis or encephalitis.
Pregnant women may experience spontaneous abortions,
stillbirths or preterm births [3, 10, 11]. Most symptomatic listeriosis patients are hospitalised and the case-fatality
rate is high (averaging 20–30%) compared with other foodborne illnesses [5, 12]. Incubation periods vary depending
on the clinical manifestations [13] and range between 3 and
70 days, with a typical onset of symptoms after 2–3 weeks
[5].
Between 29 October 2013 and 23 April 2014 the Federal
Office of Public Health (FOPH) in Switzerland registered a
nationwide outbreak of L. monocytogenes serotype 4b, belonging to a single distinct pulsed-field gel electrophoresis (PFGE) pulsotype [14]. There was no hypothesis on the
outbreak source.
The FOPH initiated an epidemiological investigation with
the aim to identify the outbreak source. The epidemiological outbreak investigation identified pre-cut, ready-to-eat
green salads, purchased from one retail chain in Switzerland, as the likely source. In parallel, self-reporting of a
wholesale, salad-producing company with the cantonal authority led to a laboratory investigation and the analysis
identified the same product as the source for the observed
increase in listeriosis cases [14].
Here, we use the data collected during the epidemiological
investigation of the Swiss listeriosis outbreak for a complementary analysis to describe the importance of the quality
and timeliness of obtained information, and conformities
and differences between information given by the treating
physicians and patient-reported data. Further, we discuss
the added value of physician interviews, lessons learnt and
the implications for future outbreak investigations.

Methods
Epidemiological outbreak investigation and case
definition
A multi-method outbreak investigation was launched in
January 2014 entailing (1) laboratory investigations, comprising microbiological analysis of product and environmental samples from food production companies and (2)
an epidemiological investigation including interviews with

Figure 1
Participation of patients with confirmed L. monocytogenes infection
and their treating physicians in the epidemiological outbreak
investigation, Switzerland, 30 January to 11 May 2014.
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treating physicians and patients and/or their next of kin.
Detailed findings on the outbreak source have been published [14].
The epidemiological outbreak investigation was designed
as a prospective case-case comparison of laboratory confirmed L. monocytogenes cases. The samples were then
classified as outbreak-cases if confirmed with the outbreak
pulsotype, or as control cases, if the pulsotype differed
from the outbreak strain. The latter analysis was done by
the National Centre for Enteropathogenic Bacteria and Listeria (NENT) using pulsed-field gel electrophoresis.
Sample
Patients reported to the National Notification System for
Infectious Diseases of the FOPH were enrolled. The investigation included all patients with confirmed L. monocytogenes reported between 30 January and 11 May 2014, and
their treating physicians.
Data collection and questionnaires
The FOPH informed the treating physicians by letter about
the outbreak and the on-going epidemiological investigation. A physician of the outbreak investigation team then
contacted the treating physicians and carried out a telephone interview of approximately 15 minutes. The interview was based on a structured questionnaire covering the
following topics: underlying diseases and risk factors, regular medication, symptoms and the suspected source of the
L. monocytogenes infection.
Patients were informed by letter of the FOPH and afterwards contacted by the outbreak investigation team by telephone, whereby consent for participation was sought. Upon
consent, patients were visited for face-to-face interviews
using a structured questionnaire. Interviews were conducted with the patient or, if not possible, carried out as proxy
interviews with the next of kin. Questions on the disease,
signs and symptoms, activities, consumer behaviours, eating habits and food history in the 4 weeks prior to illness
were asked. Questions on food history were structured in
“food groups” (e.g. “cheeses”), sub-groups (e.g. “soft
cheeses”), and finally individual “foods” (e.g. “camembert”), with respective skip patterns. Patients indicated
their food consumption in categories of certainty and regularity for the past 4 weeks (i.e. either they specifically
remembered or they eat the food regularly). Patients who
denied consuming the food or who were unsure when
replying, were explicitly asked if they ‘never’ consume or
‘don’t know’ the food item. (The full questionnaire can be
requested from the corresponding author.) Interviews were
predominantly conducted in hospitals because of the hospitalisation of most patients and lasted between 40 minutes
and almost 2 hours (median 1:25 hours). Throughout the
investigation period, patients, interviewers and investigators had no hypothesis or knowledge about the outbreak
source.
Analysis
For the initial source identification we conducted a casecase comparison of outbreak and control cases [14]. For the
purpose of the current complementary analysis, we compared the information obtained from patients with that of
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their treating physicians. We analysed which information
source provided specific and complete information in a
rapid manner on the affected population and their food consumption history and described which information would
not be available if treating physicians had not been asked.
As a result of the small case numbers, statistics are mainly
descriptive.
Legal basis for epidemiological outbreak investigation
The Swiss Epidemics Act (SR 818.101 EpG) and the Reporting Ordinance (SR 818.141.1) provide the ethical and
legal basis for this outbreak investigation. Article 9 of the
Reporting Ordinance obliges physicians to provide information to the outbreak investigation team, though we emphasised that participation was voluntary. Patients were
asked for their oral informed consent before conducting the
interview.

