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ABSTRACT

Dairy products have been associated with approxi-
mately half of the reported listeriosis outbreaks in Eu-
rope. The listeriosis outbreaks have mostly been linked
to consumption of raw milk or products made of unpas-
teurized milk. Outbreaks, such as in Switzerland in
1983 to 1987 caused by unpasteurized soft cheese, in
Austria in 1986 by unpasteurized milk, and in France
in 1995 by a Brie-type cheese made of unpasteurized
milk demonstrate the risks involved in the consumption
of raw milk or soft cheeses made of unpasteurized milk.

The pasteurization of raw milk, which destroys Liste-
ria monocytogenes, does not eliminate later risk of L.
monocytogenes contamination in dairy products. The
outbreak in Finland from 1998 to 1999, with butter as
the source, shows that dairy products made of pasteur-
ized milk may become contaminated in subsequent
stages of production with L. monocytogenes.

Extensive work has been ongoing in several Euro-
pean countries during the last decade to prevent out-
breaks and decrease the incidence of listeriosis. This
work has included preventive measures in food pro-
cessing plants, consumer education, and early detection
of outbreaks. A marked reduction has occurred in the
incidence of listeriosis in some of these countries during
the 1990s, suggesting a relationship between preven-
tive measures and reduction in listeriosis.
(Key words: listeriosis, dairy product, outbreak)

Abbreviation key: PFGE = pulsed-field gel electro-
phoresis.

INTRODUCTION

Milk and other dairy products have been implicated
in about half of all the listeriosis outbreaks and in several
sporadic cases in Europe (Ryser, 1999; De Buyser et al.,
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2001). Listeriosis outbreaks due to dairy products have
considerable health implications. Investigated outbreaks
to date have resulted in almost 400 cases and over 60
fatalities in Europe. The consumption of dairy products
in EU countries is substantial, averaging 132 kg per
person annually. Milk and other dairy products, are con-
sumed by all age groups, including those populations at
risk for contracting listeriosis (European Commission,
2000).

Dairy products have been linked to both invasive and
noninvasive listeriosis outbreaks. Invasive listeriosis
causes meningoencephalitis, encephalitis, sepsis, and
abortions and has a high mortality rate (20 to 30%) (Gel-
lin et al., 1991; Goulet and Marchetti, 1996; Goulet et
al., 2001). Invasive listeriosis occurs mainly in people
belonging to a specific risk group, which includes the
young, old, pregnant, and immunocompromized persons
(McLauchlin, 1990b; Gellin et al., 1991). Infection during
pregnancy can lead to abortion, stillbirth, or septicemia
of the neonate, even though the pregnant woman may
only experience flu-like symptoms (McLauchlin, 1990a).
The noninvasive disease causes fever, diarrhea, muscle
pain, headache, nausea, vomiting, and abdominal pain
in healthy adults (Salamina et al., 1996; Miettinen et
al., 1999b; Aureli et al., 2000).

Listeriosis outbreaks have been associated with dairy
products manufactured from raw milk (Büla et al., 1995;
Goulet et al., 1995). The consumption of raw milk prod-
ucts, especially soft cheeses, is therefore clearly a risk
factor. However, the production of soft cheeses from raw
milk is still employed and may result in new listeriosis
outbreaks (Carrique-Mas et al., 2003). On the other hand,
an outbreak caused by a product made from pasteurized
milk showed that raw milk products are not the only risk
products (Lyytikäinen et al., 2000; Maijala et al., 2001).

Preventive measures have been taken on several
fronts, and the incidence of listeriosis has decreased
(Goulet et al., 2001; National Public Health Institute,
2003; Lukinmaa et al., 2003). However, recent listeriosis
outbreaks due to dairy products (Lyytikäinen et al., 2000;
Carrique-Mas et al., 2003) show that these preventive
measures have not been able to fully prevent outbreaks.

LISTERIA MONOCYTOGENES IN DAIRY PRODUCTS

Listeria monocytogenes can be found in raw milk and
in a variety of dairy products (Table 1). L. monocytogenes
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Table 1. Prevalence of Listeria monocytogenes in different types of dairy products in European countries.

