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Abstract— The emergence of Bluetongue virus (BTV) in Egypt, along with its association with ill-bled condemned sheep carcasses, 
highlights the growing effects of environmental change on the epidemiology of vector-borne diseases. Rising temperatures facilitate the 
development of vector habitats, increasing the risk of transmission and potentially leading to severe outcomes such as ill-bleeding and the 
condemnation of entire carcasses. A detailed case-series study was conducted at the Al-Basatin automated slaughterhouse and 15 May Semi-
Automated Abattoir in Cairo, spanning from June 2024 to May 2025, involving 100 sheep carcasses that were entirely condemned. A total of 
nineteen ill-bled carcasses underwent molecular and biochemical analysis for the detection of BTV using RT-PCR, as well as for oxidative 
stress biomarkers including total antioxidant capacity (TAC), malondialdehyde (MDA), and reduced glutathione (GSH). In addition, the 
expression of genes related to heat stress, including heat shock protein 70 KDa protein 1A (HSP70) and bradykinin receptor B1 (BDKRB1), was 
assessed. Furthermore, key signaling molecules involved in bluetongue virus (BTV)–induced immune responses, namely interferon regulatory 
factor 3 (IRF3) and signal transducer and activator of transcription 2 (STAT2), were analyzed. The BTV-positive ill-bled animals were 
subjected to histopathological examination and immunohistochemistry for cyclooxygenase-2 (COX-2) and inducible Nitric Oxide Synthase 
(iNOS). Additionally, Meteorological records from national climate monitoring agencies were also used to estimate the Temperature–Humidity 
Index for sheep (THIₛₕₑₑₚ) on the dates of sample collection. Molecular testing has verified the presence of BTV RNA in 63.2% of the examined 
heart and lung samples. The gross and histopathological observations indicated degeneration and necrosis in parenchymatous organs such as the 
heart, liver, kidney, and lung, in all ill-bled condemned sheep carcasses, which were consistent with BTV infection. This was further supported 
by the elevated expression of COX-2 and iNOS. The ill-bleeding observed in sheep carcasses demonstrated a strong and statistically significant 
correlation with the level of heat stress, as evaluated by THI (p = 0.023). Biochemical analyses showed increased levels of MDA, alongside 
decreased concentrations of TAC, GSH with variable levels of HSP70, BDKRB1, IRF3 and STAT2, in heart and lung tissues. Indicating 
heightened oxidative stress coupled with reduced antioxidant capacity under conditions of heat stress. Our current findings highlight the impact 
of climate extremes in animal disease dynamics and indicating a substantial correlation between heat stress and ill-bleeding in sheep, mediated 
by BTV infection and oxidative stress. 
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I.  INTRODUCTION 

Climate change represents a significant global issue that has 
extensive repercussions for both human and animal health, 
agricultural practices, and the stability of ecosystems. These 
alterations pose a threat to the advancement of various United 
Nations Sustainable Development Goals (SDGs), notably Goal 
2 (Zero Hunger), Goal 3 (Good Health and Well-being), Goal 
13 (Climate Action), and Goal 15 (Life on Land) [1].  

Sheep, as small ruminants that have adapted to a variety of 
ecological environments, exhibit a marked susceptibility to 
environmental changes, particularly elevated ambient 
temperatures, shifts in precipitation patterns, and the growing 
occurrence of extreme climatic events [2].  These climatic 
shifts impose both direct and indirect influences on the 
physiology and production systems of sheep [3]. 

Sheep, which are essential to rural economies and food 
systems, are especially susceptible to heat stress due to their 
dependence on surrounding environmental conditions. As 
homeothermic creatures, sheep strive to maintain a consistent 
core body temperature (38.3 - 39.9°C); however, when ambient 
temperatures surpass their thermoneutral zone (5 - 25°C), 
particularly during late spring and summer, they activate 
thermoregulatory responses such as increased respiration and 
peripheral vasodilation to avert hyperthermia [4,5]. If these 
mechanisms fail, core temperatures may rise above 40.5°C, 
resulting in heat stress that adversely impacts immunity, feed 
efficiency, and reproductive capabilities [6]. 

Sheep are among the most susceptible hosts to (BTV), a 
vector-borne viral illness of ruminants with substantial 
economic significance [7]. Biting midges of the Culicoides 
species are the main way that the (BTV) is transmitted [8].  The 
epidemiology of (BTV) is heavily influenced by climatic 
factors, particularly temperature, precipitation, and humidity, 
which determine the distribution, population density, and 
vectorial capacity of Culicoides populations [9]. Elevated 
ambient temperatures hasten viral replication within the vector, 
reduce the extrinsic incubation period, and prolong seasonal 
transmission periods, thereby heightening the probability of 
outbreaks [10].  

In sheep, infection with (BTV) can lead to acute and 
occasionally fatal disease, which is characterized by fever, 
oedema, mucosal erosions, respiratory distress, and diminished 
productivity [11]. The severity of clinical manifestations is 
influenced by viral serotype, host genetics, and immune status, 
but is also affected by environmental stressors [12]. Heat stress, 
caused by elevated ambient temperatures, has been 
demonstrated to impair immune function in small ruminants, 
making these animals more susceptible to viral infections and 
worsening disease severity [13].  The pathogenesis of (BTV) is 
closely linked to its affinity for vascular endothelial cells, 
resulting in extensive vascular damage, increased permeability, 
and compromised haemostasis [14]. 

This vascular injury is the primary mechanism behind the 
distinctive clinical syndrome of “ill-bleeding” seen in sheep, 
which is exhibited as petechiae, ecchymoses, mucosal 
haemorrhages, and cyanosis of the tongue [15].  The 
combination of endothelial disruption, inflammatory cytokine 
release, and coagulopathic disturbances leads to fragile blood 
vessels and uncontrolled bleeding [16]. One important 

pathogenic component linked to the development of viral 
infections, including BTV, is oxidative stress [17].  Excessive 
reactive oxygen species (ROS) are produced by viral 
replication and host inflammatory reactions, which lead to 
DNA damage, lipid peroxidation, and protein oxidation [18].  
Oxidative stress is linked to endothelial dysfunction, vascular 
damage, and an increase of inflammatory processes that cause 
clinical signs in sheep infected with BTV [19].  
Simultaneously, heat stress linked to changing climatic 
conditions further disrupts redox homeostasis, exacerbating 
oxidative damage and diminishing the effectiveness of 
antioxidant defence mechanisms [20]. The interplay between 
viral infection, oxidative stress, and climatic factors, therefore, 
represents a critical axis in the progression and outcome of BT 
in sheep. 

Despite the growing recognition of the interconnections 
among climate, health, and ecosystems, a considerable gap 
persists in comprehending the interactions between heat stress, 
oxidative damage, vector-borne diseases, and ill-bleeding in 
sheep. This case series seeks to address that gap by 
documenting the clinical and pathological characteristics of 
heat stress and BTV-associated ill-bleeding in sheep within 
Egyptian slaughterhouses. Furthermore, the study highlights 
the significance of abattoir-based surveillance as a proactive 
warning mechanism for emerging animal diseases, which is an 
essential measure towards fulfilling SDG 15 (Life on Land) 
through enhanced animal health, the preservation of 
biodiversity, and the sustainable management of livestock. 

II. MATERIALS AND METHODS 

A. Study animals and inclusion criteria 

This descriptive case series involved 100 ossimi sheep 
carcasses that were entirely condemned during routine meat 
inspections at the Al-Basatin automated slaughterhouse and 15 
May Semi-Automated Abattoir in Cairo, Egypt, spanning from 
June 2024 to May 2025. All cases that were condemned during 
this timeframe were included in a consecutive manner, without 
any random selection process. The sheep, ranging in age from 
1 to 3 years and comprising both sexes, were representative of 
the typical animals processed at this facility. Comprehensive 
meat inspections were performed on all carcasses, and 19 
carcasses (16 ram and 3 ewe) exhibited clear signs of ill-
bleeding [21], were chosen for further examination. The study 
protocol was approved by the Institutional Animal Care and 
Use Committee (IACUC) of the Faculty of Veterinary 
Medicine, Cairo University (Approval number: Vet 
CU11052025115). 

