
lable at ScienceDirect

Food Control 49 (2015) 75e84

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Ghent University Academic Bibliography
Contents lists avai
Food Control

journal homepage: www.elsevier .com/locate/ foodcont
Evaluation of the food safety management system in a hospital food
service operation toward Listeria monocytogenes

E. Lahou*, L. Jacxsens, E. Verbunt, M. Uyttendaele
University of Ghent, Department of Food Safety and Food Quality, Laboratory of Food Microbiology and Food Preservation, Coupure Links, 653, 9000 Ghent,
Belgium
a r t i c l e i n f o

Article history:
Received 17 September 2012
Received in revised form
18 September 2013
Accepted 13 October 2013
Available online 1 November 2013

Keywords:
Risk-based sampling plan
Food safety management system
Hospital food service operation
Listeria monocytogenes
* Corresponding author. Tel.: þ32 09 2649390; fax
E-mail address: evy.lahou@ugent.be (E. Lahou).

0956-7135/$ e see front matter � 2013 Elsevier Ltd.
http://dx.doi.org/10.1016/j.foodcont.2013.10.020
a b s t r a c t

The unique aspects of a hospital environment, such as the multitude of dietary needs and thus the va-
riety of meals to be served and incoming (raw) materials to be used, challenge the development and
application of appropriate control and assurance measures to guarantee food safety. Besides, Listeria
monocytogenes is considered a risk for most food service operations producing and serving ready-to-eat
foods. Therefore the food safety management system of a hospital food service operation has been
evaluated toward L. monocytogenes with an extensive questionnaire in the preset of this case study. In
addition, 49 samples of food products and 145 environmental samples were taken and analyzed for L.
monocytogenes to verify the implemented control measures. From this case study, it becomes clear that
incoming (raw) materials, produced final products and their immediate supply to patients/consumers are
high risk situations. This was demonstrated by the presence of L. monocytogenes in six incoming (raw)
materials (n ¼ 19) and one final product (n ¼ 9). These risky situations are in need to be mitigated by the
implementation of proper control measures, e.g. intensified supplier control, low storage temperatures,
cleaning and disinfection to control cross-contamination. However major improvements can be made on
the hygienic design of equipment and facilities and on the level of the sampling design. In terms of
assurance activities, such as setting up a sampling plan, only a basic level was obtained for the validation
and verification of their food safety management system. This case study illustrates that the combination
of data from the questionnaire together with data of the sampling result in an overview on the per-
formance of the current food safety management system and that major non-compliances and possi-
bilities for improvement in the system can be defined.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

The foodborne pathogen Listeria monocytogenes is the causative
agent of listeriosis, a severe disease with high hospitalization rates
and mortality rates ranging from 16 to 30% (Cairns & Payne, 2009;
Denny & McLauchin, 2008; EFSA, 2009, 2010, 2011, 2012; Gandhi &
Chikindas, 2007). The FAO/WHO reported yearly incidence rates of
0.3e7.5 cases per million people in Europe (FAO/WHO, 2004).
Although rates of listeriosis have remained stable, a changing
pattern of human listeriosis can be observed in Europe (EFSA, 2009,
2010, 2011, 2012; Gillespie et al., 2006; Goulet, Hedberg, Le
Monnier, & de Valk, 2008). Listeriosis is now affecting the elderly
(>65 years) population more often and pregnant women less
: þ32 09 2255510.
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frequently (Metelmann, Schulz, Geldschläger-Canda, Plötz, &
Handrick, 2010; Muñoz et al., 2011). It has been shown that the
majority of these elderly persons are suffering from underlying
diseases and therefore most listeriosis infections are occurring in
immune-compromised elderly persons, which form part of the
hospital population (FAO/WHO, 2004; Gillespie, Mook, Little, Grant,
& Adak, 2010; Muñoz et al., 2011). Moreover, such vulnerable per-
sons are more likely than healthy individuals to be affected by low
numbers of a pathogen and are more likely to suffer severe con-
sequences of infection (Lianou & Sofos, 2007; Lund & O’Brien,
2009).

Lund and O’Brien (2009) summarize in their review foodborne
L. monocytogenes outbreaks in health care settings between 1997
and 2008. From these data it can be concluded that hospitals were
involved in six outbreaks of L. monocytogenes infection and that
cases could be linked to consumption of ready-to-eat (RTE) foods.
Surveillance and epidemiological data also revealed an association
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Fig. 1. Structure and relationship between the groups of the (self-)assessment
questionnaire.
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between food handling at retail and food service establishments
and the incidence of foodborne illness (Lianou & Sofos, 2007).
However, no studies about the prevalence of L. monocytogenes in
food handling areas of hospital food service operations were
retrieved, although data on the distribution and transmission of
L. monocytogenes in hospital food-processing environments and
retail can be found in literature (Hoelzer et al., 2011; Lund &
O’Brien, 2009; Rodriguez et al., 2011). These and other studies on
the potential transmission of L. monocytogenes within retail and
food service operations revealed that the potential sources of the
organism include the environment (utensils and equipment), food
handlers and incoming raw or processed products that have been
contaminated after a lethal treatment at the manufacturing facility
(Lianou & Sofos, 2007; Tompkin, 2002). Besides, high prevalence
data of L. monocytogenes in RTE products and on food contact sur-
faces at retail and commercial food service operations can be found
(Hoelzer et al., 2011; Lianou & Sofos, 2007).

This necessitates the implementation of appropriate control and
assurance measures to prevent foodborne outbreaks within a
hospital. However, this is challenged by the unique aspects of retail
and food service operations, such as variety of meals to be served
and incoming (raw) materials to be used. Therefore, the purpose of
this study was to evaluate the current implemented control and
assurance activities toward L. monocytogeneswithin a hospital food
service operation. This was performed using an extensive ques-
tionnaire, which can be used as a self-assessment tool, combined
with additional samples of incoming (raw)materials, meal com-
ponents, final products and (non-)food contact surfaces. The com-
bination of the data from the questionnaire together with the data
of the sampling, results in an overview on the efforts taken to
prevent L. monocytogenes (re)contamination, reveals major non-
compliances and defines possibilities for improvement in the
food safety management system.

