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Listeriosis is an infectious disease caused by bacteria of the genus Listeria, the neurological
form being more common in ruminants. There are many reports of listeriosis in small
ruminants in the region that includes Brazil, Argentina and Uruguay. However, these diagnoses
were mainly based on histological lesions in the central nervous system (CNS) without the
isolation and characterization of the involved Listeria strains. The aim of this study was to
report sheep and goats listeriosis cases from 2016 to 2021 in northwestern Uruguay. The
diagnosis was made according to lesions observed at histopathology, plus Listeria isolation
in CNS, identifying it at specie and serotype level. Nine animals (n=9) of three outbreaks
and five sporadic cases of listeriosis were studied. Sheep was the species with more cases in
relation to goats, and adults were the category most affected. Cases occurred in spring and
less frequently in winter. All presented neurological clinical signs and the lesions in the CNS
were consistent with suppurative meningoencephalitis and micro-abscesses in the brainstem.
In eight of nine CNS samples, Listeria strains were isolated (seven L. monocytogenes and one
L. innocua). All the L. monocytogenes isolates carried the inlA gene; serotyping showed that
four strains belonged to serotype 1/2b, two isolates belonged to serotype 4b, and one to
serotype 1/2a. Considering that listeriosis is a common disease in this region and the fact that
isolates are scarcely recovered from small ruminants, it would be important to emphasize
the need for Listeria isolation to better characterize the strains that affect animals. Not only
to improve knowledge about the epidemiology of disease but also with the objective of
developing serotype specific vaccines for animal use.

INDEX TERMS: Meningoencephalitis, sheep, goat, Listeria innocua, Listeria monocytogenes, circling
disease, pasture, nervous diseases, South America.

RESUMO.- [Listeria innocua e serotipos do Listeria
monocytogenes isoladas dos casos clinicos em pequenos
ruminantes no noroeste do Uruguai.] Listeriose uma doenca
bacteriana causada pelo género Listeria, a forma nervosa é a
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mais comum em ruminantes. No Brasil, Argentina e Uruguai
ha varios relatos de listeriose em pequenos ruminantes com
diagndstico baseado na histopatologia do sistema nervoso
central (SNC), sem o isolamento e a caracterizacdo do agente.
O objetivo deste trabalho foi relatar uma série de casos
diagnosticados em ovinos e caprinos no periodo 2016-2021
no noroeste do Uruguai. O diagnéstico foi feito basado nas
lesdes observadas na histopatologia, e caracterizagdo das
cepas de Listeria recuperadas do SNC quanto a espécie e
sorotipo. Nove animais (n=9) do trés surtos e cinco casos
isolados de listeriose foram estudados. Os ovinos foram a
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espécie com o maior nimero de casos em relagdo aos caprinos,
sendo os animais adultos a categoria mais afetada em ambas
espécies. A doenca ocorreu principalmente na primavera
com alguns casos observados no inverno. Todos os casos
apresentavam sinais clinicos nervosos e as lesdes no SNC
caracterizavam-se por meningoencefalite supurativa com
presenca de microabscessos no tronco encefalico. Em oito
de nove amostras do SNC foram isoladas cepas de Listeria
(sete L. monocytogenes e uma L. innocua). Todos os isolados
de L. monocytogenes continham o gene inlA; a sorotipagem
apresentou quatro cepas do serotipo 1/2b, duas cepas serotipo
4b e uma cepa 1/2a. Levando em consideracao que nesta
regido a listeriose é uma doenca frequente e que existem
poucos isolados recuperados de casos clinicos em pequefio
ruminantes, torna-se relevante o isolamento deste agente
para caracterizacdo das cepas que afetam os animais. Nao
s6 para melhorar o conhecimento sobre a epidemiologia da
doencga, mas também com o objetivo de desenvolver vacinas
sorotipo-especificas para uso animal.

TERMOS DE INDEXACAO: meningoencefalite, ovino, caprino, Listeria
innocua, Listeria monocytogenes, torneio, pastagem, doencas nervosas,
América do Sul.