Results
Sample composition
The sample consisted of 31 patients with confirmed L.
monocytogenes. As shown in table 1, 52% of patients were
female. The median age was 67 years (range 7–94 years),
with only one patient being a child of 7 years, 29% being
between 18 and 59 years of age, another 32% being
between 60 and 79 years and 36% being 80 years or older.
Availability and completeness of information obtained
from physicians and patients or their next of kin
All treating physicians of the 31 included listeriosis patients could be contacted and were available for interviews.
With 14 physicians we carried out interviews at first contact. In other cases, we agreed on an interview date, usually
on the same day or within 24 hours after initial contact.
Only one interview was conducted 4 days after the initial
contact. All physicians completed the entire questionnaire.
We contacted 22 of the 31 listeriosis patients or their next
of kin. Reasons for non-contacts with patients or their next
of kin were: patients deceased or lived abroad, their health
status did not allow interviewing or their contact details
were unavailable.
On average, 2.5 contacts were necessary to reach the respective person or their next of kin. Of those contacted, 16
agreed to an interview. Reasons for not receiving information from patients after initial contact included refusals,
failure of follow-up or death. The median time between initial contact and interviews was 2 days (range 1–7 days).
Fifteen of the 16 patients or their next of kin completed the
entire interview. One interview was discontinued because
of exhaustion of the patient. In two situations the patient
and their next of kin were interviewed jointly. For two patients only the next of kin could be interviewed. The 52%
of patients who were unable to participate, refused participation or discontinued the interview were slightly older than
those participating and affected by more severe and often
multiple underlying conditions (table 1).
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Severity of listeriosis and underlying conditions of
patients
The information gained from physicians revealed that 71%
(n = 22) of patients were affected by at least one immunosuppressing disease or were pregnant. Patients were most
often affected by tumours (e.g. prostate carcinoma, lung tumours; 39%, n = 12), diabetes (type 1 or 2; 16%, n = 5) and
autoimmune disorders (e.g. of rheumatological, renal, dermatological, neurological nature; 13%, n = 4).
Of the 31 patients, 29% (n = 9) were not diagnosed with
an immunosuppressing condition, though we consider that
77% (n = 7) of these patients had an impaired immune system because of their age (≥60 years). Hence, accounting for
disease, pregnancy and age, we assume that at the time of
infection, 94% (n = 29) listeriosis patients were immunocompromised.
All except one patient were hospitalised, 57% (n = 17) because of listeriosis, 23% (n = 7) because of listeriosis and
an underlying disease or pregnancy, and 20% (n = 6) only
because of the underlying disease. On a 1–10 rating scale,
physicians rated the general health status of patients at admission into hospital or first consultation with a median
rank of 5 (range: 2–9), where a rating of 10 indicates a very
good health status.
Signs and symptoms associated with listeriosis cases
Information from treating physicians on the total sample
revealed that fever/chills were followed by abdominal pain/
cramps and limited vigilance and by vomiting and other
neurological symptoms (table 2). One of the 31 patients
had no symptoms and the infection was only coincidently
detected during routine tests.
In the sub-sample of the 15 interviewed patients, physicians mentioned also fever/chills as the most frequently occurring symptoms followed by headaches, other neurological symptoms and other organ manifestations. In comparison, interviewed patients most frequently reported fever/
chills, neurological symptoms (e.g. anisocoria, aphasia,
and facial nerve paralysis), vomiting, diarrhoea and other
symptoms (e.g. pleural effusion, tachycardia, ascites,
sepsis).
Data on food consumption behaviour collected from
physicians and patients
Treating physicians focused on cheeses and raw milk
products when asking their patients about the potential
source of infection. Other foods or habits that were mentioned included: “fresh foods”, fondue chinoise, salami,
broad-leaved garlic pesto and sausages, seafood, smoked
fish, vegetables and bean salad. Overall the physicians’
questioning on food consumption appeared unstructured.
For 12 (39%) patients, physicians could not extract information about a potential exposure source, either because: (1)
physicians were unable to interact with patients owing to
the patient’s health status, (2) physicians did not (yet) conduct food history taking, or (3) no risk food items or exposures could be identified.
Food history taking with patients by face-to-face interviews led to a more comprehensive and detailed picture
of food consumption than the interviews with physicians,
mainly because we applied a structured and detailed ques-
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tionnaire. Despite the long recall period, patients remembered their food consumption and habits in the past 4
weeks before onset of symptoms well, which we attribute
to (1) the use of “anchors” or “individual landmark events”
with the help of the patient’s calendar [15] and (2) patients
ability to classify foods according to categories of “consumption likelihood”. Patients could identify items that
they “never” consume or items that they “regularly” consume and, thus, were also likely to have been consumed in
the past 4 weeks. Also items that had not been consumed
could be identified by patients with high confidence. The
remaining items defined the grey zone for which the respondent could not with certainty confirm the consumption. Next of kin interviews were helpful if done with indi-

