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Abstract

Listeriosis is a disease primarily of ruminants caused by the Gram-positive bacterium Listeria
monocytogenes. Ruminants either demonstrate manifestations of the encephalitic, septicemic, or re-
productive form of listeriosis. The pathological and molecular findings with encephalitic listeriosis in
a 5.5-month-old, male, mixed-breed goat and a 3-year-old Texel-crossed sheep from northern
Parand, Brazil are described. Clinically, the kid demonstrated circling, lateral protrusion of the
tongue, head tilt, and convulsions; the ewe presented ataxia, motor incoordination, and lateral
decumbency. Brainstem dysfunctions were diagnosed clinically and listeriosis was suspected.
Necropsy performed on both animals did not reveal remarkable gross lesions; significant histopatho-
logical alterations were restricted to the brainstem (medulla oblongata; rhombencephalitis) and were
characterized as meningoencephalitis that consisted of extensive mononuclear perivascular cuffings,
neutrophilic and macrophagic microabscesses, and neuroparenchymal necrosis. PCR assay and di-
rect sequencing, using genomic bacterial DNA derived from the brainstem of both animals, amplified
the desired 174 base pairs length amplicon of the listeriolysin O gene of L. monocytogenes. Phylo-
genetic analyses demonstrated that the strains associated with rhombencephalitis during this study
clustered with known strains of L. monocytogenes lineage I from diverse geographical locations and
from cattle of the state of Parana with encephalitic listeriosis. Consequently, these strains should be
classified as L. monocytogenes lineage 1. These results confirm the active participation of lineage |
strains of L. monocytogenes in the etiopathogenesis of the brainstem dysfunctions observed during
this study, probably represent the first characterization of small ruminant listeriosis by molecular
techniques in Latin America, and suggest that ruminants within the state of Parana were infected by
the strains of the same lineage of L. monocytogenes.
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Introduction (Summers et al., 1995; Maxie et al., 2007; George 2009;

Listeria monocytogenes is a Gram-positive bacterium Zachary 2012). Listeriosis also occurs in humans and is fre-

that produces three distinct’ rarely Overlapping’ Syndromes quently associated with the ingestion of contaminated milk
predominantly in ruminants, and other domestic animals  and/or milk-derived products (Timoney ef al., 1992). In
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Brazil, cases of human listeriosis might be underdiagnosed,
while the incidence of contaminated animal products is
variable, being 0-38% for milk and 0-25% in cheese-based
products (Barancelli ef al., 2011); this variation reflects the
type of product analysed and the geographical location of
the study area.

Three recognized syndromes of listeriosis are de-
scribed in domestic animals: a) septicemic disease of young
animals, with involvement of the liver, spleen, and other or-
gans; 2) reproductive disease, associated with metritis,
placentitis, and abortion occurring predominantly in sheep
and cattle; and ¢) meningoencephalitis, more frequently di-
agnosed in adult sheep, goats, and cattle (Summers ef al.,
1995; Maxie and Youssef 2007; Zachary 2012). Although
this bacterium occurs worldwide, disease in domestic ani-
mals is more frequently diagnosed in temperate countries
(George 2009). In Brazil, there are few descriptions of
listeriosis in domestic animals, with disease occurring in
cattle (Schwab et al., 2004; Galiza et al., 2010), sheep
(Schwab et al., 2004; Ribeiro et al., 2006; Rissi et al.,
2010), and goats (Schwab et al., 2004; Rissi ef al., 2000).
Data collected from diagnostic laboratories in Brazil have
suggested that the occurrence of ruminant encephalitic lis-
teriosis (REL) is significantly reduced (Sanches et al.,
2000; Guedes et al., 2007; Galiza et al., 2010). In northern
Brazil, incidence levels vary between species: being 0.9%
(1/111) for cattle (Galiza et al., 2010), 8.2% (3/34) in goats,
and 3.45% (1/29) in sheep (Guedes et al., 2007). Studies
done in southern Brazil have also reported reduced inci-
dence rates: being 3% (3/100) in goats (Rissi et al., 2006)
and 0.98% (3/305) in cattle (Sanches et al., 2000). How-
ever, there is no description of small ruminant listeriosis in
the state of Parana.

