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Introduction
Sheeppox is a highly contagious viral disease of sheep [1,2]. 
The causative agent of the disease, the sheeppox virus 
(SPPV), together with the goatpox virus (GTPV) and 
lumpy skin disease virus (LSDV), belongs to the genus 
Capripoxvirus, which is classified under the family 
Poxviridae [3]. The disease is spread primarily by 
inhalation. Nonetheless, the causative viral agent may 
also be transmitted mechanically by infected animals 
and insect bites, and through contact with contaminated 
material. Experimental infection can be induced by 
intradermal and subcutaneous injections [4]. The clinical 
manifestation of the disease may range from moderate to 

severe, depending on viral factors and the host status [5]. 
Sheeppox is characterized by fever, conjunctivitis, rhinitis, 
dyspnea, generalized and internal pox lesions, and 
lymphadenopathy [6]. The typical lesions of the disease 
are localized mainly to the skin [7,8]. However, in cases 
of systemic infection, lesions also occur in the visceral 
organs, including among others, the lungs, kidneys, liver, 
heart, adrenal glands, thyroid, and pancreas [9]. Skin 
lesions are of either papulovesicular or nodular form and 
are localized particularly to the inguinal region, axillar 
region, underneath the tail, perineum, face, ears, lips and 
periocular region [10]. While sheeppox occurs in animals 
of all ages, the mortality rate of the disease may rise to 80-
100% mostly in young animals [11]. 
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ABSTRACT

This study aimed to assess the role of free radicals in the pathogenesis and progression 
of sheeppox with the immunohistochemical investigation of MDA and 8-OhdG 
expressions. The study material comprised of 24 lamb carcasses (suspected of being 
infected with sheeppox), which were referred to the Pathology Department for routine 
diagnosis, and 6 healthy lambs used for control purposes. Commercial MDA and 
8-OHdG were used for labeling with the avidin-biotin-Peroxidase complex technique 
by the manufacturer’s instructions. By using PCR the correct-sized amplicon was 
obtained from eight of the samples. Characteristic pock nodules were detected in the 
skin, lung, and liver tissues. In histopathological examinations, sheeppox cells and 
Guarneri bodies, which are quite typical for the diagnosis of the disease, were found in 
the internal organs. All of the sheeppox-infected cases yielded positive results for MDA 
and 8-OHdG immunostainings. When compared to the control group, the sheeppox-
infected group displayed statistically higher levels of MDA and 8-OHdG expressions. 
In conclusion, increased MDA and 8-OHdG expressions in the visceral organs of lambs 
naturally infected with the sheeppox virus demonstrated that sheeppox is associated 
with the disruption of the antioxidant/oxidant balance and the occurrence of significant 
oxidative stress-induced damage to macromolecules such as lipids and the DNA. The 
positive correlation detected between the severity of the disease and the expression of 
these biomarkers showed that free radicals are actively involved in the development of 
pox lesions.
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Although having been eradicated in Europe, sheeppox 
still exists in several African (except South Africa) and 
Asian countries, including Turkey [12,13]. Being the cause of 
mortality, stillbirth, abortion, decreased milk production, 
wool and leather quality, sheeppox results in major 
economic losses in the international trade of animals 
and animal products [14,15]. Thus, sheeppox is classified 
by the World Organization for Animal Health (OIE) as a 
notifiable disease, which has a potential for very serious 
and rapid spread and requires primary and immediate 
control [2,6,16]. 

In a healthy organism, there is a balance between oxidants 
and antioxidants. The disruption of this balance in 
favor of oxidants results in the development of oxidative 
stress [4]. Oxidative stress leads to the generation of free 
radicals [5]. Free radicals attack macromolecules such as 
lipids, carbohydrates, proteins, and nucleic acids, and 
thereby, cause oxidative damage [4,17]. Malondialdehyde 
(MDA), the end-product of the oxygenation of poly-
unsaturated fatty acids, is a highly reliable biomarker used 
for the detection of lipid peroxidation [18,19]. MDA is one 
of the major molecules involved in free radical-induced 
cell degeneration [5,6]. On the other hand, 8-hydroxy-2’-
deoxyguanosine (8-OhdG) is one of the most common 
parameters used to assess reactive oxygen species (ROS)-
induced DNA oxidation [20]. 

