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Investigation of ruminant encephalitic and septicemic
listeriosis by the immunofluorescence method
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Abstract: Listeria genus is Gram-positive facultative intracellular bacteria that are found in the soil as saprophytes
but also contain species that have pathogenic effects in their last host. Listeria monocytogenes is the major pathogen
in Listeria species that is responsible for the majority of Listeriosis cases in humans and animals. In this study, it
was aimed to investigate L. monocytogenes with histopathological and immunofluorescence (IF) methods in brain
and liver tissues taken from sheep and cattle with clinical signs of suspicious Listeriosis. In the study, isolation and
identification of L. monocytogenes with cultural methods were also applied. The material of the study consisted
of tissue samples from 16 sheep and 2 cattle. As a result of cultural analysis, L. monocytogenes was identified
from 12 (66.6%) of cases. Within the framework of histopathological and macroscopic findings, 16 (88.8%) of 18
cases with suspected Listeriosis were positive with the immunofluorescence method. These findings reveal that the
immunofluorescent staining method is a reliable and sensitive method in the diagnosis of Listeriosis.
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Ruminantlarin ensefalitik ve septisemik listeriyozisinin
immunfloresan metodla arastiriimasi

Ozet: Listeria cinsi toprakta saprofit olarak bulunan ancak ayni zamanda son konaklarinda patojenik etkilere sahip
turler iceren Gram-pozitif faklltatif intraselller bakterilerdir. Listeria monocytogenes, insanlarda ve hayvanlarda
Listeriosis vakalarinin cogundan sorumlu olan Listeria turlerindeki baslica patojendir. Bu calismada, Listeriyozis
supheli klinik belirti gosteren koyun ve sigirlardan alinan beyin ve karaciger dokularinda L. monocytogenes'in
histopatolojik ve immunfloresan metodlarla arastiriimasi amaclanmistir. Calismada L. monocytogenes'in kiltlrel
yontemlerle izolasyonu ve identifikasyonu da uygulanmistir. Calismanin materyalini, 16 koyun ve iki sigira ait doku
ornekleri olusturmustur. Kiltirel analiz sonucunda vakalarin 12 (%66,6)'sinden L. monocytogenes identifiye edilmistir.
Histopatolojik ve makroskobik bulgular cercevesinde Listeriyozis siipheli 18 vakanin 16 (%88,8)'si immunfloresan
metodla pozitif tespit edilmistir. Bu bulgular, immunfloresan boyama y&nteminin Listeriyozisin teshisinde gtivenilir
ve hassas bir ydntem oldugunu ortaya koymaktadir.

Anahtar kelimeler: immunfloresan, koyun, listeriyozis, sigir

Introduction

Listeria spp. are saprophytic, Gram-positive bacteria
that are distributed widely in the environment
(Nightingale et al. 2004; Fairley et al. 2012; Rocha et
al. 2013). The genus Listeria consists of the currently
known species L. monocytogenes, L. ivanovii, L.
seeligeri, L. innocua, L. grayi, and L. welshimeri (Liu
et al. 2004). Only two of these six species are known
to be pathogenic: L. monocytogenes and L. ivanovii
(Oevermannetal.2010). Especially, L. monocytogenes
is responsible for about 98% of human and 85% of
animal cases of listeriosis (Kaur et al. 2010). Listeriosis

is a sporadic, infrequently seen as an enzootic
disease of ruminants. This disease causes significant
economic losses in sheep, cattle, and goats. (Dag et
al. 2013). Listeriosis is mostly detected in autumn,
winter, and early spring in temperate and cold
climates and there is a direct link between poorly
prepared silage feeding and infection (Wesley
et al. 2002; Brugere-Picoux 2008). This disease is
more common in sheep than in cattle (Ceribasi et
al. 2013). The most important clinical symptoms
caused by L. monocytogenes in ruminants are
briefly as follows: septicemia, meningoencephalitis,
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metritis with abortion (Barkallah et al. 2016;
Haligur et al. 2019). In encephalitic form; multifocal
microabscesses, meningoencephalitis, glial nodules,
perivascular cuffing are the main histopathological
features (Ozyildiz et al. 2018). Multiple necroses
and numerous abscess foci in the liver are seen
in septicemic listeriosis (Low and Donachie 1997).
Moreover, L. monocytogenes is an important
foodborne pathogen for humans and poses a major
problem on public health (Dreyer etal. 2015). Human
cases are mostly associated with the ingestion of
contaminated milk and/or milk products (Headley
et al. 2014).

