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			Abstract | Bovine respiratory disease (BRD) is a primary cause of morbidity and mortality in calves. Early diagnosis of BRD in young calves particularly the subclinical cases is very important. Therefore, this study aims to record the lung ultrasonographic and serum biochemical changes accompany the clinical and subclinical BRD in calves. A total number of 40 buffalo calves were clinically examined by the usual physical examination methods. Thorax ultrasonography on both sides was applied, and blood samples were collected for serum biochemical analysis. After clinical examination calves were grouped into diseased (n=15) and apparently healthy (n=25), but after TUS buffalo calves were regrouped into healthy (n=18), subclinical (n=7), and clinically diseased (n=15) the ultrasound examination of lungs revealed different levels of lung affections varying from mild comet tail to pulmonary hyperechogenicity and pleural irregularity. The levels of serum interleukin-6, haptoglobin, and malondialdehyde were similar in both the healthy group (35.74 pg/ml, 237.30 ng/ml, and 56.77 ng/ml, respectively) and the subclinical group (34.71 pg/ml, 241.23 ng/ml, and 60.35 ng/ml, respectively). However, these parameters were markedly elevated in the clinical group (83.46 pg/ml, 543.77 ng/ml, and 130.31 ng/ml, respectively). Additionally, the albumin level in the clinical group (3.60 g/dL) was significantly lower than those in the healthy (4.22 g/dL) and subclinical groups (4.00 g/dL). The activities of GGT and ALP in the clinical group (68.20 U/L and 190.40 U/L, respectively) were substantially higher than in the healthy group (12.94 U/L and 142.38 U/L, respectively) and the subclinical group (15.88 U/L and 127.19 U/L, respectively). Routine clinical examination aided with thoracic ultrasonographic scanning and serum biochemical analysis for buffalo calves could facilitate the early detection of subclinical pneumonia, therapy helping farmers to avoid adverse consequences and minimize the economic losses. 
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			INTRODUCTION 

			Bovine respiratory disease (BRD) is one of the most economically significant diseases affecting the cattle industry worldwide because of its substantial impact on animal health, welfare, productivity, and treatment costs. In addition to causing considerable economic losses, BRD adversely affects animal welfare and remains a leading cause of mortality in dairy heifers in the United States. It has also been identified as the second most common cause of death in pre-weaned dairy calves (USDA, 2007; USDA, 2008). Pulmonary tissue damage associated with BRD markedly impairs animal performance and productivity. Weekly monitoring studies have demonstrated that lung consolidation significantly reduces average daily gain in pre-weaned dairy calves (Sáadatnia et al., 2023). In feedlot cattle, morbidity rates may exceed 70%, while mortality rates can range from 5% to 70%, depending on disease etiology and management practices (Edwards, 2010; Griffin et al., 2010).

			Although BRD has been extensively investigated in cattle, relatively few studies have addressed its prevalence in buffaloes. Earlier reports indicated that BRD prevalence is higher in young buffaloes (1–4 years old) compared with adults (Robin, 1974; Makhdoomi et al., 2013). More recently, Jaibhaye et al. (2022) reported a BRD prevalence of 4.6% in Indian buffaloes. Respiratory diseases are commonly associated with various physiological and biochemical alterations, including changes in circulating biomarkers. Disturbances in internal homeostasis contribute to the development of clinical respiratory manifestations and inflammatory responses.

			Several clinical scoring systems have been developed to improve BRD diagnosis under field conditions (Theurer et al., 2013). Respiratory scoring (RS) systems, including the California and Wisconsin methods, rely on the evaluation of objective clinical signs such as nasal discharge, coughing, rectal temperature, ocular discharge, and abnormal respiratory sounds (Love et al., 2014). However, subclinical pneumonia may occur in the absence of obvious clinical signs despite having potential long-term consequences comparable to clinical pneumonia, including reduced growth performance, decreased milk production, and lower carcass yield. Furthermore, buffaloes often exhibit mild or subclinical manifestations of disease, which may complicate early diagnosis (Martínez-Burnes et al., 2024), for example Reddy et al. (2018) reported that four buffalos suffering from mild pneumonia died during treatment. This might be due to long-standing subclinical pneumonia