INTRODUCTION

Listeriosis is an infectious disease caused by Listeria monocytogenes
and, less frequently L. innocua, L. ivanovii, L. seeligeri or L. grayi
(Wilesmith & Gitter 1986, Walker et al. 1994, Bagatella et al.
2022). It has different clinical manifestations in ruminants,
but the neurological form is by far the most commonly seen
(Oevermann et al. 2010b, Rissi et al. 2010b, Konradt et al.
2017).1tis characterized by suppurative meningoencephalitis
with brainstem micro-abscesses (Oevermann et al. 2010a).
Other clinical manifestations included late-term abortion,
neonatal septicemia, and in rare cases, mastitis, gastroenteritis
and keratoconjunctivitis/uveitis (Brugeére-Picoux 2008,
Oevermann et al. 2010b, Fairley et al. 2012).

In South America, including Brazil, Argentina and Uruguay,
listeriosis is one of the main neurological diseases of small
ruminants (Campero et al. 2002, Guedes et al. 2007, Rissi et
al. 20104, Dutra 2015, Konradt et al. 2017). There are many
reports of listeriosis in sheep (Campero etal. 2002, Ribeiro et
al. 2006, Rissietal. 2010a, 2010b, Dutra 2012, 2015, Konradt
et al. 2017, Canton et al. 2018, Costa et al. 2018, Ribeiro et
al. 2022) as well as in goats (Rissi et al. 2006, Guedes et al.
2007, Headley etal. 2013, Konradt etal. 2017). However, most
of these reports based their diagnoses on histopathological
lesions, and some of them included immunohistochemistry
but did not perform the isolation and characterization of
Listeria. Therefore, the aim of this study was to describe a case
series of listeriosis in small ruminants from 2016 to 2021 in
northwestern Uruguay, in which the diagnosis was based on
histopathology and bacteriological procedures.

MATERIALS AND METHODS

Case selection. This study included sheep and goat
cases received by the Laboratorio Regional Noroeste DILAVE
“Miguel C. Rubino” from 2016 to 2021 that met the following
conditions: i) presence of neurological signs, ii) availability
of the whole brain (or central nervous system, CNS) without
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gross lesions and iii) had fresh CNS for bacteriological culture.
Those cases of small ruminants with nervous signs in which
only formalin-fixed organs were submitted were excluded
from this study.

All cases considered had a record that included data on
animal species, category, clinical signs, feeding, number of
animals affected, dead and at-risk animals.

Pathological evaluation. The brain was sectioned
longitudinally in two halves (including cerebral hemispheres,
cerebellum and brainstem). For histopathology, different areas
of the CNS (frontal, temporal and occipital hemispheres, basal
ganglia, thalamus, mesencephalon, cerebellum, pons, medulla
oblongata and cervical spinal cord) previously fixed in 10%
buffered formalin for 48 hours were routinely embedded in
paraffin, sectioned into 5pm-thick sections, and then stained
with hematoxylin-eosin (HE).

Bacterial analysis. The other half of the CNS was immersed
in 225 ml buffered Listeria enrichment broth (BLEB) (Ox0id®)
and incubated for 48 hours at 30°C under aerobiosis. At 24
and 48 hours, 100ul of broth was inoculated on modified
Oxford agar plates (MOX) (Oxoid®). Plates were incubated
under aerobiosis at 35°C, checking for growth at 24 and 48
hours. Small gray to black colonies surrounded by a black
halo was transferred to a 5% sheep blood agar plate (SBA-
5%) and inoculated in a 1.5ml vial with trypticase soybean
broth (TSB) plus glycerol (20%) to preserve them at -80°C
(Hitchins et al. 2022).

Suspected isolates of Listeria were submitted to the
Departamento de Bacteriologia y Virologia, Instituto de
Higiene, Facultad de Medicina, UdelaR for further assays.
To determine species identity, Gram staining, catalase and
esculin hydrolysis tests, and sucrose, glycerol, xylose, mannitol,
glucose and rhamnose fermentation assays were performed
(Carlin et al. 2021, Hitchins et al. 2022). Additionally, PCR
was performed according to Liu et al. (2007) to detect the
inlA gene. Another multiplex PCR was performed on all L.
monocytogenesisolates to group them into serogroups, according
to Doumith et al. (2004). On the strains of serogroups Ila,
IIb, IIc and Vb, serotyping searching for somatic antigens 1
and 4 were performed using commercially available Listeria
antisera (BD Difco®).