This study was aimed at the immunohistochemical 
investigation of MDA and 8-OhdG expression to assess the 
role of free radicals in the pathogenesis and progression of 
sheeppox. 

Material and Methods
Ethics Board Approval

This study was conducted under the approvals of the 
General Directorate for Food and Control of the Ministry 
of Agriculture and Forestry of the Republic of Türkiye (E-
71037622-325.01-7907977) and the Local Ethics Board 
for Animal Experiments of Kafkas University (KAÜ-
HADYEK-2021/065).

Animals

The study material comprised 24 lamb carcassess 
(suspected of being infected with sheeppox), which were 
referred to the Pathology Department of Kafkas University 
Faculty of Veterinary Medicine for routine diagnosis, and 
6 healthy lambs used for control purposes. 

Molecular Methods

Paraffin-embedded tissue blocks were used as the 
material for nucleic acid extraction. Ten-micrometer-
thick sections were cut from the blocks and placed into 
1.5-mL polystyrene tubes. Extraction was performed as 
described by Pikor et al.[21]. The polymerase chain reaction 
(PCR) technique was employed for the investigation of 
the presence of Capripox virus nucleic acids. Primer 
pairs targeting the conservative A4L gene homologue 
were chosen. Forward primer and reverse designs are 
5’-GGCCATGGCGATGGACTTCATGAAAAAATAT 
AC-3’ and 5’-GGAAGCTTTTTGCTGTTATTATCATC 
TAG-3’ respectively. PCR was performed with PCR Master 
Mix (Hibrigen, Türkiye), 10 picomols of each primer and 3 
µL of template DNA under optimized cycling parameters: 
95°C for 5 min, 35 cycles of denaturation (95°C for 45 
sec), annealing (53°C for 45 sec) and extension (72°C for 1 
min), followed by a final extension step at 72°C for 10 min 
[22]. The expected amplicon size was 486 bp. PCR products 
were visualized on an UV transilluminator after running 
electrophoresis in 1% agarose gel containing the Safe-Red 
DNA stain (Safe ViewTM Cat No: G108-R, Canada).

Histopathological Examination

Tissue samples taken at the systemic necropsy of the 
animals were fixed in a 10% formaldehyde solution for 24-
48 h. After routine tissue processing, 5-micrometer-thick 
serial sections were cut from the paraffin blocks on a rotary 
microtome. For the examination of the histopathological 
findings in the tissue samples, the sections were stained 
with hematoxylin and eosin (H&E). The sections were 
examined under a light microscope and pox-associated 
findings were imaged with a digital camera attached to 
the microscope.

Immunohistochemical Examination

Four-micrometer-thick serial sections, cut from the 
paraffin-embedded tissue blocks, were stained with the 
avidin-biotin-peroxidase complex (ABC) technique using 
commercial anti-MDA and anti-8-OHdG antibodies in 
accordance with the manufacturer’s instructions. The 
clone numbers, incubation periods, and dilution rates of 
the primary antibodies used in this study are presented 
in Table 1. All immune labeling were performed using 
the Thermo Scientific Histostain IHC Kit (HRP, broad-
spectrum, REF: TP-125-HL). Amino-ethyl carbazole 
(AEC, Thermo Scientific, REF: TA-125-HA) was used as a 
chromogenic substrate and was incubated for 15 min. The 

Table 1. Information on the primary antibodies used in the immunohistochemical stainings

Primary Antibodies Pretreatment Company and Catalogue Numbers Dilution Incubation Conditions

MDA Microwave open Abcam, ab6463, Polyclonal 1/1500 Overnight, 4°C

8-OHdG Microwave open Bioss Antibodies, bs-1278R, Polyclonal 1/1500 Overnight, 4°C
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slides were washed with distilled water for 5 min before 
being stained with Mayer’s hematoxylin. Next, the slides 
were coverslipped with an AEC-mounting solution.

