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economic losses on many continents (Asia, Africa and the Middle East). In this study, we aimed
to evaluate immunohistochemically mast cells (MCs) profile and local interleukin (IL)-17 and

IL-18 protein expressions in naturally infected CCPP according to the course of the
inflammation (peracute-acute, subacute-chronic). The material of the study consisted of 40
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Keywords: naturally infected CCPP and 6 healthy control goat lung tissues. Appropriate samples were
taken from the necropsied goats and subjected to histopathological and immunohistochemical
Caprine examination. In the histopathological examination of the samples, it was determined that 29

samples had a peracute-acute course and 11 had a subacute-chronic course. In immuno-
histochemical examination, MC profile and local IL-17 and IL-1f protein expressions were
evaluated in the peracute-acute and subacute-chronic course. Immunohistochemically,
significant increases in MC number, local IL-17 and IL-1f scores were detected in the peracute-
acute course compared to the control group. There were significant decreases in the relevant
scores in the subacute-chronic course compared to the peracute-acute course. Current findings
indicated that M(C, IL-17, and IL-1f expressions played important roles in the pathogenesis of
infection in naturally infected CCPP, especially in the peracute-acute course. Additionally, MC
profile was evaluated for the first time in naturally infected CCPP.
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Introduction

Contagious caprine pleuropneumonia (CCPP) in goats
is a highly contagious and rapidly spreading
mycoplasmal disease that is now among the leading
causes of major economic losses on many continents
(Asia, Africa, and the Middle East). The CCPP is associated
with very high morbidity (100%) and mortality (80.00 -
100%).12 The causative agent of CCPP is Mycoplasma
capricolum sub-species capripneumoniae (Mccp). In
addition to goats, the disease can also be seen in sheep
and wild ruminants.3# Clinically, severe respiratory
distress associated with fever, depression, sero-mucous
nasal discharge, cough, pleurodynia and dyspnea is
observed. Macroscopic lesions of CCPP are characterized
by fibrinous pleuropneumonia, lung hepatization,
consolidation and pleural fluid accumulation.
Additionally, mastitis, arthritis, peritonitis, meningitis
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and abortion may occur in pregnant animals.57 Three
different stages are defined in animals infected with the
disease according to clinical and pathological findings
(macroscopic), namely peracute, acute and chronic. In
peracute and acute stages, it is characterized by sudden
death, fever, severe respiratory symptoms, fibrinous
pleuropneumonia, lung hepatization and pleural fluid
accumulation. In chronic cases, it is characterized by
weight loss, mild respiratory symptoms, sequestrum
formation and adhesive pleuritis.”?

Mast cells (MC) are known as part of the body first line
of defense providing protection against many microbial
pathogens and other environmental insults. MCs are
located in host- environment regions that are in contact
with the environment such as skin and mucosal
tissues.1011 The MCs are immune cells that have functions
in many processes ranging from the initiation of a rapid
inflammatory response to the suppression of the immune
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system.!213 The most characteristic feature of MCs is
secretory granules densely packed with preformed
mediators that can be rapidly released upon activation by
degranulation. It can also induce de novo synthesis and
release of cytokines like tumor necrosis factor (TNF)-a,
interleukin (IL)-18 and IL-17, eicosanoids, chemokines,
lipid mediators and growth factors.11.1415

The IL-17 is a pro-inflammatory cytokine that
contributes to the pathogenesis of many inflammatory
diseases. T helper 17 cells are known to be the main
source of IL-17 production.1617 The IL-17 is known to
be its main function to stimulate chemokines such as
granulocyte  colony-stimulating  factor  (G-CSF),
chemokine (C-X-C motif) ligand 1 (CXCL1) and CXCL8
(IL-8), which promote neutrophil accumulation and
activation at the site of infection.1”18 The IL-1f is a
highly functional and potent proinflammatory cytokine
that plays an important role in inflammatory and
infectious diseases. The IL-1f is an important part of
the inflammatory response and is involved in various
cellular activities such as cell proliferation,
differentiation and apoptosis.1?

