


Case Study
Clinico-Pathological and Molecular Diagnosis of Ccpp In Goats - A Case study
 

ABSTRACT
Contagious caprine pleuropneumonia (CCPP) is a highly contagious and economically important respiratory disease of goats caused by Mycoplasma capricolum subsp. capripneumoniae (Mccp). The present case study reports the clinico-pathological and molecular confirmation of CCPP in three goat flocks from Thotaravulapadu village, NTR district, Andhra Pradesh. Eleven goats of different age groups exhibited classical clinical signs including severe respiratory distress, sero-mucoid nasal discharge, coughing, dyspnoea, pyrexia, and general malaise. Three four-month-old kids that succumbed to the disease were subjected to detailed necropsy examination. Gross pathological findings revealed hydrothorax, bilateral fibrinous pleuritis, lung consolidation with characteristic marbling, and fibrinous pericarditis. Histopathological examination of lung tissues showed fibrin deposition, severe congestion, necrosis, sequestration, and infiltration of polymorphonuclear and mononuclear cells in alveoli and interlobular septa, along with fibrinous pleuritis. Molecular diagnosis was performed using polymerase chain reaction (PCR) targeting the arcD gene of Mccp, which yielded a specific 316 bp amplicon from lung tissue samples, confirming the presence of the pathogen. Based on the integration of clinical signs, gross and histopathological lesions, and molecular evidence, the diagnosis of CCPP was conclusively established. This case study highlights the importance of rapid clinico-pathological assessment combined with molecular diagnostics for accurate confirmation of CCPP, which is crucial for timely disease control and prevention in endemic regions.
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1.  INTRODUCTION
In India sheep and goat farming is actively promoted by the government itself as a means to enhance livelihood security and achieve food security. These forms are now playing crucial role as the backbone of the rural economy in India, playing a vital role in improving the livelihood security and socio-economic status of rural and peri-urban communities, especially in developing countries across Africa and Asia. In these regions, outbreaks of CCPP can result in morbidity rates approaching 100% and mortality ranging from 60–80%, leading to severe production losses, trade restrictions, and disruption of rural economies (Thiaucourt et al., 1996). Contagious caprine pleuropneumonia (CCPP) is a serious disease of goat with high morbidity and mortality rates. It is recognized as one of the most economically devastating mycoplasmal diseases of goats and is listed by the World Organisation for Animal Health (WOAH, formerly OIE) as a notifiable transboundary animal disease due to its rapid spread and serious socio-economic consequences (WOAH, 2022). 
Diagnosis of contagious caprine pleuropneumonia is often complicated by the non-specific nature of early clinical signs and its close resemblance to other caprine respiratory diseases such as pasteurellosis, peste des petits ruminants, and contagious agalactia. Field diagnosis based solely on clinical manifestations and gross lesions may therefore lead to misdiagnosis and delayed control measures (Nicholas et al., 2008; Nicholas and Churchward, 2012). Conventional isolation of Mycoplasma capricolum subsp. capripneumoniae is laborious and time-consuming due to the fastidious growth requirements of the organism (Bölske et al., 1996; Thiaucourt and Bölske, 1996). Consequently, confirmatory diagnosis increasingly relies on the integration of pathological examination with molecular techniques. Histopathology provides valuable insights into disease pathogenesis and lesion progression, while polymerase chain reaction (PCR) targeting specific genes such as arcD enables rapid, sensitive, and specific detection of the pathogen directly from clinical samples (Woubit et al., 2004; Abraham et al., 2015). An integrated clinico-pathological and molecular diagnostic approach is therefore essential for accurate confirmation of CCPP, particularly in endemic regions where early intervention is critical to limit disease spread and economic losses (Yatoo et al., 2018; WOAH, 2022).
CCPP is caused by Mycoplasma capricolum subsp. capripneumoniae (Mccp) which was previously known as Mycoplasma F38 strain (Bascuñana et al.,1994, Bolske et al., 1996 and Abraham et al., 2015). The disease is characterized by acute fibrinous pleuropneumonia, severe respiratory distress, and high mortality, particularly in naïve goat populations (Nicholas et al., 2008). The principal lesion at necropsy is fibrinous pleuropneumonia with massive lung consolidation, accompanied by accumulation of straw-coloured pleural fluid.  Affected goats are characterized by fever, coughing and severe respiratory signs with pneumonic changes causing a fatal condition (Abraham et al., 2015 and Yatoo et al., 2019). Due to the fastidious nature of the causative organism and similarities with other caprine respiratory diseases, definitive diagnosis remains challenging and requires laboratory confirmation using serological and molecular techniques such as competitive ELISA and PCR. Despite advances in diagnostic tools and vaccination strategies, control of CCPP remains difficult in endemic regions due to limited surveillance, unrestricted animal movement, and inadequate awareness among farmers. Effective prevention relies on early detection, quarantine measures, vaccination, and strengthening of disease reporting systems (WOAH, 2022). In view of the growing importance of goats in food security and poverty alleviation, a comprehensive understanding of the epidemiology, pathogenesis, diagnosis, and control measures of CCPP is essential. Hence, confirmative diagnosis of CCPP is essential and should be rapid for this devasting disease in endemic areas, to lower the morbidity and mortality rates (Yatoo et al., 2018 and Parray et al., 2019). So, the current case study will provide insights of clinic-pathological and molecular confirmation of CCPP in Goats. 
HISTORY AND OBSERVATIONS
In the present study eleven goats of different age group among three goat flocks in Thotaravulapadu village, NTR district, Andhra Pradesh presented with history of clinical signs like respiratory distress, with sero-mucoid nasal discharges, coughing, dyspnoea, pyrexia and general malaise (Fig. 1). Among them, three kids of age four months died and were brought for postmortem examination. At necropsy, external examination showed muco-purulent discharges from nostrils and skin eruptions on the rim of nostrils. Internal examination revealed approximately 100ml of tan yellow coloured serous fluid in thoracic cavity and fibrinous pleural adhesions bilaterally (Fig. 2). Grossly, lungs exhibited lobes of consolidation and widened interlobular septa with jelly like material giving marbling appearance (Fig. 3). Pericardial sac contained approximately 40ml of serous fluid along with deposition of fibrin on pericardium (Fig. 4).
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	Fig 1: CCPP effected goat with sero-mucoid nasal discharges
	Fig 2: Thoracic cavity: presence of yellow coloured serous fluid and bilateral fibrinous pleuritis
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	Fig 3: Marbling appearance of lungs
	Fig 4: Fibrinous pericarditis


