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(LYNX LYNX) IN SWITZERLAND
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(Herpetology), Simone R.R. Pisano, Dr med vet, DECZM (Wildlife Population Health),
Sonja Kittl, PhD, DACVM, DECVM, Anna Oevermann, Dr med vet, DECVP,
Marie-Pierre Ryser-Degiorgis†, Dr med vet, DECZM (Wildlife Population Health), and
Iris A. Marti, Dr med vet

Abstract: Listeria monocytogenes is an ubiquitous environmental saprophytic bacterium causing listeriosis in
domestic animals, humans, and occasionally wildlife. In animals, this foodborne zoonotic disease mainly occurs in
ruminants and it is rare in carnivores. Seven red foxes (Vulpes vulpes) and one Eurasian lynx (Lynx lynx) were diag-
nosed with listeriosis between 2010 and 2021 at the Institute for Fish and Wildlife Health, Bern, Switzerland.
Necropsy and histopathology revealed meningitis (six of seven red foxes), hepatitis (six of seven red foxes),
pneumonia (five of seven red foxes), splenitis (two of seven red foxes) and splenomegaly (the Eurasian lynx, two
of seven red foxes). Listeria monocytogenes was isolated from either lung, spleen, liver, or kidney of all animals.
Serotyping detected L. monocytogenes serotype 1/2a in five red foxes and the Eurasian lynx and serotype 4b in two
red foxes. Six red foxes were positive for canine distemper virus (CDV) by polymerase chain reaction, whereas the
Eurasian lynx and one red fox were negative. One red fox that was positive for CDV and listeriosis was also diag-
nosed with salmonellosis. The identified L. monocytogenes serotypes are among the three most frequently isolated
serotypes (1/2a, 1/2b, and 4b) from food or the food production environment and those that cause most listeriosis
cases in humans and animals. Coinfection with CDV in six red foxes questions the role of CDV as potential predis-
posing factor for septicemic listeriosis. The detection of listeriosis in the regionally endangered Eurasian lynx and
in carnivores highly abundant in urban settings, such as red foxes, reinforces the importance of wildlife health sur-
veillance in a One Health context and adds the Eurasian lynx to the list of carnivores susceptible to the disease.
Further investigations are required to assess the prevalence and epidemiology of L. monocytogenes in free-ranging
carnivores and its interaction with CDV.

INTRODUCTION

Listeria monocytogenes is a gram-positive, sapro-
phytic, facultative intracellular and facultative anaer-
obe rod-shaped bacterium.4,8,17 It is the causative
agent of listeriosis, a severe foodborne disease that
can result in stillbirths, meningitis, septicemia, and
death in humans. Risk groups include pregnant
women, neonates, and immunocompromised indi-
viduals. Humans usually get infected through con-
sumption of contaminated food and rarely via
contact with infected animals or their feces.4 Case

fatality rate ranges from 20 to 30%, despite ade-
quate antimicrobial treatment.23 Listeria spp. can be
found in organic matter in the soil, such as decom-
posing plants.4 The species is frequently part of the
intestinal flora of clinically healthy humans (preva-
lence of 6–24%) and domestic and wild animals.8

Disease development depends on the immunocom-
petence of the host as well as the bacterial load and
typically requires Listeria spp. to cross the oral or
intestinal mucosae.8,23 Thirteen serotypes of L.
monocytogenes have been described and are divided
into four phylogenetic subdivisions (lineages I–IV),7

including the serotypes 1/2a, 1/2b, and 4b, each
commonly reported in humans, whereas serotypes
1/2a and 4b are often detected in animals. Via gel-
based multiplex polymerase chain reaction (PCR),
L. monocytogenes serotypes are classified into four
serogroups by detecting specific target genes.25

In animals, the disease is mainly reported in
domestic ruminants, potentially associated with
poor-quality silage feeding, but it can also affect
many other mammals (artiodactyls, carnivores,
lagomorphs, rodents, insectivores, and primates)
as well as birds.4,8 Disease presentation includes
septicemia, encephalitis, meningitis, meningoen-
cephalitis, abortion, stillbirth, and gastroenteritis.4,24
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In wildlife, L. monocytogenes infection has been
described in farmed fallow deer (Dama dama),24

free-ranging sika deer (Cervus nippon),22 red deer
(Cervus elaphus),28 wild boar (Sus scrofa),22,28 western
European hedgehogs (Erinaceus europeaus),9

hares,21,30 rodents,27 and wild birds.10 Although
L. monocytogenes can cause severe disease and
death to wildlife, infected wild boar, red deer, and
sika deer may remain asymptomatic and carry the
bacterium as part of their normalmicrobiome.19,22,28