The histopathological diagnosis of REL is based on
the observation of microabscesses and/or extensive peri-
vascular mononuclear cuffings associated with intralesio-
nal Gram positive bacterium particularly at the brainstem
(Maxie and Youssef 2007; Zachary 2012). Confirmation of
REL has been based on the combination of these character-
istic histopathological findings associated with immuno-
histochemistry (Wilkins et al., 2000; Schwab et al., 2004;
Ribeiro et al., 2006; Rissi et al., 2006), bacterial isolation
(Yousif et al., 1984; McLaughlin et al., 1993; Johnson et
al., 1995), serology (Borkii et al., 2006), and molecular bi-
ology (Wiedmann et al., 1997; Evans et al., 2004; Langohr
et al., 2006; Bundrant et al., 2011).

Although molecular investigations have been used
worldwide to characterize REL (Wiedmann et al., 1997,
Evans et al., 2004; Langohr et al., 2006; Bundrant et al.,
2011), reports of the utilization of this diagnostic technique
to identify listeriosis in domestic animals from Brazil or
South America is scarce. However, REL was successfully
characterized in cattle from the state of Parana by a combi-
nation of histopathological and molecular techniques
(Headley et al., 2013), and there is one unsuccessful at-
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tempt of molecular identification in goats (Rissi et al.,
2006). Molecular diagnostic strategies used to identify L.
monocytogenes in domestic animals include: the PCR am-
plification of 174 base pairs (bp) of the listeriolysin (4/y) O
gene that is specie-specific (Deneer ef al., 1991; Wesley et
al., 2002); randomly amplified polymorphic DNA (RAPD)
analysis (Wesley et al., 2002); PCR-restriction fragment
length polymorphism (RFLP) assay (Evans et al., 2004);
PCR-serotyping of the 16S rRNA gene (Langohr et al.,
2006); and multilocus sequence analysis (MLSA) (Bun-
drant et al, 2011). Additionally, strains of L.
monocytogenes can be subtyped into four distinct evolu-
tionary lineages: lineage I, II, and III (Rasmussen et al.,
1995; Wiedmann et al., 1997; Roberts et al., 2006), and IV
(Liu 2006; Roberts et al., 2006), based on the pathological
potential to cause disease outbreaks in humans and domes-
tic animals (Wiedmann et al., 1997; Liu 2006).

This report presents the clinicopathological and mo-
lecular findings associated with caprine and ovine ence-
phalitic listeriosis in northern Parana, Brazil.

Materials and Methods

Clinical history: caprine

A 5.5-month-old, male, crossbreed goat was admitted
at the Veterinary Teaching Hospital (VTH), Universidade
Norte de Parana, Arapongas, Parand, southern Brazil in
early September, 2011, with a history of circling and pro-
trusion of the tongue towards the right side of the mouth.
On arrival at the VTH, the goat demonstrated head tilt, ped-
alling movement, convulsions in addition to the manifesta-
tions observed at the farm. A neurological diagnosis of
brainstem dysfunction was established and listeriosis was
suspected. The neurological manifestations became intense
and progressive, the owner solicited euthanasia, and a rou-
tine necropsy was realized.