			Recently, thoracic ultrasonography (TUS) has emerged as a valuable on-farm, non-invasive diagnostic tool capable of providing accurate information regarding lung consolidation and the progression of pulmonary lesions. Early detection of BRD is essential for limiting disease progression and minimizing economic losses (Li et al., 2022). Therefore, identifying reliable biomarkers for naturally occurring BRD, particularly in mild and moderate cases, is of considerable importance for reducing disease incidence and recurrence (Joshi et al., 2018). Alterations in plasma biochemical parameters may provide useful information for the early diagnosis of BRD, assessment of disease severity, and evaluation of the inflammatory response associated with pneumonia (Kumar et al., 2018). Consequently, integrating respiratory scoring systems, biochemical analyses, and thoracic ultrasonography may represent a comprehensive and effective approach for the early detection of BRD, particularly during the introduction of new animals into farms (Jourquin et al., 2023).

			The present study aimed to describe the dynamics of lung consolidation during the early stages of pneumonia using thoracic ultrasonography and to evaluate the associated serum biochemical alterations in clinical and subclinical cases of BRD in pre-weaned buffalo calves (Bubalus bubalis) compared with clinically healthy controls.

			MATERIALS AND METHODS

			Animals and housing 

			A total of 40 buffalo calves ranged between 2-8 weeks of age, were from the animal farm of the Faculty of Veterinary Medicine, Suez Canal University. The calves were housed in an outdoor yard during daylight and transferred to closed pens at sunset. Calves were suckling from foster mothers twice daily and beside the calf starter meal.

			Clinical examination 

			Clinical examination of the animals was conducted. Calves suspected to have BRD. All clinical signs, rectal temperature, mucous membrane and thorax auscultation by stethoscope were recorded.

			Ultrasonographic examination 

			Ultrasonographic examination of thoracic region from the right and left sides was conducted in all animals using a 4.5–7.5MHz linear ultrasound for calves, EXGAo, Noveko International Inc, ECM, Echo Control Medical, France). The protocol of TUS examination followed Ollivett and Buczinski (2016). The probe was moved from the caudodorsal thorax to the cranioventral starting from the 10th to 6th intercostal spaces ICS to examen the caudal lobes of right and left lungs. Then on the right thorax the probe was at the 5th ICS to examine the middle lobe till reaches the base of the heart until the internal thoracic artery and vein were seen to examine the cranial and caudal aspects of the cranial lobe. While on the left side the probe was placed on the 5-4th ICS, the progressed till reaching the heart to examine the caudal and cranial aspects of the cranial lobe of the left lung respectively. The TUS scoring followed the ordinal 6-point TUS scoring method (Table 1).

			Table 1: The ordinal 6-point thoracic ultrasound (TUS) scoring method and the TUS2 and TUS3 criteria, and their definitions.
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							Lobar pneumonia: consolidation of ≥3 entire lung lobes

						
					

				
			

			Blood sampling 

			A blood sample was drawn from the jugular vein of each calf in a plain tube. After allowing the blood to clot, it was centrifuged at 1000 ×g for 10 minutes. The serum was then separated and kept at -20°C for biochemical analysis. 

			Serum biochemical assay 

			The kits used to assess alkaline phosphatase (ALP), gamma-glutamyl transferase (GGT), total protein, and albumin were obtained from CliniChem (Budapest, Hungary). Bovine ELISA kits from Sunlong Biotech. (China) were used to measure the haptoglobin and malondialdehyde (MDA) levels. Fine Test (China) provided the bovine ELISA kits used to detect interleukin-6 (IL-6) and superoxide dismutase (SOD). All the serum biochemical parameters were measured using the standard procedures outlined in the manufacturer’s booklet. Serum globulin was determined by subtracting albumin from total protein, and the albumin-to-globulin (A/G) ratio was determined by diving albumin by globulin (Kaneko et al., 2008).