Prevalence
(%) of
Listeria

Product monocytogenes Country of origin Reference

Raw milk 4.4 The Netherlands Beckers et al., 1987
Raw milk 3.6 England and Wales Greenwood et al., 1991
Raw milk 1 Sweden Waak et al., 2002
Soft cheese made of raw milk 65 France Beckers et al., 1987
Soft ripened cheese 8.2 England and Wales Greenwood et al., 1991
Soft unripened cheese 1.1 England and Wales Greenwood et al., 1991
Soft cheese 6 Italy, Germany, Austria, and France Rudolf and Scherer, 2001
Soft or semi soft cheese 6 France, Germany, and Italy Loncarevic et al., 1995
Semi soft cheese 8 Italy, Germany, Austria, and France Rudolf and Scherer, 2001
Hard cheese 1.5 England and Wales Greenwood et al., 1991
Hard cheese 4 Italy, Germany, Austria, and France Rudolf and Scherer, 2001
Ice cream 0.5 Finland Miettinen et al., 1999a

is commonly found in raw milk samples and soft cheeses.
Listeria monocytogenes tolerates harsh conditions and
may therefore survive or grow in different types of foods.
The organism can grow in low temperatures (−1.5 to
45°C) (Seeliger and Jones, 1986; Junttila et al., 1988;
Hudson et al., 1994) and in a wide pH range (4.3 to 9.1)
(Farber et al., 1989). It can also grow in salt concentra-
tions of up to 10 to 14% (McClure et al., 1989; Farber et
al., 1992) and tolerates low water activity (Nolan et al.,
1992), which enables survival even in products with a
very high fat content such as semi-hard cheeses (Bach-
mann and Spahr, 1995). However, the prevalence of L.
monocytogenes varies in different types of cheeses. In soft
and semi-soft cheeses, the water activity is higher than
in hard cheeses (Rudolf and Scherer, 2001), thus allowing
growth of L. monocytogenes. In mold cheeses, the pH
approaches neutral levels during ripening, permitting
the growth of L. monocytogenes (Ryser and Marth, 1987).
During the production of fermented dairy products, the
combination of competition with the starter culture, low
water activity, and a low pH prevent the survival and
growth of L. monocytogenes (Morgan et al., 2001).

LISTERIOSIS IN EUROPE

About 0.2 to 0.8 cases of listeriosis per 100,000 persons
occur annually in developed countries (Gellin et al., 1991;
McLauchlin, 1996; Anonymous, 2001; Lukinmaa et al.,
2003) (Table 2). This results in 1600 to 8400 cases in
Europe per year with 320 to 2500 deaths. The wide range
in the incidences may result because of differences in
the notification systems or due to outbreaks, which may
markedly increase the number of cases. The number of
reported cases related to outbreaks during 1991 to 2001
in Europe was 2065, i.e., 188 cases per year. The exact
number of cases related to the outbreaks is unknown but
is probably higher than the reported figure (Lukinmaa
et al., 2003; Sauders et al., 2003). Lukinmaa et al. (2003)
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investigated the relatedness of 314 L. monocytogenes
strains of clinical origin by serotyping and pulsed-field
gel electrophoresis (PFGE) typing. The material repre-
sented clinical strains from invasive listeriosis isolated
from 1990 to 2001. The authors observed that during the
1990s clusters of cases of the same PFGE type or of
groups of closely related PFGE types were seen every
year. Similar findings were made by Sauders et al. (2003)
in New York State between 1996 and 2000. These results
indicate that some of the sporadic cases may have in fact
been part of unrecognized outbreaks. The noninvasive
disease form and possible noninvasive disease outbreaks
are also probably underdiagnosed because L. monocyto-
genes is not routinely screened from stool samples and
the syndrome is usually self-resolving (Aureli et al., 2000;
Schlech, 2000).

