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Listeriosis is a disease that affects several animal species, including humans, and has
three different forms of presentation: encephalic, reproductive, or septicemic. The nervous
form is caused mainly by the bacterium Listeria monocytogenes. In Brazil, this disease has
already been described in sheep, goats, and cattle. There are no reports of the disease in
buffaloes in Brazil and worldwide. The objective of this study was to describe an outbreak of
listeric meningoencephalitis in buffaloes in the state of Para, Brazil. The outbreak occurred
in a property located in the municipality of Bujaru, in the eastern Amazon, from May to July
2016. In a herd of 47 buffaloes, three animals (Cases 1, 2 and 3), aged <40 days, presented
a neurological condition with locomotion difficulty characterized by paralysis of the four
limbs, hypoesthesia, lateral recumbency, and death. Morbidity was 6.38% and lethality was
100%. At necropsy, no significant macroscopic lesions were found. Samples of the central
nervous system were collected, fixed in 10% buffered formalin, and routinely processed
for histopathological analysis. The main microscopic changes observed were unilateral
microabscesses in the brainstem composed predominantly of mononuclear cells, with fewer
polymorphonuclear cells, and perivascular cuffs composed mostly of mononuclear cells and few
neutrophils. Samples of Cases 1 and 2 revealed Gram-positive bacteria in the areas of necrosis
by the Gram'’s stain technique. Samples of Case 1 were positive in immunohistochemistry for
L. monocytogenes. Diagnosis of the nervous form of listeriosis was based on epidemiological
data, clinical profile, and immunostaining for Listeria monocytogenes. Results showed that
listeriosis should be considered in the differential diagnosis in buffaloes with nervous signs.

INDEX TERMS: Nervous form of listeriosis, listeriosis, buffaloes, Listeria monocytogenes, Bubalus bubalis,
Para state, Amazon region, bacterioses.

RESUMO.- [Listeriose nervosa em buifalos.] A listeriose
é uma doenca que afeta varias espécies animais, incluindo

nervosa, abortiva ou septicémica. A forma nervosa é causada
principalmente pela bactéria Listeria monocytogenes. No Brasil
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a doenca ja foi descrita em bovinos, ovinos e caprinos, mas
ndo foram encontrados relatos desta doenga em bufalos no
Brasil e no mundo. O objetivo deste trabalho foi descrever
um surto de listeriose nervosa em bufalos no estado do
Par4, Brasil. O surto ocorreu de maio a julho de 2016, em
uma propriedade localizada no municipio de Bujaru, na
Amazonia Oriental. Trés bubalinos de um total de 47 animais
(Casos 1, 2 e 3), menores de 40 dias, apresentaram um
quadro clinico neurolégico caracterizado por dificuldade
de locomogao, paralisia dos quatro membros, diminui¢do da
sensibilidade cutianea, decubito lateral e morte. A morbidade
foi de 6,38% e a letalidade de 100%. Na necropsia ndo foram
encontradas lesdes macroscopicas significativas. Amostras
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do sistema nervoso central foram coletadas e fixadas em
formalina tamponada a 10% e processadas rotineiramente para
analise histopatoldgica. As principais alteragdes microscépicas
observadas foram microabscessos unilaterais no tronco
encefalico, compostos predominantemente por células
mononucleares, com menor nimero de polimorfonucleares,
e manguitos perivasculares compostos predominantemente
por células mononucleares e poucos neutroéfilos. Amostras dos
Casos 1 e 2 revelaram bactérias Gram positivas nas areas de
necrose na técnica de Gram. Amostras do Caso 1 resultaram
positivas na imuno-histoquimica para L. monocytogenes.
0 diagnostico da forma nervosa da listeriose foi baseado nos
dados epidemiolégicos, no quadro clinico patolégico e na
imunomarcacgdo para Listeria monocytogenes. Os resultados
demostram que a listeriose deve ser considerada no diagndstico
diferencial em bubalinos com sinais nervosos.

