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Listeriosis is an infectious and fatal disease affecting domestic mammals, poultry, and 
humans worldwide. The effectiveness of  local tissue expression of  acute phase proteins 
in listeriosis in domestic mammals is not yet clear. The aim of  this study is to evaluate 
the local expression of  acute phase proteins in 26 brainstem tissue samples according 
to the distribution and severity of  infl ammation due to natural Listeriosis disease in 
sheep. The study material consisted of  26 brainstem paraffi n blocks, including 20 
from listeriosis-infected cases and 6 from healthy controls. Sections obtained from 
the paraffi n blocks were subjected to histopathological and immunohistochemical 
analyses. Histopathological examination revealed normal histological structures in the 
brainstems of  the control group. In contrast, brainstem sections from listeriosis cases 
exhibited histopathological fi ndings such as micro abscesses composed of  neutrophil 
granulocytes and microglial cells, gliosis, meningitis, congestion, perivascular cuffs, 
neuronal degeneration, and neuronophagia. Based on the distribution and severity of  
infl ammation, listeriosis cases were categorized into three groups: 5 mild cases (Group 
I), 8 moderate cases (Group II), and 7 severe cases (Group III). Immunohistochemical 
analysis demonstrated signifi cantly increased expression levels of  C-reactive protein 
(CRP), Haptoglobin (Hp), and Serum Amyloid A (SAA) in listeriosis groups compared 
to the control group, with the highest statistical scores observed in Group II and Group 
III (p<0.001). The fi ndings of  this study suggest that acute-phase proteins may play 
crucial roles in the pathophysiological processes of  naturally infected listeriosis and 
could express locally. Particularly, the increased expression of  these proteins with the 
progression of  infl ammation may provide valuable insights into disease severity and the 
infection process. 
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INTRODUCTION

Listeriosis is recognized globally as an infectious and fatal disease affecting domestic 
mammals, poultry, and humans. The primary causative agent of  the disease is Listeria 
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monocytogenes (Lm), with other species such as L. grayi, L. seeligeri, L. innocua, and L. ivanovii 
contributing less frequently [1,2]. Notably, Lm is responsible for approximately 85% 
of  listeriosis cases in animals, whereas this rate increases to nearly 98% in humans [3]. 
Moreover, Lm is a signifi cant foodborne pathogen and infection source for humans, 
making it a critical public health concern [4]. Lm can easily grow in wet feed, hay, grass, 
beet pulp and especially silage and is easily taken up by ruminants [5,6]. Listeriosis is 
a disease that can occur in sporadic or epidemic forms in ruminant animals such as 
sheep, cattle and goats and causes signifi cant economic losses [5,7]. The disease is 
generally detected in domestic animals during winter and early spring and is thought 
to be associated with the consumption of  poorly prepared silage [5,6,8].
Clinically, listeriosis manifests in ruminants in three forms: meningoencephalitis, 
septicemia, and abortion, with the encephalitic form being the most frequently 
observed. Additionally, endocarditis, mastitis, purulent conjunctivitis, and keratitis may 
occasionally occur [5,9,10]. In the encephalitic form, histopathological fi ndings such 
as multifocal micro abscesses, meningoencephalitis and perivascular cuffs are seen in 
the brainstem (pons and medulla oblongata). Micro abscesses, considered a hallmark 
histopathological feature of  the disease, may result from microglial reactions or from 
intense neutrophil and macrophage infi ltrations. In the septicemic form, numerous 
necrotic and abscess foci are observed in the liver [8,10,11].
The acute phase response (APR) is defi ned as a series of  infl ammatory responses by the 
host to trauma, tissue damage, and infection. Although nonspecifi c, APR plays a crucial 
role as part of  the innate immune system [12-14]. It is induced by pro-infl ammatory 
cytokines such as tumor necrosis factor-alpha (TNF-α), interleukin-1beta (IL-1β), and 
interleukin-6 (IL-6), which are secreted by active leukocytes at sites of  tissue damage 
[12,13]. These cytokines regulate the primary response to tissue injury and infection 
and stimulate the production and plasma release of  glycoproteins known as acute-
phase proteins (APP) in the liver. APPs are blood proteins used to assess the immune 
system’s response during tissue damage, trauma, and infection [12,15-17].
In recent years, APPs have been widely evaluated as biomarkers for various disorders, 
including trauma, infection, and tissue damage, in both veterinary and human medicine. 
It is believed that monitoring APP levels provides a valuable tool for investigating 
innate immune responses to different non-neoplastic as well as neoplastic diseases 
[12,17,18]. This study aims to evaluate the local immunohistochemical expression 
of  acute phase proteins such as C-reactive protein (CRP), Haptoglobin (Hp), and 
Serum amyloid A (SAA) according to the distribution and severity of  infl ammation in 
naturally infected sheep with Listeriosis.
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MATERIAL AND METHODS

Animal materials

The material for this study consisted of  brainstem paraffi n blocks from 20 Listeria 
monocytogenes immunohistochemically positive sheep (male, 12–24 months old) obtained 
from the tissue archive of  the Department of  Pathology, Faculty of  Veterinary 
Medicine, Sivas Cumhuriyet University, between 2018 and 2024. Additionally, 
brainstem samples from 6 healthy sheep (male, 12–24 months old) collected from 
various nearby slaughterhouses were included. The study was approved by the Sivas 
Cumhuriyet University Animal Experiments Local Ethics Committee (16.08.2024-56). 