Definitive diagnosis of listeriosis is based
on the isolation and identification of the agent
by bacteriological culture techniques. Some
alternatives may helpful in diagnosis to detect
Listeria spp. or erupted antibodies with PCR and
serological techniques, respectively (Gasanov et al.
2005). However, all these techniques have some
drawbacks such as requiring equipped laboratory
environment and personnel and time-consuming
and labour-intensive efforts, as well. Thus, a
simple and reliable technique is always needed in
the diagnosis of Listeria agents. Immunological
methods using monoclonal or polyclonal antibodies
have been demonstrated to give promising results
for rapid detection of L. monocytogenes in various
samples (Ralovich 1993). These antibodies labeled
with the fluorescent compound can identify the
target antigens on smears prepared from tissues
when examined with a fluorescence microscope
which is called a direct immunofluorescence assay
(Chen et al. 2017).

Inthisstudy, itwas aimed to evaluate the samples
of brain and liver tissue from sheep and cattle with
encephalitic and septicemic listeriosis associated
with Listeria monocytogenes by histopathological
and immunofluorescence methods.

Material and Methods
Animals

Study materials were obtained from adult 16 sheep
and 2 cattle admitted to The Pathology Department
and Microbiology Department of Veterinary Faculty,
Kafkas University, for necropsy. These animals
had various clinical symptoms, including anorexia,
depression, unable to stand up, hypersalivation,
sagging in the lower lip, paralysis in the eyelid,
abortion, circling movement, opisthotonus, loss of
coordination, unilateral blindness, amaurosis, and
torticollis.

Microbiological Analysis

In this study, brain and liver tissues of all animals
and also kidney and heart samples from one
sheep (Case No.7) were cultivated in accordance
with the USDA-FSIS method reported by McClain
and Lee (1988) with some minor modifications. In
brief 2.5 g tissue was transferred to 22.5 ml Pre-
Enrichment Broth (Trypticase Soy Broth (Merck
1.05459) containing 0.6% yeast extract and the
broth was incubated microaerobically at 30 °C for
24 hours. At the end of the incubation, 1 ml Pre-
enrichment Broth was transferred into 9 ml Listeria
Enrichment Broth (UVM formulation) (Oxoid
CMO0863), and the latter was incubated at 30 °C
at the same conditions. Then, Listeria Selective
Agar (LSA) (Oxoid, CM0856) was plated with 25 pl
aliquot of Listeria Enrichment Broth and the plates
were incubated microaerobically for 24 hours at
30°C. Initial identification was performed with the
presence of bright grey-black centered smooth
colonies on the LSA medium which was considered
as Listeria spp. Future identification was performed
through Gram staining characteristics, mobility at
25°C, catalase and oxidase activities, carbohydrate
(L-rhamnose, D-mannitol, D-xylose, and a-methyl-
mannosidase) fermentation capabilities, and CAMP
activities with control strains of Rhodococcus equi
(ATCC-33701) and Staphylococcus aureus (ATCC-
25923) (FDA, 2015).

Histopathological examination

Tissue samples of brain and liver from 16 sheep and
two cattle and in addition to these, kidney and heart
samples from only one sheep (Case No.7) were fixed
in a 10% neutral buffered formalin solution. After
routine tissue procedures follow-up, 5 pm thick
sections were taken from paraffin blocks. In order
to detect histopathological changes, Hematoxylin
& Eosin (H&E) stain was applied to the sections.
Sections were examined under a light microscope
(Olympus Bx53) and photographed with Cell AP
Program (Olympus Soft Imaging Solutions GmbH,
3.4).