  B.    Sample size justification 

The sample size was determined by case availability rather 
than a prior calculation, as the study was designed as a 
descriptive case series including all ill-bleeding cases identified 
throughout the study period [22]. The final number of cases (n 
= 19) represents the entire population of ill-bled sheep 
carcasses detected among all condemned cases during the 
surveillance period, ensuring complete case capture and 
minimising selection bias. 
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C.    Pathological investigation 

During routine meat inspections, 19 of the 100 condemned 
carcasses showed evidence of ill-bleeding. Detailed gross 
examination was performed on these carcasses and their major 
organs, including the heart, lungs, liver, kidneys, aorta, and 
pulmonary artery, to identify lesions due to impaired 
exsanguination [21]. 

  D.    Samples collection and preparation 

Heart, lungs, liver, and kidneys of ill bled sheep carcasses 
tissue samples were collected then divided into two distinct 
parts. The initial portion was preserved in 10% neutral-buffered 
formalin for histopathology and immunohistochemistry 
evaluations. The subsequent part was frozen and then 
processed into tissue homogenates for molecular and 
biochemical investigations [23]. A total of 19 ill bled carcasses 
were examined for bluetongue virus (BTV) infection utilizing 
PCR techniques for heart and lung samples. The cases that 
tested positive for BTV were then further analysed for 
oxidative stress markers and gene expression. 

  E.  Molecular detection of Bluetongue virus (BTV) by RT-
PCR  

The QIAamp Viral RNA Mini Kit (Qiagen, Germany) was 
used to extract viral RNA from heart and lung tissue samples in 
accordance with the manufacturer's instructions. 

For the molecular detection of (BTV), a two-step RT-PCR 
was performed. In the first step, reverse transcription was 
carried out using the RevertAid First Strand cDNA Synthesis 
Kit (Thermo Fisher, USA). A total of 20 µL of nuclease-free 
water was added to the reaction mixture, which included 5 µL 
extracted RNA, 1 µL Oligo(dT) primers or random hexamers, 
4 µL of 5× Reverse Transcription Buffer, 1 µL of Ribolock 
RNase inhibitor (20 U/µL), 2 µL of dNTP mix (10 mM each), 
and 1 µL of RevertAid Reverse Transcriptase (200 U/µL). 
After primer annealing for five minutes at 25°C, reverse 
transcription for sixty minutes at 42°C, and enzyme 
inactivation for five minutes at 70°C, the reaction was 
incubated. 

The VP7 protein gene was the target of PCR amplification 
in the second step, which was carried out using the following 
primers: Forward (5'-TCGCTGCCATGCTATCCG-3') and 
Reverse (5'-CGTACGATGCGAATGCAG-3'). A total of 20 
µL of nuclease-free water, 2 µL of cDNA, 10 µL of 2× PCR 
Master Mix (Thermo Fisher, USA), 1 µL of forward primer (10 
µM), and 1 µL of reverse primer (10 µM) made up the reaction 
mixture. The PCR cycling conditions comprised a 5-minute 
initial denaturation at 95°C, 35 cycles of denaturation at 94°C 
for 30 seconds, annealing at 52°C for 30 seconds, and 
extension at 72°C for 30 seconds, and a final extension at 72°C 
for 10 minutes. Ethidium bromide staining was used to 
visualize the PCR products at amplicon size 251 bp after they 
were examined using 1.5% agarose gel electrophoresis. 

F.    Histopathological examination 

After being preserved in 10% neutral buffered formalin, 
tissue samples from the heart, lungs, liver, kidneys, aorta, and 
pulmonary artery were processed using the paraffin embedding 
technique. Using a rotary microtome, 4 µm thick sections were 
prepared, stained with haematoxylin and eosin, and examined 
under a light digital microscope (Olympus xc30, Tokyo, Japan) 

[24]. The Prussian blue staining method was performed to 
detect iron deposition [25]. 

G.    Immunohistochemical examination 

Primary antibodies against COX-2 (sc-19999) and iNOS 
(GB12086) were used after deparaffinization, rehydration, and 
antigen retrieval using citrate buffer (pH 6). As directed by the 
manufacturer (BIO SB, mouse/rabbit HRP immunodetector 
detection system, USA), a biotinylated secondary antibody and 
horseradish peroxidase (HRP)-labeled avidin were utilized. 
Diaminobenzidine was utilized as a substrate and hematoxylin 
as a counterstain [26]. Positive control slides were stained with 
antibodies unique to the target species, whereas negative 
control slides were only stained with secondary antibodies (not 
primary antibodies). An internal positive anatomical control 
determined that COX-2 and iNOS expressions were positive. 

 H.    Assessment of oxidative stress biomarkers 

Heart and lung tissue samples were collected and rinsed 
with ice-cold phosphate-buffered saline (PBS) to remove 
blood. The tissues were then homogenized in cold PBS (1:10 
w/v). Homogenates were centrifuged at 10,000 × g for 10 min 
at 4°C, and the supernatants were collected and stored at -20°C 
for further analysis. The supernatant was used for the 
measurement of total antioxidant capacity (TAC) reduced 
glutathione (GSH) and malondialdehyde (MDA) using 
commercial kits (Bio Diagnostic, Giza, Egypt) [27]. 

Total antioxidant capacity was measured using a 
commercially available colorimetric assay kit (Bio Diagnostic, 
Egypt), and according to the manufacturer’s instructions.  The 
absorbance was measured at 505 nm using a 
spectrophotometer. TAC values were expressed as mmol 
Trolox equivalents per gram of tissue (mmol TE/g tissue) [28]. 

Briefly, GSH levels were determined by its reaction with 
5,5′-dithiobis(2-nitrobenzoic acid) (DTNB), which reduces to 
form a yellow-coloured product. The absorbance of this 
compound was measured at 405 nm, and the results were 
expressed in mg/gT. [29], according to Ellinger et al. [30], 
heart and lungs MDA concentrations (nM/gT) were measured 
as a marker of lipid peroxidation. The concentration of reactive 
thiobarbituric acid species in the supernatant was measured to 
ascertain the MDA content. At 534 nm, the absorbance of the 
resulting pink product was determined. 

I.    Evaluation of HSP70, BDKRB1, IRF3 and STAT2 
expression by quantitative RT-PCR 

The Total RNA Purification Kit (Jena Bioscience, 
Germany, Cat. #PP-210S) was used to isolate total RNA from 
heart and lung tissues, and Thermo Scientific's Nanodrop ND-
1000 Spectrophotometer was used to assess the RNA's 
concentration and purity. Using RevertAid First Strand cDNA 
Synthesis Kit (Thermo Scientific, USA, Cat. #K1622), reverse 
transcription was carried out in accordance with the 
manufacturer's instructions. 

Using β-actin (ACTB) as the internal reference gene, a 
fluorescence-based real-time PCR technique was used to 
analyze gene expression. iQ SYBR® Green Supermix (Bio-
Rad, USA, Cat. #1708880) was used to set up the reactions. 
For real-time RT-PCR, the primers indicated in Table 1 were 
utilized. Following a three-minute initial denaturation at 95°C, 
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there were forty cycles of denaturation (15 s at 95°C), 
annealing (30 s at 60°C), and extension (30 s at 72°C). Melting 
curve analysis was performed at the conclusion of each 
reaction to guarantee the specificity of the PCR products. 
Every experiment, including the no-template negative control 
(NTC), was conducted in triplicate. The 2^-ΔΔCT method was 
used to determine the relative gene expression levels in relation 
to the control [31]. 

TABLE 1. Primer sequence for quantitative real-time RT-PCR 

Gene Forward primer Reverse primer 
Amplic
on size 

(bp) 

Accession 
number 

ACTB 
5'-
AAGTACCCCATT
GAGCACGG-3' 

5'-
CATCTTCTCACG
GTTGGCCT-3' 

156 
>XM_0604
05599.1 

HSP70 
5'-
GATCAACGACGG
AGACAAGC-3' 

5'-
GCTGCGAGTCGT
TGAAGTAG-3' 

182 
>NM_0012
67874.1 

BDKRB1 
5'-
CTCTTCGTGCTGT
CCGTCTT-3' 

5'-
TGCTGATGAAG
AGGTTGGCC-3' 

208 
>XM_0279
57374.3 

IRF3 
 
5'-
GTCAAGGTTGTC

5'-
AGAAATCCATGT
CCTCGGCC-3' 

172 
>XM_0279
78627.2 

STAT2 
5'-
GGAGTCCTAGAA
CCACACCC-3' 

5'-
TCTGGCAAGGC
AATAGTGGA-3' 

193 
>XM_0040
06580.6 

ACTB: Actin beta; HSP70: heat shock 70KDa protein 1A; BDKRB1: 
bradykinin receptor B1; IRF3: Interferon regulatory factor 3; STAT2: Signal 
transducer and activator of transcription 2.  