2. Materials and methods

2.1. Characterization of the hospital food service operation

A Belgian hospital food service operation with approximately
120 employees has been selected for the case study. This hospital is
inspected and certified for its legally demanded self-checking sys-
tem, based on good practices and HACCP, according to EU Regula-
tion 852/2004 (Anonymous, 2004) and relevant Belgian legislation
(Anonymous, 2003). Meals are prepared and cooked in the on-site
hospital kitchen and distributed directly to the patients under re-
sponsibility of the nursing staff or are served in the hospital canteen
which is accessible for patients, visitors and staff. The hospital food
service operation is working with two production lines. One pro-
duction line, referred to as “hot kitchen”, is used to produce hot
meals from raw materials, ingredients or cooked half-fabricates.
Another production line, referred to as “cold kitchen”, is used to
produce coldmeals such as salads and sandwiches. The hot kitchen,
where food handlers start with processing raw materials (e.g.
frying of the meat, cooking of vegetables), is the most important
production line producing approximately 1 200 hot meals/day. As
soon as the food is prepared, it is kept at temperatures of >65 �C in
hot water baths until lunch time. Just before serving time all food
handlers are involved in composing the meal on a plate, thus with
risk of post-contamination, according to dietary needs of patients.
Final composed meals are then collected in preheated trolleys to
transport them to the patients. The cold kitchen processes (e.g.
cutting of vegetables) and assembles raw vegetables and ready-to-
eat products (e.g. smoked salmon) into salads or sandwiches which
are mainly served in the hospital canteen. In total approximately
2600 meals are produced each day consisting of 600 patient
breakfasts, 700 hot patient meals, 500 hot canteen meals, 700 pa-
tient dinners (mainly cold meals) and 100 cold canteen meals.

2.2. (Self-)assessment questionnaire

The objective of the questionnaire is to analyze and asses a
selected number ofmajor food safetymanagement activities to get a
broad and overall impression on the efforts taken to prevent, in this
case study, L. monocytogenes (re)contamination. Therefore the
context in which the hospital food service operates and which puts
demands on the food safety management system, the level of
implemented core assurance and core control activities of the food
safety management, and the microbiological system performance
which is the output of a food safety management system (Fig. 1)
were assessed with the (self-)assessment questionnaire which is
composed of lists of indicators (Table 1) (Jacxsens et al., 2010). The
(self-)assessment questionnaire was developed for food processing
companies by Jacxsens et al. (2010) and Luning, Bango, Kussaga,
Rovira, and Marcelis (2008, 2009, 2011a) but have been slightly
adapted for its use in (hospital) food service operations. The modi-
fied indicators for food service operations are indicated with an
asterisk in Table 1. The situations/levels of the different indicators
were assessed with an on-site visit and a 3 h face-to-face interview
with the HACCP-coordinator of the hospital food service operation.

2.2.1. Structure of (self-)assessment questionnaire
The questionnaire is subdivided into a part with context in-

dicators to assess the situation in which the hospital food service is
operating, a part with activity indicators to assess the currently
implemented core assurance and core control measures and a part
with microbiological system performance indicators for assessing
the output of the food safety management in place (Fig. 1). The
context has been defined as a condition, characteristic or situation
which is a given fact or cannot be easily changed on the short term,
but which can influence the performance of the food safety man-
agement system. Contextual factors include product, process,
organizational and chain environmental characteristics. Core con-
trol and assurance activities form the actual food safety manage-
ment system where assurance activities such as setting system
requirements, validation, verification,... have the aim to provide
evidence and confidence to stakeholders. Control activities are
activities that create circumstances to prevent entry and/or growth
of pathogens in food production systems (preventive measures
design), activities that inactivate or eliminate pathogens in order to
reduce them to acceptable levels (intervention process design),
activities that measure (critical) product or process parameters



Table 1
Results of the (self-)assessment questionnaire.

Indicator Situationa

levelb
Motivation

Context factors Risk of raw material High risk High diversity, main products (e.g. raw meat, fresh vegetables)
may carry pathogens and have a high initial microbial load.

Risk of meals* High risk Produced meals are sensitive to pathogen growth as a result of
intrinsic properties of the products and are prone to post-
contamination.

Intervention steps Moderate risk The production processes contain intervention steps (e.g.
cooking) to inactivate vegetative cells, but spores can still
survive and recontamination can still occur after the lethal
intervention step (e.g. when assembling meals).

Assortment of meals* Moderate risk Only a restricted number of recipes are prepared (Max. three
“hot” daily menus) which allows in-between cleaning and
disinfection interventions

Rate of menu changes* Moderate risk Repeating menu cycle of 4 weeks allows less product and
process modifications.

Technological staff Moderate risk HACCP-team of six persons is available.
Variability in workforce composition Low risk Low turnover of employees, no temporary operators.
Operator competences Low risk Chefs have professional education level in cuisine, employees

attend specific food safety training on recruitment.
Management commitment Low risk Food service operation has detailed written vision statement on

safety and has official quality team.
Employee involvement Low risk Employees are involved in the design and modifications of the

food safety management system (e.g. notification of problems,
ideas on improvement)

Formalization Low risk Standard operational procedures and documentation are
available for employees.

Information systems High risk Temperatures are recorded manually by staff, information is
limited available and not accurate to take food safety control
decisions.

Safety contribution in chain position High risk Direct serving of meals to “susceptible” group, thus it has a
critical position with respect to reduction and/or inactivation of
pathogens to acceptable levels.

Power in supplier relationships Low risk Discussion on product specifications possible, perform audits at
new suppliers.