There are not enough studies in the literature to reveal
the pathogenesis of CCPP disease which is an important
problem in small ruminant breeding (goats). In this study,
MC profile and local IL-17A and IL-1f3 protein expressions
were evaluated immunohistochemically according to the
course of inflammation (peracute-acute, subacute-chronic)
in naturally infected CCPP.

Materials and Methods

Animals. The material of the study consisted of
fibrinous pneumonia/pleuropneumonia-infected lung
tissues of 40 goats (6 - 18 months old, hair goats) whose
Mccp agent was determined immunohistochemically
obtained from enterprises in Sivas and Yozgat provinces.
Relevant samples were collected after autopsy from
animals that died of pneumonia from enterprises in Sivas
and Yozgat provinces. In addition, lung tissue from 6
healthy goats (6 - 18 months, hair goat) was used as a
control group. The relevant study was approved by Sivas

Cumhuriyet University HADYEK ethics committee
(31.07.2023-618).
Histopathological examination. Lung tissues

obtained after necropsy were fixed in 10.00% neutral
formaldehyde for 24 - 48 hr. Afterwards, paraffin blocks
were obtained by going through routine tissue processing
procedures. The 4.00 - 5.00 pm sections were taken from

Table 1. Inmunohistochemistry primers used in the current study.

paraffin blocks onto grinding slides and stained with
Hematoxylin & Eosin. Relevant sections were examined
under light microscopy (BX51; Olympus, Tokyo, Japan).
As stated in a previous study, lung tissue samples with
pneumonia were examined according to the course of
inflammation in histopathological examination. They
were divided into two groups: Peracute-acute and
subacute-chronic.®

Immunohistochemical examination. The 4.00 - 5.00
pm sections were taken from paraffin blocks onto
adhesive slides. Paraffin extraction and rehydration were
performed on adhesive slides. Immunohistochemical
staining was performed with a commercial kit (Lab Vision
Corp., Fremont, USA) in accordance with the kit procedure.
Polyclonal Mccp hyperimmune sera were obtained from
rabbits in a special laboratory and used for immuno-
histochemical staining at a dilution of 1/5,000 with an
incubation time of 1 hr. As the primary antibody (IL-17, IL-
1B, and MC tryptase) used in the study, its properties are
given in Table 1. Canine mastocytoma paraffin blocks were
used as a positive control for MC tryptase staining.
Additionally, the relevant tissues (subacute-chronic cases)
were evaluated by immunohistochemical staining for
respiratory syncytial virus , parainfluenza virus type 3 (PI-
3) and adenovirus. The 3,3'-diaminobenzidine (DAB) was
used as chromogen and counterstaining was performed
with Mayer's-Hematoxylin. The sections were then
examined under a light microscope at 20.00x
magnification by a blinded pathologist. Scoring of
immunohistochemical staining was 0; none, 1; light, 2;
middle, 3; intensive and 4; very intensive.2® Using MC
tryptase immunohistochemical staining, MCs were
counted in five different areas at 20.00x and a total score
was obtained (0; none, 1; 1 to 5 MCs, 2; 6 to 10 MCs, 3; 11
to 16 MCs, 4; 17 to 25 MCs).21

Statistical analysis. Statistical analysis was done in
SPSS Software (version 25.0; IBM Corp., Armonk, USA).
Nonparametric  Kruskal Wallis was used for
immunohistochemical scores and Mann Witney U was
used for differences between groups. A p < 0.05 was
considered statistically significant.

Results

Histopathology. Control group showed normal
histology (Fig. 1). In the histopathological examination of
CCPP-infected animals, they were divided into two groups,
peracute-acute and subacute-chronic according to the
course of inflammation. The 29 lung samples showed a

Primer antibody Clone number Dilution rate Incubation period
Interleukin-17 sc-374218* 1/200 2hr
Interleukin-1f 52012* 1/200 2hr
Mast cell tryptase ab2378t 1/200 1hr