TERMOS DE INDEXACAO: Listeriose nervosa, bufalos, Listeria
monocytogenes, Bubalus bubalis, Para, regido amazonica, bacterioses.

INTRODUCTION

Listeriosis is an infectious disease caused by the Gram-positive
bacterium Listeria monocytogenes with worldwide distribution
(George 2002). It affects several animal species, including
humans. Three forms of this disease have been identified in
domestic animals: septicemic, affecting ruminants, swine,
rabbits, and young birds (Low & Renton 1985, Jones et al.
2000); reproductive, with abortion in sheep and bovines;
encephalitic, which presents with meningoencephalitis in
sheep, goats, and cattle (Low & Renton 1985, Schneider 1994,
Summers etal. 1995, George 2002). Generally, only one of these
three clinical forms is observed in listeriosis outbreaks. Only
L. monocytogenes is associated with encephalitis outbreaks
(Jones et al. 2000). L. monocytogenes presents worldwide
distribution, occurring mainly in areas with temperate
climate. L. monocytogenes inhabits the soil or decomposed
vegetable matter, and can be isolated from the feces of
several domestic and wild animals (George 2002). In Brazil,
L. monocytogenes was isolated from the feces and liver of
healthy and ill cattle (Hofer et al. 2005), demonstrating the
epidemiological role of these potential sources of infection in
cases of meningoencephalitis caused by L. monocytogenes in
ruminants. In China, Listeria spp., including L. monocytogenes
and L. ivanovii, were isolated from the feces of wild rodents,
indicating a possible involvement of these animals in the
epidemiology of human listeriosis in natural environments
(Wangetal. 2017).

In ruminants, the encephalitic disease usually shows
low rates of morbidity and high lethality (Vandegraaff et al.
1981, Rissi et al. 2006, 2010). In these cases, infection is
often associated with silage feeding or contact with the
feces or milk from carrier animals (Vandegraaff et al. 1981,
Wilesmith & Gitter 1986, Rissi et al. 2006). In Brazil, most
cases of meningoencephalitis caused by L. monocytogenes
in ruminants occur in the hottest months of the year, and
most often not in association with silage (Rissi et al. 2006,
Sanches et al. 2000).

In Brazil, the encephalitic form of listeriosis in ruminants
has already been described in cattle (Sanches et al. 2000,
Konradt et al. 2017), goats (Rissi et al. 2006, Guedes et al.
2007, Konradt et al. 2017), and sheep (Mendes et al. 2005,
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Ribeiro et al. 2006, Guedes et al. 2007, Rissi et al. 2010,
Konradtetal. 2017), but this form of the disease has not been
reported in buffaloes to date. Therefore, this study aimed
to describe an outbreak of listeric meningoencephalitis in
buffaloes.

MATERIALS AND METHODS

Clinical, epidemiological and necropsy data were provided by the
veterinarian responsible for the buffalo herd in the property where
the outbreak occurred.

Three Murrah buffaloes (Buffaloes 1, 2, and 3) aged <40 days
were investigated in a farm located in the municipality of Bujaru in
the microregion of Castanhal, Para state, Brazil. The animals died
spontaneously, were necropsied, and had samples collected from
the central nervous system (CNS) and organs of the abdominal and
thoracic cavities, which were fixed in 10% buffered formalin and sent
to the animal pathology laboratories of the “Universidade Federal
do Pard” (UFPA) (Buffaloes 1 and 2) and the “Universidade Federal
Rural da Amazonia” (UFRA) (Buffalo 3).

The formalin fixed samples were sectioned and routinely processed
for histopathological examination, sliced (5u thick), and stained
using the hematoxylin and eosin (HE) technique. In the CNS samples,
sections of the spinal cord, brainstem (rostral and caudal colliculus,
pons, and medulla oblongata), cerebral cortex, and cerebellum were
analyzed. The Gram'’s stain technique was used in tissue sections of
the ponsin Cases 1 and 2.