This animal originated from a herd of 200 goats, lo-
cated approximately 40 km from Londrina; these animals
are raised primarily for commercial meat production and
milk for household usage. An on-farm investigation re-
vealed that the goats were housed in three individual pens
divided into several subunits; the floor of one pen was ele-
vated and consisted of ripped wooden strips, while others
were made up of compacted organic material. There was no
reported utilization of silage at the farm prior to or at the
time of this investigation. The animals received water ad /i-
bitum and were fed daily freshly cut Elephant grass
(Pennisetum purpureum), commercially produced mineral
salt and corn, and leftover stalks of sugarcane destroyed by
the recent inclement weather; some standing sugarcane
stalks demonstrated signs of decomposition. The owner in-
dicated that three days previously a female goat had similar
neurological manifestations and died; he further com-
mented that a year ago another goat demonstrated muscular
tremors, circling with sudden death, and that there have
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been episodes of late-phase abortions that coincided with
severe intestinal parasitism. Blood samples were randomly
collected from 16 goats, without apparent manifestation of
disease, by venepuncture in EDTA tubes and stored at
-20 °C.

Clinical history: ovine

A 3-year-old, female, Texel-cross sheep was taken to
the VTH in mid-December 2011 due to clinical manifesta-
tions of muscular tremors, motor incoordination, ataxia,
and lateral decumbency. The referring veterinarian indi-
cated that the neurological manifestations initiated 45 days
prior to arrival at the University. These manifestations were
observed on arrival at the Teaching Hospital, listeriosis was
suspected, and the referring veterinarian requested eutha-
nasia due to the prolonged nature of the neurological
syndrome. This sheep originated from a farm located in
Arapongas, Parand, that contained 95 ewes used for repro-
duction. These animals are raised semi-extensively; they
are housed in pens having floors derived from compacted
wood shavings, are maintained on pastures of Panicum
maximum cultivar Aruana and supplemented with commer-
cially produced mineral salt and grounded corn; water de-
rived from an artesian well is given ad libitum. The veteri-
narian further indicated that there were two recent
unexplained episodes of abortion within the herd and this
ewe was acquired from another farm 6 months before the
onset of neurological dysfunctions.

Necropsy and sample collection

Routine necropsies were performed soon after eu-
thanasia. Tissues fragments (brain, liver, intestines, liver,
lungs, and kidneys) of both animals were fixed by
emersion in 10% buffered formalin solution and routinely
processed for histopathological evaluation; brainstem
fragments were also colored by the Gram stain. Duplicate
sections of the brainstem, liver, and lungs were aseptically
collected and maintained frozen until used for molecular
analysis.

DNA extraction, PCR assay, and sequencing

Genomic bacterial DNA was extracted from the
brainstem of the sheep and goat, and, from blood samples
of asymptomatic sheep, by a combination of phenol/chloro-
form/isoamyl alcohol and silica/guanidine isothiocyanate
methods (Alfieri et al., 2006), and then maintained at -20
until usage. The PCR protocol used was based on previous
studies (Wesley et al., 2002), with modifications. Briefly,
the Lisl and Lis2 primer pairs that selectively amplify
174 bp of the hly gene of L. monocytogenes were used
(Deneer and Boychuk 1991; Wesley et al., 2002). Amplifi-
cation was done to a final volume of 50 pL, containing
50 pmole of each primer, 200 uM of ANTP, 1.25 U of Taq
DNA polymerase, 10 uL. 10X Buffer (Invitrogen Corp;
Carlsbad, CA, USA), 6.5 mM MgCl,, 5 puL of extracted
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DNA, and 22.5 uL of nuclease-free water (Invitrogen Corp;
Carlsbad, CA, USA). The PCR amplification cycle con-
sisted of an initial denaturation (94 °C for 4 min), followed
by 40 cycles of denaturation (94 °C for 1 min), primer an-
nealing (60 °C for 1 min) and extension (72 °C for 1 min),
with a final extension (72 °C for 5 min). Positive control
consisted of genomic DNA obtained from an unpublished
case of L. monocytogenes derived from milk samples; neg-
ative control consisted of nuclease-free water (Invitrogen
Corp; Carlsbad, CA, USA).