LISTERIOSIS OUTBREAKS
LINKED TO DAIRY PRODUCTS

Dairy products have served as vehicles of Listeria mo-
nocytogenes in several listeriosis outbreaks in Europe
(Table 3). The number of outbreaks associated with dairy
products accounts for about half of the total number of
outbreaks associated with all food types (Table 4). In the
majority of cases, these outbreaks have been linked to
consumption of raw milk or products produced from raw
milk such as soft cheeses. Although the first scientifically
proven listeriosis outbreak transmitted by food occurred
in 1981 (Schlech et al., 1983), raw milk has been sus-
pected of causing outbreaks earlier. A massive occurrence
of listeriosis, which was believed transmitted by raw
milk, was observed in Halle, Germany, from 1949 to 1957
(Seeliger, 1961). Since then, several outbreaks connected
with milk or dairy products have been identified.

Soft cheese made of raw milk was determined to be
the cause of listeriosis outbreaks in Switzerland between
1983 and 1987. An elevation in the occurrence of listeri-
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Table 2. Incidence of listeriosis cases in some European countries.

Incidence
per 100,000

Country persons Year Reference

England and Wales 0.2 1994-1996 Anonymous, 1997
Iceland 0.2 1996-2000 Anonymous, 2001
Finland 0.4 2000-2002 National Public Health Institute, 2003
Norway 0.4 1996-2000 Anonymous, 2001
Sweden 0.5 1996-2000 Anonymous, 2001
France 0.5 1997 Goulet et al., 2001
Latvia 0.7 2002 Public Health Agency, 2002
Denmark 0.8 1996-2000 Anonymous, 2001

osis was observed during wintertime. The L. monocyto-
genes phagotypes were different from the usual types
isolated in the area. The same L. monocytogenes phago-
type that was identified in patients was also found in
soft cheeses, which were only produced in wintertime,
and in food plant environments. A total of 122 cases were
diagnosed between 1983 and 1987 (Büla et al., 1995).

In Austria, 39 cases of listeriosis occurred in 1986.
The epidemiological survey of 28 culture-confirmed cases
revealed that some of the patients had consumed raw
milk and organic vegetables. It was concluded that raw
milk and vegetables were possible sources of infection
(Allerberger and Guggenbichler, 1989).

In Denmark, 69 cases of listeriosis were diagnosed
between 1989 and 1990, with 26 cases being caused by
the same phagotype. The outbreak was associated with 2
vehicles. Epidemiological studies revealed an association
between listeriosis and blue-mold cheese, although L.
monocytogenes was not isolated from the cheese. Dairy
control samples, by contrast, showed that the epidemic
phagotype was present in hard cheese during this period
(Jensen et al., 1994).

In 1995, there was a listeriosis outbreak in France,
and 37 cases were associated with consumption of a Brie-
type cheese made of raw milk (Goulet et al., 1995; Rocourt
et al., 1997). The same L. monocytogenes PFGE type
isolated from patients was traced to 4 Brie-type cheese

Table 3. Reported listeriosis outbreaks in Europe caused by milk or dairy products.

Number of
Year Country Product type cases (deaths) Serotype Reference

1949-1957 Germany Raw milk about 100 NA1 Seeliger, 1961
1983-1987 Switzerland Soft cheese2 122 (33) 4b Büla et al., 1995
1986 Austria Raw milk/vegetables 28 (5) 1/2a Allenberger and Guggenbichler, 1989
1989-1990 Denmark Blue-mold cheese/hard cheese 26 (6) 4b Jensen et al., 1994
1995 France Soft cheese2 37 (11) 4b Goulet et al., 1995; Rocourt et al., 1997
1997 France Soft cheese2 14 4b Jacquet et al., 1998
1998-1999 Finland Butter2 25 (6) 3a Lyytikäinen et al., 2000
2001 Sweden Soft cheese2,3 33 1/2a Carrique-Mas et al., 2003

1Data not available.
2Vehicle of infection identified.
3Mixed etiology possible.
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sample isolates received earlier that year by the National
Reference Center. Epidemiological studies indicated that
all patients had consumed Brie-type cheese (Goulet et
al., 1995). A similar type of epidemic caused by soft cheese
made of raw milk occurred in France in 1997. Fourteen
epidemic-related cases were recognized. Epidemiological
investigations implicated 2 cheeses manufactured by the
same establishment as the vehicles of the outbreak (Jac-
quet et al., 1998).