Strictness of stakeholders requirements Low risk General legislative requirements on food safety, execute self
assessment.

Core control activities Hygienic design of equipment and
facilities

Basic Equipment and facilities are not well designed to prevent
contamination and pathogens entrance (e.g. no strict separation
of preparation rooms).

Cooling facilities Advanced Presence of industrial cooling facilities adapted for food service
food production which are automatically controlled (< 4�C).

Sanitation programs Advanced Presence of complete full-step cleaning procedure with pre-
cleaning, cleaning, disinfection and in-between rinsing with
instructions and use of specific cleaning agents.

Personnel hygiene requirements Advanced Specific requirements on clothing for all employees, personnel
care and health and tailored facilities to support personnel
hygiene.

Raw material control Advanced Incoming materials are systematically checked based on actual
data of suppliers and quality is visually assessed at entrance.

Meal preservation* Not applicable Meals are not stored.
Defrosting methods* Advanced Based on legislative requirement and guidance documents,

method has been tested.
Hot-holding methods* Advanced Based on legislative requirement and guidance documents,

method is tested daily.
Physical intervention equipment Advanced The present intervention equipment (steam ovens, cooking

pots, frying pans) are adequate for the production process
(different programs available) and capability is tested by
monitoring of core temperatures (� 70�C).

Maintenance and calibration program
for equipment

Generic Structural program is present with specific instructions about
frequency and maintenance tasks but is not specifically
designed for process.

Effectiveness of intervention methods Advanced Intervention equipment is tested by measuring core
temperatures of prepared food products.

CCP analysis Generic Based on hygiene codes for sector according to official Codex
guidelines, but are not tested.

Standards and tolerances design Advanced Standards and tolerances are scientifically underpinned, comply
with legislative requirements.

Analytical methods to assess pathogens Advanced Analytical methods used by lab are internationally validated
and accreditated methods.

Measuring equipment to monitor
process/product status

Generic Standard available measurement equipment complying with
ISO norms, on-line/in-line measurement (e.g. probes in steam
ovens).

Advanced

(continued on next page)
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Table 1 (continued )

Indicator Situationa

levelb
Motivation

Calibration program for measuring
equipment

Calibration program with tasks and frequencies which are in-
house documented.

Sampling design Basic No own samples are taken, in case of new supplier samples are
taken from the raw materials, once a year external control by
government.

Corrective actions Advanced Presence of complete descriptions onwhat to do in case product
and/or process parameters exceed tolerances or limits.

Actual availability of procedures Generic General working instructions are available on theworkplace but
are paper-based.

Actual compliance to procedures Generic Majority of employees are familiar with existence of
procedures, tasks are executed based on habits.

Actual hygienic performance of
equipment/facilities

Advanced Stable hygiene performance of equipment and facilities based
on data of executed tests (two times/year external control with
rodac and swabs, every three months ATP-measurement
themselves).

Actual cooling capacity Advanced Stable performance of cooling facilities (< 4�C), temperature is
automatically monitored, alarm when temperature deviates.

Actual hot-holding capacity* Advanced Stable performance of hot-holding facilities (> 80�C),
temperature is systematically monitored.

Actual process capability of
intervention processes

Advanced Stable process, core temperatures of the food aremeasuredwith
probes and intervention process is adjusted.

Actual performance of measuring
equipment

Generic Measuring equipment is sensitive for a few specific well known
meal production changes.

Core assurance activities Translation of stakeholder
requirements

Generic Systematic translation of stakeholder requirements into own
food safety management system.

Systematic use of feedback information
to modify system

Advanced HACCP-team evaluates feedback information from validation
and verification reports.

Validation of preventive measures Basic Effectiveness of preventive measures is ad hoc judged by own
HACCP-team.

Validation of intervention systems Basic Effectiveness of intervention processes is ad hoc judged by own
HACCP-team.

Validation of monitoring systems Basic Effectiveness of monitoring system is ad hoc judged by own
HACCP-team.

Verification of people related
performance

Basic No internal audit is executed to check if the compliance to
procedures are operating in practice.

Verification of equipment and methods
related performance

Generic Analyzing records data loggers on a regular basis, but no
confirmation by actual testing.

Documentation Generic Structured kept-to-date documentation system, but only
available for authorized persons.

Record keeping system Generic Full registration of critical product and process data but only
accessible for authorized persons.

System performance output Evaluation of food safety management
system

Poor No own evaluation of the system, rely on the yearly inspection
of the national food safety agency.

Severity of complaints Good No complaints or remarks from the national food safety agency.
Food safety complaints Good No complaints concerning microbial food safety.
Hygiene complaints Good No complaints concerning microbial hygiene indicators.
Product sampling Poor Only ad hoc sampling of raw materials and end products.
Assessment criteria Moderate Use only legal criteria and requirements, no own specifications

defined.
Non-conformities regarding food
hygiene and pathogens

Moderate Only a few non-conformities regarding one specific problem
(e.g. hand hygiene).

* specific indicator for food service operations.
a in case of context factors.
b in case of core control activities, core assurance activities and system performance output.
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(monitoring system design) and activities that concerns the way
the activities are operating in practice (operation control strategies)
and have the aim of keeping product properties, production pro-
cesses and human processes between certain acceptable toler-
ances. The system output was assessed in the questionnaire with
system performance indicators to provide an indication of the
current status of the functionality of the implemented food safety
management system, i.e. what is the expected quality and safety of
the meals produced in the hospital food service operation and how
is their food safety management system currently evaluated by
third parties.