The preparations were examined under a light microscope 
(Olympus Bx53) and were imaged with the Cell ^P 
software (Olympus Soft Imaging Solutions GmbH, 3,4). 
Detailed analyses of the images were made with the Image 
J software (1.51j8).  

The results of the immunohistochemical staining were 
analyzed with a scoring system. System is based on the 
number of positive cells in the regions displaying the 
most intense staining as identified by the assessment of 
immunopositive reactions. For each tissue section, three 
different areas were examined at 50x magnification. The 
number of cells displaying positive staining was recorded 
for each area. Than the mean value of the five areas 
was noted as the mean number of positive cells in that 
particular case. The scoring was performed as follows: (-) 
no immunoreactivity; (+) weak, 1-10% positivity; (++) 
moderate immunoreactivity, 11-59% positivity; (+++) 
strong immunoreactivity, ≥60% positivity [23].

Statistical Analysis

The statistical analyses of the results were performed 
with the SPSS® software (SPSS 26.0, Chicago, IL, USA). 
The comparison of the control group and the sheeppox-
infected group was made with the Mann-Whitney U-test. 
The results are given as mean ± standard error (SE) of the 
mean. When assessing the results, statistical significance 
was set at P<0.05.

Results
Molecular Results

Eight of the samples demonstrated correct sized (approx. 
486 bp) amplicon (Fig. 1).

Macroscopic Findings

Papulovesicular skin lesions were localized mostly to 
regions either lack of fleece or covered with very little 
fleece. These regions include the ventral surface of the tail, 
the inner surface of the legs, the preputium, mammary 

glands, vulva, scrotum, eyelids, bucca and nostrils 
(Fig. 2-a).

Multiple whitish round nodules were observed in the 
lungs, and particularly in the dorsocaudal lobes. The 
diameter of the nodules ranged from a few millimeters 
to 2-3 cm. These nodules were very hard and demarcated 
from the surrounding normal pulmonary tissue by a 
hyperemic ring-shaped region (Fig. 2-b).  

Whitish pale-colored miliary foci of varying size were 
observed throughout the renal cortex (Fig. 2-c). 

Microscopic Findings

The epidermis layer of the skin displayed acanthosis, 
as well as hyperkeratotic and parakeratotic alterations. 
Furthermore, cells lining the stratum spinosum presented 
balloon-like hydropic degeneration. Fluid-filled micro-
vesicles, formed by the merge of these degenerated cells 
after undergoing necrosis, were observed. Degenerated 
epithelial cells contained intracytoplasmic eosinophilic 
inclusion bodies, also known as Guarneri bodies. Severe 
mononuclear cell infiltration was observed in the dermis. 
The histiocyte-like sheeppox cells (cellules claveleuses), 

Fig 1. Agarose gel image of the positive samples. Lane marked with M 
contains the DNA ladder (100 bp plus Thermo-Scientific), PC: Positive 
Control, NC: Negative Control. Samples 1-8 are placed between the DNA 
ladder and the negative control

Fig 2. a: Papular lesions on the skin and the ventral surface of the tail (red arrows), b: Lung, multiple pox 
nodules, each surrounded by a hyperemic ring and some of which were merged, in the dorsocaudal lobes 
(blue arrows), c: Kidney, pale whitish foci distributed throughout the cortex (black arrows)
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which are characteristic of the disease and aid in differential 
diagnosis, presented with marginal hyperchromasia in 
their nuclei. Eosinophilic inclusion bodies were also 
detected in the cytoplasm of these cells. Inflammatory 
cell infiltration, comprised mainly of mononuclear cells, 
but also of edema, was present. Few neutrophil leukocytes 

were detected. Moreover, the dermis also presented with 
vasculitis (Fig. 3).