Tissue sections of the pons of the three cases were embedded
in paraffin and sent to the Department of Veterinary Pathology
of the “Universidade Federal do Rio Grande do Sul” (UFRGS) for
immunohistochemistry (IHC) for L. monocytogenes. IHC staining
was performed according to the protocol described by Konradt etal.
(2017), using a primary monoclonal antibody to L. monocytogenes
(BD® New Jersey) ina 1:200 dilution, in phosphate-buffered saline
(PBS). Antigen retrieval was obtained with citrate buffer (pH 6.0)
for 10 min in microwave at maximum power, and background
reactions were blocked using a 5% skim milk solution. The samples
were incubated with primary antibodies overnight (18h) at 4°C.
The streptavidin-biotin method (LSAB-DAKO) and the substrate
chromogen (DAB), followed by hematoxylin counterstaining, were
used to develop the reaction. As positive control, positive samples
were used in the [HC for L. monocytogenes. Tissue sections incubated
in PBS were used as negative control instead of primary antibody.

RESULTS

The outbreak occurred during May-June, 2016 in buffaloes of a
dairy farm located in the municipality of Bujaru (1° 37’ 38.7” S;
48° 13’ 21.3” W), microregion of Castanhal, Para state, Brazil.
This property held a herd of 750 Murrah buffaloes: 630 bulls
and 120 calves. Calves were divided into batches according to
age. Animals belonging to two batches sickened: Batches 1 and 2
composed of 12 and 35 animals, respectively, aged <40 days,
keptin stalls with access to Brachiaria brizantha and Panicum
maximum (cv. mombaga) pastures. Twice a day, the calves were
placed with the suckling cows (after milking) and received
commercial feed (approximately 400g per animal). Other
animal species, such as chickens, horses and bulls, had access
to the stalls and pastures where the calves were kept. In the
farm where the outbreak occurred, the milk produced was
used to make artisanal fresh cheese.
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Flg 1. (A) Mlcroabscess composed mainly ofmononuclear cells, with few neutrophlls Axonal spher01ds and neuropil Vacuolatlon in bramstem
of Buffalo 2. HE, obj.20x. (B) Malacia area with infiltration of Gitter cells, with some multinucleated cells, and adjacent mononuclear

perivascular cuffs in brainstem of Buffalo 1. HE, obj.20x.
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Fig.2. Anti-Listeria monocytogenes marking in the cytoplasm of
macrophages in brainstem of Buffalo 1. IHC, obj.40x.

Two animals from Batch 1 (Calves 1 and 2) and one animal
from Batch 2 (Calf 3) sickened and died. Morbidity was 6.38%
(3/47) and lethality was 100%. According to the veterinarian,
the three animals (Buffaloes 1, 2, and 3) presented clinical
neurological condition consisting of mainly of ataxia, paralysis
of the four limbs, decreased skin sensibility, lateral recuambency,
and death, with 24-48h evolution. Sick buffaloes were treated
with penicillin (20000UI/kg/bodyweight every 24h), but
did not respond to the treatment. At necropsy, no significant
macroscopic lesions were observed. Histopathology of the
brainstem, tissue sections of the pons, showed multifocal, random
microabscesses predominantly composed of mononuclear
cells, with some polymorphonuclear cells (Fig.1A), and
perivascular cuffs composed mostly of mononuclear cells and
few neutrophils (Buffaloes 1, 2 and 3) (Fig.1B). In the areas
adjacent to the microabscesses, neuronal necrosis, microgliosis,
swollen astrocytes (Buffalos 1 and 2), and fibrinoid necrosis