  J.   Environmental Data Collection 

  The Egyptian Meteorological Authority 
(http://ema.gov.eg) provided environmental data, such as 
relative humidity and ambient temperature. Heat stress 
indicators, including the t emperature-humidity index (THI) 
and the estimated respiration rate (RRest), were calculated 
using daily meteorological records that corresponded to the 
sampling dates during the study period. 

K.  Heat stress indices calculation 

Heat stress in sheep was assessed using the temperature-
humidity index for sheep (THIsheep), which was calculated 
according to the established equation described by [32]. 

 

where AT represents ambient temperature (°C), and RH 
represents relative humidity (%). Based on THIsheep values, 
heat stress levels were classified as no heat stress (< 22.2), 
moderate heat stress (22.2 to < 23.2), severe heat stress (23.2 to 
< 25.6), and extreme heat stress (> 25.6), following previously 
published thresholds [32]. 

Physiological heat stress was additionally evaluated using 
the estimated respiration rate (RRest), calculated using the 
equation reported by [33]: 

 
Where tdb is dry-bulb temperature (°C), RH is relative 
humidity (%), vw is wind speed (m/s), and rs is solar radiation 
(W/m²). Respiration rate categories were derived using a solar 
radiation value of 800 W/m² and a wind speed of 0 m/s, 
consistent with the original model assumptions. Based on the 
estimated respiration rate, animals were categorized as normal 

(< 90 breaths/min), alert (90 - 110 breaths/min), danger (110 - 
130 breaths/min), or emergency (≥ 130 breaths/min). 

L.  Statistical analysis 

Data from the 19 ill-bled sheep carcasses were summarized 
using descriptive statistics and reported as frequencies and 
percentages. Simple linear regression analyses were performed 
to assess the relationship between each climatic variable 
(maximum temperature, relative humidity, and THI) and the 
number of cases for each condition (ill-bleeding and 
Bluetongue virus). The strength and direction of associations 
were evaluated using the Pearson correlation coefficient (r), 
and the proportion of variance explained was expressed as the 
coefficient of determination (R²). 

Associations between heat stress indicators and the 
occurrence of ill-bleeding or BTV were evaluated using the 
Fisher-Freeman-Halton exact test due to low expected cell 
counts (<5). Effect sizes were quantified with Cramér’s V, 
interpreted as weak (≤0.20), moderate (>0.20-0.60), or strong 
(>0.60) [34]. 

Twelve bluetongue virus-positive ill-bled carcasses were 
compared to healthy control sheep for molecular and 
biochemical analyses to evaluate heat stress-related gene 
expression and oxidative stress biomarkers. Quantitative data 
were presented as mean ± standard deviation (SD). Data 
normality was assessed using the Shapiro-Wilk test. 
Comparisons between infected carcasses and controls were 
performed using a one-sample t-test, in which the mean value 
of the healthy control group was used as the reference (normal 
threshold). 

Mean values obtained from bluetongue virus-positive ill-
bled carcasses were further compared across months using one-
way analysis of variance (ANOVA). These month-based 
comparisons were restricted to periods in which bluetongue-
positive cases were detected and occurred under comparable 
levels of heat stress, as ill-bled carcasses recorded in other 
months were exposed to lower or variable heat stress 
conditions and tested negative for bluetongue virus. The 
magnitude of month-related effects was quantified by 
calculating eta squared (η²), with effect sizes interpreted as 
small (0.01), moderate (0.06), or large (≥ 0.14) [35]. Effect size 
estimates were obtained using the effectsize package in R [36]. 

PASW Statistics (SPSS Inc., Chicago, IL, USA; version 
18.0) was used for all statistical analyses, and p ≤ 0.05 was the 
threshold for statistical significance. R software (version 4.4.3; 
R Foundation for Statistical Computing) was used to create 
graphical boxplots using the ggplot2 [37], ggpubr [38], and 
gridExtra [39] packages. 

III. RESULTS 

A.  BTV detection in ill-bled condemned sheep 

Molecular detection of Bluetongue virus (BTV) was carried 
out by targeting the VP7 protein gene of the viral genome. 
Reverse transcription polymerase chain reaction (RT-PCR) was 
performed on heart and lung tissue samples collected from 19 
fully condemned ill-bleeding sheep carcasses. BTV was 
detected in 12 (10 ram and 2 ewe) of the 19 cases, representing 
a prevalence of 63.2% in ill bled carcasses. 

B. Pathological and immunohistochemical findings  
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The internal organs of 12 cases from 19 total condemned 
ill-bleeding sheep carcasses exhibited pale streaks running 
through the myocardium (Fig. 1a). Dark brown areas appeared 
on subepicardial with multifocal pale anemic areas (Fig. 1a1). 
The microscopic findings of myocardium of sheep infected 
with (BTV) revealed acute diffuse epicarditis, characterized by 
inflammatory cells infiltration mostly macrophages, and 
lymphocytes, oedema and fibrin deposition (Fig. 1b). 
Furthermore, the myocardium displayed non-suppurative 
myocarditis characterized by disorganization of muscle 
bundles, muscle fiber fragmentation, and aggregation or diffuse 
infiltration of mononuclear cells among the muscle bundles 
(Fig. 1c and d). Perivascular oedema and leukocytic infiltration 
and necrosis of muscle bundles which appeared deeply 
eosinophilic were also noticed (Fig. 1e). A strong intensity of 
COX-2 expression was observed in the necrosed 
cardiomyocytes and inflammatory cells (Fig. 1f). Additionally, 
increased iNOS expression was noted in the cytoplasm of 
cardiomyocytes (Fig.  1g).  

 

Fig. 1. Pathological examination of heart showing: Grossly, A Pale streaks 
running through the myocardium (black arrow). A1 Dark brown areas on 
subepicardial with multifocal pale anemic areas (yellow circle). B 
Microscopically, acute diffuse epicarditis inflammatory cells infiltration 
(black circle), oedema (yellow arrow) and fibrin deposition (black arrow). C 
Non-suppurative myocarditis, disorganization of muscle bundles (black 
arrow) and mononuclear cells aggregation (yellow arrow). D Muscle fiber 
fragmentation infiltration (black arrow). E Perivascular oedema and 
leukocytic infiltration and necrosis of muscle bundles (blue arrow). F 
Degenerated cardiomyocytes and inflammatory cells showing positive 
expression of Cox2. G Marked increase of iNOS expression of 
cardiomyocytes. 

Histopathological findings of cross section of sheep 
infected with bluetongue virus revealed degeneration and 
necrosis of endothelial lining with oedema of subendothelial 
connective tissue accompanied with few mononuclear cell’s 
infiltration (Fig. 2a). Tunica media demonstrated complete 
disorganization and severe fragmentation of elastic lamellae 
and accumulation of basophilic ground substance 
(mucopolysaccharides) and focal loss of smooth muscle cells 
(Fig. 2b). Tunica adventitia displayed oedema of collagenous 
connective tissue with disruption of fibers, few mononuclear 
cells infiltration and oedema of vasa vasorum wall (Fig. 2c). In 
the same direction, pulmonary revealed significant 
histopathological alterations appeared as damage and sloughing 
of endothelial lining in the most of examined cases. Disruption 
and oedema of subendothelial loss connective tissue and 
fragmentation of intimal collagen and elastic fibers with 
formation of degenerated cysts were seen in one infected case 
(Fig. 2d). Oedema, fragmentation and disruption of parallel 
elastic lamellae of tunica media were seen (Fig. 2e). 

Adventitial oedema with few mononuclear cell’s infiltration 
and dilatation of vasa vasorum were noted (Fig. 2f). 