2.2.2. Indicators of the (self-)assessment questionnaire
The list of indicators used in the questionnaire is shown in

Table 1. The questionnaire comprises 15 context indicators, 34
activity indicators and 7 system performance indicators. Each
context indicator (Fig. 2A) has a grid with descriptions of three
contextual situations (low, moderate and high risk) to assess the
risk type of the food service operation. Amore risky context will put
higher demands on the food safety management system e.g.
incoming (raw)materials with potential presence of pathogenswill
demand cooling conditions, more severe supplier selection and also
a strict follow up during processing. Each activity indicator (Fig. 2B)
has a grid with descriptions of four different levels (not applicable,
basic, generic and advanced) of performancewhere an activity level
will be classified as basic when the activity is based on companies
own information and history and when general working method-
ology is applied. A generic level is assigned when the activity is
based on ‘best practices’ or ‘best present technology’ and is based
on generic sector information. An advanced level will be assigned if



A. Example of a context indicator 
In which of the following situations would you place the risk of the meals in your kitchen? 

Risk of meals 

Assumption: Meals which are susceptible to pathogen growth or toxin formation (due to the intrinsic product 
properties and or applied inactivation technique), increase the chance on lower food safety performance, and 
put higher demands on the food safety management system by requiring advanced control and assurance 
activities. 
Situation 1 (low risk) Situation 2 (moderate risk) Situation 3 (high risk) 

Major meals are 
microbiologically stable (aw

<0.6 or pH <4.2 or contains 
intrinsic antimicrobial agents).  
A complete inactivation of the 
flora takes place and post-
contamination is not likely. The 
meals can be served as 
bought and do not require 
handling before service. 

The meals have following 
characteristics: 0.98>aw>0.6 or 4.2 <pH 
<6.5 or contains no antimicrobials). 
Contamination of meals is not likely to 
occur. The meals are cooked/reheated 
and then immediately served. 

The meals have following 
characteristics: aw >0.98 or pH 6.5-
7.5 or contains no antimicrobials). 
Contamination of meals can occur 
(no inactivation of original flora or 
post-contamination). The meals are 
fresh-type meals or hot-held meals. 

B. Example of an activity indicator. 
At which level would you place the method regarding the hot-holding of the meals in your kitchen? 

Hot-holding methods 

Assumption: Adequate hot holding methods better maintain strict temperature conditions to prevent growth of 
micro-organisms and pathogens, which will positively contribute to food safety. 
Level 0 (not 

applicable) 
Level 1 (basic) Level 2 (generic) Level 3 (advanced) 

Hot-holding of meals 
is not applied in the 
kitchen. 

Hot-holding method is based 
on company knowledge/ 
experience and has not been 
tested on effectiveness for 
kitchens ‘specific food 
production system. 

Hot-holding method is 
based on sector 
guidelines, legislative 
requirements and/ or 
expert knowledge, but has 
not been tested on 
effectiveness for 
kitchens’ specific food 
production system. 

Hot-holding method is 
based on legislative 
requirements/ guidance 
documents but adapted 
for own production 
process and tested on 
effectiveness for kitchens’ 
specific food production 
system. Actual product 
temperature is checked 
for different 
circumstances. 

C. Example of a system performance indicator 
At which level would you place the customers’ complaints regarding microbiological food safety?  

Food safety complaints 

Assumption: The presence of a good functioning system for complain registration and evaluation is an 
important aspect in the food safety management system. Low number of complaints regarding microbiological 
food safety of final products and hygiene indicates a good system performance. When complaints can be 
dedicated to one specific aspect of the food safety management system or one type of pathogen/hygiene 
indicator, a well performing food safety management system and a good system performance can be expected. 
Level 0 (absent) Level 1 (poor) Level 2 (moderate) Level 3 (good) 

No indication of 
system performance 
because complaints 
are not registered. 

Various complaints that can 
be traced back to several 
problems of the operation of 
the food safety management 
system. 

A limited number of 
complaints that can be 
traced back to one specific 
problem with the 
functioning of the food 
safety management 
system 

No complaints on the 
microbiological safety of 
the meals. 

Fig. 2. Example of an indicator for the context (A), an activity (B) and system performance (C) as used in the (self-)assessment questionnaire.
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the activity is based on scientific knowledge, adequate information
and tailored to the specific situation of the food service operation.
Each system performance indicator (Fig. 2C) has a grid with de-
scriptions of four different levels (absent, poor, moderate and good)
of microbiological performance. The HACCP-coordinator had to
assign for each indicator which level or situation was most repre-
sentative for his food service operation.
2.2.3. Interpretation of the (self-)assessment questionnaire
The indicators of the assessment will create a profile of the food

safety management system. In case of context indicators, a more
risky contextual situation is expected to result more easily in food
safety problems, and therefore higher demands will be put on the
food safety management system. In case of activity indicators, a
higher/more sophisticated level of control and assurance activities
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means that the food service operation has a more advanced food
safety management system in place, and can control their micro-
biological food safety output better. In case of the system perfor-
mance indicators, a better system performance means that the
likelihood of food safety problems is reduced.

2.3. Sampling plan

Sampling of incoming high risk (raw) materials, meal compo-
nents, final products and (non-)food contact surfaces was per-
formed to verify supplier selection and implemented control
measures toward L. monocytogenes. Microbiological analyses
cannot assure food safety on its own, but can be used to evaluate
whether a food safety management system is providing the control
it was designed to deliver. Sampling was executed three times in a
three month period (JanuaryeMarch 2011). In total 145 environ-
mental samples and 49 food samples were analyzed.