Immunofluorescence staining

Direct immunofluorescence staining protocol was
carried out to detect L. monocytogenes antigens
on tissue sections. Briefly, liver, brain, negative and
positive tissues from cattle and sheep were fixed in
a 10% neutral buffered formalin solution. Tissues
were routinely followed by alcohol-xylol follow-
up and taken into paraffin blocks. Sections of 5
pm taken into poly-L-lysine sections were passed
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through xylol and alcohol series. Sections were
treated with antigen retrieval solution at 500 watts
for 2 x 5 minutes to reveal the antigen in the tissues.
The tissues washed with PBS were then incubated
for 10 minutes in 1% Bovine Serum Albumin (BSA)
and then incubated with L. monocytogenes (LSBio
Catalog no: LS-C56360) primary antibody for 45
minutes at 37°C. Then, it was washed with distilled
water and the sections were covered with 4 6,
6-diamidino-2-phenylindole (DAPI) fluorescence
medium. Results obtained under fluorescence
microscope were evaluated as negative (-), mild (+),
moderate (++), and severe (+++).

Results

Microbiological Results

In this study, Listeria spp. were isolated from 12
(66.6%) animals, one cattle, and 11 sheep (Table

15 \ N W

1). The isolates had some characteristics such as
the presence of colonies with certain morphology
on LSA, typical microscopic morphologies (0.4-
0.5 ym wide and 1-2 pm long, non-spore-forming
Gram-positive bacilli), catalase-positive and oxidase
negative activities and motility at 25°C. All isolates
were further identified as L. monocytogenes as the
result of L-rhamnose and a-methyl-mannosidase
activities and positive CAMP reaction with S. aureus.

Macroscopical results

In addition to marked congestion in the brain, it was
detected an increase in opacity and thickening in
meninges (Figure 1A). In the liver, white foci of pin
size spread across the entire organ were observed
(Figure 1B). It was detected nodular structures in the
heart in only one case (Figure 1C). It did not observe
any macroscopic findings in kidney tissue (Figure
1D).

Figure 1. A: Brain, congestion (thin arrows) and meningeal opacity and thickening (thick arrow),
B: Liver, white foci of pin size spread across the entire organ (arrows), C: Heart, nodular structures (arrows),
D: Kidney, there was no macroscopically significant finding (granulomatous case).

Microscopical results

The findings observed in the histopathological
examination of brain tissues were briefly as
follows: extensive coagulative necrosis areas and
intense neutrophil infiltrations around these areas
(Figure 2A), meningitis (Figure 2B), microabscesses
(Figure 2C), perivascular cuffs consisting mainly
of lymphocytes with histiocytes, plasma cells and
a small number of neutrophils (Figure 2C), gliosis
(Figure 2D) (Table 1).

="

In addition to these findings observed in
the brain, it was detected areas of necrosis in the
liver (Figure 3A), perivascular cell infiltrations

(Figure 3A-B), numerous abscess foci (Figure 3C),
granulomatous structure (Figure 3D), giant cell
(Figure 3D), degeneration in hepatocytes (Figure
3D), hemorrhage and proliferation in the bile ducts.
It was detected granulomatous structures in the
kidney and heart in only one case (Figure 4A-B)
(Table 1).

Figure 2. A: Brainstem, Extensive coagulative necrosis areas and intense neutrophil infiltrations around these
areas (arrows), H&E, Bar=500 um B: Brainstem, Meningitis (arrowhead), H&E, Bar=200 um C: Brainstem,
Perivascular cuffing (arrows) and microabscess (star), H&E, Bar=100 um D: Brainstem, Gliosis, H&E, Bar=50 pm.
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Figure 3. A: Liver, Necrosis (N), perivascular cellular infiltration (arrow) and hemorrhage (arrowhead),
H&E, Bar=200 um B: Liver, perivascular cellular infiltration (arrow), H&E, Bar=100 um C: Liver, degenerate
hepatocytes and microabscess (arrowhead), H&E, Bar=50 pm Dz Liver, granuloma, giant cells (arrows), H&E,

Bar=50 pm.

o

Figure 4. A: Heart, granuloma, H&E, Bar=200 pum
B: Kidney, granuloma, H&E, Bar=200 pm.

Immunofluorescence staining results

As the result of IF staining, 16 (88.8%) of 18 cases
with suspected Listeriosis were positive (Table 1). In
the sections used for control purposes, we observed
nonspecific fluorescence Iluminescence only in
erythrocytes. In IF evaluations, it was detected L.
monocytogenes antigens diffusely located in the
cytoplasm of hepatocytes (Figure 5A-B). In the
brain, it was observed that the antigens were diffuse
in the cytoplasm of neurons, similar to that in liver
findings (Figure 6A-D).