 

Fig. 2. Histopathological examination of aortic and pulmonary artery cross 
tissue sections showing: A Degeneration and necrosis of endothelial lining 
(black arrow) with oedema of subendothelial layer of connective (red arrow). 
B Complete disorganization of the tunica media (yellow circle), and severe 
fragmentation of elastic fibers (black arrow) and accumulation of basophilic 
ground substance (black arrow). C Oedema of collagenous connective tissue 
(black arrow), few mononuclear cells infiltration (blue arrow) and oedema of 
vasa vasorum wall (red arrow). D Fragmentation of intimal collagen and 
elastic fibers with formation of degenerated cysts (yellow circle). E 
Fragmentation and disruption of parallel elastic fibers (black arrow). F 
Adventitial oedema (black arrow) with few mononuclear cells infiltration 
(blue arrow) and dilatation of vasa vasorum (red arrow). (H and E,x200). 

Furthermore, the liver of infected sheep by BTV displayed 
grossly, congestion and hepatomegaly, with dark purple-red 
hemorrhagic areas (Fig. 3a). Two cases yellowish hepatic 
parenchyma with subcapsular congested patches with marked 
round borders (Fig. 3a1). Microscopic examination of the 
hepatic tissue section revealed disorganization of hepatic cords, 
with marked dilatation of hepatic sinusoids and hyperplasia of 
Kupffer cells. Nuclear pyknosis and apoptosis of hepatocytes 
which appeared as deeply eosinophilic bodies scatter along 
hepatic lobules were noted (Fig. 3b). Fibroplasia of portal triad, 
mononuclear cells infiltration and hyperplasia of the bile ducts 
were seen (Fig. 3c). Some cases showed marked dilation of 
portal vein with periportal oedema and leukocytic infiltration 
(Fig. 3d). A fibrin thrombus was also noted in one case which 
attached to the tunica intima of the portal vein and 
accompanied by hyperplasia of bile duct which lined by high 
cuboidal cells (Fig. 3e). Moderate levels of COX-2 and iNOS 
were observed in the cytoplasm and/or nuclei of hepatocytes 
(Fig. 3f and g), respectively. 

 

Fig. 3. Pathological examination of liver showing: Grossly, A Hepatomegaly, 
with dark purple-red hemorrhagic areas (yellow arrow). A1 Subcapsular 
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congested foci with marked round borders (black arrow). B Microscopically, 
disorganization of hepatic cords, with marked dilatation of hepatic sinusoids 
(black arrow). C Fibroplasia of portal triad (black arrow), mononuclear cells 
infiltration (blue arrow) and hyperplasia of the bile ducts (black circle). D 
Marked dilation of portal vein (red arrow) with periportal oedema and 
leukocytic infiltration (black arrow). E Fibrin thrombus attached to the tunica 
intima of the portal vein (black star). F Cytoplasmic and\or nuclear Cox2 
staining of hepatocytes. G Numerous iNos stained hepatocytes. 

Sheep lungs exhibited significant dark reddish to purple 
discoloration patches with extensive irregular pale 
emphysematous areas (Fig. 4a and a1). The lung tissue section 
revealed thickening of visceral layer of pleural membrane 
which appeared oedematous with few mononuclear cells 
infiltration in the most of examined cases (Fig. 4b). Marked 
ectasia of bronchioles and impaction of alveoli by eosinophilic 
oedematous fluid which associated with focal emphysematous 
areas (Fig. 4c). Extensive congestion of perialveolar capillaries 
and extravasation of blood cells with haemosiderin deposition 
(Prussian blue) were also detected (Fig. 4d and d1). 
Perivascular oedema and focal leukocytic aggregation 
composed mainly of mainly lymphocytes and macrophages 
(Fig. 4e). COX-2 expression was observed in the degenerated 
alveolar epithelium and interstitial tissue (Fig. 4f). Numerous 
strongly positive iNOS stained epitheliums were demonstrated 
in both bronchi and alveoli (Fig. 4g). 

 

Fig. 4. Pathological examination of lung lobes showing: Grossly, A and A1 
Dark reddish to purple discoloration patches (yellow arrow) with extensive 
irregular pale emphysematous area (black arrow), respectively. B 
Microscopically, thickening of visceral layer of pleural membrane (black 
arrow). C Dilatation of bronchioles (yellow star), intra-alveolar eosinophilic 
oedematous fluid (black arrow) and focal emphysematous areas (red star). D 
Extensive congestion of perialveolar capillaries (black arrow) and D1 
extravasation of blood cells - haemoderosis deposition (Prussian blue). E 
Perivascular oedema (red arrow) and focal leukocytic aggregation (black 
arrow). F Strong Cox2 cytoplasmic staining of alveolar epithelium. G iNOS 
showing remarkable cytoplasmic staining of bronchial and alveolar 
epithelium. 

Kidneys grossly revealed softening, subcapsular congestion 
and hemorrhages. The cross-sectional view demonstrated 
severe congestion of corticomedullary zone with dilatation of 
renal calyces and pelvis (Fig. 5a and a1). Additionally, the 
renal tissue sections exhibited moderate pathological 
alterations characterized by tubular epithelial necrosis 
especially in proximal convoluted tubules with intraluminal 
eosinophilic proteinaceous casts. Interstitial oedema and few 
numbers of mononuclear cells infiltration mainly lymphocytes 
and macrophages (Fig. 5b). Renal glomeruli displayed 
hypercellularity of glomerular tufts and eosinophilic 
proteinaceous material in Bowman’s space (Fig. 5c). Some 
cases showed hypercellularity of glomerular tufts with damage 
of Bowman’s capsule (Fig. 5d). On the other hand, one case 
showed massive damage to several glomeruli which 

characterized by retraction of glomerular tufts or even empty of 
Bowman’s corpuscle from capillaries tufts (Fig. 5e). The renal 
tubular epithelium demonstrated strong positive cytosolic 
expression of COX-2 and moderate to iNOS (Fig. 5f and g), 
respectively. 

 

Fig. 5. Pathological examination of kidneys showing: Grossly, A subcapsular 
congestion and heamorrhages (black arrow). A1 Severe congestions of 
corticomedullary zone (yellow arrow). B Microscopically, Tubular epithelial 
necrosis (black arrow), interstitial oedema and few numbers of mononuclear 
cells infiltration (yellow arrow). C Hypercellularity of glomerular tufts (black 
arrow) and eosinophilic proteinaceous casts in Bowman’s space (red arrow). 
D Hypercellularity of glomerular tufts (black arrow) and damage of 
Bowman’s capsule (red arrow). E Retraction of glomerular tufts (black circle). 
F Positive expression of Cox2 in glomerular tuft and renal tubular cells. G 
iNOS positive expression of tubular cells.  

C. Temporal distribution of ill-bleeding and BTV cases 
relative to heat stress indices (June 2024 - May 2025) 

Fig. 6,  illustrates the temporal distribution of ill-bled sheep 
carcasses and associated bluetongue virus (BTV) detection in 
relation to thermal conditions. Ill-bleeding and BTV-positive 
cases were predominantly observed during April–June, 
coinciding with progressively increasing maximum 
temperatures and THI values. In June 2024, all ill-bled 
carcasses (5/5; 100%) were BTV-positive, corresponding to 
extreme heat stress conditions (maximum temperature 40 °C; 
THI = 34.6). In contrast, February and March 2025 recorded 
ill-bled carcasses without BTV detection, under lower thermal 
load (maximum temperature 19–26.5 °C; THI 17.9–24.0).  

As thermal stress intensified, BTV detection increased. In 
April 2025, under severe heat stress (27.5 °C; THI = 24.6), 
50% (2/4) of ill-bled carcasses were BTV-positive. This trend 
peaked in May 2025, when extreme heat stress conditions (33.6 
°C; THI = 29.6) were associated with a sharp rise in both ill-
bleeding (6 cases) and BTV positivity (5/6; 83.3%).  

D.  Linear regression between climatic variables and ill-
bleeding and bluetongue cases 

Fig. 7, shows positive associations between climatic 
variables and sheep carcass condemnations due to ill bleeding 
and bluetongue. While ill-bleeding cases increased with rising 
temperature, humidity, and THI, these associations, despite 
strong correlations (r = 0.76 - 0.81), did not reach statistical 
significance (p > 0.05). In contrast, bluetongue cases exhibited 
consistently stronger and statistically significant relationships 
with maximum temperature (r = 0.90; R² = 0.80; p = 0.039) 
and THI (r = 0.90; R² = 0.80; p = 0.040), as well as a strong 
association with relative humidity (r = 0.82; R² = 0.67; p = 
0.090). These findings highlight that bluetongue occurrence 
was closely linked to climatic heat-stress indicators. 
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E. Temporal and heat-stress-associated distribution of ill-
bled sheep carcasses 

Table 2 summarizes the distribution of ill-bled sheep 
carcasses across heat-stress categories and estimated 
respiration-rate classes by month and season. Most ill-bleeding 
cases occurred under extreme heat-stress conditions (THI > 
25.6), accounting for 73.7% (14/19) of all cases, predominantly 
during spring and late winter. Seasonally, spring accounted for 
68.4% (13/19) of ill-bled carcasses, with clear monthly 
clustering in May (31.6%) and June (26.3%). Both month and 
season showed strong and statistically significant associations 
with THI-based heat stress (month: Cramér’s V = 0.64, p = 
0.023; season: V = 0.68, p = 0.016).  