Histopathological examination

Following necropsy, brainstem tissue samples were fi xed in a 10% neutral formalin 
solution 24-48 hr. After fi xation, the samples were processed through graded alcohol 
(70%, 80%, 90%, 100%) and xylene solutions before being embedded in paraffi n. 
Sections obtained from the paraffi n blocks were stained with hematoxylin and eosin 
(H-E) and examined under a light microscope (Olympus BX51, Tokyo, Japan). 
Histopathological evaluation was performed according to the method described by 
Oevermann et al. [11]. Micro abscess were graded as follows: score 0: None, score 1: 
A single small microabscess, score 2: Several small to medium-sized microabscesses, 
score 3: Widespread medium-sized microabscesses, score 4: Multiple and extensive 
microabscesses in the parenchyma. Perivascular cuffi ng was scored as: 0: None, 
score 1: 1–2 layers, score 2: 3–4 layers, score 3: 5–6 layers, score 4: More than 6 
layers. Afterwards, the scores for microabscesses and perivascular cuffi ng were then 
combined into a single score. Based on the distribution and severity of  infl ammation, 
the total scores were categorized as follows: 0: None, Mild (Group I): Total score of  
1–3, Moderate (Group II): Total score of  4–5, Severe (Group III): Total score greater 
than 6. 

Immunohistochemical examination

Paraffi n extraction and rehydration procedures were performed on tissue sections from 
paraffi n blocks. Immunohistochemical staining was performed using a commercial kit 
according to the previously reported method [19]. Primary Anti-Lm, CRP, Hp, SAA 
antibodies were used as shown in Table 1. 

Table 1. Primers used in the study
Primers Manufacturer Dilution

Anti-L. monocytogenesis Thermo fi sher, PA1-73128 1/100
Anti-CRP Affbiotech. DF6027 1/400
Anti-Hp Affbiotech, DF6467 1/400
Anti-SAA Affbiotech, DF7899 1/400

CRP; C – reactive protein, Hp – Haptoglobin, SAA – Serum Amyloid A
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Negative control sections were inoculated with PBS. 3, 3’-diaminobenzidine (DAB) 
was used as a chromogen and counterstaining was done with Mayers hematoxylin. 
The sections were then passed through alcohol and xylene sections and cover slipped 
using entellam and examined under a light microscope (Olympus BX51, Tokyo, 
Japan). Immunohistochemical staining was evaluated semi-quantitatively by a blinded 
pathologist at x20 magnifi cation (0; none staining, 1; mild staining; 2; moderate 
staining, 3; severe staining) [20].

Statistical Analysis

Data were analyzed using SPSS 25 (Inc., Chicago, USA). All immunohistochemical data 
was assessed utilizing the Levene test for homogeneity of  variances and the Shapiro-
Wilk test for normality from the parametric test assumptions before the signifi cance 
testing. Immunohistochemical data were then evaluated using the nonparametric 
Kruskal-Wallis test, and intergroup comparisons were evaluated using the Mann-
Whitney U test. p<0.05 was accepted as the signifi cance level.

RESULTS

Histopathological fi ndings

Based on the distribution and the severity of  infl ammation, the cases were categorized 
into three groups: 5 cases as mild (Group I), 8 cases as moderate (Group II), and 
7 cases as severe (Group III). The brainstems (pons and medulla oblongata) of  
the control group animals exhibited normal histological structures (Figure 1.A). 
Histopathological fi ndings in Listeria monocytogenes (Lm)-positive sheep included 
micro abscesses composed of  neutrophilic granulocytes and microglial cells, gliosis, 
meningitis, congestion, and perivascular cuffs predominantly consisting of  plasma 
cells, histiocytes, lymphocytes, and a smaller proportion of  neutrophilic granulocytes 
(Figure 1.B-E). Additionally, neural degeneration and neuronophagia were detected in 
some infl ammatory regions. No evidence of  malacia was observed in the examined 
cases.