2.3.1. Identification of at risk foods and critical sampling locations
Because the range of incoming (raw) materials in the food ser-

vice operation is broad and not all food products are a risk in terms
of presence of L. monocytogenes, an identification of at risk products
was elaborated to select those incoming (raw) materials of interest
to be taken up in the sampling plan. Incoming (raw) materials were
therefore classified into food types with similar microbiological
ecology toward L. monocytogenes based upon the type of com-
modity and prior processing or preservation method applied
(Lahou, Jacxsens, Daleman, Van Landeghem, & Uyttendaele, 2012).
These food types were then screened for i) the reported epidemi-
ological association of the food type with listeriosis outbreaks, ii)
the reported prevalence of L. monocytogenes in the food types, and
iii) the potential of L. monocytogenes to grow or survive during
storage and/or further processing to identify high risk products.
This screening was performed with a literature study carried out in
ICMSF books (ICMSF, 1986, 2002, 2005) complemented with the
Community Summary Reports on Trends and Sources of zoonoses
of the European Food Safety Authority (EFSA, 2006, 2007, 2009,
2010, 2011, 2012). To verify the general EU situation for the
regional situation, the Annual Reports on Zoonotic agents in
Belgium of the Federal Agency for the Safety of the Food Chain
(FASFC) and the Belgian Report on Zoonoses and Zoonotic agents
were consulted (Dierick & Botteldoorn, 2007; Dierick, Bottledoorn,
Denayer, & Naranjo, 2009; FAVV, 2004, 2006b, 2007, 2008b,
2009a,b).

Critical sampling locations were identified by analyzing the flow
chart of the production process. Possible sites of cross-
contamination or post-contamination, such as utensils, slicing
machines, hands of food handlers and plates were taken up in the
sampling plan. Non-food contact surfaces, such as drains, ventila-
tion, vans, trolleys, door handles, wheels and conveyer belts were
selected on the basis of information from literature and reports
about the distribution and transmission of L. monocytogenes in food
service operations and retail (Hoelzer et al., 2011; Lianou & Sofos,
2007; Lund & O’Brien, 2009; Rodriguez et al., 2011).

2.3.2. Elaboration of the risk based sampling plan
The attribution of a risk level to the defined incoming (raw)

material food types and the identification of critical sampling lo-
cations was the basis for selection of incoming (raw) materials and
environmental samples to be taken up in the sampling plan. The
daily menus of the food service operation were obtained from the
HACCP coordinator a week prior to the visit and were screened for
high risk ingredients. A total of 49 food and 145 environmental
samples were collected during three visits on three days at various
critical sampling locations (CSL) in the process from rawmaterial to
final food product. For food products, 100 g was aseptically
collected with a sterile spoon or forceps and transferred to a sterile
sampling bag. Food contact surfaces, hands and gloves were
swabbed in a delimited area of 100 cm2 using a sterile Quantiswab�

(Biomérieux) premoistened in neutralizing solution. The food
samples and themoistened swabs were transported in a cool box at
4 �C to the laboratory where microbiological analyses to detect
L. monocytogenes were performed within 6 h of sample collection.
The moistened swabs were enriched with 225 ml demi-fraser for
24 h at 30 �C, followed by transferring 0.1 ml enrichment to 10 ml
fraser broth. After incubation for 24 h at 37 �C, 0.5 ml was trans-
ferred to a VIDAS LMO2 strip (BioMérieux) which was analyzed for
presence of L. monocytogenes (AFNOR n�BIO-12/11-03/04). Detec-
tion of L. monocytogenes was performed on 25 g food product also
according Vidas LMO2 (BioMérieux), an AFNOR validated enzyme-
linked fluorescent assay (ELFA) (AFNOR n�BIO-12/11-03/04). When
positive results were obtained, L. monocytogenes was enumerated
from the food sample according to ISO 11290-2:1998/Amd 1:2004
(plating on ALOA and incubation of 48 h at 37 �C).

3. Results

3.1. (Self-)assessment questionnaire

3.1.1. Context factors
Table 1 lists the results of the (self-)assessment questionnaire.

Important contextual factors which influence the food safety
management system in this food service operation belong to
product and production process characteristics. The high diversity
of incoming (raw) materials used in the hospital food service
operation (e.g. raw meat, raw fish, smoked fish, ready-to-eat veg-
etables and fruits, cooked meat) and the high microbial load of the
products (e.g. 106 CFU/g on raw meat and poultry), which may also
contain pathogens such as Salmonella spp. and L. monocytogenes,
contribute to a high risk situation (Jacxsens et al., 2011; Luning,
Jacxsens et al., 2011; Uyttendaele, Jacxsens, De Loy-Hendrickx,
Devlieghere, Debevere, 2010). The produced meals were classified
as a high risk situation because they are sensitive to pathogen
growth as a result of the intrinsic properties of the products and are
prone to post-contamination. The organizational characteristics,
which give insight in the ability to prevent safety problems, and the
chain environment characteristics, which refer to the position of
the food service operation in the food chain and its relationship
with stakeholders such as suppliers and controlling bodies, are in
this food service operation in general at lower risk for the food
safety management performance. However, the information sys-
tem wherein information, knowledge and data should be system-
atically recorded to support decisions on food safety and quality
issues was not accurate to take food safety control decisions and
was recorded manually which results in a high risk situation. As a
hospital food service operation is situated in the last part of the
food supply chain and is serving meals to a “susceptible” group, it
has a critical position with respect to reduction and/or inactivation
of pathogens. Therefore the indicator “safety contribution in chain
position” has been classified as a high risk situation.

3.1.2. Core control activities
Control activities concern the ongoing process of evaluating

performance of both technological and human processes and tak-
ing corrective actions when necessary. It is assumed for control
activities that a better activity level is better able to keep product
properties, production processes and human processes between
certain acceptable tolerances (Luning et al., 2008). Core control
activities are in general well implemented in the food safety
management system of the food service operation (Table 1).



Table 2
Overview of analyzed samples and number of positive Listeria monocytogenes samples.