viduals who lived with the patient in the same household or
were carers.
The ratings of consumption likelihood in the questionnaire
enabled us to narrow down possible sources by (1) identifying food groups or food items that were consumed by
almost all outbreak cases; (2) excluding food groups or
food items that at least one outbreak case never consumes;
and (3) comparing the consumption patterns between outbreak and control cases. All of the five outbreak cases interviewed ate pre-cut, ready-to-eat green salads compared
with only 4 of the 10 interviewed control cases [16]. This
difference was statistically significant (p <0.05). We gained
even greater confidence in this result as all outbreak cases
reported purchasing the pre-cut, ready-to-eat green salads
from the same retail chain.

Table 1: Sociodemographics and comorbidities of patients with confirmed L. monocytogenes infection as stratified by their status of participation, Switzerland, 30 January
– 11 May 2014.
Participants
(n = 15)

Drop-outs*
(n = 16)

Total
(n = 31)

5 (33%)

11 (69%)

16 (52%)

Gender
Female
Age categories (years)
<18

1 (7%)

0 (0%)

1 (3%)

18–<60

6 (40%)

3 (19%)

9 (29%)

60–<80

3 (20%)

7 (44%)

10 (32%)

80+

5 (33%)

6 (38%)

11 (36%)

Comorbidities
Tumours

5 (33%)

7 (44%)

12 (39%)

Cirrhosis of the liver

1 (7%)

2 (13%)

3 (10%)

Alcoholism

0 (0%)

1 (6%)

1 (3%)

Diabetes (type 1 or 2)

2 (13%)

3 (19%)

5 (16%)

Chronic hepatitis

0 (0%)

2 (13%)

2 (6%)

Organ transplantation

1 (7%)

0 (0%)

1 (3%)

Chronic intestinal inflammation (e.g. Crohn’s disease, ulcerative colitis)

1 (7%)

0 (0%)

1 (3%)

Autoimmune disorder (rheumatological, renal, dermatological, neurological)

3 (20%)

1 (6%)

4 (13%)

* Including non-contacts, refusals, failure of follow-up, discontinued interviews, death

Table 2: Signs and symptoms of patients with confirmed L. monocytogenes infection as reported by patients and their treating physicians (multiple answers possible),
Switzerland, 30 January – 11 May 2014.
Patient interviews (n =
15)

Treating physician interviews
Subsample (patients
interviewed) (n = 15)

Total sample (n = 31)

Headaches

3 (20%)

4 (27%)

5 (16%)

Impaired vigilance

2 (13%)

3 (20%)

9 (29%)

Sensitivity to light

1 (7%)

1 (7%)

1 (3%)

Vertigo

1 (7%)

1 (7%)

1 (3%)

Meningism

1 (7%)

2 (13%)

3 (10%)

Other neurological symptoms

5 (33%)

4 (27%)

7 (23%)

Abdominal pain/cramps

–

1 (7%)

10 (32%)

Nausea

1 (7%)

–

Vomiting

4 (27%)

1 (7%)

7 (23%)

Diarrhoea

4 (27%)

2 (13%)

6 (19%)

Fever/chills

9 (60%)

12 (80%)

20 (65%)

Muscle pain / joint pain

1 (7%)

3 (20%)

4 (13%)

Lower back pain

2 (13%)

1 (7%)

2 (6%)

Other

8 (53%)

3 (20%)

11 (35%)

Confirmed meningitis*

NA

2 (13%)

4 (13%)

Meningoencephalitis*

NA

–

2 (6%)

Organ involvement*

NA

4 (27%)

4 (13%)

4 (13%)