with thrombosis in blood vessels (Buffalo 2) were observed.
Histopathology of tissue sections of the pons also showed
Wallerian degeneration (Buffaloes 1 and 2) and malacia areas
with neuropil vacuolation, with infiltration of Gitter cells, with
some multinucleated cells (Fig.1B). In the cerebral cortex,
areas of malacia were observed with gliosis (Buffalo 1) and
mononuclear infiltrate in the meninges, which projected to
the deep part of the white and gray matter (Buffaloes 1 and 2).
The spinal cord showed Wallerian degeneration and unilateral
demyelination in the lateral dorsal funiculi (Buffaloes 1 and 2)
and unilateral (Buffalo 2) or bilateral (Buffalo 1) in the lateral
ventral funiculi. There were also discrete perivascular cuffs
(Buffaloes 1 and 2) and mixed inflammatory infiltrate with
mononuclear and polymorphonuclear cells in the meninges
(Buffalo 2). Discrete meningitis with mixed infiltrate was
observed in the cerebellum of Buffalo 3. In this animal, changes
in autolysis ranged from moderate to severe. No significant
changes were found in the other organs.

The Gram’s stain technique performed in tissue sections
of the pons from Buffaloes 1 and 2 revealed Gram-positive
cocci in the malacia area and adjacent neuropil. [HC was
positive in the microabscesses of Buffalo 1, with moderate
multifocal staining in the cytoplasm of macrophages and
adjacent debris (Fig.2), whereas no staining was observed
in Buffaloes 2 and 3.

DISCUSSION

In the present study, diagnosis of listeric meningoencephalitis
was based on epidemiological data and on the pathological
clinical condition of the animals, and was confirmed by
immunostaining for Listeria monocytogenes. The histological
changes observed in the buffaloes involved in the present
outbreak are similar to those described in the literature
in cattle and small ruminants (Oevermann et al. 2010,
Headley et al. 2013).

The most significant lesions occurred in the brainstem,
and were found unilaterally and characterized mainly by
microabscesses, areas of malacia, and perivascular cuffs,
similar to what has been observed in cattle (Sanches et al. 2000,
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Oevermann etal. 2010, Margineda etal. 2012), goats (Rissi etal.
2006, Headley et al. 2013), and sheep (Rissi et al. 2010,
Headley et al. 2013).

Microabscesses are considered as typical of this disease, and
are formed by neutrophil infiltrates, with varying numbers of
macrophages. The cell types that compose the microabscesses
enable assessment of encephalopathy progression, classifying
itas acute, when the microabscess presents a larger number
of neutrophils, whereas in the most advanced cases,
macrophages prevail over neutrophils and there is presence of
multinucleated cells (Oevermann et al. 2010). In the present
report, despite the short evolution time of the disease, which
varied from 24 to 48h, the microabscesses were formed by
large numbers of macrophages and giant multinucleated cells
and few neutrophils. Oevermann et al. (2010) observed that
the microabscesses show a larger number of macrophages
in cattle than in small ruminants, and that occurrence of
giant multinucleated cells, as observed in the present study,
is significantly higher in cattle compared with sheep and
goats. Perivascular cuffs were composed predominantly of
mononuclear cells with rare polymorphonuclear cells, and
extended from the brainstem to the cerebral cortex and spinal
cord, findings also observed in cattle (Galiza et al. 2010,
Margineda et al. 2012) and small ruminants (Campero et al.
2002, Headley et al. 2013).