1st visit 2nd visit 3rd visit Total

Raw materials
(raw meat, raw fish, smoked fish, sandwich spread, ready-to-eat vegetables and fruits, cooked meat)

3/8 1/6 2/5 6/19a

Meal components
(fried meat, cooked fish, milkshake, sliced vegetables, tuna spread)

0/6 0/9 0/6 0/21

Composed meal (final product)
(Ardennes egg, Veal stew with hot vegetables and potatoes, Meat escalope with hot vegetables and rice,

fresh mixed fruit meal (3x), tuna salad, chicken salad, meat loaf with hot vegetables and potatoes,
tomato salsa)

1/3 0/3 0/3 1/9a

Environment
Direct
(food containers, utensils, slicing machine, plates, cooking kettle, food

handlers hands)

0/33 0/30 0/24 0/87

Indirect
(ventilation refrigerator, floor drains, trolley, door handle, walls, conveyer belt, wheels, hood, dishwasher

belt, plateau)

0/18 0/20 0/20 0/58

Total 4/68 1/68 2/58 7/194a

a Listeria monocytogenes is present in 25 g but <100 CFU/g.
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However, a basic level was assigned to the hygienic design of
equipment and facilities, which means that equipment and facil-
ities are not well designed to prevent (cross-)contamination and
entrance of pathogens. More specific, there is no strict separation
between the different preparation areas within the food service
operation. Contamination of products or parts of the environment
increases the risk to contaminate other products and other parts of
the area. A basic level was also assigned to the sampling design
because samples are only taken from incoming materials supplied
by new suppliers and no information is available on the distribution
of pathogens in the food service operation as they take no specific
(environmental) samples.

3.1.3. Core assurance activities
Core assurance activities are activities that provide evidence and

confidence to stakeholders that safety requirements will be met. It
is assumed for assurance activities that a better activity level is
better able to provide confidence that safety requirements will be
met because better requirements are set on the system, its per-
formance is better evaluated and changes are better organized
(Luning et al., 2009). From Table 1 it can be derived that the core
assurance activities are performing on a basic to a generic level. A
basic level was assigned to the validation of preventive measures,
intervention systems and monitoring systems because its effec-
tiveness is only ad hoc judged by their own HACCP-team instead of
being validated independently. The verification of people related
performance, checking whether requirements on people related
activities (i.e. compliance to procedures) are operating in practice
as designed, was also assigned a basic level because no verification
of the procedures is executed and compliance is based on checking
their presence by dependent persons.

3.1.4. System performance indicators
The system performance indicators provide more information

about the output of the food safety management system. It is
assumed that a better level is associated with a better system per-
formancewhichmeans that the likelihoodof food safety problems is
reduced (Jacxsens et al., 2010). As noticed in Table 1, the evaluation
of food safety management system is poor because the food service
operation performs no self-evaluation of the food safety manage-
ment system e.g. via internal auditing. Besides it only relies on data
from the yearly inspection of the national food safety agency to
judge their food safety management system. Product sampling is
also poor because there is only ad hoc sampling of incoming (raw)
materials in case of a new supplier and ad hoc sampling of end
products on demand of third parties, e.g. the government.
3.2. Risk based sampling plan

The sampled high risk incoming (raw) materials for
L. monocytogenes in the food service operation and their results are
presented in Table 2. These raw materials were also sampled at
critical sampling locations along their production process where,
besides the food product, samples were taken from the direct (food
contact surfaces such as utensils, slicers, plates) and indirect (non-
food contact surfaces such as ventilations, floor drains, door han-
dlers, trolleys, conveyer belts) environment. L. monocytogenes could
be detected (in 25 g) in 3.61% of the samples (¼194).
L. monocytogenes was detected in six incoming (raw) material
samples (n¼ 19), namely salt-free cooked ham, rawmeat sandwich
spread, raw salmon, smoked salmon (2�) and raw poultry meat,
and in one final product (n ¼ 9), namely the Ardennes egg which
consist out of salt-free cooked ham, lettuce, tomatoes, carrots,
cooked egg and mayonnaise. However, enumeration of the positive
samples revealed that the concentration of the pathogen was
<100 CFU/g. No L. monocytogenes was detected in any of the 145
environmental samples.

4. Discussion

The principle behind the (self-)assessment questionnaire is that
a food service operation operating in a more vulnerable (to safety
problems), uncertain (due to the lack of information), ambiguous
(due to the lack of insight in underlying mechanisms) and unpre-
dictable situation, which can be seen as a high-risk context, re-
quires control and assurance activities at a more advanced level
(Luning, Marcelis et al., 2011). In this case study, a high risk context
was posed by the high diversity of (raw) ingredients entering the
food service operation. Therefore, well controlled storage condi-
tions, proper supplier selection and a good follow up during further
interventions processes are required to deal with this microbial risk
and thus higher demands are posed on the food safety manage-
ment system (Jacxsens et al., 2011; Luning, Jacxsens et al., 2011). A
high risk context was also posed by the variability of the produced
meals and the high risk position of the food service operation due
to serving meals directly to the patient/consumer. These risky sit-
uations were largely compensated by the requirement of specific
competences for employees and by low personnel turn-over and
the absence of part-time workers, which decrease the chance of
poor execution of tasks. However, food service operations
commonly have a relatively high turn-over of personnel or tem-
porary staff, which may complicate the development of a regular
training program and cause problems with poor handling practices,
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or would require stronger management to ensure that staff adhere
to food safety controls (Jones & Angulo, 2006; Jones, Parry, O’Brien,
& Palmer et al., 2008; Worsfold, 2001) Besides, a higher staff
turnover makes it more difficult to create a food safety culture,
which is built on a set of shared values that operators and their staff
follow to produce and provide food in the safest manner (Powell,
Jacob, & Chapman, 2011). In the current food service operation,
employees are also involved in the design and modifications of the
food safety management (e.g. notification of problems, ideas on
improvement) which results in a higher commitment and moti-
vation of the staff, lowering the risk context. Besides, standard
operational procedures and documentation (assessed by the
formalization indicator) were present which results in the absence
of higher demands on the food safety management system (Luning,
Marcelis et al., 2011). Moreover, the food service operation has the
ability to discuss microbial specifications with their suppliers and
to select the supplier with the best specifications. This ability of the
food service operation to influence the quality and handling prac-
tices of the foods before they enter the hospital kitchen and thereby
ensuring that supplies are obtained fromhigh-quality suppliers and
thereby reducing the likelihood of contaminated products entering
the food service operation, contributes to a lower risk context
(Jones et al., 2006; Lianou & Sofos, 2007).