Figure 5. A-B: Listeria monocytogenes positivity in
the cytoplasm of hepatocytes (arrowhead). Liver, IF
method, 20x.

Figure 6. A-B-C-D: Listeria monocytogenes positivity
in the cytoplasm of neurons (arrowhead), Brain, IF
method, 20x.

Discussion

Listeriosis, caused primarily by L. monocytogenes, is
a common infectious disease reported in countries
on over six continents and in more than 40 species
of domesticated and wild animals. However, this
disease is an important health problem especially
for ruminants (Langohr et al. 2006). Encephalitic
listeriosis is observed most in sheep among
ruminants (Campero et al. 2002). In our study, in
accordance with the literature data (Campero et al.
2002), listeriosis positive cases were mostly detected
in sheep. Generally, Listeriosis is detected more
often in winter and early spring and is thought to
be related to poorly prepared silage consumption
(Al-Dughaym et al. 2001; Wesley et al. 2002). The
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animals included in our study consisted mostly of
sheep brought to our department, especially in
winter, similar to the literature data (Al-Dughaym et
al. 2001; Campero et al. 2002; Wesley et al. 2002).
Listeriosis can be evaluated pathologically under
three main headings. The first of these; infection
of the pregnant uterus and late-term abortions,
the second is septicemia characterized by milier
visceral abscesses (liver, spleen, and other organs)
and the third is encephalitis (Ortatatli et al. 2001;
Nightingale et al. 2004; Headley et al. 2014). The
clinical manifestations of Listeriosis are a result
of the lesions in the brain stem and although
individual cases vary, common symptoms include
apathy, fever, anorexia, depression, abortion,
septicemia, conjunctivitis, nystagmus, facial and
tongue paralysis, dullness, turning or twisting of the
head to one side and walking in circles (Low and
Donachie 1997; Dons et al. 2007; Brugere-Picoux
2008; Ceribasi et al. 2013). Death occurs 2-3 days
after the clinical symptoms are observed in sheep.
This period is longer in cattle (Low and Donachie
1997). In the animals of our study, consistent with
the literature (Low and Donachie 1997; Ortatatl et
al. 2001; Brugeére-Picoux 2008; Ceribasi et al. 2013),
clinical symptoms such as anorexia, depression,
unable to stand up, hypersalivation, sagging in the
lower lip, paralysis in the eyelid, abortion, circling
movement, opisthotonus, loss of coordination,
unilateral blindness, amaurosis, and torticollis were
observed.

Macroscopic lesions in listeriosis are generally
not remarkable (Rocha et al. 2013). However, it is
known that sometimes the membranes covering
the medulla oblongata are thickened due to
greenish gelatinous edema and there are a few mm
diameter melting areas on the sectional face of the
medulla oblongata. (Ortatatl et al. 2001). Significant
congestion and blurred meningeal edema have also
been reported (Al-Dughaym et al. 2001; Headley et
al. 2014; Haligur et al. 2019). Focal hepatic necrosis
and white nodules are observed in the liver (Low and
Donachie 1997). Pyogranulomas can be observed
in lymph nodes, lungs, liver, spleen, and kidneys
(Dreyer et al. 2015). In our study, similar to previous
studies (Al-Dughaym et al. 2001; Headley et al.
2014; Haligur et al. 2019), we found an increase in
opacity and thickening and significant congestion in
meninges. We also detected white nodules spread
over the entire organ surface in the liver, similar to
that reported by Low and Donachie (1997). In just
one case, in addition to macroscopic lesions in the
liver and brain, we encountered nodular areas in the
heart. Although macroscopic findings in the kidney

are not remarkable, we observed granulomatous
structures in the histopathological examination of
this organ, as reported by Dreyer et al. (2015).