			Statistics 

			Data were analyzed using SPSS version 25 (IBM Corp., Armonk, NY). Normality of the data was assessed using the Shapiro-Wilk test. Homogeneity of variance was evaluated using Levene’s test. For ALP which satisfying the assumption of normality and homogeneity of variance (p > 0.05), a standard One-Way ANOVA was conducted followed by Tukey’s HSD post-hoc test was applied for pairwise comparisons. However, because most variables exhibited significant heteroscedasticity (p < .05 in Levene’s test), Welch’s ANOVA was employed as the parametric test for these markers. Where Welch’s ANOVA yielded significant results, post-hoc pairwise comparisons were conducted using the Games-Howell procedure, which does not assume equal variances. For variables failing the normality assumption (GGT and Albumin), the Kruskal-Wallis H test was utilized, followed by Dunn-Bonferroni post-hoc analysis. Effect sizes were reported according to the statistical test. For parametric data analyzed via Welch’s ANOVA, Omega squared (ω2) was calculated. For non-parametric data analyzed via the Kruskal-Wallis test, Epsilon squared (ε2) was used. While Partial Eta Squared (ηp2) is reported in standard ANOVA. Results were considered statistically significant at p < 0.05.

			RESULTS

			Clinical presentation 

			Clinical examination revealed that normal healthy animals which did not show any of the clinical respiratory signs and no abnormal lung sounds (n=25, 62.5%), six calve (n=6, 15%) showed mild symptoms like slight unilateral nasal discharge and the temperature didn’t exceed 38.5 ˚C, two calves had (n=2, 5%) bilateral mucoid nasal discharge, mild ocular discharge and the body temperature was (39.5 ˚C). There was only one severe case of a calf having offensive odor yellow colored diarrhea and the body temperature was 40˚C (n=1, 2.5%). On auscultation of trachea and lungs sounds on both sides, there were crackling and some wheezes lung sounds in the diseased animals in addition to rattling tracheal and another 6 calves (15%) had crackles without respiratory clinical signs. 

			Ultrasonographic findings 

			Normal lungs ultrasonography showed neither consolidation nor pleural effusion in 18 normal calves (45%) (Figure 1). Twenty-two calves (55%) showed different pulmonary lesions on TUS, that number is subdivided as follows: fifteen calves showed comet tails artifacts in the form of bright echogenic bands (hyperechogenic areas). The comet tail artifacts varied from single to multiple comet tails > 0.5 -1cm especially in the cranioventral lobes were fanning out of the pleural line to the edge of the image scored as TUS1 (Figures 2 and 3). Four cases of pulmonary consolidation > 1.5cm width appeared on sonography, three of them expressed consolidation on the right lung and one case on the left lung. Some pulmonary consolidations appeared as hypoechoic structure surrounded by hyperechoic wall (Figure 3). Another form of consolidation where the bronchial walls appeared hyperechogenic with acoustic shadowing or comet tail (Figure 4) scored as TUS2 or lobular pneumonia. No pleural effusion was recorded, but there were irregularity and thickening of pleural membranes and both layers seemed slightly hyperechogenic in three calves (Figure 5). The subclinical cases were 5 casesTUS1 (as diffused comet tails vs 2 cases of TUS2 as comet tails with consolidation ≥ 1 cm.
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			Figure 1: Ultrasonogram of the surface of a normal lung in pre-weaned calf. The echogenic line represented pleural line (PL) as well as echogenic lines running parallel to the pulmonary surface referred as reverberation artifacts (RA). Ds= Dorsal; Vt= Ventral.
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			Figure 2: Thoracic ultrasonographic image of calves by examination of lung showed comet tail with reverberation artifact in caudal aspect of cranial lobe of right lung linear probe placed on 1–2 intercostal space Ds=Dorsal, Vt=Ventral, PL=Pleural line and CT= comet tail and C= consolidation, arrows= thoracic blood vessels. 
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			Figure 3: Thoracic ultrasonographic image of calves by examination of lung showed reverberation artifact in caudal aspect of cranial lobe of right lung linear probe placed on 3–4 intercostal space Ds=Dorsal, Vt=Ventral, PL=Pleural line, C= comet tails and CO= consolidation.
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			Figure 4: Ultrasonogram in a4 weeks old calf with bronchopneumonia (caudal aspect of cranial lobe) imaged from the upper third of the thorax in the left 5th ICS by using 7.5 MHz linear array transducer. It showed consolidated lung vs. mirror-image. Consolidation of lungs= C. Air bronchograms (BG) appeared as hyperechoic reflective bands within consolidated pulmonary lobe with comet-tail artifacts (CT) and hyperechoic spots that may be filled with fluid= (F). PL=Pleural line; Ds=Dorsal; Vt=Ventral.