RESULTS

Epidemiology and clinical data

Table 1 shows the main epidemiological data, Listeria species
recovered from CNS and serotype of L. monocytogenes of the
nine animals received (eight sheep and one goat) during the
study. In total, 19 animals were affected, and all died. They
belonged to six different farms. Three outbreaks included 14
animals from farms D, E and F, while in the other farms (A, B
and C), only single cases occurred (n=5). Furthermore, two
farms (A and C) had listeriosis cases in different years (farm
Ain 2016 and 2017, caused by different Listeria species; farm
Cin 2017 and 2018 L. monocytogenes in both but different
serotypes). There were more cases in sheep (n=18) than in
goats (n=1). In sheep, the most affected category was the
ewe (16/18, 88.9%), followed by lambs in a much smaller
proportion (2/18, 11.1%). In goats, an adult female was
affected (Table 1).

Most cases occurred during spring (13/19, 68.4%), and the
remaining occurred in winter (6/19, 31.6%). There were no
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cases in summer or autumn. Records on feeding showed that
in four farms (4/6, 66.6%), the animals only grazed natural or
cultivated pastures. Meanwhile, in the other two farms (2/6,
33.3%), animals were fed grain and/or commercial feeds in
addition to pasture. None of the cases were previously fed
with silage (Table 1).

Like sheep, goats presented with the neurological form of
the disease. The clinical signs described were unilateral facial
paralysis (drooped ear and upper eyelid, flaccid lip), circling,
lateral deviation of the head, depression, hypersalivation,
ataxia and recumbency. Clinical signs lasted between two
and seven days until death. Morbidity and mortality were
0.56% to 100% (median 0.8%), respectively, while lethality
was 100% (Table 1).

Histopathological findings

According to the clinical signs described in all cases, the
main lesion was in the brainstem.

At histopathology, in simple identified as one (Table 1),
there were in pons and medulla oblongata scarce accumulation
of neutrophils and lymphocytes, diffuse gliosis, multiple

perivascular cuffs made of lymphocytes and some histiocytes
(Fig.1). These lesions were consistent with a mild suppurative
meningoencephalitis. While in the remaining samples (from
samples two to nine, Table 1), lesions observed were more
severe. At medulla oblongata and pons, there were multifocal
to coalescent areas of neuropil aggregates of neutrophils mixed
with some lymphocytes and histiocytes (microabscesses)
(8/8) (Fig.2), multiple perivascular cuffs made of lymphocytes
and histiocytes (8/8), gliosis (Fig.3) and, mild leptomeningeal
infiltration by lymphocytes (8/8). In four cases (id samples
five, seven, eight and nine), these lesions extend rostrally to
the mesencephalon and, in two (cases eight and nine), also
affected the thalamus.

Bacterial results

Listeria sp. was recovered in eight out of nine CNS samples.
There was no growth in the culture of CNS from case number
six. Of these eight isolates, seven belong to L. monocytogenes
and one to L. innocua (Table 1). A case of meningoencephalitis
due to L. innocua was recently reported (Matto et al. 2022).
Whole genome sequencing of this isolate revealed that the

Table 1. Cases of small ruminant listeriosis diagnosed in the northwest of Uruguay from 2016 to 2021. Main epidemiological
data, bacterial isolates and Listeria monocytogenes serotypes

Number Animals  Animals .
sample Year Farm/County Category Season affected at risk Feed Isolation Serotype
1 2016  A/Paysandu Lamb Spring 1 120 Pasture L. innocua n/d
2 2017  B/Paysandu Goat Winter 1 1 Pasture + sorghum grain L. monocytogenes 4b
3 2017  C/Paysandu Ewe Winter 1 wd Pasture L. monocytogenes 1/2a
4 2017 D/Colonia Ewe Spring 2 360 Pasture L. monocytogenes 1/2b
5 2017  A/Paysandu Ewe Spring 1 130 Pasture L. monocytogenes 1/2b
6 2018  E/Paysandu Ewe Spring 8 285 Pasture + barley grain + ration =~ Negative culture n/d
7 2018  C/Paysandu Lamb Spring 1 wd Pasture L. monocytogenes 1/2b
8and9 2021 F/Soriano Ewe Winter 4 600 Pasture L. monocytogenes 1/2b and 4b
wd = Without data available, n/d = not determined.
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Fig.1. Isolate case of listeriosis due to Listeria innocua. Sample no.
1 (lamb). Brain, medulla oblongata. Neuropil infiltration of
lymphocytes, diffuse, discrete; diffuse gliosis; accumulation of
neutrophils and lymphocytes, focal discrete (arrow); perivascular
cuff made of lymphocytes. HE, 0bj.100x.