When the neurological symptoms and the histopathological
lesions are suggestive of listeriosis, diagnosis can be confirmed
by culture, detection of the microorganism by special staining
(Gram’s stain), IHC, or polymerase chain reaction (PCR)
(Campero etal. 2002, Loeb 2004). In this study, Gram-positive
bacteria compatible with Listeria spp. were observed in
the lesions of Buffaloes 1 and 2. However, only one of the
animals tested positive by IHC. This finding differs from those
reported in other studies conducted with cattle and small
ruminants (Rissi et al. 2006, 2010, Oevermann et al. 2010,
Margineda et al. 2012), which showed positive results by
[HC in all of the animals analyzed. Nevertheless, differences
in [HC staining have been observed in cases of listeriosis in
goats, ranging from strong to absent, depending on the time
of lesion evolution (Rissi et al. 2006). Pfister et al. (2002)
demonstrated that, in listeriosis, the production capacity of
nitric oxide is higher in cattle compared with that in small
ruminants and that this substance may result in weak or
absent immunostaining for the disease antigen, considering
that it regulates intracellular bacterial growth. This fact could
explain the absence of staining in Buffaloes 2 and 3. Another
factor that may have interfered with the immunostaining in
Buffalo 3 is the autolysis of the material available for analysis.
In Buffaloes 2 and 3, the diagnoses were based on clinical
signs, histopathological lesions suggestive of the disease, and
similarity between the clinical and pathological condition
of these animals and that observed in Buffalo 1, which was
positive by IHC.

The encephalic form of listeriosis affects mainly ruminants
regardless for gender and age, and the disease is most frequently
observed in the first three years of life (Gray & Killinger 1996).
In the present study, the disease affected calves aged <40 days.
The main clinical signs observed by the veterinarian were
ataxia, limb paralysis, lateral recumbency, and death, similar
to those described for cattle (Margineda etal. 2012) and small
ruminants (Rissi et al. 2006, 2010). Morbidity (6.38%) and
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lethality (100%) were also similar to those described for
these species. In Brazil, listeric meningoencephalitis has been
reported mainly in ruminants under extensive farming with
no history of feeding on silage, and occurring in the hottest
months of the year (Rissi et al. 2010, Sanches et al. 2010) or
in the transition period between the rainy and dry seasons
(Guedes et al. 2007), epidemiological characteristics similar
to those observed in the present outbreak, which occurred in
the transition between the rainy and dry seasons in the region.

It was not possible to determine the source of infection
in the present study, but chickens, horses, and bulls had
contact with the calves, including access to the troughs where
the feed was provided, and thus could serve as a source of
infection. In outbreaks of listeriosis in goats and sheep in
the state of Rio Grande do Sul, contaminated pasture or
feed and direct contact with feces from other species such
as chickens and pigs were considered as possible sources
of infection (Rissi et al. 2006, 2010). According to George
(2002), cases of meningoencephalitis not related to feed are
commonly associated with environmental contamination.
Clinically healthy bovines are carriers of L. monocytogenes
and eliminate the bacterium along with their feces (Wesley
1999). Another source of infection that should be considered in
this outbreak is the mother’s milk, since for cattle elimination
of L. monocytogenes through milk has been described after
mastitis or abortions (Quinn et al. 2001).

Because the possibility of listeriosis was not considered
during the clinical care of the animals, the oral cavities were
not analyzed at necropsy. However, a possible gateway of
the bacterium to the central nervous system could be the
eruption of the teeth. In buffaloes, the first three pairs of
primary incisor teeth erupt within the first three months of
life, with the first pair erupting up to the 7% day and the others
with intervals ranging from 14 to 30 days of life (Seixas et al.
2007), a period that coincides with the age, sickening, and
death of the animals of the present study.

This is the first report of encephalic listeriosis in
buffaloes, as well as the first report of disease occurrence in
ruminants in the Brazilian Amazonia. The diagnosis of listeric
meningoencephalitis in dairy buffaloes highlights the importance
of these animals and their products as possible sources of
infection by L. monocytogenes for humans. Consumption of
bovine raw milk, pasteurized milk, and cheese, usually soft,
fresh or mature, has been associated with outbreaks of human
listeriosis (Silva et al. 2011).

CONCLUSIONS

The encephalic form of listeriosis occurs in buffaloes in
the state of Par4, Brazil, and this disease should be considered
in the differential diagnosis of buffaloes with neurological
syndrome.

Occurrence of listeric meningoencephalitis in a herd of
dairy buffaloes warns about the importance of this zoonosis,
especially when the milk is used to produce artisanal fresh
cheese.
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