			Serum biochemical analysis 

			The levels of IL-6, total protein, and haptoglobin revealed a highly significant increase (p < 0.001), while the albumin showed a highly significant drop (p < 0.001) in the clinical group in comparison to the healthy and subclinical groups. These parameters did not show significant changes between the healthy and the subclinical groups. The globulin level and A/G ratio showed significant differences among the three groups. The clinical group had the highest globulin level, followed by the subclinical group, then the healthy group. In the meantime, the healthy group had the highest A/G ratio, followed by the subclinical group, and the clinical group had the lowest. However, the GGT and ALP activities showed highly significant elevations (p < 0.001) in the clinical group compared to the healthy and subclinical groups. These liver enzymes did not show a significant difference between the healthy and the subclinical groups. The SOD activity exhibited a highly significant decrease (p < 0.001), although the MDA level revealed a highly significant increase in the clinical group compared to those of the healthy and subclinical groups (Table 2). There were no significant variations in SOD activity or MDA levels between the healthy and subclinical groups.
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			Figure 5: Thoracic ultrasound of subclinical bovine respiratory disease-affected calves. Examination of cranial aspect of cranial lung lobe of the right lung revealed arrows = pleural irregularity.

			DISCUSSION 

			According to Buczinski et al. (2025), calves with clinical signs and lung lesions are considered as having clinical pneumonia; calves with clinical signs and no lung anomalies are considered as calves with upper respiratory tract infection; calves without clinical signs but lung lesions are considered as subclinical pneumonia; and calves with no abnormal signs and normal lung findings are considered as healthy calves. After the clinical examination of the forty buffalo calves in the current study the percentage of apparently healthy animals 62.5% and after the TUS, the percentage of affected animals with lung consolidations and pulmonary affections increased while the percentage of healthy calves decreased. These results verify the importance of combination between the clinical signs and physical and ultrasonographic examination. Thoracic auscultation is of limited value (Buczinski et al., 2014) and it requires a skillful practitioner and quite environment for careful listening and lung sounds differentiation. Concerning buffalos which are reported to be very tolerant to express any symptoms of diseases (Mahmmod, 2014) due to their anatomical, physiological characteristics, and the rough environment where they are usually raised, water buffaloes are assumed to be more resistant to certain diseases and show minor clinical signs than cattle (Cuevas-Gómez et al., 1997; Martínez-Burnes et al., 2024). In fact, there is a weak to mild positive correlation between the clinical signs score and the TUS in dairy cattle and buffalo calves (Hussein et al., 2018). Also, Rabeling et al. (1998) detected subclinical lung lesions by ultrasonography as atypical consolidation when examined 24 clinically normal calves. Healthy calves had normal lungs which couldn’t be imaged by ultrasonography due to air content except for the appearance of reverberation artifacts that refer to the pleura (visceral and parietal layers). The sliding movement of the pleural lines were detected ultrasonographical as smooth hyperechoic lines during respiration. Ultrasonography of lungs revealed different pathological conditions within the lungs starting from a single comet tail to multiple comet tails. The presence of comet-tail artifacts on thoracic ultrasonography (TUS) is indicative of increased fluid accumulation, inflammation, and cellular infiltration within the pulmonary parenchyma. These pathological changes enhance the propagation and reflection of ultrasound waves, resulting in the generation of comet-tail artifacts. Clinically, the detection of comet tails is highly relevant because it reflects a variety of pulmonary and cardiogenic disorders. These artifacts are commonly associated with interstitial syndrome, cardiogenic pulmonary edema. According to Hussein et al. (2018) in buffalo calves the comet tail reflects sever congestion in lungs. The hypoechogenic areas surrounded by hyperechogenic walls of the bronchogram which indicates lung consolidation usually result from accumulation of inflammatory cells and cellular debris that displace the air from the lung tissue of clinical and subclinical cases of bronchopneumonia (Caswell and Williams, 2007). While the hypoechoic areas result from accumulation of fluids in the alveoli. Pleural irregularity means disruption of the pleural line continuity by comet tails or areas of consolidation. Some studies consider pleural irregularity as indication of infection or pneumonia in cattle (Omar et al., 2024) and in buffalo calves (Al-Noaemy and Al-Iraqi 2023).