Fig.2. Outbreak of nervous listeriosis on a sheep flock due to Listeria
monocytogenes. Sample no. 8 (ewe). Brain, medulla oblongata.
Diffuse neuropil infiltration by neutrophils mixed with scarce
histiocytes. HE, 0bj.400x.
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internalin A gene (inlA) was not present. Instead, it carried
other accessory virulence genes capable of promoting cell
invasion and/or intracellular replication (Matto et al. 2022).

The seven L. monocytogenes isolates carried the inlA gene,
and there was a major presence of serotype 1/2b (4/7,57%),
followed by serotype 4b (2/7,29%) and serotype 1/2a (1/7,
14%) (Table 1).

DISCUSSION

During this study (2016-2021), the nine animal samples showed
histological lesions in the CNS consistent with listeriosis, and
in eight of them, Listeria strains were recovered. We recorded
more cases in sheep than in goats, likely because there are
more sheep than goats raised as livestock in Uruguay. Raising
goats is rare and is related to the production of milk and its
subproducts (Anuario Estadistico Agropecuario 2021). Adults
were the most affected categories in both species. The same
situation was previously reported by other authors (Campero
et al. 2002, Ribeiro et al. 2006, Rissi et al. 2006, Oevermann
etal. 20104, Rissi et al. 2010b). However, other reports from
Brazil mentioned thatlisteriosis occurred in animals under one
year old (Guedes et al. 2007, Ribeiro et al. 2022). Therefore,
the evidence from different reports suggests that there is
no age-related predisposition to listeriosis, as Bagatella et
al. (2022) propose.

Similar to many reports from the Northern Hemisphere, the
cases of listeriosis occurred mostly in spring and less frequently
in winter (Barlow & McGorum 1985, Wilesmith & Gitter 1986,
Brugere-Picoux 2008, Dreyer et al. 2015). The predominance
of listeriosis during winter and spring could be related to the
previous high exposure to the bacteria because the incubation
period of the neurological form varies between one and seven
weeks (Brugére-Picoux 2008, Oevermann et al. 2010b).
Nightingale et al. (2005) and Strawn et al. (2013) found that
winter has the highest prevalence of L. monocytogenes in the
farm environment. However, Rissi et al. (2010b) and Headley

S.<.--"' ~ g T ST N

Fig.3. Outbreak of nervous listeriosis on a sheep flock due to Listeria
monocytogenes. Sample no. 9 (ewe). Brain, medulla oblongata.
Large perivascular cuff composed of lymphocytes and some
histiocytes. Diffuse neuropil infiltration by lymphocytes. HE,
0bj.100x.
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et al. (2013) in southern and southwestern Brazil reported
cases in summer. In the same region, Ribeiro et al. (2022)
described an outbreak in spring. Such difference could not be
attributed to the weather because Uruguay and these regions of
Brazil belong to the same Képpen-Geiger climate classification
(humid subtropical) (Peel etal. 2007). Therefore, differences in
disease seasonality might be explained by other factors, such
as the management of animals, the sanitary status, and the
type of feed. Characteristics of circulating Listeria could also
be associated with this variation, as other reports mentioned
differences in its capacity to infect animals and survive in the
farm environment (Nightingale et al. 2004, Haley et al. 2015).