In 2001, 48 people suffered from febrile gastroenteritis
after consuming on-farm manufactured dairy products
from a summer farm in Sweden. The fresh cheese was
made of raw milk. The L. monocytogenes isolates were
genotyped with restriction enzyme analysis, and typing
results revealed that all patient and dairy product iso-
lates were identical. Epidemiological investigations
showed that eating any cheese produced at this farm was
associated with disease. In addition to L. monocytogenes,
verotoxigenic and enterotoxigenic Escherichia coli gene
markers were isolated from 6 and 1 stool samples, respec-
tively, and presumptive E. coli and coagulase-negative
staphylococci from dairy products. Although the most
likely cause of the outbreak was L. monocytogenes, the
possibility of mixed etiology could not be ruled out (Car-
rique-Mas et al., 2003).

Contaminated butter made of pasteurized milk was
observed to be the cause of a listeriosis outbreak in Fin-
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Table 4. Reported listeriosis outbreaks in Europe according to food type.

Food type Year Country Serotype Reference

Diary 1949-1957 Germany NA1 Seeliger, 1961
1983-1987 Switzerland 4b Büla et al., 1995
1986 Austria 1/2a Allenberger and Guggenbichler, 1989
1989-1990 Denmark 4b Jensen et al., 1994
1995 France 4b Goulet et al., 1995
1997 France 4b Jacquet et al., 1998
1998-1999 Finland 3a Lyytikäinen et al., 2000
2001 Swenden 1/2a Carrique-Mas et al., 2003

Meat 1987-1989 United Kingdom 4b McLauchlin et al., 1991
1992 France 4b Goulet et al., 1993; Jacquet et al., 1995
1993 France 4b Goulet et al., 1998
1999-2000 France 4b De Valk et al., 2001

Fish 1994-1995 Swenden 4b Ericsson et al., 1997
1997 Finland 1/2a Miettinen et al., 1999b

Vegetable 1993 Italy 1/2b Salamina et al., 1996
1997 Italy 4b Aureli et al., 2000

1Data not available.

land in 1998 to 1999 (Lyytikäinen et al., 2000). The deliv-
ery of butter from a dairy plant to highly susceptible
people at a hospital started in June 1998. In total 25
listeriosis cases, of which 6 resulted in death were caused
by an identical PFGE type from June 1998 to April 1999.
The same PFGE type was found in the butter served at
the hospital. The recall of the butter stopped the out-
break. Investigations carried out in the dairy plant re-
vealed that the butter and the plant were contaminated
with the outbreak strain.

DISTRIBUTION OF SEROTYPES

The most common serotype in European listeriosis out-
breaks has been 4b. The distribution of serotypes in out-
breaks caused by vehicles other than dairy products ap-
pears to be similar to that of dairy product-linked out-
breaks (Table 4). However, there is a discrepancy
between clinical isolates and food isolates as serotype 4b
is not the most common serotype in food isolates (Mietti-
nen et al., 1999a, Autio et al., 2002; Lundén et al., 2003).
It has been suggested that serotype 4b may have an
increased virulence, but no definite association between
virulence and serotype has been established (Kathariou,
2002). However, several studies show that the distribu-
tion of serotypes in listeriosis cases has changed during
the 1990s. The number of cases caused by serotype 1/2a
has increased, while that by serotype 4b has decreased.
Between 1990 and 2001, the incidence of serotype 1/2a
increased from 22 to 67% in Finland (Lukinmaa et al.,
2003). Similar findings have been made in several other
European countries (Gerner-Smidt et al., 1995;
McLauchlin and Newton, 1995; Tham et al., 2001; Hjalt-
ested et al., 2002). Serogroup 1/2 causes about half of the
sporadic cases in Finland and Denmark (Anonymous,
2001). In Iceland, 53% of the 15 laboratory-confirmed
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cases of listeriosis from 1993 to 2000 were determined
to be serotype 1/2b and 40% serotype 1/2a (Anonymous,
2001). The 2 most recent dairy product-linked outbreaks
in Finland and Sweden were also caused by serotypes
other than 4b (Table 4). No apparent reason to the change
in the distribution of serotypes in listeriosis cases has
been detected. However, the serogroup 1/2 is the leading
serogroup in foods (Miettinen et al., 1999a; Autio et al.,
2002; Lundén et al., 2003), and the discrepancy between
food and clinical isolates is therefore not that apparent
anymore.

