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Listeria monocytogenes Infektion bei 
Wiederkäuern: Besteht eine Verbin
dung zur Kontamination von Umwelt 
und Lebensmitteln und zur mensch
lichen Gesundheit? Eine Übersicht
Listeria (L.) monocytogenes ist ein weit verbreiteter Um-
weltkeim, kann jedoch im Falle einer Infektion eine 
schwere invasive Erkrankung bei Mensch und Wieder-
käuer hervorrufen. Dieser Artikel gibt eine Übersicht 
über die Listeriose beim Wiederkäuer und diskutiert 
gegenwärtige Wissenslücken bezüglich Reservoirs von 
L. monocytogenes und dessen mögliche Übertragung zwi-
schen Tier, Mensch, Lebensmittel und der Umwelt. Die 
Rolle von genetischen Subtypen in der Ökologie und 
Virulenz von L. monocytogenes ist bisher nur wenig ge-
klärt und die derzeitige Kenntnis von Risikofaktoren, 
in vivo Diagnostik und Pathogenese von L. monocytogenes 
bei Wiederkäuern ist ungenügend. Um die Kontrolle 
von L. monocytogenes im Sinne der Krankheitsprävention 
zu verbessern, wird es in Zukunft wichtig sein, diese 
Wissenslücken zu schliessen. Die angegebenen Verbes-
serungsvorschläge für die Krankheitsüberwachung ha-
ben zum Ziel, die Abschätzung der Prävalenz der Liste-
riose beim Wiederkäuer zu optimieren, da diese 
momentan mit hoher Wahrscheinlichkeit unterschätzt 
wird. 
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Summary

Listeria (L.) monocytogenes is widely distributed in the 
environment, but also has the ability to cause serious 
invasive disease in ruminants and humans. This review 
provides an overview of listeriosis in ruminants and 
discusses our insufficient understanding of reservoirs 
and possible cycling of L. monocytogenes between animal 
and human hosts, food and the environment. It indi-
cates gaps in our knowledge of the role of genetic sub-
types in L. monocytogenes ecology and virulence as well 
as risk factors, in vivo diagnostics and pathogenesis of 
listeriosis in ruminants. Filling these gaps will contribute 
to improving the control of L. monocytogenes and en-
hancing disease prevention. As the prevalence of lister-
iosis in ruminants in Switzerland is likely to be under-
estimated, propositions concerning improvement 
options for surveillance of listeriosis in ruminants are 
provided. 
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Introduction

Listeria (L.) monocytogenes, a facultative intracellular 
pathogen, is able to cause serious invasive disease in 
animals and humans. It was first isolated from a human 
patient with meningitis in France in 1921 (Dumont and 
Cotoni, 1921) and thereafter from a wide range of mam-
malian and non-mammalian species worldwide (Murray 
et al., 1926; Low and Donachie, 1997). Although an 
association between listeriosis in animals and the inges-
tion of contaminated feed had already been suggested 
in the 1960s, it was not until the 1980s that L. monocy-
togenes was recognized as a causative agent of food-borne 
outbreaks in humans (Schlech et al., 1983). Since then, 
it has been associated with a wide range of different 
foodstuffs, including two types of Swiss soft cheese 
(Büla et al., 1995; McLauchlin, 1996; Bille et al., 2006). 
Compared to other food- and feed-borne infections, 
listeriosis is a relatively rare disease. Yet it is associated 
with an exceptionally high fatality rate, which is why its 
surveillance and control are a major public health con-
cern. However, both are hampered by the wide distri-
bution of L. monocytogenes in the environment, where 
the bacterium commonly lives as a saprophyte (Weis 
and Seeliger, 1975; Vivant et al., 2013). When ingested 
by humans or animals it is capable of turning into an 
intracellular pathogen (Freitag et al., 2009).

L. monocytogenes is characterized by a high genetic di-
versity and comprises numerous strains, which have 
diversified into four evolutionary lineages (Ragon et al., 
2008; Orsi et al., 2011). There are indications of inter-
strain differences regarding virulence and transmission 
(Nightingale et al., 2004; Hain et al., 2007; Ragon et al., 
2008). Serotyping was the first method developed for 
subtype discrimination of L. monocytogenes and has un-
covered that the vast majority of human and animal 
infections are caused by only three different serotypes: 
1/2a, 1/2b, and 4b (Okwumabua et al., 2005; Gian-
franceschi et al., 2009; Lopez-Valladares et al., 2014;). 
These were also the most prevalent serotypes isolated 
from food and infected humans in Switzerland during 
the last decades (Pak et al., 2002; Bille, 2004; Althaus 
et al., 2014). However, serotyping has a low discrimina-
tory power as it only allows to differentiate between 
13 different serotypes. Accordingly, it has only limited 
value for epidemiological tracking, which is why in most 
countries high-resolution methods and, increasingly, 
whole genome sequencing of bacteria are applied for 
surveillance and outbreak investigation. It is currently 
not possible though to predict the virulence of a given 
isolate for men and ruminants based on its genotypic 
or phenotypic subtype. Consequently, there is a strong 
need to gather more information on strain-specific vir-
ulence by systematic correlation of genotypic/pheno-
typic strain data to the clinical context of isolation and 
to virulence data derived from infection models. Small-
scale studies have been performed in several countries 
with an array of subtyping techniques (Sauders et al., 
2004; Lyytikäinen et al., 2006; Gianfranceschi et al., 
2009), making it difficult to compare data between stud-
ies. Therefore, the future strategy should focus on large-
scale multi-laboratory studies applying a subtyping 
technique that allows sharing and exchanging data be-
tween laboratories. Furthermore, the identification of 
virulence genes and their variants that may be applied 
as markers either for disease-relevant strains or avirulent 
strains, respectively, is highly desirable. 