Core assurance activities were in general implemented on a basic
level, which is often noticed in food service operations. The verifi-
cation of people related performance, i.e. checking whether re-
quirements on compliance to procedures are operating in practice as
designed, is one of these activities which is executed on a basic level.
This means that they only check if procedures are present, but no
internal audits are performed to check the actual behavior of the food
handlersand to assure that theywork incompliancewithprocedures.
However, researchers have suggested that the observation of food
preparation practices and the assessment of food-handling practices
of the employees through internal observations, external evaluations
and inspections, contribute to a food safety culturewhich isoneof the
most effective measures to reduce rates of foodborne illness (Powell
et al., 2011). Studies have shown that improper foodhandler practices
(e.g. inadequate handwashing,wearing the samegloves for extended
periods of time, handling unwrapped RTE meats after handling raw
meats without washing hands) may result in cross-contamination of
RTE foods and account for approximately 97 percent of foodborne
illnesses (Green et al., 2006; Lianou & Sofos, 2007; Neal, Binkely, &
Henroid, 2012). Therefore, performing observations on the behavior
of food handlers and changing incorrect behavior can improve the
level of this indicator leading to a more advanced food safety man-
agement system but will also contribute to the developing of a food
safety culture (Luning et al., 2009). Nowadays, education and training
are the focusofmany food-handling behavior interventions, however
these programs are often inconsistent and their knowledge evalua-
tion is a poor indicator of changes in practices (Powell et al., 2011).
Other core assurance activities, such as validation of preventive
measures, validation of intervention processes and validation of the
monitoring system, which are now performed on a basic level will
become more advanced if the validation is based on scientific evi-
dence and if it is systematic and independently performed (Luning,
Marcelis et al., 2011). However, the validation, to assure that they
workwell, is currently based on historical knowledge judged by own
people and only ad-hoc performed.

Core control activities, on the other hand, were implemented on
a more advanced level. Especially their activities that create cir-
cumstances to prevent growth of pathogens in food production
systems (preventive measures design), such as the adequacy of their
cooling facilities, and their activities that inactivate or eliminate
pathogens in order to reduce them to acceptable levels (intervention
process design), such as the effectiveness of the intervention
equipment, are well established. However, major improvements can
be made on the level of the hygienic design of equipment and fa-
cilities and on the level of a sampling design. The facilities had no
strict separation of preparation rooms which may facilitate cross-
contamination because there is no forward flow with returns and
crossing among raw materials, ready-to-eat meals and trash. The
design of this food service operation was drawn in 1977 and it is
difficult to change in the short-term. However, a shift in location of
the food service operation took place in 2012. In this new produc-
tion area, the hygienic design of the facility and equipment was
adjusted tomeetmoremodern standards regarding space efficiency,
flexibility, product flow, food safety and ergonomics, which will
improve the level of this indicator. Food service operations, how-
ever, are frequently of unhygienic design and crowdedwith staff and
equipment to satisfy occasional workloads which makes it difficult
to control basic sanitary standards resulting in an increased number
of critical control points to prevent the risk of cross-contamination
and recontamination of food (Panisello & Quantick, 2001). In
2008, the national agency for the safety of the food chain performed
12,492 inspections regarding the infrastructure, design and hygiene
in food service operations. These inspections revealed that only 56%
of the food service operations were in accordance with the criteria
regarding the infrastructure, design and hygiene in food service
operations (FAVV, 2009b). The adequacy of the sampling plan could
also be improved to obtain a more advanced level. However, a
sampling plan is not provided in the self-checking guide for the
sector of food service operations and health care institutions (FAVV,
2006a, 2008a). Therefore the food service operation is not obliged to
take own samples of final products. For these results the food ser-
vice operation relies currently on the sampling of the national
agency for the safety of the food chain which is performed in the
frame of inspection, but this sampling is not frequently performed
(once a year) and is rather limited. On the other hand, samples are
taken from incoming (raw) materials in case of new suppliers to
verify their specifications. Therefore, raw material control is per-
forming on a more advanced level (Luning et al., 2008). Besides,
selection of credible suppliers is based on raw material specifica-
tions and supplier audits, which reduces the likelihood of contam-
inated products entering the food service operation (Lianou & Sofos,
2007; Luning et al., 2008). However, testing should be used to verify
that risk-reduction measures are working as intended and therefore
a sampling plan should be designed (Dufour, 2011; Powell et al.,
2011). This would also increase the level of the core assurance ac-
tivities by increasing the level of the indicator “verification of
equipment and methods related performance”.