Consistent patterns were observed when physiological heat 
stress was assessed using estimated respiration rate (RRest) 
(Table 2). Ill-bleeding cases were mainly recorded under 
moderate to extreme respiration-rate categories, with a strong 
and significant monthly association (V = 0.67, p = 0.006). 
Although seasonal differences based on RRest showed a 
moderate effect size (V = 0.56), this association did not reach 
statistical significance (p = 0.125). 

F. Temporal and heat-stress-associated distribution of 
bluetongue virus among ill-bled sheep carcasses 

Bluetongue virus (BTV) infection exhibited a marked 
temporal and heat-stress-related distribution among ill-bled 
sheep carcasses (Table 3). Seasonal analysis demonstrated that 
all BTV-positive carcasses occurred during spring, resulting in 
a statistically significant association with a strong effect size 
(Cramér’s V = 0.68; p = 0.009). Monthly analysis revealed 
significant clustering in May and June, with BTV prevalences 
of 83.3% and 100%, respectively (Cramér’s V = 0.77; p = 
0.013), while no positive cases were detected in February or 
March.  

BTV positivity was also significantly associated with 
extreme heat stress as defined by the Temperature–Humidity 
Index (THI), where 85.7% of ill-bled carcasses were 
BTV-positive (Cramér’s V = 0.78; p = 0.002). In contrast, no 
BTV-positive cases were observed under severe or no 
heat-stress conditions. Similarly, increasing estimated 
respiration rate categories were associated with higher BTV 
prevalence, particularly under moderate to extreme 
physiological stress, with a moderate-to-strong effect size 
(Cramér’s V = 0.69; p = 0.032). These findings indicate a 
strong association between environmental heat load, animal 
stress indicators, and BTV detection at slaughter (Table 3). 

 
Fig. 6. Temporal distribution of ill-bleeding (N = 19) and bluetongue virus 
(BTV) (n = 12) cases in completely condemned sheep carcasses in relation to 

monthly variations in maximum ambient temperature (°C) and the 
temperature-humidity index for sheep (THIsheep) throughout the study period 
(June 2024 - May 2025). THI categories indicate levels of heat stress (HS): 
normal (< 22.2), severe (23.2 to < 25.6), and extreme (> 25.6). Peaks in ill-
bleeding and BTV cases coincide with periods of elevated temperature and 
THI, while minimal case numbers are observed during months characterized 
by normal THI values.  

   

Fig. 7. Linear relationships between climatic variables and total sheep carcass 
condemnations attributed to ill bleeding (N = 19) and blue tongue (n = 12). 
Scatter plots illustrate associations between (A) maximum ambient 
temperature (°C), (B) maximum relative humidity (RH%), and (C) 
Temperature–Humidity Index (THI), with the number of condemned 
carcasses. Blue markers represent ill bleeding cases, and red markers represent 
blue tongue cases. Regression equations, Pearson correlation coefficients (r), 
coefficients of determination (R²), and p values are shown for each condition. 
Significance was set at p ≤ 0.05. 

G.  Temporal analysis of heart and lung levels of oxidative 
stress biomarkers in BTV-infected, ill-bled sheep 

Monthly variation in oxidative stress markers in the heart 
and lung tissues of bluetongue virus–infected, ill-bled sheep 
carcasses is shown in (Fig. 8). Across all markers, values for 
infected animals differed markedly from healthy controls; 
however, no statistically significant differences were detected 
among April, May, and June, despite visible fluctuations in 
mean values. Total antioxidant capacity (TAOC) in infected 
animals remained markedly lower than healthy controls in both 
tissues (heart control = 1.07 µmol/L; lung 
control = 1.35 µmol/L; p < 0.0001).  

In the heart, mean TAOC values declined slightly from 
0.84±0.04 µmol/L (April) to 0.70±0.07 µmol/L (May) and 
0.75±0.06 µmol/L (June), but the month effect was not 
significant (p = 0.081), although the effect size indicated a large 
magnitude (η² = 0.43). Similarly, TAOC in lung tissue showed 
minimal fluctuation (April: 0.71±0.07 µmol/L, May: 
0.70±0.03 µmol/L, June: 0.75±0.05 µmol/L) with no significant 
month-related differences (p = 0.261; η² = 0.26, large effect). 

Lipid peroxidation (MDA) levels in both tissues were 
consistently elevated compared with controls (heart 
control = 162.35 nmol/g; lung control = 157.39 nmol/g; 
p < 0.0001). Mean MDA concentrations in the heart increased 
from 171.81±0.55 nmol/g (April) to 176.28±1.66 nmol/g (May) 
and 178.55±6.71 nmol/g (June), but monthly differences  
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Variables Categories BT 
Positive 

Total 
ill-bled 

Prevalence
% 

Cramér’s V p- value 

 Cases 12 19 63.2   

Month February 0 2 0 0.77 0.013 * 

March 0 2 0 

April 2 4 50.0 

May 5 6 83.3 

June 5 5 100 

Season Spring 12 15 80.0 0.68 0.009 * 

Winter 0 4 100 

THI Extreme 12 14 85.7 0.78 0.002 * 

Severe 0 1 0 

No Stress 0 4 0 

Estimated RR Extreme 5 5 100 0.69 0.032 * 

Severe 2 3 66.7 

Moderate 4 5 80.0 

Normal 1 6 16.7 

Variables Categories 
THI sheep 

No. of ill-bleeding (%) 
Estimated RR 

No. of ill-bleeding (%) 

 

H
ea

t 
st

re
ss

 
le

ve
l 

Extreme Severe 
No 

Stress 
Extreme Severe Moderate Normal 

 Sheep 14 (73.7) 1 (5.3) 
4 

(21.1) 
5 (26.3) 3 (15.8) 5 (26.3) 6 (31.6) 

Month February 0 0 
2 

(10.5) 
0 0 0 2 (10.5) 

 March 1 (5.3) 0 1 (5.3) 0 1 (5.3) 0 1 (5.3) 

 April 2 (10.5) 1 (5.3) 1 (5.3) 0 0 1 (5.3) 3 (15.8) 

 May 6 (31.6) 0 0 1 (5.3) 1 (5.3) 4 (21.1) 0 

 June 5 (26.3) 0 0 4 (21.1) 1 (5.3) 0 0 

 Cramer's V 0.64 0.67 
 P- value 0.023* 0.006* 

Season Spring 13 (68.4) 1 (5.3) 1 (5.3) 5 (26.3) 2 (10.5) 5 (26.3) 3 (15.8) 

 Winter 1 (5.3) 0 
3 

(15.8) 
0 1 (5.3) 0 3 (15.8) 

 Cramer's V 0.68 0.56 
 P- value 0.016* 0.125 

TABLE 2. Distribution of ill-bleeding sheep carcasses by heat stress (THIsheep) and 
estimated respiration rate (RRest) across months and seasons (N= 19). 

Associations were assessed using the Fisher-Freeman-Halton exact test. 
Cramér’s V was used as a measure of effect size, where values ≤ 0.20 indicate a weak association, values > 
0.20 to ≤ 0.60 indicate a moderate association, and values > 0.60 indicate a strong association [34]. 
Bolded p-values & asterisk (*) denote statistically significant associations (p ≤ 0.05). 
THI [32]: Temperature-Humidity Index; heat stress (HS) categories according to THI values: Absence of HS 
(< 22.2 units); Moderate HS (22.2 to < 23.2); Severe HS (23.2 to < 25.6); and Extreme HS (> 25.6).  
Estimated RR (RRest): Estimated Respiration Rate; the thresholds for RRest categories Brown-Brandl [33]: 
Normal = 90; Moderate (alert) = 90-110; Severe (danger) = 110-130; and Extreme (emergency) ≥130. 
 