* Santacruz Biotechnology (Dallas, USA), and t Abcam (Cambridge, UK).
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peracute-acute course and 11 lung samples showed a
subacute-chronic course. In peracute-acute cases, the
alveoli, bronchus and bronchiole lumens were observed to
be filled with serofibrinous and/or fibrinous exudate and
were determined to be sloughed epithelial cells.
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Fig. 1. Micrsz:opic examination shows the normalhistological
appearance of healthy control animals (Hematoxylin and Eosin
staining; Bar = 200 pm).
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Fig. 2. Microscopic examination of animals with contagious caprine pleuropneumon
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Acute inflammatory (neutrophil granulocyte) cell
infiltration and severe hyperemia in the interalveolar
septum were observed in these regions (Figs. 2A and 2B).
Congested vessels with serofibrinous exudate and acute
inflammatory (neutrophil granulocyte) cell infiltration
were detected in the interlobular septum. Additionally,
occasional mild vasculitis and thrombi were detected.
Additionally, it was determined that the pleura was
adorned with a serofibrinous exudate (Fig. 2B). In
subacute-chronic cases, necrosis of the bronchus and
bronchiolar epithelium and peribronchial lymphocyte
infiltrates were observed (Fig. 2C).

In these cases severe vasculitis, thrombus
formations, mild hyperemia, very rare neutrophil
granulocyte infiltrates and fibrinous exudate were
detected. In addition, it was determined that there were
occasionally multifocal lymphocyte infiltrates as well as
mononuclear cell infiltrates in the interalveolar septum
and alveolar lumens. In relevant cases, dense macro-
phage infiltrates were seen in the affected alveoli and
bronchioles (Figs. 2C and 2D).

ia (CCPP), using Hematoxylin and Eosin staining.

A) Inflammatory infiltration (neutrophil granulocyte) in the alveoli (arrows), serofibrinous exudate (asteriks) in the alveoli, hyperemia
(arrowheads), peracute-acute course (Bar = 200 pm). B) Inflammatory infiltration (neutrophil granulocyte) in the alveoli (arrow),
thrombus mass (arrowhead), inflammatory infiltration (neutrophil granulocyte) and serofibrinous fluid (asteriks) in the interlobular
septum, peracute-acute course (Bar = 100 pm). C) Mononuclear cell infiltration in the interaralveolar septum (arrows), peribronchial
lymphocyte infiltrates (asteriks), subacute-chronic course (Bar = 200 um). D) Alveolar macrophage and mononuclear cell infiltration

(asteriks), subacute-chronic course (Bar = 50.00 pm).
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Immunohistochemistry. In the immunohistochemical
examination, no immunopositivity was found in the
control groups for the agent (Fig. 3A). In immuno-
histochemical examination, immunopositive staining was
obtained in Mccp staining in the alveolus, bronchus-
bronchiolar epithelium and neutrophil granulocytes in the
lumens in the per-acute course. Additionally, Mccp
positivity was found in neutrophil granulocytes in the
interlobular septum (Figs. 3B and 3C). In the subacute-
chronic period, Mccp positivity was detected in alveolar
macrophages and mononuclear cell infiltrates. In the
peracute-acute course, immuno-positivity for Mccp was
more severe and widespread compared to the subacute-
chronic course.

The level of MC tryptase staining was significantly
increased in the peracute-acute course compared to the
control group (Figs. 3D and 3E). It was found that there
was a significant decrease in the relevant scores in the
subacute-chronic course compared to the peracute-acute
course (Figs. 3E and 3F, p < 0.001). Immunopositive
stainings related to IL-17 were found in alveolar,

bronchi and bronchiolar epitheliums in inflammatory
infiltrates in the alveoli and bronchiole lumen and in
alveolar macrophages. In IL-17 immunostaining, the
highest scores were observed in the peracute-acute
course and the lowest scores were in the control group,
respectively (Figs. 3G and 3H). It was determined that IL-
17 immunostaining scores were decreased significantly
in the subacute-chronic course compared to the
peracute-acute course (Figs. 3H and 31, p < 0.001).