Preventing the entry of L. monocytogenes into the food 
chain is challenging due to its ubiquity and high stress 
tolerance, allowing it to survive and persist under nu-
merous environmental conditions (Freitag et al., 2009). 
However, it is still poorly understood how L. monocy-
togenes circulates between animals, humans and various 
environments (Fig. 1), and the question whether only 
specific L. monocytogenes subtypes find their way from 
the reservoir to the host remains to be fully addressed. 
Moreover, the determinants and mechanisms of trans-
mission, in particular from the ruminant farm environ-
ment to humans, are not known at this point. 

The purpose of this review is to provide an overview of 
listeriosis in ruminants and the occurrence of L. mono-

Figure 1: Transmission scenarios for L. monocytogenes between ruminants, humans, 
food products and the environment. Potential transmission pathways and vehicles are 
indicated by arrows and colored boxes, respectively.
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cytogenes in livestock, humans, food and the environ-
ment. It aims at pointing out gaps in the current knowl-
edge of the ecology of the pathogen as well as 
transmission pathways between its various niches and 
hosts. Furthermore, surveillance strategies for listeriosis 
in ruminants with particular regard to the situation in 
Switzerland are critically assessed. 

Listeriosis in ruminants and humans 

Clinical Presentation and Epidemiology
Clinical presentation of listeriosis is similar in all sus-
ceptible hosts and may include abortion, CNS infection 
or septicaemia. In veterinary medicine, listeriosis is of 
particular relevance to ruminants. It carries a high fa-
tality rate and may present in 5 different clinical mani-
festations. Most common are encephalitides, followed 
by abortions in the last third of pregnancy (Wilesmith 
and Gitter, 1986). Other conditions like septicaemia in 
newborns as a consequence of in utero infection, masti-
tis and keratoconjunctivitis/uveitis occur less frequent-
ly. Subclinical infection is possible and may result in 
unnoticed pathogen spread by asymptomatic carriers 
(Ho et al., 2007). In consequence, faecal shedding of 
L. monocytogenes by seemingly healthy animals could 
pose a significant risk for contamination of animal feed, 
agricultural environments and raw produce (Ho et al., 
2007). 

In both humans and ruminants, infection with L. mono-
cytogenes occurs predominantly due to consumption of 
contaminated feed and food. In ruminants, it has been 
linked in particular to the ingestion of poorly ferment-
ed silage (Gray, 1960; Wilesmith and Gitter, 1986). How-
ever, this association is being increasingly called into 
question due to the low number of systematic investi-
gations on the one hand and diverging study results on 
the other. Faecal shedding of L. monocytogenes has been 
found to occur more frequently in animals that are fed 
with silage compared to other diets (Fenlon et al., 1996). 
Furthermore, a higher number of listeriosis cases and 
increased faecal shedding of L. monocytogenes has been 
observed during the colder months (Nightingale et al., 
2005). However, the latter could also be explained by 
factors other than silage feeding, e.g. different husband-
ry types and an increased animal density during winter. 
At the same time, there is no evident link between lis-
teriosis and silage feeding in up to a third of listeriosis 
cases and silage feeding did not emerge as a risk factor 
in a Swiss case-control study (Wiedmann et al., 1999; 
Spycher, 2012). It has also been shown that contamina-
tion of barn equipment like bedding, water and feeding 
troughs can be higher than in silage silos and bunkers 
(Mohammed et al., 2009). This raises the question 
whether there are other significant infection sources for 

ruminants apart from silage. Evidently, these sources 
require further characterisation. Systematic comparison 
of L. monocytogenes subtypes in clinically affected and 
unaffected ruminants and in the farm environment 
would significantly contribute to the identification of 
infections sources. 

Listeriosis may occur as a large outbreak within a flock, 
but noteworthy, it is unlikely for different clinical man-
ifestations to be observed during the same outbreak 
(Low and Donachie, 1997; Wilesmith and Gitter, 1986). 
This may indicate differences in organ or tissue tropism 
between L. monocytogenes strains. Most commonly  
however, few or single animals are affected (Low and 
Donachie, 1997). An unequal exposure of animals to 
L. monocytogenes, i.e. due to focal accumulation of 
L. monocytogenes in the feed or farm environment, could 
explain such a sporadic occurrence. Alternatively, infec-
tion of individuals may be facilitated by certain predis-
posing factors. While it is well established for humans 
that the elderly, pregnant women, newborns and immu-
nocompromised patients are at particular risk for dis-
ease, individual risk factors for ruminants are still poor-
ly understood. Such factors would include internal and 
external stressors and act by facilitating the host inva-
sion or by weakening the host ś immune status, but have 
not been clearly identified yet (Wesley, 2007; Spycher, 
2012). Second dentition acting as a portal of entry for 
L. monocytogenes has been implicated as a risk factor in 
ruminants (Barlow and McGorum, 1985). However, 
listeriosis frequently also affects adult ruminants with 
permanent teeth (Oevermann et al., 2010a). Gaining 
knowledge about risk factors of animal listeriosis is im-
portant in terms of disease prophylaxis and develop-
ment of control measures to reduce animal disease. For 
this reason, it would be desirable to perform large-scale 
case-control studies to investigate the health status of 
affected animals and herds, farm management practices 
and their correlation with the prevalence of listeriosis 
cases and L. monocytogenes strains on the farm. 