SURVEILLANCE IN EUROPEAN COUNTRIES

Surveillance systems for L. monocytogenes have been
developed in several European countries (Rocourt et al.,
2000; Anonymous, 2001; Lukinmaa et al., 2003). A sur-
veillance system lays the foundation for an effective pre-
vention program. Surveillance in many European coun-
tries is based on a notification system. Notification is
mandatory in some countries such as Finland and France
(Lyytikäinen, 2000; De Valk et al., 2001). The notification
system, in general, includes the reporting of culture-con-
firmed cases of listeriosis to national health authorities.
The L. monocytogenes isolates are further subtyped by
serotyping and PFGE typing, which enables the identifi-
cation of outbreaks (Rocourt et al., 2000). The PFGE
profiles of different strains are collected in a database
library, which in turn enables rapid detection of clusters
of cases (Lukinmaa et al., 2003).

The surveillance does not only include the human
cases, but also the dairy processing plants. Food pro-
cessing plants including dairy plants in the EU countries
are obligated to perform surveillance of L. monocyto-
genes, which includes the establishment of a sampling
plan for L. monocytogenes based on risk assessment. In
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addition to the samples taken by the plant the authorities
sample the plant and the products on a regular basis
(National Veterinary and Food Research Institute, 1999).

The surveillance of human cases enables recognition
of outbreaks but the data does not reveal the sources of
infection. Therefore, e.g., in Finland, food isolates from
the surveillance samples are also characterized by sero-
typing and PFGE typing. The PFGE profiles of human,
food, and food production environment origin are com-
pared in a bilateral computer-based network, which may
help in recognizing sources of infections (Rantala et al.,
2001; Lukinmaa et al., 2003).

PREVENTION IN EUROPEAN COUNTRIES

Prevention of listeriosis is considered to be of major
importance as the mortality is very high. Extensive work
has been done to lower the incidence of listeriosis in
Europe. Reducing the incidence of listeriosis includes
preventive measures in food processing plants with a
focus on postprocessing hygiene, consumer education,
and early detection of outbreaks (Lyytikäinen et al., 2000;
Rocourt et al., 2000; Schlech, 2000; Lukinmaa et al.,
2003). A marked reduction in the incidence of listeriosis
has occurred in some European countries during the
1990s (Goulet et al., 2001; National Public Health Insti-
tute, 2003; Lukinmaa et al., 2003). The decrease from
1987 to 1997 in the incidence of invasive listeriosis was
estimated to be 68% in France (Goulet et al., 2001). In
Finland, the incidence of listeriosis has decreased from
0.9 in 1997 to 0.4 per 100,000 persons in 2002 (National
Public Health Institute, 2003).