TABLE 3. Distribution and prevalence of blue tongue among ill‑bled sheep carcasses by month, season, and 

heat stress (BT = 12/19). 
 

Associations were assessed using the Fisher-Freeman-Halton exact test. 
Cramér’s V was used as a measure of effect size, where values ≤ 0.20 indicate a weak association, values > 
0.20 to ≤ 0.60 indicate a moderate association, and values > 0.60 indicate a strong association [34]. 
Bolded p-values & asterisk (*) denote statistically significant associations (p ≤ 0.05). 
THI [32]: Temperature-Humidity Index; heat stress (HS) categories according to THI values: Absence of HS 
(< 22.2 units); Moderate HS (22.2 to < 23.2); Severe HS (23.2 to < 25.6); and Extreme HS (> 25.6).  
Estimated RR (RRest): Estimated Respiration Rate; the thresholds for RRest categories Brown-Brandl [33]: 
Normal = 90; Moderate (alert) = 90-110; Severe (danger) = 110-130; and Extreme (emergency) ≥130. 
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remained nonsignificant (p = 0.267; η² = 0.25, large effect). 
In the lung, MDA means were similarly elevated and stable 
across months (April: 174.18±4.99 nmol/g; May: 
177.42±1.70 nmol/g; June: 175.26±2.03 nmol/g), with no 
significant variation (p = 0.244; η² = 0.27, large effect). 

Reduced glutathione (GSH) levels in infected animals were 
significantly lower than those of controls (heart 
control = 98.65 µM/g; lung control = 91.99 µM/g; p < 0.0001). 
Heart GSH values increased modestly from 48.66±2.83 µM/g 
(April) to 57.14±7.04 µM/g (May) and 54.92±11.24 µM/g 
(June) but showed no significant monthly differences 
(p = 0.545; η² = 0.13, moderate effect). Lung GSH values 
followed a similar pattern (April: 45.33±3.77 µM/g; May: 
48.40±8.90 µM/g; June: 49.46±18.60 µM/g) with no significant 
temporal effect (p = 0.938; η² = 0.01, small effect). 

Importantly, the absence of significant month-to-month 
differences coincides with the fact that all three months 
represent a period of extreme THI and the seasonal peak of 
bluetongue virus activity. This period is characterized by 
persistent heat stress, high vector abundance, and maximal 
infection pressure, resulting in a consistently high level of 
oxidative stress across months. Thus, although 
moderate-to-large effect sizes were detected for some markers, 
the uniform and sustained environmental and infectious stress 
load likely minimized temporal variability, producing 
statistically comparable oxidative profiles throughout the peak 
THI/BTV period. 

 
Fig. 8. Monthly variation in oxidative stress markers in the heart and lung of 
bluetongue virus-infected, ill-bled sheep carcasses (n = 12). Boxplots illustrate 
the distribution of oxidative stress marker levels across months, with mean 
values indicated by blue symbols and annotated numerically. Oxidative stress 
marker levels of healthy control animals were plotted as a horizontal reference 
line (control), and comparisons between infected and control groups were 
performed using a one-sample t-test (p ≤ 0.05). Statistical comparisons among 
months were conducted using one-way ANOVA (p ≤ 0.05). Effect sizes were 
estimated using eta squared (η²) to quantify the magnitude of month-related 

differences and were interpreted as small (~0.01), moderate (~0.06), or large (≥ 
0.14). 

H. Temporal analysis of heart and lung expression of 
stress- and immune-related genes in BTV-infected, ill-bled 
sheep 

Fig. 9, illustrates the monthly variation in heart expression 
levels of BDKRB1, HSP70, IRF3, and STAT2 in bluetongue 
virus-infected, ill-bled sheep carcasses. For BDKRB1, mean 
expression levels increased from 1.40±0.55 in April to 
1.75±0.43 in May and 1.85±0.11 in June, all of which were 
significantly higher than the healthy control reference (control 
= 1; one-sample t-test, p < 0.0001). However, no statistically 
significant effect of month was detected (p = 0.340), despite a 
moderate effect size (η² = 0.21). Similarly, HSP70 expression 
remained elevated relative to controls across all months 
(means: 2.31±0.91 in April, 2.70±0.56 in May, and 1.95±0.40 
in June; p < 0.0001 vs. control), with no significant month-to-
month differences (p = 0.151), although a moderate effect size 
was observed (η² = 0.34). 

In contrast, IRF3 expression remained consistently 
downregulated relative to controls, with mean values of 
0.60±0.26 in April, 0.55±0.27 in May, and 0.52±0.17 in June 
(p < 0.0001 vs. control), showing no significant monthly 
variation (p = 0.915) and a negligible effect size (η² = 0.02). 
For STAT2, mean expression values were 1.64±0.37 in April, 
1.85±0.18 in May, and 1.41±0.28 in June, all significantly 
higher than the control level (p < 0.0001). Although the effect 
of month did not reach statistical significance (p = 0.067), a 
large effect size was observed (η² = 0.45), indicating a trend 
toward month-dependent variation. 

Fig. 10, depicts the monthly variation in lung expression 
levels of BDKRB1, HSP70, IRF3, and STAT2 in bluetongue 
virus-infected, ill-bled sheep carcasses. Pulmonary BDKRB1 
expression was markedly elevated relative to the healthy 
control reference (control = 1), with mean values of 8.06±1.37 
in April, 7.91±1.94 in May, and 7.08±1.81 in June (one-sample 
t-test, p < 0.0001). However, no statistically significant effect 
of month was observed (p = 0.724), and the effect size was 
small (η² = 0.07), indicating limited temporal variation.  

For HSP70, mean pulmonary expression values were 
0.42±0.13 in April, 0.83±0.11 in May, and 0.53±0.32 in June, 
remaining significantly lower than the control level (p = 
0.001). Although monthly differences did not reach statistical 
significance (p = 0.089), a large effect size was observed (η² = 
0.42), suggesting a trend toward month-dependent variation in 
pulmonary HSP70 expression. 

Pulmonary IRF3 expression was consistently 
downregulated relative to controls across all months, with 
mean values of 0.10±0.04 in April, 0.17±0.06 in May, and 
0.19±0.09 in June (p < 0.0001 vs. control). No significant 
effect of month was detected (p = 0.344), despite a moderate 
effect size (η² = 0.21), indicating relatively stable suppression 
of IRF3 expression over time. Similarly, STAT2 expression in 
lung tissue remained significantly lower than control levels 
(means: 0.17±0.03 in April, 0.28±0.15 in May, and 0.34±0.27 
in June; p < 0.0001), with no significant monthly variation (p = 
0.638) and a small effect size (η² = 0.10). This pattern contrasts 
with the cardiac tissue response, underscoring tissue-specific 
regulation of stress- and immune-related genes in ill-bled sheep 
carcasses. 



International Journal of Advanced Multidisciplinary Research and Educational Development 
Volume 2, Issue 3 | May – June 2026 | www.ijamred.com 

ISSN: 3107-6513 
 

 
 

 

448 
 

 

 
Fig. 9. Monthly variation in heart gene expression levels in bluetongue virus-
infected, ill-bled sheep carcasses (n = 12). Boxplots illustrate the distribution of 
gene expression across months, with mean values indicated by blue symbols 
and annotated numerically. Gene expression levels of healthy control animals 
were plotted as a horizontal reference line (control = 1), and comparisons 
between infected and control groups were performed using a one-sample t-test 
(p ≤ 0.05). Statistical comparisons among months were conducted using one-
way ANOVA (p ≤ 0.05). Effect sizes were estimated using eta squared (η²) to 
quantify the magnitude of month-related differences and were interpreted as 
small (~0.01), moderate (~0.06), or large (≥ 0.14). 

 
Fig. 10 Monthly variation in lung gene expression levels in bluetongue virus-
infected, ill-bled sheep carcasses (n = 12). Boxplots illustrate the distribution of 
gene expression across months, with mean values indicated by blue symbols 

and annotated numerically. Gene expression levels of healthy control animals 
were plotted as a horizontal reference line (control = 1), and comparisons 
between infected and control groups were performed using a one-sample t-test 
(p ≤ 0.05). Statistical comparisons among months were conducted using one-
way ANOVA (p ≤ 0.05). Effect sizes were estimated using eta squared (η²) to 
quantify the magnitude of month-related differences and were interpreted as 
small (~0.01), moderate (~0.06), or large (≥ 0.14). 