Immunohistochemical fi ndings

No immunopositivity was seen in the negative control sections (Figure 2.A). 
Immunohistochemical analysis revealed cytoplasmic immunopositivity for Lm in 
neutrophilic granulocytes and microglial cells within micro abscesses (Figure 2.B). 
However, no immunopositivity was generally observed in the cell infi ltrates of  the 
perivascular cuffs. In a few cases, sparse immunopositivity was detected in neutrophilic 
granulocytes within perivascular cuffs located near micro abscesses. Additionally, Lm 
immunopositivity was more widespread in Group II and Group III compared to 
Group I. 
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The statistical scores for the CRP, SAA, and Hp antibodies used in the study are 
presented in Figure 3. In Lm-positive sheep, immunopositivity for CRP, SAA and Hp 
was signifi cantly increased compared to the control group, with the highest scores 

Figure 1. Histopathological examination of  Listeriosis in sheep, brainstem, Hematoxylin-
Eosin, A. Normal histological appearance of  healthy control animals, bar; 50 µm. B-C. 
Appearance of  microabscess (asterisk), perivascular cuff  (arrow) and neurophagia (arrowhead) 
in cases in Group III, bar; 200 µm. D. Appearance of  the perivascular cuff  in a case in Group 
II, bar; 50 µm. E. Appearance of  meningitis in a case (arrows), bar; 200 µm.

Figure 2. Immunohistochemical examination in Listeriosis sheep (Chromogen DAB was 
used), A. Appearance of  immunohistochemical staining of  negative control section bar; 50 
µm B. Appearance of  Listeria monocytogenes agent-positive neutrophil granulocytes (arrows), 
bar; 200 µm C. Mild CRP immunoreactivity in the perivascular cuff  and surrounding micro 
abscess in one case in Group II. bar; 50 µm, D. Severe CRP immunoreactivity (arrows) in 
the perivascular cuff  in a case in Group III. bar; 50 µm. E. Appearance of  moderate Hp 
immunoreactivity (arrows) in the perivascular cuff  in one case from Group II. bar; 50 µm. 
F. Severe Hp immunoreactivity (arrows) in neutrophil granulocytes and microglia cells in 
microabscesses in one case from Group III. bar; 50 µm, G. Appearance of  mild perivascular 
cuff  SAA immunoreactivity (arrows) in one case from Group I. bar; 50 µm, I. Appearance of  
moderate SAA immunoreactivity in a case in Group II. bar;50 µm (CRP; C-reactive protein, 
Hp; Haptoglobin, SAA; Serum Amyloid A).
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observed in Group II and Group III (p<0.001). The CRP immunoreactivity was seen 
cytoplasmically localized in microglial cells, neutrophil granulocytes, plasma cells, 
histiocytes and lymphocytes (Figure 2.C-D). The Hp immunoreactivity was detected 
cytoplasmically localized in microglial cells, neutrophil granulocytes and plasma cells 
(Figure 2.E-F). The SAA immunoreactivity was seen cytoplasmically localized in 
microglial cells, neutrophil granulocytes, histiocytes and plasma cells (Figure 2.G-I). 

DISCUSSION

Listeriosis is a seasonal disease primarily caused by Lm, which poses a signifi cant 
problem in livestock farming due to its challenging diagnosis and treatment in ruminants 
[5,6,8,21]. Additionally, listeriosis is recognized as a critical foodborne infection in 
humans [4]. Factors such as animal health and hygiene, farm management practices, 
feed quality, and storage conditions play a signifi cant role in the emergence of  the 
disease [7,21,22]. One of  the most important pathological fi ndings in ruminants with 
listeriosis is encephalitis. Encephalitis in listeriosis is reported to occur most commonly 
in sheep among ruminants [5,7,8]. To the best of  our knowledge, there are no reports 
evaluating the local immunohistochemical expression of  the acute phase proteins 
CRP, SAA, and Hp within encephalitis of  sheep naturally infected with listeria. This 
study aims to evaluate the local immunohistochemical expression of  CRP, SAA, and 
Hp acute-phase proteins based on the distribution and severity of  infl ammation in 
naturally infected sheep with listeriosis.
 Listeriosis is more commonly observed during winter and early spring and is associated 
with the consumption of  poorly prepared silage [10,11]. Clinically, listeriosis presents 
in three forms: meningoencephalitis, septicemia, and abortion. In the encephalitic 
form, it is hypothesized that the agent reaches the brain via the branches of  the 
trigeminal nerve. Clinical symptoms of  listeriosis arise from lesions in the brainstem 
and, although individual cases may vary, the affected animals generally exhibit fever, 
depression, septicemia, abortion, anorexia, blindness, conjunctivitis, nystagmus, facial 
and tongue paralysis, head tilting or turning, and circling behavior [10,23,24]. The 