CNS infection
The CNS is frequently involved in both, animal and 
human cases, and accounts for the high mortality rate 
associated with listeriosis (Oevermann et al., 2010b). 
Most commonly, Listeria CNS infections in ruminants 
occur as rhombencephalitis, i.e. primarily affect the 
brainstem, and only exceptionally as meningitis or 
meningoencephalitis (Charlton and Garcia, 1977). This 
is in contrast to humans, where CNS infections most 
often manifest as diffuse meningitis and meningoen-
cephalitis, and less commonly as rhombencephalitis or 
abscesses in the cerebrum and cerebellum (Mylonakis 
et al., 1998; Bartt, 2000). This discrepancy may be an 
indicator for a different pathogenesis in ruminants and 
humans. Today, listeriosis accounts for the majority of 
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CNS diseases in ruminants in many different countries 
(McGill and Wells, 1993; Agerholm et al., 2002;  
Miyashita et al., 2004; Oevermann et al., 2008; Iulini 
et al., 2012), but its prevalence in ruminant populations 
is likely to be underestimated for reasons outlined fur-
ther below. High-resolution molecular subtyping meth-
ods indicate that listeric rhombencephalitis in rumi-
nants is caused by particular neurotropic genotypes of 
L. monocytogenes (Pohl et al., 2006; Balandyté et al., 
2011), but these results still need to be confirmed by 
screening of a larger number of strains and virulence 
studies. In addition, it remains unknown whether CNS 
infections in ruminants and humans are caused by iden-
tical strains. Identification of such particular neurotrop-
ic strains would enable targeted epidemiological inves-
tigations to study their distribution, ecology and 
potential to be transmitted to humans. Consequently, 
more specific measures for prevention and control of 
neurolisteriosis could be applied.

Pathogenesis of CNS infection
At present, the pathogenesis of neurolisteriosis is not 
entirely understood and importantly, the required in-
fectious dose still remains unknown. Oral infection is 
a common feature for both, animals and humans. How-
ever, subsequent mechanisms to access the brain are 
likely to differ between host species. In humans, it is 
assumed that L. monocytogenes passes the gastrointestinal 
barrier and spreads haematogenously to the brain (Niki-
tas et al., 2011; Disson and Lecuit, 2012). In ruminants, 
there are indications that the pathogen enters the cra-
nial nerves via the oral epithelium or conjunctivae 
(Charlton and Garcia, 1977). Moving within the axons, 
it reaches the brain stem and spreads further to other 
regions of the brain via axonal pathways (Oevermann 
et al., 2010a; Madarame et al., 2011). Affected animals 
have been rarely found to show signs of systemic infec-
tions during post mortem examination, corroborating this 
local ascending route of infection (Spycher, 2012). 

Gaining knowledge on the pathway of CNS infection 
as well as involved molecular mechanisms and risk fac-

tors, is highly important with regard to reliable disease 
detection as well as improvement of therapy options and 
prophylaxis strategies. Understanding the spread of 
L. monocytogenes into the CNS may allow the identifica-
tion of specific markers and the development of molec-
ular tools for disease detection in vivo. Currently, con-
firmation of neurolisteriosis in ruminants cannot be 
attained in vivo. Pleocytosis in the cerebrospinal fluid 
(CSF) as well as a positive response to antibiotic treat-
ment provide only unspecific support to a preliminary 
clinical diagnosis. As opposed to humans, neither iso-
lation nor PCR detection of L. monocytogenes in animal 
CSF has been successful and hence do not provide a 
reliable diagnosis tool (Peters et al., 1995). Definitive 
diagnosis of neurolisteriosis still requires post mortem 
detection of characteristic histological lesions and/or 
isolation of L. monocytogenes from brain tissue. Follow-
ing the assumption that a large proportion of diseased 
animals is not submitted to post mortem examination, 
the current surveillance system in Switzerland, which is 
based on the notification of laboratory confirmed diag-
nosis, categorically underestimates the prevalence of 
neurolisteriosis in ruminants.

Clinical signs of CNS infection
In ruminants, incubation time for listeric rhombenceph-
alitis is longer than for other manifestations and varies 
between 1 and 7 weeks. Clinical presentation depends 
on the localisation and distribution of lesions in the 
nervous system. Most commonly, the brainstem and the 
cranial nerves are uni- or bilaterally affected, which re-
sults in frequently unilateral palsies of cranial nerves V, 
VII, VIII, IX, X, XII as well as affection of the vestibular 
system (Tab. 1). Thus, typical clinical presentation in-
cludes difficulties in swallowing, a drooping ear or eye-
lid, head tilt or circling (Fig. 2). Moreover, unspecific 
symptoms like fever, dullness and inappetence may 
occur. Recumbency, convulsions and opisthotonus can 
be observed during fulminant disease progression fre-
quently occurring in small ruminants, which often die 
within 1 to 3 days after symptom onset. In cattle, disease 
progression is slower with a longer overall duration of 
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Affected cranial nerve nuclei Clinical Symptoms
Nervus (N.) trigeminus (V) – Chewing difficulties

– Reduced palpebral and menace reflex
– Dropped jaw
– Reduced sensitivity of the head to touch

N. facialis (VII) – Drooping eyelid, ear and lip
– Reduced palpebral and menace reflex

N. vestibulocochlearis (VIII) – Nystagmus

N. glossopharyngeus (IX) – Swallowing difficulties

N. vagus (X) – Swallowing difficulties

N. hypoglossus (XII) – Tongue paralysis

Vestibular System – Circling, head tilt, leaning towards one side

Table 1: Affected cranial nerve nuclei and correlating clinical symptoms of L. monocytogenes infection in ruminants.
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infection and lower mortality, which could be due to a 
more effective immune response ( Jungi et al., 1997; 
Oevermann et al., 2010a). 

Therapy
Current therapy options of listeriosis include antibiosis 
and unspecific supportive care, but the mortality rate 
among diseased animals and humans remains high de-
spite treatment (Braun et al., 2002; Schweizer et al., 
2006; Swaminathan and Gerner-Smidt, 2007). Further-
more, treatment success remains difficult to assess as a 
reliable diagnosis of listeriosis can only be attained post 
mortem. In general, isolates of L. monocytogenes are sus-
ceptible to a wide variety of antimicrobials (Swamina-
than and Gerner-Smidt, 2007). Antimicrobial resistance 
in clinical strains is relatively rare but has been reported 
for tetracycline and doxycycline (Vela et al., 2001). In-
terestingly, resistances appear to be more frequent in 
isolates from farm environments (Srinivasan et al., 
2005). However, the number of systematic studies on 
antimicrobial resistance of clinical L. monocytogenes iso-
lates, especially from ruminants, is limited. 