Listeriosis is not commonly diagnosed in carni-
vores, and reports of L. monocytogenes infections
in free-ranging carnivores are limited. Clinical lis-
teriosis was diagnosed in gray foxes (Urocyon cin-
ereoargenteus)14 and a raccoon dog (Nyctereutes
procyonoides),1 whereas the bacterium was iso-
lated from black bears (Ursus americanus),19 red
foxes (Vulpes vulpes), beech martens (Martes foina),
and raccoons (Procyon lotor)15 without associated
pathologies.

In Switzerland, the red fox is the most widely
distributed free-ranging carnivore. It is an extremely
adaptive species that can be found in high alpine as
well as urban environments. The ability to thrive in
human-dominated landscapes makes it a particular
relevant species for the surveillance of zoonotic
pathogens.3 By contrast, the Eurasian lynx (Lynx
lynx) is considered endangered in Switzerland and
its conservation is of high national and interna-
tional priority.26 Consequently, investigation of
mortalities within a health surveillance program
is essential in a One Health context.

We report listeriosis in seven red foxes and one
Eurasian lynx that were found over a period of 10 yrs
in geographically distant locations in Switzerland.

CASE REPORTS

Animals

Between 2010 and 2021, 566 red foxes and 232
Eurasian lynx were submitted to the Institute for
Fish and Wildlife Health (FIWI), University of
Bern, Switzerland, for postmortem examination
within the national general wildlife health surveil-
lance program. All animals were not systematically
tested for L. monocytogenes, but molecular diagnos-
tic testing was performed based onmacroscopic and
histopathologic findings. In seven red foxes and one
Eurasian lynx, the examination was macroscopically
and histopathologically suspicious for listerio-
sis, which was confirmed via molecular data. All
animals were found dead, except one red fox,
which was found in agony and died spontane-
ously upon arrival of the game warden. Case his-
tory and animal data are given in Table 1, and the T
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geographical distribution of the cases is illustrated
in Figure 1.

Pathology

Macroscopic examination and full dissection was
performed in all cases and complemented by histopa-
thology in all but one red fox. Tissue samples were
fixed in 10% neutral-buffered formalin. They were
then processed, embedded in paraffin, sectioned at
5-lm thickness, and stained withH&E for histologic
examination following the accredited protocols of
the Institute of Pathology, University of Bern. Gram
stain was applied to selected samples as needed.
Representative specimens of organs were collected
at necropsy for ancillary laboratory analysis.

Laboratory analysis

Bacteriology: Bacterial culture of lung (n¼ 5),
spleen (n ¼ 5), liver (n ¼ 3), and kidney (n ¼ 2) was
done at the Institute of Veterinary Bacteriology,
University of Bern, Switzerland. Heated spatula
was used to sear the exterior of the organ surface,
after which one loopful of material was streaked
onto BDTM Trypticase soy agar with 5% sheep
blood (Becton Dickinson, 4123 Allschwil, Switzer-
land), BDTM chocolate agar (GC II Agar with Iso-
VitaleX, Becton Dickinson), OxoidTM MacConkey
agar no. 3 (lung) (Becton Dickinson, 4123 Allsch-
wil, Switzerland), and OxoidTM Brolac agar (other
organs) (ThermoFisher Scientific). Plates were incu-
bated aerobically (sheep blood and chocolate agar

with 5% CO2) and read after 24 and 48 h (72 h for
chocolate agar). Suspected Listeria spp. isolates
were identified to species level by using VITEKw 2
COMPACT (Biomérieux, 1213 Petit-Lancy, Swit-
zerland) GP card.

For serotyping, the suspected L. monocytogenes
isolates were submitted to the National Reference
Centre for Enteropathogenic Bacteria and Listeria
at the Institute for Food Safety and Hygiene, Uni-
versity of Zurich, Switzerland.