Figure 3. Statistical scores between groups according to the distribution and severity of  
infl ammation in Listeria infected sheep. a–c letters in vertical columns indicate statistical 
signifi cance (p<0.05). (CRP; C – reactive protein, Hp – Haptoglobin, SAA – Serum Amyloid A).
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anamnesis fi ndings recorded in this study were consistent with those reported in the 
literature. Furthermore, 15 (75%) of  the cases were sheep brought to the department 
during the winter, consistent with the seasonal trend described in the literature, and 12 
(60%) of  these cases were reported to have been fed silage.
C-reactive protein (CRP) is a major acute-phase protein primarily produced in the liver 
and is recognized as an important component of  the innate immune response. CRP 
exhibits various functions, including the modulation of  monocytes and macrophages, 
inhibition of  cytokine production, activation of  the complement system, enhancement 
of  opsonization, and promotion of  chemotaxis [12,14]. CRP is regarded as a marker 
of  infl ammation, with levels increasing during bacterial infections [14,17,25]. 
Specifi cally, CRP’s ability to bind to phosphorylcholine is associated with the clearance 
of  infectious agents and damaged cells at the site of  infection. Both experimental 
and natural infections demonstrate that CRP accumulates in areas of  infl ammation 
and tissue damage. In the present study, it was determined that CRP expressions were 
increased in sheep with naturally infected listeriosis compared to the control group, 
consistent with the fi ndings of  previous infectious studies, and the highest scores 
were found in groups II and III, where the severity and distribution of  infl ammation 
increased (Figure 2 and Figure 3). In addition, the relevant CRP expressions were 
found to be predominantly in infl ammatory cells in the perivascular cuffs. The current 
fi ndings indicate that CRP may play signifi cant roles in the pathophysiology of  the 
disease and can be locally expressed in naturally infected listeriosis.
Some evidence suggests that CRP is not only a marker of  infl ammation and infection 
but also plays a protective role against bacterial infections by activating the complement 
system and subsequently facilitating pathogen opsonization [26,27]. In an experimental 
study on Streptococcus pneumoniae infection, CRP was shown to protect mice against 
infection by binding to a phosphorylcholine determinant on the pathogen’s cell wall 
and activating the complement pathway. Pre-treatment of  mice with 200 µg of  CRP 
prior to infection signifi cantly increased survival rates (28). Similarly, Marnell et al. 
[27] reported that CRP conferred protection against Haemophilus infl uenzae infection by 
binding to pneumococcal C-polysaccharide and opsonizing bacteria for phagocytosis. 
In the present study, the intense CRP immunoreactivity observed in groups II and 
III was thought to be associated with the immune response to the listeriosis infection 
and the phagocytic activity involved. In addition, the fact that agent positivity is more 
common in groups II and III supports this view.
Haptoglobin (Hp), recognized as a signifi cant acute-phase protein in ruminants, 
performs various functions, including hemoglobin binding, angiogenesis stimulation, 
and bacteriostatic activity [12,14]. Recent evidence indicates that Hp concentrations 
can be induced by tissue damage resulting from infl ammatory processes and/or 
infections [17,29]. The present study revealed that Hp expression was signifi cantly 
increased in sheep naturally infected with listeriosis compared to the control group 
(Figure 2 and Figure 3), suggesting that Hp can be locally expressed.
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Some research report that Hp serum concentrations increase by 3-8 times during burns, 
injuries, bacterial infections, and ischemic lesions, highlighting its anti-infl ammatory 
role [30,31]. Hp contributes to the regulation of  local and systemic activation of  
various cells and cytokine expression through the induction of  prostaglandin synthesis 
[31]. Additionally, following Hp binding to hemoglobin (Hb), macrophages mediate 
phagocytosis via CD163 receptors. Hp-Hb binding also regulates the activity of  Th1 
and Th2 lymphocytes and modulates the secretion of  IL-6, IL-10, and TNF-α [32]. 
Morimoto et al. [33] reported that Hp ameliorates infl ammation and brain injury by 
binding to HMGB1 and regulating macrophage/microglial polarization. In the present 
study, Hp immunoreactivity showed signifi cant increases in animals with listeriosis, 
especially in groups II and III, where the prevalence and severity of  infl ammation 
increased. This was interpreted as a severe infl ammatory process continuing and also 
severe tissue damage occurring. The high Hp immunoreactivity observed in groups 
II and III may also indicate ongoing efforts to eliminate the causative agent and 
counteract infl ammation. 
Some research suggests that damaged brain tissue can synthesize Hp, and elevated 
CSF Hp levels have been observed in various pathologies [34,35]. A number of  studies 
have reported activated astrocytes and Hp-producing oligodendrocytes after ischemia-
reperfusion injury and intracranial hemorrhage injury [34,36]. Another study suggested 
that Hp is produced and released in a neutrophil granulocyte-specifi c form in areas of  
infl ammation or tissue damage [37]. In the present study, no Hp immunopositivity was 
detected in the brainstem of  healthy sheep. In contrast, notable Hp immunoreactivity 
was observed in neutrophil granulocytes and microglial cells in the brainstem of  sheep 
with listeriosis, consistent with the literature [34,36,37].
Serum amyloid A (SAA) is an apolipoprotein-like acute-phase protein produced by 
the liver. SAA secretion is observed during the acute phase of  infl ammation and is 
frequently used to differentiate between acute and chronic infl ammatory processes. 
SAA can exhibit both pro-infl ammatory and anti-infl ammatory effects [14,38]. 
Recent evidence suggests that SAA enhances chemokine release from monocytes 
and peripheral blood mononuclear cells by inducing granulocyte colony-stimulating 
factor (G-CSF) production in macrophages [39,40]. In the current study, SAA 
immunoreactivity was signifi cantly elevated in sheep with listeriosis compared to the 
control group (Figure 2 and Figure 3). Particularly in groups II and III, where the 
distribution and severity of  infl ammation were higher, this increase might be related 
to the amplifi cation of  the infl ammatory process. Especially in groups II and III, the 
high expression of  SAA may result from the rapid migration of  infl ammatory cells to 
the region. It also suggests that the signifi cant increase in group II and group III may 
be due to the response of  the host defense and may express locally according to the 
amplifi cation of  the infl ammation process and contribute to the exacerbation of  the 
process in listeriosis.
One study has reported that SAA accumulates in high concentrations in the brain 
tissue under pathological conditions of  the central nervous system [41]. A different 
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study showed that SAA is produced, induced, or released by infl ammatory cells during 
infl ammation [42]. Increased SAA expression may enhance the number of  pro-
infl ammatory cytokines and microglial cells, intensifying the infl ammatory process. 
In present study, SAA immunoreactivity was observed in microglial cells, neutrophil 
granulocytes and other infl ammatory cell infi ltrates in the brainstem of  sheep with 
listeriosis. This fi nding suggests that, apart from hepatic upregulation, SAA may also 
be expressed in the damaged brain and could be a critical protein associated with 
neuroinfl ammation in listeriosis. 
APPs may play a role in neutralizing pro-infl ammatory effects within damaged tissue 
through local extrahepatic production. It has been suggested that measuring the local 
levels of  APPs in infectious or infl ammatory conditions enhances diagnostic accuracy 
[14,43]. Khafaga et al. [44] reported increased serum and CSF concentrations of  Hp 
and SAA in sheep with encephalitic listeriosis compared to the control group. In the 
present study, we identifi ed immunohistochemical increases in the local expression 
of  CRP, Hp, and SAA in sheep with listeriosis, supporting the fi ndings of  Khafaga 
et al. [44]. Our fi ndings suggest that the increase in local APP expression in listeriosis 
parallels the distribution and severity of  infl ammation and may contribute to systemic 
circulation. This suggests that CRP, Hp, and SAA acute-phase proteins may provide 
sensitive results for the diagnosis and prognosis of  listeriosis in sheep. Indeed, the 
local extrahepatic secretion of  APPs exerts modulatory effects on pro-infl ammatory 
cytokines and may lead to certain systemic effects due to their contribution to 
circulating concentrations [45]. Moreover, the increased tissue expression levels 
of  the relevant APPs in all groups, ranging from mild to severe (Group-I, II, III), 
indicate that the acute-phase response is not merely a systemic reaction but also a 
crucial component of  the local immune response. In this context, we suggest that in 
listeriosis, the necessary transcription factors for acute-phase proteins in brain tissue 
are provided in some manner. 