NA = not applicable
* Patients were not asked for these clinical categories
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Discussion
We used the epidemiological investigation of a nationwide
listeriosis outbreak in Switzerland for a complementary
analysis comparing information on clinical aspects and the
food history between patients and their treating physicians.
Accessibility of information
Fifteen out of a total of 31 listeriosis patients were interviewed in this outbreak investigation. The non-response of
16 cases limited our ability to describe the affected population and their food consumption patterns, and thus we tried
to identify additional information sources, i.e. the treating physician or a next of kin. The Swiss Epidemics Act
obliges physicians to contribute in outbreak investigations
and we identified them as an informative, easy-to-access
and highly collaborative source of information, which can
fill information gaps on signs and symptoms and underlying health conditions. An additional positive effect of physician interviews was that physicians could inform patients
about the ongoing investigation and facilitate collaboration
between patients and the investigation team. We observed
that the direct interaction between the treating physician
and the patient gave additional credibility to the investigation and had a positive influence on the patients’ willingness to participate. The information from the physician
also provided valuable insight for the briefing of interviewers about the patients’ health status and possible associated
challenges for the interview. If a next of kin had to be interviewed the physician was able to provide guidance on who
could be contacted.
Information on underlying conditions and clinical
assessment
The importance of understanding underlying conditions
and the clinical situation of listeriosis patients has recently
been demonstrated by Maertens De Noordhout et al. [17].
Initial attempts to obtain information on underlying diseases during patient interviews in this listeriosis outbreak
were impaired by (1) the patients’ non-medical descriptions, (2) the lack of precise differentiation between signs
and symptoms of the underlying condition and of listeriosis
and (3) ethical considerations, as most patients were
severely ill. Consequently, treating physicians provided the
only comprehensive overview on the health situation of the
patient and underlying conditions.
Information on signs and symptoms of listeriosis cases
We found that patients described their signs and symptoms
comprehensively but structured questioning was challenging. Patients described mostly gastrointestinal and other
symptoms such as pneumonia or loss of appetite, but reported neurological symptoms less often than the treating
physician. Comprehensive information was obtained from

physicians but we observed differences between records
from patients and physicians. The latter focused more on
the severe neurological symptoms, possibly also related
to the patient’s underlying condition, and may have interpreted the gastrointestinal symptoms as less important. Further, signs and symptoms must be attributed to listeriosis
with caution as many could also have been due to the underlying disease.
Information on food consumption
Physicians’ main focus was the clinical treatment of the
patient and not the source identification. Thus, they had
very limited information on the food consumption history
of the 31 patients and could not contribute to identifying
the source of infection. If done, information on food consumption history obtained by physicians was not systematically collected, incomplete or unspecific. At times, a food
history was not taken owing to: (1) L. monocytogenes being often an incidental diagnosis, overlaid by serious comorbidities and underlying conditions that set the physicians’ focus on treatment rather than on the identification
of the source of infection; (2) insufficient knowledge about
foods relevant to L. monocytogenes infections; and (3) lack
of time.
As shown previously, use of a detailed and structured questionnaire, with patients or their next of kin, is expedient
in providing detailed information on food habits and consumption patterns prior to onset of symptoms and in
providing a clue towards the outbreak source [14, 18].
Small numbers of conducted interviews remain a concern
for the identification of the outbreak source. However, in
our case information from patients was sufficient to confirm pre-cut, ready-to-eat green salads as the most likely
outbreak source. The microbiological investigation, which
was performed in parallel, identified the same product.
Table 3 summarises our experience with the different information sources.
Prospects for using the experience of this study
Because most listeriosis outbreak investigations report on
the identification of the outbreak source, there is limited
evidence on the added value of information sources beyond
the affected persons and laboratory investigations. In our
outbreak investigation, we narrowed the information gap
by including treating physicians in the epidemiological investigation. Our experience shows that physicians are a
valuable information source that can be tapped in foodborne outbreak investigations, especially for diseases
where patients suffer from severe illness or die. Furthermore, the involvement of the treating physicians helped us
to establish and mediate necessary contacts with patients or
their next of kin and added to the credibility of the investigation for them. This was of particular importance as the

Table 3: Information obtained from treating physicians and patients with confirmed L. monocytogenes infection.
Physicians

Patients

Underlying conditions and clinical assessment

+++

+ and not applicable

Signs and symptoms of listeriosis

+++

++

Food consumption

+

+++

+++ detailed information; ++ reasonable detailed information; + insufficiently detailed information; not applicable: questions were not asked
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severity of the health conditions were a high psychological
burden to the patient and their family members. Situations
where this might be applicable are outbreaks of e.g. listeriosis or when mainly children are affected (e.g. haemolyticuraemic syndrome).

Correspondence: Sabine Kiefer, Swiss Tropical and Public
Health Institute / Swiss Centre for International Health,
Socinstrasse 57, P.O. Box, CH-4002 Basel,
sabin.kiefer[at]unibas.ch
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Figure 1
Participation of patients with confirmed L. monocytogenes infection and their treating physicians in the epidemiological outbreak investigation,
Switzerland, 30 January to 11 May 2014.
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