The IL-13 immuno-positive staining, similar to IL-17,
was found in alveolar, bronchi and bronchiolar
epitheliums, inflammatory infiltrates in the alveoli and
bronchiole lumen and alveolar macrophages. The highest
IL-18 immunopositive staining was observed in the
peracute-acute course (Fig. 3K) and the relevant scores
were decreased significantly in the subacute-chronic
course (Fig. 3L, p < 0.01). No positivity was detected for
respiratory syncytial virus, parainfluenza virus type and
adenovirus in the relevant samples (subacute-chronic
cases) immunohistochemically. Immunohistochemical
scores are given in Figure 4.

i - ‘

Fig. 3. Immunohistochemical staining in contagious caprine pleuropneumonia. A) Healthy control negative staining for
Mycoplasma capricolum subspecies capripneumoniae (Mccp) agent (Bar = 50.00 um). B and C) Positivity for Mccp agent in
inflammatory infiltrates and serofibrinous content (arrows), peracute-acute course (Bars = 200 and 50.00 pm, respectively).
D) Mast cell tryptase immunopositivity (arrow) in the control group (Bar = 50.00 um). E) Mast cell tryptase immunopositivity
(arrows) in the peracute-acute course (Bar = 200 pm). F) Mast cell tryptase immunopositivity in the subacute-chronic course. Bar =
50.00 pm. G) Mild interleukin (IL)-17 immunopositivity in healthy control (Bar = 50.00 um). H) Severe IL-17 immunopositivity in
inflammatory cell infiltrates (arrow) peracute-acute course (Bar = 200 um). I) Moderate IL-17 immunopositivity in the subacute-
chronic course. Scale bar: 50.00 um. J) Mild IL-1f immunopositivity in healthy control (Bar = 50.00 um). K) Severe IL-1f
immunopositivity in inflammatory infiltrates (arrows) and bronchiol epithelium in peracute-acute course (Bar = 200 pm). L)
Moderate IL-1f immunopositivity in the subacute-chronic course (Bar = 50 pm).
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Fig. 4. Immunohistochemical evaluation of A) mast cell (MC)
tryptase, B) interleukin-17 (IL-17), and C) interleukin-1f (IL-1f)
according to the course of inflammation (score) in contagious
caprine pleuro-pneumonia. @< Different superscripts in columns
indicate statistical significance (p < 0.05).

Discussion

The pathogenesis mechanism of pathogenic myco-
plasmal diseases has not been fully elucidated, although
the host immune system is thought to play an important
role. It is reported that the factors taken into the body
adhere to epithelial cells and this is a prerequisite for
colonization and pathogenesis.22 Due to the many
disadvantages of CCPP disease, uncovering new findings
about its pathophysiology and/or pathogenesis will shed
light on a number of agents that can be developed to treat
the disease in the future. In this study, we aimed to
evaluate immunohistochemically MC profile, local IL-17
and IL-1pB protein expressions in naturally infected CCPP
goats according to the course of the inflammation
(peracute-acute, subacute-chronic). The data of our study
were, to our knowledge, the first report evaluating the MC
profile of naturally infected CCPP. Indeed, recently, the
evaluation of MCs not only in allergic reactions but also in
cases of infection has become the focus of attention.1021

When MCs are activated, they can undergo
degranulation, a process in which the contents of secretory
granules are released to the outside. In addition to binding
to immunoglobulin E molecules, which classically bind to

high-affinity immunoglobulin E receptor, or Fc epsilon RI,
it can be activated by peptides produced from pathogenic
bacteria and various cell wall products. In addition to the
secretion of mediators from previously formed stores,
activated MCs also induce the de novo synthesis of
platelet-activating factor, prostaglandins and leukotrienes,
as well as the transcription and release of many cytokines
and chemokines.1023 [n this study, the high scores of MCs
counts in the peracute-acute course revealed that Mccp
caused effective MC induction. In addition, the fact that the
causative agent staining in the peracute-acute period was
more severe and widespread compared to the subacute-
chronic period strengthened this opinion.

Experimental studies suggest that animals suffering
from MCs exhibit a pathology that gradually worsens in
bacterial infections. On the other hand, MCs have been
reported to have a detrimental effect on the agents in
bacterial infections and that they are essential for the
clearance of pathogens.102425 In an experimental study
conducted by Xu et al.?> in mice, it was reported that MCs
played an important role against Mycoplasma pneumoniae.
In a different experimental study, they stated that mice
with MC deficiency were highly vulnerable to Kiebsiella
pneumonia.26 In the current study, MC count scores in
cases in the peracute-acute period were found to be
significantly higher compared to the subacute-chronic
period. This indicated that MCs proliferated more in the
peracute-acute phase of CCPP infection. It is also possible
to interpret that increasing the number of MCs might
reduce the agent population. Indeed, many previous
reports indicated that MCs combated infection by
stimulating an inflammatory response that induced the
recruitment of phagocytic cells and supported the control
of bacterial infection.?22526 However, it should not be
ignored that the increased number of MCs in the peracute-
acute course increases the severity of parenchymal lesions
by exacerbating the inflammatory response. Immuno-
histochemically, the number of agents in the peracute-
acute course was significantly higher than in the subacute-
chronic course. As expected, the Mccp agent appeared to
contribute to the severity of the lesions.