The most prominent finding in the lungs was the epithelial 
hyperplasia of the alveoli, bronchi, and bronchioles. A single 
layer of cuboidal type-2 pneumocytes lined the alveolar 
wall, largely. Intracytoplasmic inclusion bodies were 

Fig 3. a: Skin, hyperkeratosis and acanthosis in the epidermis, microvesicle (star), Bar=200 microns, b: 
Severe vasculitis in the dermis layer (V), Bar = 50 µm, c: Sheeppox cells displaying marginal hyperchromasia 
(arrows), Bar=20 µm, d: Intracytoplasmic inclusion bodies, Bar=20 µm  

Fig 4. a-b: Lung, hyperplasia of the bronchiolar epithelium, c: Sheeppox cells (arrows), Bar=50 µm, d: 
Guarneri bodies (arrowheads), Bar=20 µm
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detected in the proliferated epithelial cells of the alveoli and 
bronchioles. Thickening of the alveolar wall was observed 
due to the infiltration of mononuclear cells, sheeppox 
cells, and a few neutrophil leukocytes. The sheeppox 
cells displaying marginal hyperchromasia had a slightly 
basophilic cytoplasm. In the proliferated epithelium of the 
bronchioles, cells with hydropic degeneration presented 
with both marginal hyperchromasia and inclusion bodies. 
Perivascular, peribronchial, and peribronchiolar lymphoid 
cell infiltrations were observed in the areas, to which the 
lesions were localized. Some cases displayed slight fibrotic 
changes and alveolar edema (Fig. 4). 

The kidneys presented focal nonpurulent interstitial 
nephritis. Mononuclear cell infiltration was observed in 
the periphery of the glomeruli and blood vessels. Different 
from the skin and lungs, the kidneys contained only very 
few sheeppox cells (Fig. 5).  

Immunohistochemical Findings

Although at low levels, MDA and 8-OHdG expressions 
were detected in the healthy pulmonary tissues of the 
control animals. All of the sheeppox-infected cases yielded 
positive results for MDA and 8-OHdG immunostainings. 
When compared to the control group, the sheeppox-
infected group displayed statistically higher levels of 
MDA and 8-OHdG expressions (Table 2). Stainings 
for these two oxidative stress markers were much 
more intense in cases with more severe disease-related 
pathological findings. MDA-positive stainings were 

detected mostly in the cytoplasm of the sheeppox cells 
in the dermis layer. Apart from these cells, mononuclear 
cells that had infiltrated into the same layer were also 
positive for MDA immunoreactivity. MDA expression 
was also detected in the degenerated keratinocytes of 
the epidermis. In the lungs, inflammatory cells in the 
interalveolar septa, as well as alveolar macrophages and 
the sheeppox cells displayed cytoplasmic MDA-positive 
staining. Moreover, proliferated epithelial cells of the 
bronchi and bronchioles were also identified as being 
immunopositive for MDA expression. In the kidneys, 
mostly the interstitial cells displayed MDA expression. 
Positive stainings were observed in very few mononuclear 
cells in the inflammatory foci. Weak reactions were 
present in the epithelium of the degenerated and necrosed 
renal tubules (Fig. 6). 8-OHdG-positive stainings were 
most intense in the cytoplasm of the sheeppox cells found 
in the skin, and particularly in the epidermis. Apart from 
these cells, degenerated cells of the stratum spinosum 
and mononuclear cells also displayed intracytoplasmic 
reactions. In the lungs, positive stainings were localized 
particularly to the cytoplasm of the proliferated epithelial 

Fig 5. a: Kidney, b: Higher magnification, inflammatory focus peripheral to the glomerulus, Bar=100 
µm, c: Mononuclear cell infiltration, Bar=50 µm, d: Sporadic sheeppox cells in the periphery of the renal 
tubules (arrows) and eosinophilic inclusion body in the cytoplasm (arrowhead), Bar= 20 µm

Table 2. Mean ± standard error values of the sheeppox-infected and control 
groups

Groups 8-OHdG MDA

Control 0.33±0.21 0.50±0.22

Sheeppox-infected 1.96±0.14 2.63±0.10

P value 0.0003 0.0001
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cells lining the bronchi and bronchioles. Moreover, the 
inflammatory cells and sheeppox cells in the alveolar wall 
also reacted positively for 8-OHdG expression. In the 
kidneys, 8-OHdG immunoreactivity was predominant in 
the cytoplasm of the epithelial cells lining the degenerated 
tubules. Furthermore, mononuclear cells presented with 
weak reactions (Fig. 7). 