IV. DISCUSSION 

The relationship between climate change and its emergence 
as a major factor influencing the dynamics of infectious 
diseases, particularly vector-borne viral diseases like 
Bluetongue Virus (BTV) affecting sheep, is thoroughly 
examined in this descriptive case. Ill bleeding has been 
identified as a clinical indicator of underlying vascular injury. 
BTV is an arbovirus that is dependent on climate conditions 
and is primarily transmitted through Culicoides vectors, posing 
a considerable threat to both domestic and wild ruminant 
populations, especially sheep [9]. The disease presents various 
clinical manifestations, including pyrexia, oedema, mucosal 
lesions, and bleeding disorders, which result from damage to 
the endothelial cells that line blood vessels [40]. 

Ill bleeding was frequently observed as a reason for carcass 
condemnation in the cases studied, with macroscopic lung 
lesions characterized by pronounced dark reddish to purple 
discoloration and widespread irregular patches of congestion 
and haemorrhage. These results are consistent with descriptions 
provided by Paessler and Walker [41], indicating that BTV 
may disrupt normal haemostatic processes by impairing 
platelet function and coagulation pathways. The hypoxia that 
arises from vascular obstruction and thrombosis further 
intensifies tissue damage and the propensity for bleeding. 
Collectively, these mechanisms explain the ill bleeding 
observed in severe bluetongue disease, particularly in highly 
susceptible species such as sheep. Previous research by O’Neill 
[42] demonstrated that when animals are subjected to stressors, 
such as those induced by extreme climatic conditions, their 
bodies initiate the fight-or-flight response, a physiological 
mechanism that prepares the organism for immediate action. 
This response is predominantly regulated by the sympathetic 
nervous system, which stimulates the release of adrenaline 
(epinephrine) and noradrenaline (norepinephrine). Therefore, 
intense vasoconstriction limits peripheral blood drainage and 
promotes retention of blood within muscle tissues and internal 
organs. This physiological response contributes directly to 
incomplete bleeding and the dark, congested appearance 
observed in ill-bled carcasses. 

Histopathological assessments revealed disorganization and 
paleness of myocardium muscle bundles, which are 
accompanied with non-suppurative myocarditis. This includes 
cardiomyocytes necrosis, fragmentation of muscle fibers and 
infiltration of inflammatory cells, primarily macrophages and 
lymphocytes. This is consistent with findings by Singh et al. 
[43], which showed that BTV-infected sheep heart displayed 
necrosis, perivascular cuffing with lymphocytes, inflammatory 
cell infiltration among the cardiac muscle fibers, and 
degeneration of those fibers. Furthermore, studies by 
Saminathan et al. [44] demonstrated the presence of 
haemorrhages and congestion in the myocardium and 
epicardium, and mononuclear cell infiltration in the 
myocardium. 
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Further systemic involvement was observed. The lung 
tissue exhibited pneumonia, characterized by vasculitis of the 
interstitial pulmonary blood vessels, damage to the vascular 
walls, and extravasation of red blood cells and eosinophilic 
oedematous fluid in the alveolar spaces. In a similar direction, 
Cecco et al. [45] reported that the alterations in the lungs, 
which included congestion, significant interlobular oedema, 
and sloughed endothelial cells along with inflammatory cells in 
the lumen of the pulmonary arterioles. Necrosis and the loss of 
the muscular layer were noted in the pulmonary artery, 
accompanied by hemorrhages in the interstitial tissue. These 
alterations align with the findings of Saminathan et al. [44], 
who reported significant oedema with eosinophilic exudates, 
swollen endothelial cells, severe congestion of inter-alveolar 
capillaries, and hemorrhages in the alveolar lumen and 
surrounding blood vessels. 

An examination of the aortic wall revealed degeneration 
and sloughing of endothelial lining, widened interstitial spaces 
within the tunica media, fragmentation of elastic fibers, 
separation of smooth muscle fibers, and mild inflammation. 
These results align with those of Singh et al. [43], who reported 
BTV-associated endothelial injury with mild muscle fiber 
degeneration in the tunica medial layer of the aorta. Both the 
subintimal and tunica medial layers of the aorta showed 
fragmentation and necrosis. 

The pulmonary artery showed desquamation of the 
endothelial lining of the tunica intima, moderate vasculitis, 
widening of the tunica adventitia and mild inflammation-
paralleling findings by Singh et al. [43], where tunica intima of 
pulmonary artery showed necrosis with nuclear debris 
observed in sheep affected by BTV. 

In the liver, a thrombus was noted to be attached to the 
tunica intima of the portal vein accompanied with mononuclear 
infiltration of portal triad. However, according to Singh et al. 
[43], reported the liver showed swollen endothelial cells, 
perivascular edema, necrosis, sinusoidal congestion and 
hemorrhages, and infiltration of inflammatory cells. 

Additionally, microscopic renal examinations conducted in 
this study revealed moderate pathological changes 
characterized by hyperplasia of the glomerular tuft, necrosis of 
the tubular epithelium, and moderate inflammatory cells 
infiltration. Similarly, Padmini et al. [46] indicated that the 
kidneys of infected sheep displayed hypercellularity of 
mesangial cells, degeneration of renal tubules, and multifocal 
infiltration of lymphocytes. 

Immunohistochemical analysis demonstrated an increased 
expression of COX-2 and iNOS in tissues affected by BTV. 
These molecules serve as crucial mediators of inflammation 
and oxidative stress. Previous studies have suggested COX-2 
upregulation during the pathogenesis of BTV infection in 
sheep. They assessed the responses of primary sheep lung 
microvascular endothelial cells to BTV infection, which 
resulted in elevated levels of cytokines and inflammatory 
mediators such as IL-1, IL-6, IL-8, COX-2, and iNOS [47]. 
Furthermore, BTV-infected peripheral blood mononuclear cells 
(PBMC) from various ruminant species, specifically sheep and 
goats, release inflammatory cytokines [48], resulting in the 
overexpression of IL-1, IL-6, IL-8, IL-10, IFN-γ, TNF, and 
iNOS [49]. 

Climate change is linked to rising ambient temperatures and 
an increase in the frequency of heat waves, which subject 
ruminants to heat stress [50]. Heat stress disrupts cellular 
homeostasis and activates several stress-response pathways, 
leading to heightened expression of COX-2 and iNOS, two 
essential markers involved in inflammation and oxidative stress 
[20]. 

Elevated temperatures lead to an increase in mitochondrial 
activity while simultaneously impairing electron transport 
chains, which results in the excessive generation of reactive 
oxygen species (ROS) [51]. These ROS function as signaling 
molecules that activate redox-sensitive transcription factors, 
such as NF-κB and AP-1, which in turn directly enhance the 
transcription of COX-2 and iNOS genes [52]. Pro-
inflammatory cytokines such as TNF-α, IL-1β, and IL-6 are 
released in response to heat stress [53]. These cytokines initiate 
intracellular signaling cascades, notably the MAPK and NF-κB 
pathways, which lead to an increased expression of COX-2 and 
iNOS. COX-2 facilitates the synthesis of prostaglandins, 
whereas iNOS elevates nitric oxide (NO) production, thereby 
intensifying the inflammatory response [54]. 

Furthermore, heat stress can induce vascular dysfunction 
and tissue hypoxia due to changes in blood flow and 
dehydration [55]. Under hypoxic conditions, hypoxia-inducible 
factor-1α (HIF-1α) is activated, which has been demonstrated 
to stimulate iNOS expression and collaborate with 
inflammatory pathways to boost COX-2 levels [56]. Therefore, 
heat stress increases disease susceptibility and aggravates 
lesions, especially vascular ones, in accordance with the 
observations of the current study. 

By upsetting the relationships between the host, the 
pathogen, and the environment, all crucial elements of disease 
and climate change dramatically alter the epidemiology of 
vector-borne viral diseases in sheep [57]. The increases in 
temperature, and the occurrence of more frequent extreme 
events associated with climate change enhance the fitness and 
feeding behavior of vectors. Given that vector-host contact 
rates are heavily influenced by climate, these changes 
contribute to a heightened transmission of viral diseases, 
including BTV [58]. The environmental disturbances driven by 
climate change present substantial public health challenges 
(SDG 3) and threaten the sustainability of livestock, 
particularly in resource-constrained environments. An 
increasing body of evidence suggests that climate change has a 
significant impact on livestock health, as cardiopulmonary 
dysfunction resulting from heat stress or BTV infection 
illustrates the synergistic effects of environmental stressors and 
infectious diseases [59]. 