CONCLUSION

This study highlights the diagnostic value of  local tissue expression of  acute-phase 
proteins, such as C-reactive protein, haptoglobin, and serum amyloid A, in naturally 
occurring listeriosis in sheep. Notably, the increased expression of  these proteins in 
parallel with the distribution and severity of  infl ammation may provide insight into 
disease severity and the progression of  infection. 

Acknowledgements

The current study did not receive any fi nancial support. We would like to thank the 
Pathology Department of  the Faculty of  Veterinary Medicine, Sivas Cumhuriyet 
University, where the laboratory phase of  the study was carried out.



Acta Veterinaria-Beograd 2025, 75 (1), 25-37

34

Authors’ contributions

OK and GA designed the study. OK performed the laboratory procedures. Both 
authors read and approved the fi nal version of  the manuscript.

Declaration of  confl icting interests

The author(s) reported no potential confl icts of  interest concerning the research, 
authorship, or publication of  this article.

ORCID iDs

Ozhan Karatas  https://orcid.org/0000-0002-2778-8059
Gokhan Akcakavak  https://orcid.org/0000-0001-5949-4752

REFERENCES 

1. Liu D, Ainsworth AJ, Austin FW, Lawrence ML: PCR detection of  a putative 
N-acetylmuramidase gene from Listeria ivanovii facilitates its rapid identifi cation. Vet 
Microbiol 2004, 101(2):83-89.

2. den Bakker HC, Manuel CS, Fortes ED, Wiedmann M, Nightingale KK: Genome sequencing 
identifi es Listeria fl eischmannii subsp. coloradonensis subsp. nov., isolated from a ranch. 
Int J Syst Evol Microbiol 2013, 63(Pt_9):3257-3268. 

3. Kaur S, Malik S, Bhilegaonkar KN, Vaidya VM, Barbuddhe SB: Use of  a phospholipase-C 
assay, in vivo pathogenicity assays and PCR in assessing the virulence of  Listeria spp. Vet 
J 2010, 184(3):366-70.