The obtained PCR products were separated by elec-
trophoresis in 2% agarose gels, stained with ethidium bro-
mide, and examined under UV light. The products were
then purified (illustra GFX PCR DNA and Gel Band Purifi-
cation Kit; GE Healthcare, Buckinghamshire, UK) and
submitted for direct sequencing with the sense and anti-
sense primers. The partial sequences were initially com-
pared by the BLAST program
(http://www.ncbi.nlm.nih.gov/BLAST). Phylogenetic
trees and sequence alignments were then created by using
MEGA 5.2.1 (Tamura et al., 2011), constructed by the
neighbour-joining method, based on 1,000 bootstrapped
data sets. Distances values were calculated by using the
Kimura 2 parameter model.

Results

Necropsy and histopathological findings

Gross findings of the goat consisted predominantly of
congested meningeal vessels, pulmonary edema, hemor-
rhage, and congestion with enlarged mesenteric lymph
nodes due to five examples of the cestode, Moniezia spp.,
within the small intestine; a sagittal section through the
brain revealed discrete congestion of the brainstem. Signif-
icant gross lesions were not observed in other organs/sys-
tems. Remarkable gross lesions of the sheep were restricted
to congestion of meningeal vessels.

Significant histological alterations of both animals
were similar in nature and restricted predominantly to the
brainstem (medulla oblongata; rhombencephalitis), but
there was also discrete involvement of the cerebellum and
cerebral cortex of the goat; all other organs/systems of
both animals were not affected. Brainstem lesions re-
vealed meningoencephalitis and microabscesses (Figu-
re 1). Meningoencephalitis was characterized by the
accumulations of lymphocytes and plasma cells at the
meninges, resulting in meningitis with vasculitis and peri-
vasculitis, and with extensive mononuclear cuffs within
the neuroparenchyma. These perivascular cuffs were of
different sizes and shapes, and most were formed by more
than four layers of mononuclear cells, consisting primar-
ily of lymphocytes, plasma cells, and some macrophages
(Figure 2). Within these areas of mononuclear cuffings
there were foci of microabscesses, formed by predomi-
nant neutrophilic accumulations admixed with few
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Figure 1 - Listeria monocytogenes-induced rhombencephalitis; medulla
oblongata; mixed-breed goat. There is marked inflammation of the menin-
ges and neuroparenchyma resulting in subacute meningoencephalitis
(Hematoxylin and Eosin stain; 4x Obj.).

Figure 2 - Medulla oblongata; mixed-breed goat. The mononuclear peri-
vascular cuffings are formed by more than four layers of lymphoplas-
macytic inflammatory cells. (Hematoxylin and Eosin stain; 10x Obj.).

Figure 3 - Listeria thombencephalitis; medulla oblongata; mixed-breed
sheep. The microabscesses is formed by mixed inflammatory exudate
(Hematoxylin and Eosin stain; 20x Obj.).
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macrophages (Figure 3); alternatively, they were micro-
abscesses that were predominantly macrophagic. In some
areas, the coexistent vascular cuffings and inflammatory
exudate resulted in destruction of the neuroparenchyma
(Figure 4); this being more severe in the goat relative to
the sheep. Large quantities of Gram-positive bacteria
were observed predominantly within neurones, but also
within macrophages, neutrophils, endothelial cells of sev-
eral destroyed vessels, and loose within the neuro-
parenchyma. Bacteria were more predominant in areas of
neuroparenchymal necrosis. Additionally, there was
astrocytosis, vascular congestion, neuronal necrosis, and
neuronophagia within the areas containing the inflamma-
tory reaction and microabscesses. Further, manifestations
of histological disease of the goat were characterized by
discrete vasculitis and perivascular edema of the cerebel-
lum and meningitis with vasculitis and foci of small
perivascular cuffings (formed by less than 2 layers of in-
flammatory cells) of the cerebral cortex.