All cases studied herein exhibited the neurological form
of the disease. The predominance of this clinical form agrees
with data reported previously by other authors (Barlow &
McGorum 1985, Wilesmith & Gitter 1986, Guedes etal. 2007,
Oevermann et al. 2010b, Rissi et al. 2010b, Ribeiro et al.
2022). During this study, five single cases and three disease
outbreaks occurred, and the morbidity and mortality were 0.8%
(median). The fact that few animals per farm were affected
has not been clear until now. One reason may be the unequal
exposure of animals to Listeria spp. due to focal accumulation
in the feeds or the farm environments (Walland et al. 2015).
Another potential cause would be animal stressors (external
and internal) because they weaken the immune system and
favor Listeria invasion; however, true animal risk factors are
not well understood (Brugere-Picoux 2008, Walland et al.
2015, Bagatella et al. 2022). Similarly, Wilesmith & Gitter
(1986) and Dreyer etal. (2015) mentioned that there is little
evidence that supports the hypothesis ofimmunosuppression
or concomitant diseases when many animals are affected in
a flock.

Like in other regional reports (Campero etal. 2002, Guedes
etal. 2007, Rissi et al. 2010b, Costa et al. 2018), most of the
cases occurred in grazing animals, without data on previous
silage intake. In contrast, other authors associate the disease
with silage fed (Wilesmith & Gitter 1986, Gudmundsdottir et
al. 2004, Ribeiro et al. 2006, 2022, Brugere-Picoux 2008). A
previous review of the disease in ruminants by Walland etal.
(2015) estimated that up to one-third of cases were unrelated
to previous silage intake. Reinforcing this hypothesis, an
epidemiological study in a sheep farm where cases of listeriosis
occurred found the same strain of L. monocytogenes in drinking
water, soil, and diseased animals, concluding that water and
soil could be the sources of infection (Dreyer et al. 2015). In
the same way, other reports in Uruguay have confirmed the
presence of L. monocytogenes on pastures associated with
clinical cases of listeriosis in ruminants (Matto et al. 2017)
as well as the fecal shedding of the bacteria by clinically
asymptomatic cattle (Matto et al. 2018). Therefore, different
feeds consumed by animals and drinking water and/or soil
could be sources of contamination. In this case series, it is
noteworthy that we recorded cases in different years and with
different Listeria species or serotypes on farms A and C. This
finding might be associated with the ubiquitous condition
of this agent (Brugere-Picoux 2008), since its presence was
reported in different areas of farms, such as drinking water,
feed and/or soil over a prolonged time (Gudmundsdottir et
al. 2004, Nightingale et al. 2005, Strawn et al. 2013, Dreyer
etal. 2015, Castro et al. 2018). Moreover, in small ruminant
farms with previous cases of listeriosis, the prevalence of L.
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monocytogenes in the soil, feed and water was statistically
superior (Nightingale et al. 2004). Therefore, to better
understand the epidemiology of listeriosis in grazing small
ruminants, it would be necessary to conduct studies in the
farm environments to establish the possible sources of
contamination (pasture, silages, soil, beds, drinking water,
among others), as has been extensively reported in many
scientific papers (Wiedmann et al. 1994, Gudmundsdottir et
al. 2004, Nightingale et al. 2004, Dreyer et al. 2015).

The histological lesions caused by Listeria in the CNS
have been previously described (Barlow & McGorum 1985,
Campero etal. 2002, Oevermann et al. 20104, Rissi etal. 2010b,
Konradtetal. 2017). They do not represent a difficulty in the
diagnosis of the disease. The kind of inflammatory cells that
infiltrates the neuroparenchyma allow us to assess a temporal
progression of the encephalitis (Oevermann etal. 2010a). In the
nine cases studied, there was a predominance of neutrophilic
microabscesses compatible with acute encephalitis. Some
authors propose that small ruminants are more susceptible
to Listeria infection with a clinical course shorter than cattle
(Oevermann et al. 2010b, Bagatella et al. 2022). Another
interesting finding in this study was that in case number one,
CNS lesions due to L. innocua were the same as those caused
by L. monocytogenes but less severe, as reported by Walker
etal. (1994) and Rocha et al. (2013).