4. Vidovic S, Paturi G, Gupta S, Fletcher GC: Lifestyle of  Listeria monocytogenes and food 
safety: Emerging listericidal technologies in the food industry. Crit Rev Food Sci Nutr 2024, 
64(7):1817-1835. 

5. Ali H, Tohamy HG, Al-Hattali R, Al-Habsi H, Al-Habsi K, Elshafi e EI, Al-ansari A, 
El-neweshy SE: Encephalitic Listeriosis in Small Ruminants in Oman: Pathophysiology, 
Antimicrobial Sensitivity and Molecular Characterization. Pak Vet J 2024, 44(1):87-91.

6. Karakurt E, Büyük F, Beytut E, Dağ S, Çelebi Ö, Akça D, Nuhoglu H, Celik E, Yıldız 
A: Evaluation of  MMP-9 and iNOS expressions in sheep with encephalitic listeriosis. 
Veteriner Hekimler Der Derg 2021, 92(1):31-41.

7. Karayigit MÖ, Halıgür M, Ekici M: Immunohistochemical expression of  MMP–2 and 
MMP–9 in the brain tissue of  sheep naturally infected with Listeria monocytogenes and 
relationship with cell death in the Listerial encephalitis. Rev Cient Fac Cien Vet Univ. Zulia 
2024, 34(3): e34454

8. Karakurt E, Büyük F, Dağ S, Beytut E, Çelebi Ö, Karataş Ö, Nuhoglu H, Mendil AS, 
Akca D, Yildiz A: Investigation of  ruminant encephalitic and septicemic listeriosis by the 
immunofl uorescence method. J Etlik Vet Microbiol 2021, 32(1):33-39. 

9. Haligur M, Aydogan A, Ozmen O, Ipek V: Immunohistochemical evaluation of  natural 
cases of  encephalitic listeriosis in sheep. Biotech Histochem 2019, 94(5):341-347.

10. Çiftçi M, Ortatatlı M, Erer H, Hatipoğlu F, Özdemir Ö: Veteriner sistemik patoloji II. Cilt, 
Selçuk Üniversitesi Basımevi, Konya. 2015.



Karatas and Akcakavak: Determination of  acute phase proteins in naturally infected sheep with listeriosis by immunohistochemistry 

35

11. Oevermann A, Di Palma S, Doherr MG, Abril C, Zurbriggen A, Vandevelde M: 
Neuropathogenesis of  naturally occurring encephalitis caused by Listeria monocytogenes 
in ruminants. Brain pathol 2010, 20(2):378-390.

12. Kushner I, Mackiewicz A: The acute phase response: an overview. Acute Phase Proteins 
Molecular Biology, Biochemistry, and Clinical Applications: CRC Press; 2020.

13. Saco Y, Bassols A: Acute phase proteins in cattle and swine: A review. Vet Clin Pathol 2023, 
52: 50-63.

14. Jain S, Gautam V, Naseem S: Acute-phase proteins: As diagnostic tool. J Pharm Bioallied 
Sci 2011, 3(1):118-127.

15. Karataş Ö, Akcakavak G: Evaluation of  local expressions of  acute phase proteins in white 
muscle disease in lambs by the immunohistochemical method. Rev Cient Fac Cien Vet 
Univ. Zulia 2024, 34(1):1-7.

16. Arbaga A, Hassan H, Anis A, Othman N, Kamr A: Clinicopathological and Electrophoretic 
Pattern of  Serum Protein Alterations in Acute Pneumonic Sheep. Pakistan Vet J 2023;43(2): 
303-308.

17. Akcakavak G, Ozdemir O, Ates M, Ortatatli M, Hatipoglu F: Immunohistochemical 
Detection of  Tissue Localization of  Acute Phase Proteins in Cattle Pneumonic 
Pasteurellosis. Isr J Vet Med 2023, 78(4):28-38

18. Tóthová C, Valenčáková A, Horňáková Ľ, Nagy O: Comparison of  the Serum Protein 
Electrophoretic Pattern and Concentrations of  Acute Phase Proteins in Bitches with and 
Without Mammary Gland Tumors. Acta Vet-Beograd 2023, 73(4):486-501.

19. Kazak F, Akcakavak G, Alakus I, Alakus H, Kirgiz O, Karatas O, Deveci MZY, Coskun 
P: Proanthocyanidin alleviates testicular torsion/detorsion-induced ischemia/reperfusion 
injury in rats. Tissue and Cell 2024, 89:102459.

20. Akcakavak G, Kazak F, Karatas O, Alakus H, Alakus I, Kirgiz O, Celik Z, Deveci MZY, 
Ozdemir O, Tuzcu M: Eucalyptol regulates Nrf2 and NF-kB signaling and alleviates 
gentamicin-induced kidney injury in rats by downregulating oxidative stress, oxidative 
DNA damage, infl ammation, and apoptosis. Toxicol Mech Methods 2024, 34(4):413-422.