Immunohistochemistry: Presence of L. mono-
cytogenes was confirmed by immunohistochemistry
(IHC) on paraffin-embedded tissue sections of liver
(n ¼ 4 red foxes, n ¼ 1 Eurasian lynx) and spleen
(n ¼ 2 red foxes, n ¼ 1 Eurasian lynx) as well as
brain (n ¼ 1 red fox) with a polyclonal rabbit
antibody against L. monocytogenes serotypes 1 and
4 (1:200, Difco Laboratories, Detroit, MI 48201,
USA) following antigen retrieval by enzymatic diges-
tion with trypsin 0.2% at 37°C for 10 min as previ-
ously described.5 Tissue sections were incubated
with the primary antibody for 1 h at room temper-
ature, and positive reactions were visualized with
mouse- and rabbit-specific horseradish peroxidase/
3-amino-9-ethylcarbazole detection kit (ab93705,
abcam, Cambridge CB2 0AX, United Kingdom).

PCR: A reverse transcription PCR for the
detection of canine distemper virus (CDV) RNA
was performed from total RNA extracted brain
and lung tissues9 from red foxes and from brain tis-
sue and a lymph node of the Eurasian lynx.

Figure 1. Origin and year of submission of the carcasses of free-ranging carnivores diagnosed with Listeria
monocytogenes at the Institute for Fish and Wildlife Health (FIWI) in Switzerland; star ¼ location of FIWI.
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Pathology findings

Macroscopic examination: Carcass condition
varied from mildy (n ¼ 2) to moderately (n ¼ 4) to
severely autolytic (n ¼ 1) in the red foxes. The Eur-
asian lynx was severely autolytic, with considerable
tissue loss due to myiasis, thus limiting its exami-
nation. Body condition was moderate to good in
five red foxes, poor in two red foxes, and emaciated
in the Eurasian lynx (Table 1). Six of seven red foxes
showed multifocal-to-coalescent lung hemorrhages
(Fig. 2a), occasionally in association with increased
lung consistency or nodular formation (n¼ 5).Mild-
to-moderate splenomegaly was observed in two red
foxes (Fig. 2b), whereas severe splenomegaly was
found in the Eurasian lynx (Fig. 2c). In one red fox
multiple, prominent light tan foci of 2–3-mmdiame-
ter were present on the surface of the spleen. In
three red foxes, the mucous membranes including
conjunctivae were icteric (Fig. 2d). In one red fox,
the liver had an orange-to-brown color with a fragile
consistency (Fig. 2e). Key necropsy, histopathol-
ogy, and microbiology findings are summarized in
Table 2.

Histology: The histopathologic interpretation
of all organs of the Eurasian lynx was severely
hampered by advanced autolysis and is therefore
not further described.

In the liver multiple necrotic lesions as well as
infiltrations with macrophages and neutrophils
were observed in five red foxes. Intralesional gram-
positive bacteria were present in two individuals
(Fig. 3a).

The spleen of five red foxes showed severe lym-
phoid depletion, with a severe necrotizing splenitis
in two foxes and intralesional gram-positive bacteria
in one fox (Fig. 3b). Eosinophilic intracytoplasmatic
inclusion bodies were present in macrophages of
one fox.

Bronchointerstitial pneumonia was detected in
four red foxes: three had multiple necrotic lesions
with embedded intralesional gram-positive bacteria
in one individual. Eosinophilic intracytoplasmatic
inclusion bodies were detected in the alveolar mac-
rophages of another red fox.

Three red foxes had a meningitis with infiltrating
macrophages and vacuolization of the white matter
and gitter cells. Choroiditis characterized by multi-
focal infiltrations of macrophages and plasma cells
was observed in one fox. Meningoencephalitis either
with necrotizing lesions or with mixed infiltration of
histiocytes, lymphocytes, and plasma cells was found
in two red foxes. Eosinophilic inclusion bodies were
detected in the cytoplasm of macrophages as well
as in the nucleus and the cytoplasm of the neurons
of one red fox.

Other findings included dermatitis and cellulitis
with severe infiltrations of gram-positive coccoba-
cilli in two red foxes and a multisystemic amyloid-
osis (liver, spleen, and lung) in one red fox.

Laboratory analysis findings

Bacteriology: The L. monocytogenes serotype
1/2a was identified from five red foxes and the
Eurasian lynx, and serotype 4b was isolated from

Figure 2. Gross lesions of free-ranging Eurasian lynx (Lynx lynx) and red foxes (Vulpes vulpes) with listeriosis
in Switzerland. (a) Lung (red fox): multifocal-to-coalescent hemorrhages. (b) Spleen (red fox): mild splenomeg-
aly with tan foci on the surface. (c) Spleen (Eurasian lynx): severe splenomegaly (the multifocal depressions of
the surface are due to autolysis). (d) Oral cavity (red fox): icteric mucous membranes. (e) Liver (red fox):
brown-to-orange discoloration.
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two red foxes. In addition, Salmonella enterica
subsp. enterica was isolated from the pulmonary
parenchyma and the bronchus of one red fox
(Table 2).