In this case-study a risk based sampling planwas developed and
elaborated to verify the control measures toward L. monocytogenes.
Samples have been taken from incoming (raw) materials, meal
components and final products as well from the environment,
because environmental sources may, under conditions of poor
cleaning and sanitation, harbor pathogenic micro-organisms such
as L. monocytogenes or serve as vehicles for cross-contamination
(Lianou & Sofos, 2007). Especially, non-food contact surfaces, such
as floor drains and cold floors, have a higher prevalence of L.
monocytogenes in comparison with food contact surfaces such as
slicers and utensils (Carpentier & Cerf, 2011; Dimitrijevíc et al.,
2011; Hoelzer et al., 2011). In this case study, the pathogen was
not found in the environmental samples. However, a study of
Hoelzer et al. (2011) revealed that in 58% (n ¼ 241) of retail deli
establishments, L. monocytogenes isolates were found in the envi-
ronment of the establishment. Therefore, cleaning and disinfection
applied in this food service operation is efficient to remove biofilms
of L. monocytogenes and to prevent an accumulation of high
numbers of L. monocytogenes in the food production environment.
However, recovery rates of swabs are low and therefore small
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amounts of the pathogen may be present in the food production
environment but could not be detected (Hedin, Rynbäck, & Loré,
2010; Moore & Griffith, 2007). Incoming raw materials, namely
raw salmon and raw poultry meat, and RTE products, such as
smoked salmon, raw meat sandwich spread and cooked ham, have
been testing positive (in 25 g) for the presence of L. monocytogenes.
A study of Uyttendaele et al. (2009) shows that the prevalence of L.
monocytogenes for cookedmeat is approximately 1.1% (n¼ 639) and
for smoked fish is approximately 27.8% (n ¼ 90). Van Coillie,
Wrebrouck, Heyndrickx, Herman, and Rijpens (2004) detected a
prevalence for L. monocytogenes in smoked salmon of 19% (n ¼ 42).
This high prevalence of L. monocytogenes in fish products, may
explain the finding of Listeria positive raw materials although a
small number of samples has been taken. The cooked meat was
salt-free because it was adapted to the dietary needs of the patients.
However, the reduction of salt increases the survival of L. mono-
cytogenes in this food product when post-contamination occurs
(Stollewerk, Jofre, Comaposada, Arnau, & Garriga, 2012). Thus,
incoming products (including the exterior of their packages) that
have been contaminated at food processing facilities pose a risk for
cross-contamination of foods in the (hospital) food service opera-
tion when these incoming foods are opened and/or handled in the
food service operation (Lianou & Sofos, 2007). Therefore higher
demands, such as well controlled storage conditions, well sepa-
rated storage facilities and a forward flow allowing no crossing
among raw materials, RTE meals and trash, are posed on the food
safety management system in the food service operation. It can be
noticed that the raw materials such as the raw salmon and the
poultry meat, which were tested positive for L. monocytogenes,
were not contaminated anymore after heat processing. L. mono-
cytogenes is considered to be intolerant to the temperatures ach-
ieved during food processing, such as cooking and pasteurization
(Kells & Gilmour, 2004). Thus, the intervention processes applied in
the food service operation are effective to inactivate the initial
contamination. Therefore contamination of RTE foods (including
hospital meals) with L. monocytogenes is almost exclusively due to
post-processing contamination at the producers company and
these foods, together with non-processed foods, are therefore more
likely to be associated with listeriosis outbreaks than others
(Hoelzer et al., 2011; Lianou & Sofos, 2007). One hospital meal has
been found positive for L. monocytogenes. This meal, called Ard-
ennes egg, contained salt-free cooked ham, which was already
contaminated as incoming RTE food product. Contamination,
which had taken place at the manufacturer operation, could not be
reduced because no heating step in the food service operation
could be applied for this meal type. The positive incoming (raw)
materials, raised the awareness that cross-contamination is
possible and extra attention should be paid to the slicing machine
to cut slices from the cooked meat. The same slicing equipment is
used for normal cooked ham and salt-free cooked ham and no
cleaning and disinfection step is currently present between the use
of these different types of cooked meat, increasing the risk of cross-
contamination (Lianou & Sofos, 2007). It also suggests that
incoming (raw) material control of suppliers, including the usual
suppliers, should be performed on a regular base. From this case
study it became also apparent that high-risk foods are still served in
hospital food service operations, even though these high risk foods
are not directly served to the patients but rather indirectly by of-
fering them in the hospital canteen. However, the types of food
served should be selected tominimize the risk of foodborne disease
in patient (Lund & O’Brien, 2009; Rodriguez et al., 2011). This means
that high risk foods should not be served in the canteen. An oper-
ator willing to take such decisions and providing guidelines for a
menu builder to reduce the risk of L. monocytogenes, would also
contribute to a positive food safety culture (Powell et al., 2011). No
complaints concerning food safety or hygiene and having no non-
conformities with regard to food hygiene and food pathogens
cannot guarantee that foodborne illness will be prevented. Espe-
cially if the food service operation relies only on guidance or
oversight by government or auditors to ensure consumers receive
safe food products. A food service operation should be more pro-
active by evaluating their food safety management system on a
regular basis and performing product analyses, because the risk of a
food service operation to cause foodborne illnesses is to a large
extent, a consequence of its own activities (Powell et al., 2011)
Therefore, effective food safety systems and practices need to be
shared by all levels of the organization, not just management, and
communication should be an integral part (Neal et al., 2012).
Moreover, by analyzing the risks associated with their products and
to know how to manage these risks, a more positive food safety
culture can be established. Powell et al. (2011) concluded that the
best food producers should go above and beyond minimal gov-
ernment and auditor standards.

5. Conclusion

The use of a (self-)assessment questionnaire to evaluate the
current food safety management system performance and the
implementation of a risk based sampling plan to verify the imple-
mented control measures toward the presence of L. monocytogenes
in a hospital service setting, are useful tools for a food service
operation to gain more insight into and to adjust their own food
management system. The risk based sampling plan helps to set
priorities in selecting incoming materials and defining critical
sampling locations to detect L. monocytogenes in the environment.
By the application of both tools, an overview is obtained on the
performance levels of the current implemented control and
assurance activities and the results can be used as an internal audit
to improve their system. From this case study, it becomes clear that
incoming (raw) materials, produced final products and their im-
mediate supply to patients/consumers are high risk situations. This
was demonstrated by the presence of L. monocytogenes in incoming
(raw) materials and final product. These risky situations are in need
to be mitigated by the implementation of proper control measures,
e.g. intensified supplier control, low storage temperatures, cleaning
and disinfection to control cross-contamination. However, in terms
of assurance activities, such as setting up a sampling plan, valida-
tion and verification of their food safety management system, only
a basic level was obtained. Therefore, the food service operation
does not know how well they are performing and is not capable of
self-evaluation. Besides, being more pro-active a food service
operation should also work to a good food safety culture, with all
levels of the organization involved.
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