Our research revealed that BTV was identified in 12 out of 
19 instances. Most positive cases were noted during the 
warmer seasons, especially in spring and early summer. 
Climatic interactions manifest through the spatial and temporal 
distribution of Culicoides vectors [60]. In South Africa and 
Kenya, the seasonal prevalence of adult C. imicola is closely 
associated with rainfall from previous months, while predictive 
models in Iberia, Morocco, and South Africa underscore the 
significance of mean annual temperatures during both the 
coldest and warmest periods [61]. Prevalence of bluetongue in 
sheep varies widely by region, ranging from 12.9% to 65% in 
different studies and locations [62,63,64]. Our investigation has 
documented elevated MDA levels alongside diminished TAC 
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and GSH concentrations in cardiac and pulmonary tissues 
under extreme temperature–humidity index conditions. Heat 
stress (HS), which raises free radical production above the 
body's antioxidant capacity and causes oxidative damage and 
disruption of antioxidant defense mechanisms, is attributed for 
these alterations [65,66,67]. Consistent with this, Rebez et al. 
[68] illustrated that climate-related stress in sheep disturbs the 
oxidant–antioxidant equilibrium, as indicated by heightened 
blood MDA and cortisol levels, along with significant 
decreases in TAC and GSH. Similarly, Bouzar et al. [69] 
demonstrated that BTV infection boosts the generation of 
reactive oxygen species (ROS) in endothelial cells due to the 
localization of BTV-associated proteins within mitochondria, a 
process linked to increased expression of cytokines and 
inflammatory mediators. In the current study, the expression 
levels of BDKRB1 and HSP70 were significantly elevated in 
cardiac tissues, while BDKRB1 expression was also 
heightened in lung samples during spring and early summer. 
These stress-responsive proteins are crucial for cellular 
adaptation to various stressors, including heat, cold, oxidative 
stress, and infection, by safeguarding cells from damage and 
facilitating survival and recovery processes [70,71]. 
Rouhiainen et al. [72] noted that thermal stress significantly 
modifies BDKR expression, a vital mediator of inflammatory 
responses. The observed increase in BDKRB1 expression 
indicates that heat stress (HS) initiates inflammation and tissue 
damage, which in turn promotes the release of pro-
inflammatory cytokines, increases vascular permeability, and 
leads to the infiltration of immune cells. This investigation also 
noted an increase in HSP70 mRNA levels in response to heat 
stress (HS), aligning with earlier research conducted on sheep 
[72]. Borges et al. [73] indicated that HSP70, recognized as 
one of the most thoroughly examined heat shock proteins in 
sheep, is stimulated by HS and functions as a molecular 
chaperone. It promotes the breakdown of damaged proteins, 
prevents protein aggregation, and helps proteins fold and refold 
correctly. Additionally, HSP70 affects inflammatory responses 
by interacting with different interleukins and cytokines like 
TNF-α. Conversely, we observed a reduction in HSP70 levels 
in the lungs. In contrast, other studies, such as those by Singh 
et al. [43], found that HSP70 levels in the spring were lower 
compared to other seasons, as the climatic conditions during 
spring were more conducive for sheep. The average 
Temperature-Humidity Index (THI) values during the noon 
hours in summer (31.54) and fall (23.60) exceeded those 
recorded in winter and spring. Some research indicates that 
cells from sheep breeds that are better adapted to heat produce 
lower concentrations of HSP70 compared to those from less 
adapted breeds [74]. Likewise, in sheep acclimatized to desert 
conditions, HSP70 levels were found to be higher than in their 
less adapted counterparts [75]. The infection caused by the 
Bluetongue virus (BTV) has been demonstrated to trigger 
cellular stress responses, which include the upregulation of heat 
shock proteins like HSP70 [76,77]. During BTV infection, the 
process of viral replication and the resultant oxidative stress 
disrupt normal cellular functions, leading to the activation of 
HSP70 expression as a protective mechanism [78].  In addition 
to being essential for maintaining protein integrity, elevated 
HSP70 influences the host's immune response by interacting 
with pro-inflammatory cytokines like TNF-α and interleukins, 
which may impact the degree of inflammation brought on by 
BTV [79]. Furthermore, some research indicates that HSP70 
might directly engage with viral proteins, facilitating either 

viral assembly or replication, thereby underscoring its dual 
function in cellular protection and viral dissemination [80]. 
Consequently, HSP70 serves as a significant mediator in the 
interaction between host and pathogen during BTV infection, 
connecting cellular stress responses to inflammatory pathways 
and the pathogenesis of the virus [81]. Our research revealed a 
downregulation of IRF3 in samples taken from the heart and 
lungs. Conversely, we observed an increased expression of 
STAT2 in heart samples, while lung tissues exhibited a 
downregulation. BTV has developed various mechanisms to 
circumvent the host's antiviral immune response, particularly 
targeting the type I interferon (IFN) pathway. Two essential 
elements of this pathway are IRF3 and STAT2 [82]. IRF3 
functions as a transcription factor that, upon viral infection, 
undergoes phosphorylation and is translocated into the nucleus 
to initiate the expression of type I interferons (IFN-α/β). The 
infection by BTV can activate IRF3 early in the infection 
process, thereby initiating an antiviral response [83]. However, 
specific BTV proteins, such as NS3, have the capability to 
inhibit the phosphorylation or nuclear translocation of IRF3, 
consequently suppressing the production of IFN and 
attenuating the host's antiviral response [82]. STAT2 is an 
integral component of the JAK-STAT signaling pathway, 
which mediates the cellular response to type I interferons [83]. 
Following the binding of IFN to its receptor, STAT2 forms a 
complex with STAT1 and IRF9, which is then translocated into 
the nucleus to enhance the transcription of interferon-
stimulated genes (ISGs) that serve to inhibit viral replication 
[84]. BTV has been demonstrated to disrupt STAT2 signaling, 
either by enhancing its degradation or by inhibiting its 
phosphorylation, which consequently hinders ISG induction 
and promotes viral replication [85]. Certain studies indicate 
that BTV infection may result in the proteasomal degradation 
of IRF3 or the inhibition of it signaling pathway in infected 
cells, especially within cardiac and pulmonary tissues, where 
viral replication is prevalent [83,86] Conversely, the heart may 
exhibit reduced viral replication or a delayed suppression 
mediated by viral proteins, thereby enabling host cells to 
upregulate STAT2 as a compensatory antiviral mechanism 
[87]. An increase in STAT2 levels in the heart could signify the 
activation of interferon signaling aimed at controlling viral 
dissemination within this organ, which is vital for survival [88]. 
This tissue-specific variation may also be affected by 
differences in the local cytokine environment, immune cell 
infiltration, or stress responses, which can variably influence 
STAT2 expression [89]. BTV produces proteins such as NS3 
and NS4, which can facilitate the degradation of STAT2 or 
inhibit its phosphorylation, thereby diminishing its activity 
[88]. The lung serves as a primary site for BTV replication, and 
the viral load may be elevated in this region, resulting in a 
more pronounced suppression of STAT2, which leads to lower 
levels of STAT2. This decline reduces ISG expression and 
compromises the local antiviral response, thereby promoting 
viral replication in lung tissues [89].  

In interpreting this study's findings, several limitations 
should be acknowledged: Sample Size and Statistical Power: 
Although biologically relevant trends were found in oxidative 
stress markers (MDA, TAC and GSH), the relatively small 
number of samples (n = 19) make interpretation difficult. 
Variables in the environment and breeds could introduce 
heterogeneity and mask more consistent responses (e.g., 
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microclimate fluctuations, breed-specific thermotolerance 
levels). 

V.   CONCLUSION 

Climate change is closely associated with livestock health, 
showing that heat stress, indicated by higher temperature-
humidity indices, contributes to the emergence and severity of 
Bluetongue virus (BTV) in sheep. BTV was identified in ill-
bleeding carcasses, supported by molecular analysis, 
pathological findings, and biochemical evaluations of oxidative 
stress. 
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