The environment as a reservoir

The environment provides an ecological niche for Lis-
teria spp. L. monocytogenes is commonly associated with 
the soil and lives as a saprophyte on decaying vegetation. 
Due to the wide distribution of L. monocytogenes and its 

ability to sustain and grow in plant-soil environments 
(Weis and Seeliger, 1975), contamination of fresh pro-
duce during cultivation and post-harvest processing 
poses a threat to animal and human health. Because of 
its high stress tolerance, growth of L. monocytogenes on 
vegetables may further increase during storage, even at 
refrigeration temperatures (Tian et al., 2012). Particu-
larly high concentrations of L. monocytogenes in nature 
have been found within deer feeding areas and agricul-
tural production systems, like croplands and livestock 
farms (Tham et al., 1999; Lyautey et al., 2007). 

The prevalence and ecology of different L. monocytogenes 
strains in the agricultural and ruminant environment, 
however, are insufficiently known. Moreover, the im-
pact of farming practices on the prevalence of L. mono-
cytogenes has not yet been elucidated. Generally, it has 
been found that bovine farm environments yield a par-
ticularly high prevalence of L. monocytogenes, including 
subtypes linked to human listeriosis cases and outbreaks 
(Nightingale et al., 2004). In contrast to small rumi-
nants, cattle appear to contribute to the amplification 
and spread of L. monocytogenes in the farm environment, 
which suggests that the epidemiology and transmission 
of L. monocytogenes could differ between ruminant spe-
cies (Nightingale et al., 2004; Oliver et al., 2005). 
L. monocytogenes in cattle farms has a seasonality pattern 
with higher environmental isolation rates in spring pos-
sibly as a consequence of a combination of winter live-
stock housing, silage feeding and spring application of 
manure (Wilkes et al., 2011). This could lead to the 
emergence of a cycle, in which the cattle farm environ-
ment remains a constant reservoir for L. monocytogenes. 
However, this cycle and its significance for public health 
have not yet been fully understood. Furthermore, it 
needs to be elucidated whether geographic differences 
and different husbandry types and agricultural systems 
may play a role in the spread of L. monocytogenes between 
individual animals, flocks and species. 

Up to now, it is unknown whether the ecology of differ-
ent L. monocytogenes strains is distinct and the existence 
of ecotypes remains to be demonstrated (Vivant et al., 
2013). Moreover, it is not clear whether all or only spe-
cific L. monocytogenes subtypes are able to get from the 
farm environment to the ruminant and to the consum-
er (e.g. by contaminating raw milk) causing disease. 
Consequently, there is a strong need to systematically 
study the prevalence of L. monocytogenes strains in the 
ruminant farm environment, raw materials (e.g. raw 
milk), transport vehicles and containers, manufacturing 
facilities (e.g. cheese factories) and personnel compared 
to their prevalence in infection. This will allow to iden-
tify strains that are particularly prone to reach the con-
sumer and elucidate their transmission pathways and 
vectors, respectively. 

Figure 2: Sheep affected by neurolisteriosis presenting with 
head tilt, chewing and swallowing difficulties, drooping ear, 
eyelid and lip. (Courtesy of: Clinic for Ruminants, Vetsuisse
Faculty, University of Bern)
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Challenges in the food industry

It is estimated that up to 99% of human listeriosis cases 
arise from ingestion of contaminated food (Farber and 
Peterkin, 1991; Mead et al., 1999). As Listeria are ubiq-
uitously present in the environment, initial contamina-
tion of food may occur at any stage before consumption, 
including primary agricultural production, food pro-
cessing, retail level and consumer’s homes (Wagner and 
McLauchlin, 2008). This eventuates in different con-
tamination routes: either directly from raw ready-to-eat 
products (i.e. raw milk, cheese, fruit, vegetables), or 
indirectly via environmental or post-processing contam-
ination (i.e. milk and cheese products, meat, fruit and 
vegetables). Consequently, Listeria spp. can also act as 
a hygiene indicator for various stages of the food pro-
cessing chain. 

Infections have been associated with different food pro-
duction types, ranging from raw produce to complex 
foods like sandwiches, as well as various food types, 
including dairy products, meat, fish and vegetables. Af-
fected food types commonly share the following fea-
tures: they support the multiplication of L. monocy-
togenes, are processed with extended shelf life at 
refrigeration temperatures and do not require cooking 
before consumption (“ready-to-eat foods”) (McLauch-
lin, 1996). Making their control particularly challeng-
ing, Listeria survive and multiply under numerous con-
ditions that are applied in food production, preservation 
and storage. They are relatively resistant to acid and high 
salt concentrations as well as cooling, iron depletion and 
low oxygen conditions (Soni et al., 2011). This implies 
that even if only present at an initially low level, L. mono-
cytogenes may further multiply in different food types 
during storage. Consequently, particular attention also 
needs to be paid during primary production (i.e. milk 
production) to assure specific control of the pathogen 
by implementing efficient milking hygiene measures 
and control of L. monocytogenes mastitis. 

In Switzerland, cheese production, in particular from 
raw milk, is an important food industry sector. More 
precisely, almost half of the commercially produced 
milk is used to manufacture cheese, a large proportion 
of which is exported to other countries (Federal Office 
for Agriculture FOAG, 2012). This underlines the pub-
lic health and economic impact that an outbreak asso-
ciated with this food type might have. In the past dec-
ades, Switzerland was hit by such outbreaks twice: from 
1983 to 1987 in connection with “Vacherin Mont d’Or“ 
soft cheese, which led to a high mortality and a high 
number of encephalitis cases, as well as in 2005 related 
to “Tomme” soft cheese (Büla et al., 1995; Bille et al., 
2006). As a consequence to the 1983 to 1987 outbreak 
the Swiss government decreed the creation of the Lis-

teria Monitoring Program (LMP), which is still in effect 
today. This programme requires that milk and milk 
products are tested for L. monocytogenes as part of qual-
ity assurance programmes in cooperation with the Swiss 
dairy industry. The aims of the LMP are to detect con-
tamination in cheese factories and ripening centres as 
early as possible, to stop the spread of Listeria and to 
prevent contaminated cheeses to be placed on the  
market. 