21. Zhang C, Yi Z: Brain abscess caused by Listeria monocytogenes: a case report and literature 
review. Ann Palliat Med 2022, 11(10):3356360-3360.

22. Boully A, Casenaz A, Blot M, Piroth L, Thai M, Zanetta G, Blanchot T, Sixt T: A brain 
problem with listeria monocytogenes. The Lancet Infect Dis 2022, 22(2):296.

23. Bagatella S, Tavares-Gomes L, Oevermann A: Listeria monocytogenes at the interface 
between ruminants and humans: A comparative pathology and pathogenesis review. Vet 
Pathol 2022, 59(2):186-210.

24. Özyıldız Z, Dinçel GÇ, Terzi OS, Özsoy ŞY, Kul O: Immunohistochemical investigation 
of  the damage to and repair of  myelin, and astrocyte activity in small ruminants resulting 
from with natural meningoencephalitic listeriosis. Ankara Üniv Vet Fak Derg 2018, 65(3); 
283-290.

25. Gul ST, Mahmood S, Bilal M, Saleemi MK, Imran M, Zubair M: Acute phase proteins as 
biomarkers in perspective to animal diseases diagnosis. Agrobiologic Rec 2022, 9: 45-57.

26. Olson ME, Hornick MG, Stefanski A, Albanna HR, Gjoni A, Hall GD, Hart PC, Rajab 
IM, Potempa LA: A biofunctional review of  C-reactive protein (CRP) as a mediator of  
infl ammatory and immune responses: differentiating pentameric and modifi ed CRP 
isoform effects. Front Immunol 2023, 14: 1264383.



Acta Veterinaria-Beograd 2025, 75 (1), 25-37

36

27. Marnell L, Mold C, Du Clos TW: C-reactive protein: ligands, receptors and role in 
infl ammation. Clin Immunol 2005, 117(2):104-111.

28. Mold C, Nakayama S, Holzer TJ, Gewurz H, Du Clos T: C-reactive protein is protective 
against Streptococcus pneumoniae infection in mice. J Exp Med 1981, 154(5):1703-1708.

29. Akgul O, Kozat S, Ozkan C, Kaya A, Akgul Y: Evaluation of  acute phase protein levels and 
some cytokine levels in pneumonic calves. Med Weter 2019, 75(03):343-365.

30. Tullie S, Nicholson T, Bishop JR, McGee KC, Asiri A, Sullivan J, Chen YY, Sardeli AV, Belli 
A, Harrison P, Moiemen NS, Lord JM, Hazeldine J: Severe thermal and major traumatic 
injury results in elevated plasma concentrations of  total heme that are associated with poor 
clinical outcomes and systemic immune suppression. Front Immunol 2024, 15:1416820.

31. Wang Y, Kinzie E, Berger FG, Lim S-K, Baumann H: Haptoglobin, an infl ammation-
inducible plasma protein. Redox report 2001, 6(6):379-385.

32. Guetta J, Strauss M, Levy NS, Fahoum L, Levy AP: Haptoglobin genotype modulates the 
balance of  Th1/Th2 cytokines produced by macrophages exposed to free hemoglobin. 
Atherosclerosis 2007, 191(1):48-53.

33. Morimoto M, Nakano T, Egashira S, Irie K, Matsuyama K, Wada M, Nakamura Y, Shigemori 
Y, Ishikura H, Yamashita Y, Hayakawa K, Sano K, Mishima K: Haptoglobin Regulates 
Macrophage/Microglia�Induced Infl ammation and Prevents Ischemic Brain Damage Via 
Binding to HMGB1. J Am Heart Assoc 2022, 11(6):e024424.

34. Zhao X, Song S, Sun G, Strong R, Zhang J, Grotta JC, Aronowski J: Neuroprotective role 
of  haptoglobin after intracerebral hemorrhage. J Neurosci 2009, 29(50):15819-15827.

35. Chang KH, Tseng MY, Ro LS, Lyu RK, Tai YH, Chang HS, Wu YR, Huang CC, Hsu WC, 
Kuo HC, Chu CC, Chen CM: Analyses of  haptoglobin level in the cerebrospinal fl uid and 
serum of  patients with neuromyelitis optica and multiple sclerosis. Clin Chim Acta 2013, 
417:26-30.

36. Lee MY, Kim SY, Choi JS, Lee IH, Choi YS, Jin JY, Park SJ, Sung KW, Chun MH, Kim IS: 
Upregulation of  haptoglobin in reactive astrocytes after transient forebrain ischemia in rats. 
J Cereb Blood Flow Metab 2002, 22(10):1176-1180.

37. Theilgaard-Mö nch K, Jacobsen LC, Nielsen MJ, Rasmussen T, Udby L, Gharib M, 
Arkwright PD, Gombart AF, Calafat J, Moestrup SK, Porse BT, Borregard N: Haptoglobin 
is synthesized during granulocyte differentiation, stored in specifi c granules, and released by 
neutrophils in response to activation. Blood 2006, 108(1):353-361.