			Cytokines play a crucial part in the inflammatory and immunological reactions that occur during pulmonary defense mechanisms (Rodríguez et al., 2015). In early

			Table 2: Serum biochemical parameters in healthy, subclinical, and clinical groups of buffalo calves.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							Groups

						
							
							Mean

						
							
							95% confidence interval for mean

						
							
							Statistic (F or H)

						
							
							df

						
							
							Effect Size

						
					

					
							
							IL6 (pg/ml)

						
							
							Healthy

						
							
							35.74 ± 1.38b

						
							
							(32.82-38.66)

						
							
							54.237

						
							
							2, 23.45

						
							
							0.038 (ω2)

						
					

					
							
							Subclinical

						
							
							34.71 ± 0.79 b

						
							
							(32.78-36.64)

						
					

					
							
							Clinical

						
							
							83.46 ± 4.55a

						
							
							(73.71-93.22)

						
					

					
							
							Total protein (g/dl)

						
							
							Healthy

						
							
							7.07± 0.09 b

						
							
							(6.89-7.25)

						
							
							34.280

						
							
							2, 17.19

						
							
							0.031 (ω2)

						
					

					
							
							Subclinical

						
							
							7.27 ± 0.09 b

						
							
							(7.06-7.50)

						
					

					
							
							Clinical

						
							
							7.84 ± 0.05 a

						
							
							(7.73-7.95)

						
					

					
							
							Albumin (g/dl)

						
							
							Healthy

						
							
							4.22 ± 0.07 a

						
							
							(4.07-4.37)

						
							
							25.704

						
							
							2

						
							
							0.485 (ε2)

						
					

					
							
							Subclinical

						
							
							4.00 ± 0.09 a

						
							
							(3.76-4.23)

						
					

					
							
							Clinical

						
							
							3.60 ± 0.03b

						
							
							(3.52-3.67)

						
					

					
							
							Globulin (g/dl)

						
							
							Healthy

						
							
							2.84 ± 0.07 c

						
							
							(2.70-2.98)

						
							
							209.946

						
							
							2, 16.25

						
							
							0.048 (ω2)

						
					

					
							
							Subclinical

						
							
							3.28 ± 0.07 b

						
							
							(3.10-3.45)

						
					

					
							
							Clinical

						
							
							4.28 ± 0.03a

						
							
							(4.20-4.36)

						
					

					
							
							A/G ratio

						
							
							Healthy

						
							
							1.49 ± 0.03a

						
							
							(1.44-1.55)

						
							
							304.511

						
							
							2, 13.06

						
							
							0.048 (ω2) 

						
					

					
							
							Subclinical

						
							
							1.22 ± 0.05b

						
							
							(1.11-1.34)

						
					

					
							
							Clinical

						
							
							0.84 ± 0.01 c

						
							
							(0.82-0.86)

						
					

					
							
							Haptoglobin (ng/ml) 

						
							
							Healthy

						
							
							237.30 ± 6.79 b

						
							
							(222.97-251.63)

						
							
							59.188

						
							
							2, 22.35

						
							
							0.040 (ω2) 

						
					

					
							
							Subclinical

						
							
							241.23 ± 5.68b

						
							
							(227.33-255.14)

						
					

					
							
							Clinical

						
							
							543.77 ± 27.22a

						
							
							(485.38-602.16)

						
					

					
							
							GGT (U/L)

						
							
							Healthy

						
							
							12.94 ± 0.39 b

						
							
							(12.10-13.78)

						
							
							31.218

						
							
							2

						
							
							0.568 (ε2)

						
					

					
							