It is known that lung IL-17 plays important roles in
protecting the host against some infections (fungal and
bacterial) and in maintaining the barrier function of the
epithelial mucosa. IL-17's main function is to stimulate the
chemokines granulocyte colony-stimulating factor, CXCL1
and CXCL8 (IL-8). Thus, neutrophil granulocytes can easily
infiltrate the infection site.1627 In a study conducted by Wu
et al.?8 they detected intense IL-17 expression in the lungs
and a concurrent increase in neutrophil granulocytes in
experimental M. pneumoniae infection in mice. They also
reported that M. pneumoniae could cause a strong IL-17-
associated inflammatory reaction by recruiting neutrophil
granulocytes to the lung. In this study, it was determined
that there was intense IL-17 expression in the peracute-
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acute course compared to the subacute-chronic course,
depending on the course of the inflammation, and it was
parallel to the intense neutrophil granulocyte infiltration
in the peracute-acute course. This might be due to the
effective stimulation of neutrophil chemoattractants from
dense lung epithelial cells by Mccp in CCPP disease
especially in the peracute-acute course.

In a recent study emphasized that the role of IL-17 in
CCPP disease.?? It has been emphasized that increased IL-
17 in CCPP disease causes excessive infiltration of
neutrophil granulocytes into the lung and plays an
important role in the pathogenesis of the disease.?? In
this study, consistent with the relevant study, intense IL-
17 expression and neutrophil granulocyte infiltrations
were detected in the peracute-acute course depending on
the course of inflammation. It shows that IL-17 plays an
important role in ensuring neutrophil granulocyte
infiltration in the inflammation area, especially in the
peracute-acute course. However, it is not possible to say
the same for the subacute-chronic course. Inflammation
is a highly dynamic process in which neutrophil
granulocytes are active in the early stages, whereas,
mononuclear cells are involved in the later stages.3? Our
findings revealed that IL-17 did not play an effective role
in the subacute-chronic course of CCPP disease
compared to the peracute-acute course.

Although recent evidence reports that IL-17 is required
for a protective immune response, its excessive or
unrestricted expression can lead to inflammation-induced
tissue pathology.3! Dense neutrophil granulocytes induce a
strong inflammatory microenvironment and subsequent
tissue immunopathology through the release of proteases,
pro-inflammatory cytokines and oxidants.3132 Recently, in
studies conducted in the treatment of inflammatory
diseases, the use of antibodies that will neutralize IL-17
has provided some advantages. However, it should not be
overlooked that this cytokine also plays important roles in
wound healing, tissue regeneration and protection of
tissue barriers.16

After MCs activation, de novo synthesis and release of
cytokines such as TNF-a, IL-1$ and IL-17 are induced. In
addition, the role of MCs in regulating the immune
response has been proven by secreting TNF and
leukotrienes which increase neutrophil granulocyte
recruitment to the region at early times.1533 In this study,
the increased expression of IL-1f3 and IL-17, especially in
the peracute-acute course suggested that MCs might play
an active role in the relevant expressions in CCPP.

As aresult, in this study, MCs and local IL-17 and IL-1f3
expressions were evaluated according to the course of the
inflammation in CCPP. In CCPP, MCs, IL-17 and IL-1f have
been found to play important roles in the pathophysiology
of the disease in the early stages of the disease (peracute-
acute course). This study might shed light on future
studies by elucidating the pathogenesis of CCPP from an

immunological perspective. Additionally, it could be
suggested that MCs, IL-17, and IL-1$ might be possible
therapeutic candidates in CCPP disease especially in the
peracute-acute course.
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