In the present study, the isolation of Listeria from the CNS
seems to be more successful (eight positive cultures out of
nine samples, 88.8%) than in other reports that diagnose the
disease using histopathology and microbiological procedures
(Johnson et al. 1995, Campero et al. 2002). A possible
explanation may be the changes in techniques for Listeria
isolation. Previous works used cold enrichment incubation,
whereas we used specific selective enrichment media to favor
Listeria growth (Hitchins et al. 2022). In the CNS of sheep from
farm E (case six), we did not recover Listeria from culture,
despite histopathology showing lesions consistent with
listeriosis. This result could be related to a small number or
absence of viable bacteria in the CNS at the time of culture
(Johnson et al. 1995). Many authors mention that recovery
of Listeria from fresh organs is difficult for different reasons;
for example, the submission of fresh material not properly
preserved, the need for appropriate culture media to support
the growth of Listeria, and the low sensitivity of culture as a
diagnostic technique (Johnson etal. 1995, Brugére-Picoux 2008).
However, we considered it important to try bacterial isolation
because it allows the characterization and comparison of the
Listeria strains involved. For example, the neurological form
of listeriosis could be due to L. innocua or different serotypes
of L. monocytogenes. In the scientific literature, there are
few reports of L. innocua as a cause of meningoencephalitis
in ruminants (Walker et al. 1994, Rocha et al. 2013, Matto
et al. 2022), likely because, in most cases, a bacteriological
culture is not performed. A comparable situation occurs with
sheep abortion, which could be related to L. monocytogenes
(Wilesmith & Gitter 1986) or L. ivanovii (Low et al. 1993,
Chand & Sadana 1999). Another fact to consider is that
recovering L. monocytogenes isolates from clinical cases in
ruminants would allow us to study certain characteristics
of circulating bacteria, such as serotypes, lineages and/or
clonal complexes. This kind of information, complemented
with data on isolates recovered from the farm environment,

would enable us to link the clinical cases with the possible
source of contamination.

Regarding the L. monocytogenes serotypes recovered, all
of them are associated with clinical cases in both humans and
animals (1/2a, 1/2b and 4b) (Oevermann et al. 2010b). We
recorded a major presence of serotype 1/2b. In contrast, Great
Britain and Iceland reports mentioned a higher prevalence
of serotype 1/2ain the neurological form in small ruminants
(Wilesmith & Gitter 1986, Low et al. 1993, Gudmundsdottir
etal. 2004). Another interesting result occurred in the farm F
outbreak, in which we recovered two strains of L. monocytogenes,
one of serotype 1/2b and the other of serotype 4b (Table 1).
This finding, plus the others mentioned above, could be
related to the hypothesis that inside farms, there is a high
strain diversity of circulating Listeria (Gudmundsdottir et al.
2004, Nightingale et al. 2004, Haley etal. 2015). As mentioned
previously, only four regional reports isolated L. monocytogenes
from clinical cases in small ruminants (Campero et al. 2002,
Ribeiro et al. 2006, Konradt et al. 2017, Canton et al. 2018).
The first recovered three isolates out of four CNS cultures, and
all belonged to serotype 4 (Campero et al. 2002). However,
the latter three reports did not serotype the isolates (Ribeiro
et al. 2006, Konradt et al. 2017, Canton et al. 2018). On the
other hand, Headley et al. (2013) amplified the gene hly of L.
monocytogenes from the brainstem of small ruminants with
neurological clinical signs compatible with listeriosis, but no
established which serotypes were associated with those cases.
Considering thatin this region of South America, there are few
isolates recovered from clinical cases in small ruminants and
that listeriosis is a common disease, it would be important
to emphasize the need to isolate Listeria to characterize in
detail the strains that affect animals. On the other hand, since
vaccination is one of the most successful strategies to prevent
infectious diseases in animals, the complete characterization
of Listeria strains involved becomes additionally important
for its development and, above all, its evaluation (Calder6n-
Gonzalez et al. 2014).

Finally, we want to mention the two main limitations of
the present work - at first, the low number of cases studied.
We only fully studied nine of 19 animals with nervous signs
(47%). Second, as mentioned above, of the nine CNS cultured,
we recovered Listeria in eight (88.8%). This fact suggests that
auxiliary tests such as immunohistochemistry are important
in cases where there is no bacterial recovery from culture.

CONCLUSION

In northwest Uruguay, neurolisteriosis was the main form of
the disease in small ruminants, affecting mainly adult animals.
Cases were more common during spring and winter, occurring
as outbreaks or isolated cases. Most of the affected animals
were on pasture without fed silage. Listeria monocytogenes
serotypes 1/2b and 4b were more commonly isolated, and
both are associated with human listeriosis. Listeria innocua
may affect small ruminants less frequently.
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