PCR assay, sequencing, and phylogenetic analysis
of fragments of the listeriolysin O gene

The Lis1 and Lis2 primer pairs amplified the desired
product size of 174 bp that was derived from DNA ex-
tracted only from the brainstem of the both animals. The
partial sequences obtained during this study have been
named L. monocytogenes Londrina strain 1 and 2. Initial
BLAST analysis revealed that the sequences of the Lon-
drina strains have 100% similarity with other sequences of
the Aly gene deposited in GenBank. Phylogenetic analysis
based on the //y gene of L. monocytogenes revealed that the
strains from this study clustered with known stains of L.
monocytogenes lineage 1, including strains recently identi-
fied in cattle from the state of Parana with encephalitic
listeriosis (Headley et al., 2013). All blood-derived
genomic DNA samples revealed negative results by PCR

Figure 4 - Encephalitic listeriosis; medulla oblongata; mixed-breed goat.
There is destruction of the neuroparenchyma due to the accumulation of
microabscesses, perivascular cuffings, and the influx of inflammatory
cells. (Hematoxylin and Eosin stain; 40x Obj.).
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Figure 5 - Phylogenetic relationship of selected strains of Listeria
monocytogenes, representing the four distinct lineages, based on the liste-
riolysin gene. The GenBank accession numbers of the isolates used are
given. The strain derived from this study is highlighted (within box); those
from a recent investigation of bovine encephalitic listeriosis are shown
(arrows).

assay. The sequences used for phylogenetic analyses dur-
ing this study are given in Figure 5.

Discussion

The neurological manifestations associated with the
histopathological findings observed within the brainstem
(medulla oblongata) of these animals are consistent with
those previously described in REL (Summers et al., 1995;
Maxie and Youssef 2007; Zachary 2012). Additionally, the
molecular data obtained from genomic bacterial DNA ex-
tracted from the same anatomic location of both animals re-
vealed the desired 174 bp amplicon of the /ly gene of L.
monocytogenes, by specie-specific primers (Deneer and
Boychuk 1991; Wesley et al., 2002). Therefore, these find-
ings confirm the active participation of L. monocytogenes
in the etiopathogenesis of the brainstem lesions with the
consequent neurological manifestations presented by these
small ruminants and contribute to the geographical distri-
bution of ruminant listeriosis in Brazil. As far as the au-
thors’ are aware, this report might represent the first
successful characterization of L. monocytogenes in small
ruminants by the use of molecular techniques aided by
histopathology in Brazil and South America, and also pos-
sibly in Latin America.

The histopathological alterations observed within the
brainstem of these animals are pathognomonic for REL
(Maxie and Youssef 2007). Nevertheless, a recent study
has classified ruminant encephalitic listeriosis in three dis-
tinct progressive histopathological patterns based on the
cellular composition of microabscesses (Oevermann ef al.,
2010). Accordingly, there is type 1 microabscesses (acute
encephalitic listeriosis), formed predominantly by neutro-
philic exudate with few macrophages; type 2 (chronic liste-
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riosis), with the predominance of macrophages and reduced
neutrophilic exudate; and type 3 microabscesses (subacute
encephalitic listeriosis), formed by a combination of ab-
scesses that are predominantly neutrophilic and macro-
phagic (Oevermann et al., 2010). Consequently, the
histopathological lesions observed in the brainstem of both
animals are consistent with subacute listerial encephalitis;
this neurological pattern might represent the most frequent
manifestation of REL (Oevermann et al., 2010).

Although the histopathological manifestations of lis-
terial encephalitis is considered restricted to the brainstem
(Summers et al., 1995; Maxie and Youssef 2007; Zachary
2012), characteristic lesions were observed in the cerebel-
lum of two cases described in southern Brazil (Rissi ef al.,
2006). In addition, 85.91% (189/220) of ruminants with
encephalitic listeriosis, from a European study, had lesions
that extended from the brainstem rostrally to the upper spi-
nal cord with cerebellar and cerebral involvement (Oever-
mann et al., 2010). Extra brainstem lesions were discrete
within the cerebellum and cerebral cortex of the goat.
Therefore, these results suggest that for an effective histo-
pathological characterization of listeriosis in ruminants, the
brainstem and other regions of the CNS should be evalu-
ated. Nevertheless, the brainstem continues to be the most
likely neuroanatomical location to observe characteristic
listerial meningoencephalitis in ruminants (Maxie and
Youssef 2007; Oevermann et al., 2010; Zachary 2012).