							Subclinical

						
							
							15.88 ± 0.55 b

						
							
							(14.54-17.22)

						
					

					
							
							Clinical

						
							
							68.20 ± 3.27 a

						
							
							(61.19-75.21)

						
					

					
							
							ALP (U/L)

						
							
							Healthy

						
							
							142.38 ± 3.11b

						
							
							(135.81-148.94)

						
							
							61.692

						
							
							2,37

						
							
							0.769 (ηp2)

						
					

					
							
							Subclinical

						
							
							127.19 ± 6.91 b

						
							
							(110.29-144.10)

						
					

					
							
							Clinical

						
							
							190.40 ± 3.82 a

						
							
							(182.21-198.59)

						
					

					
							
							SOD (ng/ml)

						
							
							Healthy

						
							
							1.31 ± 0.03a

						
							
							(1.24-1.37)

						
							
							85.009

						
							
							2, 22.59

						
							
							0.043 (ω2)

						
					

					
							
							Subclinical

						
							
							1.28 ± 0.02a

						
							
							(1.22-1.34)

						
					

					
							
							Clinical

						
							
							0.79 ± 0.03b

						
							
							(0.73-0.87)

						
					

					
							
							MDA (ng/ml)

						
							
							Healthy

						
							
							56.77 ± 3.32b

						
							
							(49.77-63.77)

						
							
							124.959

						
							
							2, 22.29

						
							
							0.046 (ω2)

						
					

					
							
							Subclinical

						
							
							60.35 ± 0.87 b

						
							
							(58.22-62.48)

						
					

					
							
							Clinical

						
							
							130.31 ± 4.30 a

						
							
							(121.08-139.54)

						
					

				
			

			Mean values ± standard error. F, F-statistic; H, Kruskal-Wallis H-statistic; df, Degree of freedom; Statistically significant differences (p < 0.001) are denoted by superscript letters (a, b, c) where groups sharing the same letter do not differ significantly based on the post-hoc analysis. IL-6: interleukin-6, A/G ratio: albumin/globulin ratio, GGT: gamma-glutamyl transferase, ALP: alkaline phosphatase, SOD: superoxide dismutase, MDA: malondialdehyde.

			stage of pneumonia, alveolar macrophages are stimulated and release pro-inflammatory cytokines such as IL-6 (El-Sayed et al., 2025). IL-6 triggers lung dendritic cells, alveolar macrophages, endothelial cells, and epithelial cells, to produce chemokines that attract neutrophils and monocytes to the affected area (Ackermann et al., 2010). Moreover, IL-6 is essential for promoting the production of acute-phase proteins in the liver, which are critical during acute inflammation (McGill and Sacco, 2020). Our results showed that serum IL-6 level in the clinical group was significantly increased. These findings are in line with Kabu et al. (2016) who reported that IL-6 level was detected to be higher in the calves with clinical pneumonia than in the control group due to the existing inflammation.

			In our study, the clinically diseased calves had hyperproteinemia and hyperglobulinemia. Hyperproteinemia is usually related to infection and inflammation due to increased synthesis of acute phase proteins and immunoglobulins (Ramadan et al., 2019). A notable decrease in serum albumin level was detected in the clinical group. Albumin is the main negatively reacting acute phase protein, and it’s concentration decreases when infection and inflammation are present (Eckersall and Bell, 2010). This may be caused by the liver, which reduces albumin synthesis while increasing the production of acute phase proteins (Basbug et al., 2016). We also found a significant decrease in A/G values in the clinical group mainly due to the increased immunoglobulin synthesis (Ramadan et al., 2019). Haptoglobin is a primary acute phase protein and a preferred indicator in respiratory diseases, triggered by a pulmonary infection and inflammation (Khalphallah et al., 2022; Schrödl et al., 2016). The clinical group in our investigation showed a substantial increase in serum haptoglobin. This result was consistent with prior research showing that cattle with respiratory disorders had serum haptoglobin levels above reference levels (Jain et al., 2011).