IHC: Six red foxes showed strong immuno-
histochemical cytoplasmic labeling for L. monocy-
togenes in the liver (hepatocytes, macrophages, and
Kupffer cells) (Fig. 3c). In three red foxes, IHC
labeling was also present in the spleen (Fig. 3d).
In the Eurasian lynx, IHC showed positive lym-
phoid tissue. No IHC labeling was detected in the
brain (n ¼ 2 red foxes), kidney (n ¼ 3 red foxes), or
lung (n¼ 2 red foxes).

PCR: CDV nucleic acid was detected in the
brain and lung of six of seven red foxes, but not in
the Eurasian lynx.

DISCUSSION

We documented listeriosis in two free-ranging
carnivore species in Switzerland, the red fox (n ¼
7) and the Eurasian lynx (n ¼ 1), over a 10-yr
period. This diagnosis was supported by mor-
phologic, microbiologic, and molecular data. All
cases were incidental findings within the national
general wildlife health surveillance program,mean-
ing that no systematic investigation for L. monocy-
togenes was conducted, but molecular diagnostic
testing was performed based on macroscopic and
histopathologic findings. Therefore, the presented
cases do not allow conclusions on the disease
prevalence in red foxes and Eurasian lynx. The
infected animals originated from different places
and were of both sexes and different age classes.

Infection with L. monocytogenes has been previ-
ously described in red12,15 and gray foxes14 as well
as in other free-ranging carnivores, such as beech
martens, raccoons,15 and black bears.19 To the best
of the authors’ knowledge, this is the first descrip-
tion of listeriosis in a lynx.

In this study, the bacterium was isolated from
extraintestinal sites in all cases, indicating bacterial
dissemination and septicemic listeriosis. This is
the most common presentation of the disease in
small mammals, whereas carnivores may present
either the septicemic or encephalitic form.13

Themain histopathologic findings in the red foxes
were necrotizing hepatitis and splenitis, consistent
with reports in gray foxes,14 and more recently in a
white-tailed jackrabbit (Lepus townsendii)21 and free-
living western European hedgehogs.11

The rhombencephalitic form is the most common
disease presentation in ruminants, such as sheep,
goats, and cattle.29 Characteristic histopathologic
changes, such as microabscesses in the brainstem
with adjacent perivascular mononuclear cuffing,17T
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were not detected in any of the reported cases. How-
ever, the animals in this study were not specifically
examined for listeriosis and the brainstem was not
routinely sampled for microscopic examination, so
histopathologic changes in this area of the brain
may have been missed. Furthermore, the advanced
autolysis partially compromised the histopatho-
logic examination and interpretation of the lesions
of several organs, especially in the Eurasian lynx.

Lesions in the lung and the brain of the red foxes
were likely caused by the CDV infection. CDV is
known to be associatedwith nonsuppurative enceph-
alitis,18 whereas listeriosis is characterized by neutro-
philic infiltration.17 Furthermore, L. monocytogenes
IHCwas negative in the lung and brain in all cases.
CDV is a well-known pathogen of carnivores.18

The virus emerged in several wild carnivore species,
including red foxes and Eurasian lynx, in Switzer-
land between 2009 and 2010,18 and the disease has
remained endemic in the Swiss red fox population
with recurrent epidemic peaks. Although the num-
ber of listeriosis cases is very low, this disease was
not diagnosed in wild carnivores in Switzerland
before 2010. Thus, the concurrent infection with lis-
teriosis and CDV in six of seven red foxes may sug-
gest the immunosuppressive effect of CDV as a
potential predisposing factor to develop listeriosis,

similar to gray foxes in New Hampshire, USA.14

However, one red fox and the Eurasian lynx with lis-
teriosis were negative for CDV. One of the red foxes
had a triple infection with CDV, L. monocytogenes,
and Salmonella enterica subsp enterica, suggestive of
a severely immunocompromised status. Salmonella
enterica subsp enterica is a foodborne pathogen that
can contaminate agricultural products and is
responsible for 99% of salmonellosis cases in
humans and warm-blooded animals.2 In Poland,
Salmonella enterica subsp enterica was detected in
2.45% of the 286 sampled red foxes, whereas
L. monocytogeneswas detected in 4.5%. By contrast,
all tested beech martens (n ¼ 65) and raccoons (n ¼
70) were negative for both pathogens. It was con-
cluded that red foxes might pose a threat to human
health due to growing population size and occur-
rence close to human settlements.15