In previous studies, microabscesses (Oevermann
et al. 2010; Rocha et al. 2013; Henke et al. 2015), foci
of malacia infiltrated by neutrophils (Johnson et al.
1995; Al-Dughaym et al. 2001; Ortatath et al. 2001;
Campero et al. 2002), meningoencephalitis (ilhan
et al. 2012; Headley et al. 2014), perivascular cuffs
consisting mainly of lymphocytes with histiocytes,
plasma cells and infrequent neutrophils (Low and
Donachie 1997; Ceribasi et al. 2013; Ozy|ld|z et al.
2018; Haligur et al. 2019), gliosis (Ligios et al. 2004;
Loeb 2004; ilhan et al. 2012; Ozyildiz et al. 2018),
multiple foci of necrosis of the liver (Brugére-Picoux
2008) have been observed. Similar to the results of
theseresearchers,weobservedlargeareasofnecrosis,
microabscesses, meningoencephalitis, gliosis, and
perivascular cuffing in the brain. In addition, we
determined necrosis in the liver, numerous abscess
foci, and perivascular cell infiltrations, in correlation
with the findings of some researchers (Low and
Donachie 1997; Brugere-Picoux 2008). We detected
granulomatous structures in the kidney and heart in
only one case similar to the literature data (Dreyer
et al. 2015).

In the diagnosis of listeriosis, besides
bacteriological culture techniques,
immunohistochemical staining, electron microscopy,
ELISA, and PCR methods are also used. However,
all these techniques have some disadvantages.
(Weinstock et al. 1995; Loeb 2004; Kaur et al. 2010;
Dag et al 2013; Ozyildiz et al. 2018). We couldn't
find literature data in which the presence of L.
monocytogenes in adult sheep and cattle was
evaluated by immunofluorescence staining. There
are few immunofluorescence studies evaluating the
brain cells of cattle and embryonic rats (Dramsi et al.
1998; Henke et al. 2015).

In conclusion, based on histopathological
and macroscopic findings, 16 of 18 cases in
which we suspected Listeriosis were positively
diagnosed by the immunofluorescence method. It
was thought that the difference between culture
results and immunofluorescence results is in favor
of immunofluorescence due to specific binding.
Within the scope of the results obtained from our
study, we think that immunofluorescence staining
is a very reliable and sensitive method in the
diagnosis of Listeriosis. We believe that the results
of immunofluorescence staining will contribute to
the literature in terms of diagnosis of encephalitic
and septicemic listeriosis in ruminants.
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Table 1. Comparison of the results of diagnostic tests for all animals.

. Histopathological Microbiological IF Severity of IF
Case No  Species Sample Type Results Results Results Expressions

Liver N - - -
1 Cattle .

Brain ME - - -

Liver N - + ++
2 Sheep .

Brain ME, MA, N, PC, G - + ++

Liver N, PCi, A - + +
3 Sheep .

Brain E - - -

Liver N - - -
4 Sheep .

Brain ME, MA, N, PC, G - + e

Liver N - - -
5 Sheep .

Brain ME, PC - + +

Liver N - - -
6 Sheep .

Brain ME - - -

Liver N + + +++

Brain ME + +4++
7 Sheep

Heart GR + - -

Kidney GR + - -

Liver N, PCi, A + + o
8 Sheep .

Brain ME, MA, N, PC, G + + +++

Liver N, PCi, A + + e+
9 Sheep .

Brain ME, MA, N, PC, G + + +4++

Liver N, PCi, A + + +++
10 Sheep .

Brain ME, MA, N, PC, G + + R

Liver N, PCi + + ++
11 Sheep .

Brain ME, MA, N, PC, G + + ++

Liver N + - -
12 Sheep .

Brain ME, PC + + +

Liver N, PCi, A + + ++
13 Sheep .

Brain ME, MA, N, PC, G + + e

Liver N, PCi, A + + e+
14 Sheep .

Brain ME, MA, N, PC, G + + +++

Liver N, PCi, A + + e
15 Sheep .

Brain ME, MA, N, PC, G + + +++

Liver N, PCi + + e+
16 Cattle .

Brain ME, MA, N, PC, G + + ddndn

Liver N + + ++
17 Sheep .

Brain ME, MA, N, PC, G + + ++

Liver N, PCi, A + + o
18 Sheep .

Brain ME, MA, N, PC, G + + +++

Total Number of Positive Cases 12 16

N: Necrosis, ME: Meningoencephalitis, MA: Microabscesses, PC: Perivascular cuffing, G: Gliosis, GR: Granuloma, PCI: Perivascular cell
infiltrations, A: abscess

Ethic statement: The ethics committee reportof this  Conflict of Interest Statement: The authors
study was obtained from Kafkas University Animal  declare no conflicts of interest with respect to the
Experiments Local Ethics Committee (Authorization  publication of this manuscript.

number: KAU-HADYEK-2020/075).
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