			The clinical group showed a significantly higher GGT and ALP activities. This could be due to the systemic hypoxia, which triggers liver damage and increase the liver enzymes (Jaramillo et al., 2022). Another research reported a substantial rise in liver enzymes in BRD affected calves (Ramadan et al., 2019), which may be related to potential hepatic dysfunction caused by an inflammatory response in pneumonic calves (Almujalli et al., 2015).

			The MDA level of the clinical group was significantly increased in our investigation. A prior study found a notable rise in lipid peroxidation products including MDA, which is an indication of oxidative stress and a crucial component of the severe inflammation that occurs in the lungs of calves with BRD. When an infection of the respiratory tract and inflammation, oxidative stress may result from phagocytic cells at the infection site producing excessive amounts of reactive oxygen species (ROS) to eliminate harmful microorganisms (Joshi et al., 2018). One of the main endogenous antioxidant enzymes is SOD. In our study, SOD activity significantly reduced in the clinical group. Our findings are consistent with another study that found that the SOD activity of BRD-stressed calves was much lower than that of healthy calves (Joshi et al., 2018). This may be attributed to its wide usage in ROS neutralization (Panciera and Confer, 2010).

			CONCLUSION 

			Clinical signs and laboratory analyses remain essential components of disease diagnosis; nevertheless, their diagnostic value may be limited in detecting subclinical respiratory conditions such as subclinical pneumonia. Thoracic ultrasonography, as a non-invasive and real-time imaging modality, provides additional diagnostic information that improves the detection of pulmonary lesions not evident during routine clinical examinations. Therefore, the incorporation of TUS into bovine health assessment protocols can facilitate earlier diagnosis, optimize treatment decisions, and improve overall herd health and management strategies
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Ultrasonography and Serum Biochemical Analysis in Clinical and
Subclinical Pneumoniain Pre-Weaned Buffalo Calves (Bubalus bubalis)
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Abstract | Bovine respiratory disease (BRD) is a primary cause of morbidity and mortality in calves. Early diagnosis of
BRD in young calves particularly the subclinical cases is very important. Therefore, this study aims to record the lung
ultrasonographic and serum biochemical changes accompany the clinical and subclinical BRD in calves. A total number
of 40 buffalo calves were clinically examined by the usual physical examination methods. Thorax ultrasonography on
both sides was applied, and blood samples were collected for serum biochemical analysis. After clinical examination
calves were grouped into diseased (n=15) and apparently healthy (n=25), but after TUS buffalo calves were regrouped
into healthy (n=18), subclinical (n=7), and clinically diseased (n=15) the ultrasound examination of lungs revealed
different levels of lung affections varying from mild comet tail to pulmonary hyperechogenicity and pleural irregularity.
The levels of serum interleukin-6, haptoglobin, and malondialdehyde were similar in both the healthy group (35.74
pg/ml, 237.30 ng/ml, and 56.77 ng/ml, respectively) and the subclinical group (34.71 pg/ml, 241.23 ng/ml, and 60.35
ng/ml, respectively). However, these parameters were markedly elevated in the clinical group (83.46 pg/ml, 543.77 ng/
ml, and 130.31 ng/ml, respectively). Additionally, the albumin level in the clinical group (3.60 g/dL) was significantly
lower than those in the healthy (4.22 g/dL) and subclinical groups (4.00 g/dL). The activities of GGT and ALP in the
clinical group (68.20 U/L and 190.40 U/L, respectively) were substantially higher than in the healthy group (12.94
U/L and 142.38 U/L, respectively) and the subclinical group (15.88 U/L and 127.19 U/L, respectively). Routine
clinical examination aided with thoracic ultrasonographic scanning and serum biochemical analysis for buffalo calves
could facilitate the early detection of subclinical pneumonia, therapy helping farmers to avoid adverse consequences
and minimize the economic losses.

Keywords | Thoracic ultrasonography, Interleukin-6, oxidative stress, Haptoglobin, Subclinical pneumonia, Buffalo
calves
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INTRODUCTION industry worldwide because of its substantial impact on
animal health, welfare, productivity, and treatment costs.

Bovine respiratory disease (BRD) is one of the most In addition to causing considerable economic losses, BRD
economically significant diseases affecting the cattle adversely affects animal welfare and remains a leading
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