According to current Swiss food legislation, L. monocy-
togenes, regardless of its strain, is required to be absent 
in 25g of food that promotes its multiplication or must 
not exceed 100 cfu/g in food that doesn’t promote mul-
tiplication (Hygieneverordnung des EDI (HyV), 2005). 
This means that in the present system, all L. monocy-
togenes isolated from the food production chain are 
treated as an equally serious public health threat, even 
though it is known that there are many distinct strains 
of the bacterium, which may differ regarding virulence 
and infectious potential (Ragon et al., 2008). Further-
more, the infectious dose required to cause clinical dis-
ease has not been defined and whether it varies between 
strains is presently not known. 

In the future, it will be crucial to determine virulence 
factors that may function as molecular markers in order 
to discriminate strains that are more likely to cause dis-
ease and are associated with high fatality from avirulent/
less virulent strains. This will allow targeted screening 
for virulent L. monocytogenes strains in food production 
and, thus, improve the prevention of foodborne listeri-
osis. Considering the economic impact of the current 
policy (e.g. associated with food recalls), it would be 
desirable to distinctly identify pathogenic L. monocy-
togenes and specifically eliminate them from the food 
chain. 

Moreover, databases of standardised and, thus, compa-
rable profiles of isolates of different origin (clinical iso-
lates of human origin, isolates out of food and feed, 
isolates from veterinary surveillance, isolates from the 
farm and factory environment) generated by use of 
high-resolution subtyping methods are needed. This 
would significantly contribute to understanding trans-
mission pathways and help to determine possible sourc-
es of contamination in future outbreak events.

Surveillance of listeriosis  
in ruminants

In order to assess the overall impact of L. monocytogenes 
on the veterinary and public health system, it is impor-
tant to reliably estimate the prevalence of listeriosis in 
the animal population. However, a large proportion of 
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deceased animals is currently not submitted to post mor-
tem examination, making it seem likely that a high num-
ber of listeriosis cases remain undetected. This could 
significantly influence the number of notifications of 
animal listeriosis in Switzerland. The current surveil-
lance system for listeriosis relies on the report of labo-
ratory confirmed cases only. The success of such a sys-
tem is largely dependent on the farmer‘s level of disease 
awareness and the decision to contact a veterinarian as 
well as the willingness to comply with the recommen-
dation for a post-mortem examination. Key factors in 
the decision-making process may be the cost of veteri-
nary intervention and testing, within-herd prevalence 
of symptoms, value of diseased animals and concern 
about possible inconvenient consequences of a positive 
test outcome. Neurological disease in particular has 
been shown to be less likely reported than other symp-
tom complexes in livestock (Gilbert et al., 2013). 

During the past few years, the number of animal lister-
iosis cases in Switzerland was consistently low. In 2011, 
15 confirmed cases of animal listeriosis (8 in cattle, 3 in 
sheep and 4 in goats) were reported to the authorities. 
In the course of clinical investigations, a total of 82 tests 
for L. monocytogenes was carried out, mostly concerning 
abortions and general disease (Federal Veterinary Office 
FVO, 2011). This low number of reported cases is in 
strong contrast to results from surveillance studies. In 
Switzerland, an extensive active surveillance study re-
vealed that listeriosis is by far the most common CNS 
disease in the national adult small ruminant population 
and that its prevalence is highly underestimated. Fur-
thermore, listeriosis proved to be significantly more 
common in animals than in humans with an estimate 
of 200 cases/million animals (Oevermann et al., 2008). 
Moreover, it is the most common differential diagnosis 
for BSE in adult cattle presenting with neurological 
symptoms in many European countries (McGill and 
Wells, 1993; Agerholm et al., 2002; Miyashita et al., 
2004; Iulini et al., 2012). It is therefore doubtful that 
the number of currently reported cases displays the real 
prevalence of animal listeriosis in Switzerland, a fortio-
ri because the active surveillance study did not include 

animals less than 1 year of age. With regard to sensitiv-
ity, it is required to re-evaluate the effectiveness of the 
current passive surveillance system. One possibility for 
improvement is the introduction of an active surveil-
lance programme, for example by testing a representa-
tive number of fallen stock animals for listeriosis. An-
other option is to shift the obligation to report cases 
from a laboratory to a clinical level by making it com-
pulsory for veterinarians or even livestock owners to 
report suspect clinical cases. Finally, introduction of 
syndromic surveillance, i.e. mandatory reporting of all 
neurologically diseased animals, would bear the advan-
tage of also capturing differential diagnoses of listeriosis 
and avoid a seeming decline in the proportion of diag-
nosed listeriosis cases in the field if reporting on a clin-
ical level became mandatory. Obtaining a more precise 
assessment of the actual prevalence of listeriosis as well 
as in-depth investigation of the environmental distribu-
tion and ecology of different strains would mark an 
important step towards finding a possible link between 
environmental reservoirs of L. monocytogenes, ruminant 
cases and human infection.

Conclusion

In the future, it will be essential to carry out systematic 
characterisation studies of L. monocytogenes subtypes in 
all 4 niches – livestock, humans, food and environ-
ment – in order to improve understanding of the path-
ogen’s ecology. This may allow to identify possible links 
and transmission pathways between these niches (Fig. 1) 
and, in further consequence, help to prevent the infec-
tion of ruminants and humans. Discrimination between 
pathogenic, in particular neurotropic, and non-patho-
genic strains will make it possible to take more specific 
control measures in the context of disease prevention 
and to limit economic losses associated with food re-
calls. Revision of the current surveillance system with 
regard to its potential for improvement could generate 
a more reliable assessment of the prevalence of listerio-
sis in the animal population. 
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Infections à Listeria monocytogenes 
chez les ruminants: existetil un lien 
avec la contamination de l’environne
ment et des denrées alimentaires et 
avec la santé humaine? 