The detectedL. monocytogenes serotypes 1/2a and
4b are among the most frequently isolated sero-
types (1/2a, 1/2b, and 4b) from food or the food
production environment which cause .95% of
human infections.23 Serotypes 1/2a and 4b were
most frequently found in other wild animals, such
as red deer, wild boar,28 and wild birds,10 as well as
American black bears.19 Because the high preva-
lence of serotypes 1/2a or 3a (57%) and 4b (33%),

Figure 3. Histopathologic lesions of free-ranging red foxes (Vulpes vulpes) with listeriosis in Switzerland. (a)
Liver (red fox), Gram stain, necrotic focus with intralesional gram-positive bacteria. (b) Spleen (red fox),
Gram stain, severe necrotizing splenitis with intralesional gram-positive bacteria. (c) Liver (red fox), immu-
nohistochemistry, positive cytoplasmic labeling for Listeria monocytogenes (see also the inset). (d) Spleen
(red fox), immunohistochemistry, positive cytoplasmic labeling for L. monocytogenes (see also the inset).
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American black bears were considered a potential
vehicle and perhaps carrier for L. monocytogenes
and other Listeria spp., suggesting potential public
health implications.19 Similar to black bears, red
foxes frequently occur close to human settlements
and could therefore contribute to the distribution of
the pathogen in the anthropogenic environment. In
the present case series, two of the red foxes were
found on a dairy farm, and another red fox was
found at the border of a village. Listeria spp. are
ubiquitous and accordingly widely available for
the recipient hosts either from the environment or
from prey animals. A spillover from domestic ani-
mals (e.g., via spreading manure from domestic
ruminants on fields) or from anthropogenic
sources (e.g., farm or human waste) is possible.
Systematic testing in urban red foxes would be
needed to draw conclusions about possible public
health risks. Infected mammals such as wild boar
and red deer are known to serve as asymptomatic
carriers28 and are a potential source of infection
for predators or scavengers, such as Eurasian
lynx and red foxes, either directly via consumption
of infected carcasses or indirectly via fecal shed-
ding. A recent study documented a prevalence of
13% for L. monocytogenes in surface waters in Swit-
zerland, with the majority of strains belonging to
either serotype 1/2a (48%) or 4b (44%).20 This
could represent an additional source of infection
not only for red foxes and Eurasian lynx but also
for other receptive wildlife.

Since 2010, reported human listeriosis cases in
Switzerland ranged from 30 to 100 annually. Main
infection sources for humans in Switzerland are
raw meat and fish products as well as unpasteur-
ized milk products or soft cheese.6,16 In addition,
highly processed products such as ready-to-eat sal-
ads have been reported as sources of infection. In
livestock, 6–16 animals with L. monocytogenes infec-
tion were documented per year during the same
time period.6 Besides this report in carnivores, liste-
riosis was very rarely diagnosed in other free-rang-
ing Swiss wildlife. In the framework of the general
health surveillance program at the FIWI, only two
European hedgehogs in 2020 were confirmed with
listeriosis between 2010 and 2021. However, this
agent has not been systematically investigated and
the relatively unspecific disease presentation along
with existing coinfections might have reduced the
probability of pathogen detection.

The present case series adds the Eurasian lynx
to the list of carnivores susceptible to listeriosis and
demonstrated the presence of L. monocytogenes in
the red fox and Eurasian lynx population in Switzer-
land. Coinfections with CDV in six of seven red

foxes question the role of CDV as a potential predis-
posing factor increasing the susceptibility of these
animals to develop septicemic listeriosis. Although
passive material collection characterizing general
wildlife health surveillance and the lack of systematic
investigations cannot be considered representative
of the real situation, the detection of two potentially
zoonotic bacteria, L. monocytogenes and S. e. enter-
ica, reinforces the importance of wildlife health sur-
veillance in a One Health context. This case series
intends to increase disease awareness in wildlife
professionals working with carnivores, but does not
allow conclusions on the prevalence, epidemiology,
or human health risk of listeriosis. Further investi-
gations are required to assess the prevalence and
epidemiology of L. monocytogenes in free-ranging
carnivores and its interaction with CDV.
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