Discussion
Free radicals play an important role in the pathogenesis of 
many diseases, and several viruses, including poxviruses, 
are known to increase the generation of free radicals [5]. 
Previous research has demonstrated that while poxviruses 
cause damage to visceral organs, oxygen-based reactants 
play an active role in this damage [24]. Literature review 

showed that there are reports on the blood MDA levels of 
sheep naturally infected with the sheeppox virus [4-6,18]. In 
the present study, it was determined that, compared to the 
control animals with no pathological lesions, the animals 
naturally infected with sheeppox displayed significantly 
higher levels of MDA expression in the dermal, pulmonary, 
and renal tissues. Blood levels reported in previous 
research [4-6,18] confirm the results of the present study. 
Moreover, MDA expression was ascertained to increase 
in parallel with the severity of lesions and inflammatory 
infiltration in the visceral organs in lambs. These findings 
suggest that free radical-induced lipid peroxidation is 
involved in the progression of organ damage associated 
with sheeppox. 

By interacting with DNA, ROS cause the generation of 

Fig 6. a: Control group, skin, Bar=50 µm, b: Control group, lung, Bar=50 µm, c: Control group, kidney, 
Bar=50 µm d: Sheeppox-infected group, skin, intracytoplasmic MDA-positive staining in the sheeppox 
cells (arrowheads), Bar=50 µm, e: Sheeppox-infected group, lung, strong MDA expression in the cytoplasm 
of sheeppox cells in the proliferated bronchioles (black arrows), Bar=50 µm, f: Sheeppox-infected group, 
kidney, intracytoplasmic MDA-immunoreactivity in cells localized to the interstitium (yellow arrows), 
Bar=50 µm

Fig 7. a: Control group, skin, Bar=50 µm, b: Control group, lung, Bar=50 µm, c: Control group, kidney, 
Bar= 50 µm, d: Sheeppox-infected group, skin, 8-OHdG-immunoreactivity in the cytoplasm of sheeppox 
cells displaying marginal hyperchromasia in the dermis layer (black arrows), Bar=50 µm, e: Sheeppox-
infected group, lung, intracytoplasmic 8-OHdG-positive staining in the proliferated epithelial cells of the 
bronchioles, Bar=50 µm, f: Sheeppox-infected group, kidney, 8-OHdG expression in degenerated tubular 
epithelium (yellow arrows), Bar=50 µm
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more than 20 products of oxidative base damage. Among 
these products, 8-OHdG is one of the most common 
biomarkers used to detect oxidative stress-induced DNA 
damage [25-27]. It is considered that the increased expression 
of 8-OHdG may be associated with poor prognosis in 
several types of cancer [28]. In multiple studies carried out 
in human medicine, the hepatitis B and C viruses, herpes 
simplex virus (HSV), and human immunodeficiency 
virus (HIV) have been reported to trigger oxidative stress, 
and it has also been indicated that individuals infected 
with these viruses display significantly increased levels 
of 8-OHdG [29-33]. The present study is valuable in that it 
provides data on the detection of oxidative stress-induced 
DNA damage in cases of sheeppox infection. As was the 
case with lipid peroxidation, 8-OHdG-positive stainings 
were observed to be more intense in cases with severe 
lesions, localized particularly to the proliferated epithelia 
of the bronchi and bronchioles. Based on these findings, 
it is evident that in cases of infection with the sheeppox 
virus, ROS-induced DNA damage occurs in the skin and 
several visceral organs including the lungs and kidneys. 

In conclusion, increased MDA and 8-OHdG expressions 
in the visceral organs of lambs naturally infected with the 
sheeppox virus demonstrated that sheeppox is associated 
with the disruption of the antioxidant/oxidant balance 
and the occurrence of significant oxidative stress-induced 
damage to macromolecules such as lipids and the DNA. 
The positive correlation detected between the severity of 
the disease and the expression of these biomarkers showed 
that free radicals are actively involved in the development 
of pox lesions.
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