Listeria (L.) monocytogenes est un germe largement répan-
du dans l’environnement, qui peut toutefois, en cas 
d’infection, causer une maladie grave chez l’homme et 
les ruminants. Le présent article donne une vision gé-
nérale de la listériose chez les ruminants et discute des 
actuelles lacunes de connaissances en ce qui concerne 
les réservoirs de L. monocytogenes et la possible transmis-
sion de ce germe entre les animaux, l’homme, les ali-
ments et l’environnement. Le rôle de sous-types géné-
tiques de L. monocytogenes dans l’écologie et la virulence 
de ce germe n’est pour l’instant que peu éclairci et les 
connaissances actuelles des facteurs de risque, du dia-
gnostic in vivo et de la pathogénèse d’une infection à 
L. monocytogeses chez les ruminants sont insuffisantes. 
Il est important, pour améliorer le contrôle de L. mono-
cytogenes en vue de la prévention de la maladie, de com-
bler ces lacunes. Les présentes propositions d’améliora-
tions en matière de surveillance de la maladie ont pour 
but d’optimiser l’estimation de la prévalence de la listé-
riose chez les ruminants, cette prévalence étant actuel-
lement très vraisemblablement sous-estimée. 

Infezione nei ruminanti da Listeria 
monocytogenes: sussiste un colle
gamento di contaminazione dell’am
biente, degli alimenti e della salute 
umana? 

La Listeria (L.) monocytogenes è un germe molto diffuso 
nell'ambiente che, in caso di infezione, può causare gra-
vi malattie invasive negli esseri umani e nei ruminanti. 
Questo articolo vuole fornire una panoramica sulla li-
steriosi nei ruminanti e mettere in evidenza certe lacune 
delle conoscenze attuali sul serbatoio naturale della 
L. monocytogenes e della sua possibile trasmissione tra 
animali, esseri umani, cibo e ambiente. Il ruolo dei sot-
totipi genetici nell'ecologia e la virulenza della L. mo-
nocytogenes finora non è stato ancora chiarito e le 
attuali conoscenze dei fattori di rischio della diagnosi 
in vivo e della patogenesi della L. monocytogenes nei ru-
minanti sono insufficienti. Per migliorare il controllo 
della L. monocytogenes in termini di prevenzione, sarà 
importante in futuro colmare le lacune conoscitive. I 
suggerimenti di cui sopra per il miglioramento della 
sorveglianza delle malattie, devono avere come obietti-
vo di ottimizzare la stima della prevalenza della liste-
riosi nei ruminanti, poiché attualmente essa viene pro-
babilmente molto sottovalutata.

319_328_Walland.indd   326 26.05.15   12:54



Übersichtsarbeiten | Reviews

327SAT | ASMV 6 | 2015Band 157, Heft 6, Juni 2015, 319–328, © GST | SVS

Listeria monocytogenes 
infection in ruminants: Is 
there a link to the environ
ment, food and human 
health? A review

Walland J. et al.

at primary production and initial processing. J. Appl. Bacte
riol. 1996, 81: 641–50.

Freitag N. E., Port G. C., Miner M. D.: Listeria monocyto
genes   from saprophyte to intracellular pathogen. Nat. 
Rev. Microbiol. 2009, 7: 623–8.

Gianfranceschi M. V., D’Ottavio M. C., Gattuso A., Bella A., 
Aureli P.: Distribution of serotypes and pulsotypes of Lis
teria monocytogenes from human, food and environmental 
isolates (Italy 2002–2005). Food Microbiol. 2009, 26: 520–6.

Gilbert W. H., Häsler B. N., Rushton J.: Influences of farmer 
and veterinarian behaviour on emerging disease surveil
lance in England and Wales. Epidemiol. Infect. 2013, 1–15.

Gray M. L.: A possible link in the relationship between silage 
feeding and listeriosis. J. Am. Vet. Med. Assoc. 1960,  
136: 205–8.

Hain T., Chatterjee S. S., Ghai R., Kuenne C. T., Billion A., 
Steinweg C., Domann E., Kärst U., Jänsch L., Wehland 
J., Eisenreich W., Bacher A., Joseph B., Schär J., Kreft 
J., Klumpp J., Loessner M. J., Dorscht J., Neuhaus K., 
Fuchs T. M., Scherer S., Doumith M., Jacquet C., Martin P., 
Cossart P., Rusniock C., Glaser P., Buchrieser C., Goebel W., 
Chakraborty T.: Pathogenomics of Listeria spp. Int. J. Med. 
Microbiol. 2007, 297: 541–57.

Ho A. J., Ivanek R., Gröhn Y. T., Nightingale K. K., Wied
mann M.: Listeria monocytogenes fecal shedding in dairy 
cattle shows high levels of daytoday variation and in
cludes outbreaks and sporadic cases of shedding of specific 
L. monocytogenes subtypes. Prev. Vet. Med. 2007,  
80: 287–305.

Hygieneverordnung des EDI (HyV) 817.024.1: 2005.

Iulini B., Maurella C., Pintore M. D., Vallino Costassa E., 
Corbellini D., Porcario C., Pautasso a, Salata C., Gelmetti D., 
Avanzato T., Palù G., D’Angelo a, Caramelli M., Casalone C.: 
Ten years of BSE surveillance in Italy: neuropathological 
findings in clinically suspected cases. Res. Vet. Sci. 2012, 
93: 872–8.

Jungi T. W., Pfister H., Sager H., Fatzer R., Vandevelde M., 
Zurbriggen A.: Comparison of inducible nitric oxide 
synthase expression in the brains of Listeria monocy
togenesinfected cattle, sheep, and goats and in mac
rophages stimulated in vitro. Infect. Immun. 1997,  
65: 5279–88.

LopezValladares G., Tham W., Parihar V. S., Helmersson S., 
Andersson B., Ivarsson S., Johansson C., Ringberg H., Tjern
berg I., HenriquesNormark B., DanielssonTham M.L.: Hu
man isolates of Listeria monocytogenes in Sweden during 
half a century (1958–2010). Epidemiol. Infect. 2014,  
142: 2251–60.