38. Webb NR: High-density lipoproteins and serum amyloid A (SAA). Curr Atheroscler Rep 
2021, 23:1-8.

39. Song C, Hsu K, Yamen E, Yan W, Fock J, Witting PK, Geczy CL, Freedman SB: 
Serum amyloid A induction of  cytokines in monocytes/macrophages and lymphocytes. 
Atherosclerosis 2009, 207(2):374-383.

40. Lee HY, Kim SD, Shim JW, Lee SY, Lee H, Cho KH, Yun J, Bae SK: Serum amyloid A 
induces CCL2 production via formyl peptide receptor-like 1-mediated signaling in human 
monocytes. J Immunol 2008, 181(6):4332-4339.

41. Soriano S, Moffet B, Wicker E, Villapol S: Serum amyloid A is expressed in the brain after 
traumatic brain injury in a sex-dependent manner. Cell Mol Neurobiol 2020, 40:1199-1211.

42. Chen ES, Song Z, Willett MH, Heine S, Yung RC, Liu MC, Groshong SD, Zhang Y, Tuder 
RM, Moller DR: Serum amyloid A regulates granulomatous infl ammation in sarcoidosis 
through Toll-like receptor-2. Am J Respir Crit Care Med 2010, 181(4):360-373.



Karatas and Akcakavak: Determination of  acute phase proteins in naturally infected sheep with listeriosis by immunohistochemistry 

37

43. Ceciliani F, Ceron J, Eckersall P, Sauerwein H: Acute phase proteins in ruminants. J Proteom 
2012, 75(14):4207-4231

44. Khafaga AF, Abdullaziz IA, Abd-Elrahman AH, Elshahawy II: Expression of  Acute Phase 
Protein, Glial Fibrillary Acidic Protein, Epithelial Cadherin, and S100 Protein in Brain 
Tissues from Natural Cases of  Ovine Encephalitic Listeriosis. Microsc Microanal 2021, 
27(3):604-612.

45. Rahman MM, Lecchi C, Avallone G, Roccabianca P, Sartorelli P, Ceciliani F: 
Lipopolysaccharide-binding protein: Local expression in bovine extrahepatic tissues. Vet 
Immunol Immunopathol 2010, 137(1-2):28-35.

IMUNOHISTOHEMIJSKA DETERMINACIJA PROTEINA 
AKUTNE FAZE KOD OVACA PRIRODNO ZARAŽENIH 
LISTERIOZOM

Ozhan KARATAS, Gokhan AKCAKAVAK

Listerioza je zarazna i smrtonosna bolest koja pogađa životinje i ljude širom sveta. 
Efi kasnost lokalne tkivne ekspresije proteina akutne faze kod listerioze kod domać ih 
sisara još nije jasna. Cilj ovog istraživanja bio je da se proceni jačina infl amacije kod 
prirodne listerioze ovaca prema proteinima akutne faze u 26 uzoraka tkiva možda-
nog stabla. Materijal za proučavanje sastojao se od 26 parafi nskih blokova moždanog 
stabla, uključujuć i 20 iz slučajeva zaraženih listeriozom i 6 iz zdravih kontrola. Isečci 
dobijeni iz parafi nskih blokova podvrgnuti su histopatološkoj i imunohistohemijskoj 
analizi. Histopatološkim pregledom utvrđene su normalne histološke strukture u mož-
danom stablu kontrolne grupe. Nasuprot tome, delovi moždanog stabla iz slučajeva 
sa listeriozom pokazali su histopatološke nalaze kao što su mikroapscesi sastavljeni od 
neutrofi lnih granulocita i mikroglijalnih ć elija, glioza, meningitis, kongestija, perivasku-
larni infi ltrati, degeneracija neurona i neuronofagija. Na osnovu distribucije infi ltrata i 
stepena infl amatornih promena, slučajevi listerioze su kategorisani u tri grupe: 5 slu-
čajeva niskog intenziteta (I grupa), 8 umerenih slučajeva (II grupa) i 7 slučajeva viso-
kog intenziteta (III grupa). Imunohistohemijska analiza je pokazala značajno poveć an 
nivo ekspresije C-reaktivnog proteina (CRP), haptoglobina (Hp) i serumskog amiloida 
A (SAA) u grupama listerioze u poređenju sa kontrolnom grupom, sa najvišim sta-
tističkim rezultatima uočenim u Grupi II i Grupi III (p<0,001). Rezultati ove studije 
sugerišu da proteini akutne faze igraju ključnu ulogu u razvoju promena kod prirodne 
infekcije listerioze i da se mogu lokalno eksprimirati. Posebno, poveć ana ekspresija 
ovih proteina sa progresijom infl amacije  može pružiti vredan uvid u težinu i razvoj 
infekcije. 
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