Although there are several molecular diagnostic tech-
niques (Wesley et al., 2002; Evans et al., 2004; Langohr et
al., 2006; Bundrant et al., 2011) to characterize L.
monocytogenes, we opted for the amplification of the Aly
gene with subsequent phylogenetic analysis. This is par-
tially because ruminant listeriosis in Brazil is not of signifi-
cant economic importance to the national herd considering
the reduced levels of occurrence described in cattle, sheep,
and goats (Sanches et al., 2000; Guedes et al., 2007; Galiza
et al., 2010), and the marked absence of silage and hay
feeding of ruminants relative to temperate zones, which
makes ruminants in Brazil less susceptible to infection by
L. monocytogenes (Headley et al., 2013). Hence, the objec-
tive of the current study was to confirm the participation of
L. monocytogenes by molecular technique, since there are
no reports of small ruminant listeriosis within the state in
which these animals were housed, and few descriptions of
small ruminant listeriosis in Brazil (Schwab et al., 2004;
Ribeiro et al., 2006; Rissi et al., 2006; Guedes et al., 2007,
Rissi et al., 2010). Additionally, the 4ly gene is highly con-
served in L. monocytogenes, the primer pairs (Lis1; Lis2)
are specie-specific, and differentiates L. monocytogenes
from other species of Listeria (Deneer and Boychuk 1991);
this further confirms that L. monocytogenes was involved
in the brainstem lesions of these animals. The PCR results
obtained with the specific-primer pairs used in this study
are similar to previous reports (Deneer and Boychuk 1991;
Wesley et al., 2002).
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The phylogenetic data obtained when these strains
were aligned with those deposited in GenBank demon-
strated that the strains from this study clustered with other
known strains of L. monocytogenes lineage I, including
those from a recent study of bovine encephalitic listeriosis
from the state of Parand (Headley et al., 2013). Conse-
quently, the strains from this investigation should be classi-
fied as L. monocytogenes lineage 1. This finding is of
significant importance to understand the epidemiology of
L. monocytogenes, since listeriosis in animals is more fre-
quently associated with lineage III strains (Liu 2006). Al-
though lineage I strains of L. monocytogenes have been
associated with outbreaks in domestic animals (Rasmussen
etal., 1995), as occurred in a cattle from the state of Parana
(Headley et al., 2013), these strains are more frequently iso-
lated in food-borne epidemics of listeriosis and in sporadic
cases of human and animal listeriosis (Liu 2006; Roberts et
al., 2006). Consequently, the strains of L. monocytogenes
identified during this study from northern Parana and those
characterized in cattle from other geographical regions of
Parana (Headley et al., 2013) represent sporadic occur-
rences of REL due to lineage I strains; this is primarily be-
cause lineage [ strains of L. monocytogenes are considered
more pathogenic for humans than domestic animals
(Jeffers et al., 2001; den Bakker et al., 2008). Collectively,
these findings suggest that ruminants within the state of
Parana were infected by the strains of the same lineage of L.
monocytogenes.