Low J. C., Donachie W.: A review of Listeria monocytogenes 
and listeriosis. Vet. J. 1997, 153: 9–29.

Lyautey E., Lapen D. R., Wilkes G., McCleary K., Pagotto F., 
Tyler K., Hartmann A., Piveteau P., Rieu A., Robertson W. J., 
Medeiros D. T., Edge T. A., Gannon V., Topp E.: Distribution 
and characteristics of Listeria monocytogenes isolates from 
surface waters of the South Nation River watershed, Onta
rio, Canada. Appl. Environ. Microbiol. 2007, 73: 5401–10.

Lyytikäinen O., Nakari U. M., Lukinmaa S., Kela E., Nguyen 
Tran Minh N., Siitonen A.: Surveillance of listeriosis in Fin
land during 19952004. Euro Surveill. 2006, 11: 82–5.

Madarame H., Seuberlich T., Abril C., Zurbriggen A., Vande
velde M., Oevermann A.: The distribution of Ecadherin 
expression in listeric rhombencephalitis of ruminants indi
cates its involvement in Listeria monocytogenes neuroinva
sion. Neuropathol. Appl. Neurobiol. 2011, 37: 753–67.

McGill I. S., Wells G. a: Neuropathological findings in cattle 
with clinically suspect but histologically unconfirmed bo
vine spongiform encephalopathy (BSE). J. Comp. Pathol. 
1993, 108: 241–60.

McLauchlin J.: The relationship between Listeria and listeri
osis. Food Control. 1996, 7: 187–193.

Mead P. S., Slutsker L., Dietz V., McCaig L. F., Bresee J. S., 
Shapiro C., Griffin P. M., Tauxe R. V: Foodrelated illness and 
death in the United States. Emerg. Infect. Dis. 1999,  
5: 607–25.

Miyashita M., Stierstorfer B., Schmahl W.: Neuropathologi
cal findings in brains of Bavarian cattle clinically suspected 
of bovine spongiform encephalopathy. J. Vet. Med. B. In
fect. Dis. Vet. Public Health. 2004, 51: 209–15.

Mohammed H. O., Stipetic K., McDonough P. L., Gonza
lez R. N., Nydam D. V, Atwill E. R.: Identification of potential 
onfarm sources of Listeria monocytogenes in herds of dairy 
cattle. Am. J. Vet. Res. 2009, 70: 383–8.

Murray E. G. D., Webb R. A., Swann M. B. R.: A disease of 
rabbits characterised by a large mononuclear leucocytosis, 
caused by a hitherto undescribed bacillus Bacterium mono
cytogenes (n.sp.). J. Pathol. Bacteriol. 1926, 29: 407–439.

Mylonakis E., Hohmann E. L., Calderwood S. B.: Central 
nervous system infection with Listeria monocytogenes. 
33 years’ experience at a general hospital and review of 776 
episodes from the literature. Medicine (Baltimore). 1998,  
77: 313–36.

Nightingale K. K., Fortes E. D., Ho A. J., Schukken Y. H., 
Grohn Y. T., Wiedmann M.: Evaluation of farm management 
practices as risk factors for clinical listeriosis and fecal 
shedding of Listeria monocytogenes in ruminants. J. Am. 
Vet. Med. Assoc. 2005, 227: 1808–14.

Nightingale K. K., Schukken Y. H., Nightingale C. R., Fortes 
E. D., Ho A. J., Her Z., Grohn Y. T., McDonough P. L., Wied
mann M.: Ecology and transmission of Listeria monocy
togenes infecting ruminants and in the farm environment. 
Appl. Environ. Microbiol. 2004, 70: 4458–67.

Nikitas G., Deschamps C., Disson O., Niault T., Cossart P., 
Lecuit M.: Transcytosis of Listeria monocytogenes across 
the intestinal barrier upon specific targeting of goblet cell 
accessible Ecadherin. J. Exp. Med. 2011, 208: 2263–77.

Oevermann A., Botteron C., Seuberlich T., Nicolier A., 
Friess M., Doherr M. G., Heim D., Hilbe M., Zimmer K., Zur
briggen A., Vandevelde M.: Neuropathological survey of 
fallen stock: active surveillance reveals high prevalence of 
encephalitic listeriosis in small ruminants. Vet. Microbiol. 
2008, 130: 320–9.

Oevermann A., Di Palma S., Doherr M. G., Abril C., Zurbrig
gen A., Vandevelde M.: Neuropathogenesis of naturally 
occurring encephalitis caused by Listeria monocytogenes in 
ruminants. Brain Pathol. 2010a, 20: 378–90.

Oevermann A., Zurbriggen A., Vandevelde M.: Rhomben
cephalitis Caused by Listeria monocytogenes in Humans 
and Ruminants: A Zoonosis on the Rise? Interdiscip. Per
spect. Infect. Dis. 2010b, 2010: 632513.

Okwumabua O., O’Connor M., Shull E., Strelow K., Hama
cher M., Kurzynski T., Warshauer D.: Characterization of 
Listeria monocytogenes isolates from food animal clinical 
cases: PFGE pattern similarity to strains from human listeri
osis cases. FEMS Microbiol. Lett. 2005, 249: 275–81.

Oliver S. P., Jayarao B. M., Almeida R. A.: Foodborne path
ogens in milk and the dairy farm environment: food safety 
and public health implications. Foodborne Pathog. Dis. 
2005, 2: 115–29.

319_328_Walland.indd   327 26.05.15   12:54



Übersichtsarbeiten | Reviews

328 SAT | ASMV 6 | 2015 Band 157, Heft 6, Juni 2015, 319–328, © GST | SVS

Listeria monocytogenes 
infection in ruminants:  

Is there a link to the  
environment, food and 

human health? A review

Walland J. et al.