One of the most important targets in the prevention
of listeriosis is the dairy processing plants. If the preva-
lence of L. monocytogenes is successfully reduced in dairy
products, the risk for acquiring listeriosis from those
products will also be reduced. Prevention in dairy pro-
cessing plants has been directed at improving postpro-
cessing hygiene (Miettinen et al., 1999a; Goulet et al.,
2001). Although the pasteurization of raw milk (71.7°C
or 161°F for 15 s) is considered an efficient and safe
process in the elimination of L. monocytogenes (World
Health Organization Working Group, 1998), the product
may become contaminated subsequent to heat treat-
ment. Thus, pasteurization of raw milk alone does not
eliminate the risk of L. monocytogenes in dairy products.
The earlier mentioned outbreak with butter as a source
provides an example of a pasteurized dairy product act-
ing as a vehicle for L. monocytogenes (Lyytikäinen et al.,
2000; Maijala et al., 2001). In this case, the postpro-
cessing equipment, including a packaging machine and
a screw conveyor, were contaminated with the outbreak
strain. There was also evidence showing possible persis-
tence of the strain in the dairy plant. Persistence of L.
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monocytogenes in dairy plants is not uncommon (Unners-
tad et al., 1996; Miettinen et al., 1999a), with processing
machines typically preserving the contaminant (Mietti-
nen et al., 1999a). Hygiene of postprocessing machines
is therefore critical in controlling L. monocytogenes (Autio
et al., 1999; Miettinen et al., 1999a; Lundén et al., 2002)
and should include regular dismantling of the machines
(Lundén et al., 2002).

Consumers, particularly pregnant or immunocom-
promized persons have been informed about risk prod-
ucts. Dairy products associated with listeriosis out-
breaks, such as raw milk and raw dairy products, are
categorized as risk products, which should not be con-
sumed by susceptible people. However, the role of con-
sumer education in France in the prevention of listeriosis
has not been found to be substantial. Preventive mea-
sures at food processing plants were likely to be of much
greater importance (Goulet et al., 2001).

Early detection of a listeriosis outbreak and efficient
intervention are important in preventing the epidemic
from continuing. Early detection of an outbreak is only
possible with a real-time notification system and continu-
ous typing of human isolates (Lyytikäinen et al., 2000).
The importance of continuous typing in recognition of
outbreaks is illustrated by Lukinmaa et al. (2003), which
observed several clusters by retrospective typing of clini-
cal isolates. Typing of food isolates and comparison with
clinical isolates may also lead authorities to contami-
nated food processing plants (Lukinmaa et al., 2003).
However, in addition to typing results, epidemiological
evidence is needed for the incrimination of a food or a
food processing plant (Autio et al., 2002). The spread of
contaminated food products to different countries en-
ables international outbreaks. Recognition of interna-
tional outbreaks requires an international real-time
monitoring system of clinical isolates, such as PulseNet
in the United States (Swaminathan et al., 2001).

CONCLUSIONS

Dairy products are important vehicles of L. monocyto-
genes, regularly causing listeriosis outbreaks in Europe.
Particularly, the consumption of raw milk or products
made of raw milk has caused several listeriosis outbreaks
resulting in several hundred cases. Raw milk and raw
milk products are therefore clear risk factors and people
that are susceptible for acquiring listeriosis should not
consume such products. Information about the risks in-
volved in consuming unpasteurized milk or milk products
should also be provided continuously.

The importance of postprocessing hygiene has been
emphasized in the listeriosis outbreak caused by butter.
Good manufacturing and hygiene practices, particularly
maintaining hygiene of processing machines, are the
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keys in preventing L. monocytogenes contamination. The
authorities have an important role in checking the hy-
giene in dairy plants and in assessing and updating the
in-house control plan including sampling protocols of L.
monocytogenes. It is also equally important to notice that
products, which may be subjected to postprocessing con-
tamination should be reheated before consumption by
highly immunocompromized persons in order to elimi-
nate possible contamination.

Several European countries have a national surveil-
lance system with continuous genotyping of clinical
strains enabling detection of listeriosis outbreaks. Retro-
spective genotyping of clinical isolates have revealed that
listeriosis outbreaks have probably been more common
than previously detected. Some countries genotype also
food isolates which enables the comparison of food and
clinical isolates. This may help in recognizing the source
of the outbreak. There is an increasing need for the detec-
tion of multinational outbreaks. The detection of multi-
national outbreaks requires the development of a stan-
dardized international surveillance system; design of
such a system is currently under way.
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