During this study, positive molecular findings were
restricted only to fragments derived from the brainstem of
both animals while blood samples from sheep without man-
ifestation of disease, did not reveal the presence of L.
monocytogenes. This might suggest that these small rumi-
nants demonstrated only the encephalitic manifestations of
listeriosis, since in most cases of listeriosis in domestic ani-
mals there is no overlapping of disease syndromes (Sum-
mers et al., 1995; Maxie and Youssef 2007). The negative
PCR results obtained from the asymptomatic goats might
indicate that only this goat within the herd had active mani-
festation of disease while the other animals evaluated were
not bacteriemic and/or potential carriers of this bacterium.
These negative PCR results might be related to the fact that
ruminants are known to maintain this bacterium without
manifestation of disease (Summers et al., 1995; Maxie and
Youssef 2007), hence bacteremia was absent, and if pres-
ent, the pathogen would have been more easily identified
by PCR assay. Although the exact nature of carrier state in
ruminant listeriosis has not been completely elucidated,
this manifestation of disease might be associated with the
identification of L. monocytogenes from a large percentage
of normal animals or due to elevated environmental con-
tamination within a particular location (George 2009).
Nevertheless, the clinical data obtained from the farmer
(i.e., previous manifestations of circling disease terminat-
ing with death and episodes of late-phase abortion) and the
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consulting veterinarian (episodes of unexplained abortion)
suggests that listeriosis might be endemic within these
herds but not previously diagnosed. This sporadic occur-
rence of manifestations of listerial syndromes, as probably
occurred within these farms, is a frequent epidemiological
feature of listeriosis in ruminants (Maxie and Youssef
2007; George 2009).

The actual source of infection in these cases remains
obscure; silage that is frequently associated with listerial
meningoencephalitis of ruminants (Timoney et al., 1992;
Maxie and Youssef 2007; George 2009) was not reportedly
administered to the animals of these farms neither was si-
lage/hay observed during an on farm-visit to the goat hold-
ing. However, the floor of the pen where the goat was
maintained consisted of accumulated organic material and
that of the sheep of compacted wood shavings, and must be
considered as possible sources of contamination (Maxie
and Youssef 2007; George 2009). Additional the feeding of
sugarcane stalks in stages of decomposition to the flock of
goats cannot be excluded as a possible contaminant, result-
ing in abrasive lesions to the oral cavity that might have
served as portals of entry to the trigeminal and cranial
nerves that terminate within the brainstem (Zachary 2012).
Decaying vegetation has been incriminated as source of in-
fection in cases where ruminants have not been adminis-
tered silage (George 2009), due to the acrobic environment
and elevated pH of decaying material which favors the pro-
liferation of L. monocytogenes (Timoney et al., 1992;
George 2009).

These cases occurred during later winter in animals
that were raised in a semi-intensive settings but without
contact with silage or hay; most cases of listeriosis in the
Northern hemisphere have been described during late win-
ter and early spring (Summers et al., 1995; Maxie and
Youssef 2007; George 2009), in association with the ad-
ministration of silage and/or hay (Summers et al., 1995).
Nevertheless, the isolated ingestion of contaminated silage
is not sufficient to induced listeriosis in ruminants unless
there is a concomitant lesion within the oral cavity
(Zachary 2012). However, cases of listeriosis in ruminants
from southern Brazil have occurred during the summer and
spring in field animals (Rissi et al., 2006), while outbreaks
of listeriosis in sheep was predominant during the summer,
with other cases occurring in other seasons (Rissi et al.,
2010). These data might suggest that a definite seasonal
pattern of listeriosis in ruminants is not present within the
Southern hemisphere; nevertheless, more cases would have
to be diagnosed to understand the seasonal effects on the
occurrence of listeriosis in domestic animals raised in Bra-
zil. Additionally, other factors that might predispose rumi-
nants to listeriosis include alkaline soil, fibrotic pastures,
abrupt managerial changes, pregnancy, and intense rain or
prolonged droughts (Timoney et al., 1992; Rissi et al.,
2006).
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In conclusion, L. monocytogenes DNA was identified
from the brainstem of a sheep and goat with manifestations
of neurological disease associated with bacterial rhomben-
cephalitis. Phylogenetic analyses demonstrated that the
strains identified during this study clustered with other
known strains of L. monocytogenes lineage I from diverse
geographical locations and from cattle originated from the
state of Parana. Consequently, these findings suggest that
ruminants within the state of Parana were infected by the
same lineage of L. monocytogenes.
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