Orsi R. H., den Bakker H. C., Wiedmann M.: Listeria monocy
togenes lineages: Genomics, evolution, ecology, and pheno
typic characteristics. Int. J. Med. Microbiol. 2011,  
301: 79–96.

Pak S.I., Spahr U., Jemmi T., Salman M.: Risk factors for  
L. monocytogenes contamination of dairy products in  
Switzerland, 1990–1999. Prev. Vet. Med. 2002, 53: 55–65.

Peters M., Pohlenz J., Jaton K., Ninet B., Bille J.: Studies of 
the detection of Listeria monocytogenes by culture and PCR 
in cerebrospinal fluid samples from ruminants with listeric 
encephalitis. Zentralbl. Veterinarmed. B. 1995, 42: 84–8.

Pohl M. A., Wiedmann M., Nightingale K. K.: Associations 
among Listeria monocytogenes genotypes and distinct clin
ical manifestations of listeriosis in cattle. Am. J. Vet. Res. 
2006, 67: 616–26.

Ragon M., Wirth T., Hollandt F., Lavenir R., Lecuit M., Le 
Monnier A., Brisse S.: A new perspective on Listeria mono
cytogenes evolution. PLoS Pathog. 2008, 4: e1000146.

Sauders B. D., Mangione K., Vincent C., Schermerhorn J.,  
Farchione C. M., Dumas N. B., Bopp D., Kornstein L., 
Fortes E. D., Windham K., Wiedmann M.: Distribution of 
Listeria monocytogenes molecular subtypes among human 
and food isolates from New York State shows persistence of 
human diseaseassociated Listeria monocytogenes strains 
in retail environments. J. Food Prot. 2004, 67: 1417–28.

Schlech W. F., Lavigne P. M., Bortolussi R. A., Allen A. C., 
Haldane E. V, Wort A. J., Hightower A. W., Johnson S. E., 
King S. H., Nicholls E. S., Broome C. V: Epidemic listeri
osisevidence for transmission by food. N. Engl. J. Med. 
1983, 308: 203–6.

Schweizer G., Ehrensperger F., Torgerson P. R., Braun U.: 
Clinical findings and treatment of 94 cattle presumptively 
diagnosed with listeriosis. Vet. Rec. 2006, 158: 588–92.

Soni K. A., Nannapaneni R., Taurai T.: An Overview of Stress 
Response Proteomes in Listeria monocytogenes. Agric. 
Food Anal. Bacteriol. 2011, 1: 66–85.

Spycher A.: Investigation of risk factors for encephalitic lis
teriosis in Switzerland 2012. Vetsuisse Bern.

Srinivasan V., Nam H. M., Nguyen L. T., Tamilselvam B., Mu
rinda S. E., Oliver S. P.: Prevalence of antimicrobial resist
ance genes in Listeria monocytogenes isolated from dairy 
farms. Foodborne Pathog. Dis. 2005, 2: 201–11.

Swaminathan B., GernerSmidt P.: The epidemiology of hu
man listeriosis. Microbes Infect. 2007, 9: 1236–43.

Tham W., Bannerman E., Bille J., DanielssonTham M. L., 
Eld K., Ericsson H., GavierWidén D., Rocourt J., Mörner T.: 
Listeria monocytogenes subtypes associated with mortality 
among fallow deer (Dama dama). J. Zoo Wildl. Med. 1999, 
30: 545–9.

Tian J.Q., Bae Y.M., Choi N.Y., Kang D.H., Heu S., Lee S.Y.: 
Survival and growth of foodborne pathogens in minimally 
processed vegetables at 4 and 15 °C. J. Food Sci. 2012,  
77: M48–50.

Vela A. I., FernándezGarayzábal J. F., Latre M. V., Rodríguez 
A. A., Domínguez L., Moreno M. A.: Antimicrobial suscepti
bility of Listeria monocytogenes isolated from meningoen
cephalitis in sheep. Int. J. Antimicrob. Agents. 2001,  
17: 215–220.

Vivant A.L., Garmyn D., Piveteau P.: Listeria monocy
togenes, a downtoearth pathogen. Front. Cell. Infect.  
Microbiol. 2013, 3: 87.

Wagner M., McLauchlin J.: Biology. In: Handbook of Listeria 
Monocytogenes. Ed. D. Liu, CRC Press, Boca Raton, 2008, 
3–25.

Weis J., Seeliger H. P.: Incidence of Listeria monocytogenes 
in nature. Appl. Microbiol. 1975, 30: 29–32.

Wesley I. V.: Listeriosis in Animals. In: Listeria, Listeriosis 
and Food Safety. Eds. E.T. Ryser, E.H. Marth, CRC Press, 
Boca Raton, 2007, 55–84.

Wiedmann M., Mobini S., Cole J. R., Watson C. K., Jeffers 
G. T., Boor K. J.: Molecular investigation of a listeriosis out
break in goats caused by an unusual strain of Listeria mono
cytogenes. J. Am. Vet. Med. Assoc. 1999, 215: 369–71, 340.

Wilesmith J., Gitter M.: Epidemiology of ovine listeriosis in 
Great Britain. Vet. Rec. 1986, 119: 467–470.

Wilkes G., Edge T. A., Gannon V. P. J., Jokinen C., Lyautey E., 
Neumann N. F., Ruecker N., Scott A., Sunohara M., Topp E., 
Lapen D. R.: Associations among pathogenic bacteria, par
asites, and environmental and land use factors in multiple 
mixeduse watersheds. Water Res. 2011, 45: 5807–25.

Corresponding author 
Anna Oevermann, Prof. Dr. med. vet., Dipl. ECVP 
Department of Clinical Research and Veterinary Public Health 
VetsuisseFakultät, Univ. Bern 
Bremgartenstr. 109a, PF 8466 
CH3001 Bern 
Tel. +41 031 631 2537 
Fax +41 031 631 2538 
EMail: anna.oevermann@vetsuisse.unibe.ch 
www.vetsuisse.unibe.ch 
www.neurocenterbern.ch

319_328_Walland.indd   328 26.05.15   12:54