2. MATERIAL AND METHODS
Study Area and Case History
The present investigation was conducted in Thotaravulapadu village, NTR district, Andhra Pradesh, India. The study involved three goat flocks where an outbreak of a severe respiratory disease was reported. A total of eleven goats of different age groups exhibited clinical signs suggestive of contagious caprine pleuropneumonia (CCPP), including respiratory distress, sero-mucoid nasal discharge, coughing, dyspnoea, pyrexia, and general malaise. Among the affected animals, three four-month-old kids succumbed to the illness and were submitted for detailed postmortem examination.
Postmortem Examination
A systematic necropsy was performed on all three deceased goats following standard veterinary necropsy procedures. External examination focused on the presence of nasal discharges, skin lesions around the nostrils, and general body condition. Internal examination emphasized the thoracic cavity, lungs, heart, and associated serosal membranes. Particular attention was given to the presence of pleural and pericardial effusions, pleural adhesions, lung consolidation, and any characteristic lesions such as marbling of lung tissue. Gross pathological findings were carefully documented and photographed for further analysis.
Collection of Tissue Samples
Representative tissue samples from lungs, heart, liver, and trachea were collected immediately after necropsy. For histopathological examination, tissue samples approximately 2–3 mm in thickness were fixed in 10% neutral buffered formalin. Separate lung tissue samples were collected aseptically and stored at −20°C for molecular analysis to avoid DNA degradation.
Histopathological Processing and Examination
Formalin-fixed tissue samples were processed following routine paraffin embedding techniques. Briefly, tissues were washed under running tap water to remove excess formalin, dehydrated through ascending grades of alcohol, cleared in xylol, and embedded in paraffin wax. Sections of 3–4 µm thickness were cut using a semi-automatic microtome. The tissue sections were mounted on glass slides and stained with hematoxylin and eosin (H&E) following standard protocols (Luna, 1968). Stained sections were examined under a light microscope for histopathological changes, including inflammatory cell infiltration, fibrin deposition, necrosis, sequestration, and involvement of pleura and pericardium.
Molecular Diagnosis
DNA Extraction
Genomic DNA was extracted from frozen lung tissue samples using the HiPurA® Mammalian Genomic DNA Purification Kit (HiMedia Laboratories, India) following the manufacturer’s instructions. The extracted DNA was quantified and assessed for purity before being used as a template for polymerase chain reaction (PCR).
Polymerase Chain Reaction (PCR)
Molecular detection of Mycoplasma capricolum subsp. capripneumoniae was carried out by PCR targeting the arcD gene, a species-specific marker. PCR amplification was performed using primers described by Abraham et al. (2015). The forward primer sequence was 5′-ATCATTTTTAATCCCTTCAAG-3′ and the reverse primer sequence was 5′-TACTATGAGTAATTATAATATATGCAA-3′.
The PCR reaction mixture contained template DNA, primers, PCR master mix, and nuclease-free water in appropriate concentrations. Amplification was carried out under optimized cycling conditions consisting of initial denaturation, followed by repeated cycles of denaturation, annealing, and extension, and a final extension step.
Agarose Gel Electrophoresis
PCR products were subjected to electrophoresis on 1.5% agarose gel containing ethidium bromide. A 100 bp DNA ladder was used as a molecular size marker. The gel was visualized under ultraviolet illumination using a gel documentation system, and the presence of a specific 316 bp amplicon was considered confirmatory for Mycoplasma capricolum subsp. capripneumoniae.
Diagnostic Criteria
The diagnosis of contagious caprine pleuropneumonia was established based on a combination of clinical history, characteristic gross pathological lesions, histopathological findings, and molecular confirmation by PCR targeting the arcD gene of Mycoplasma capricolum subsp. capripneumoniae.
3. RESULTS 
Histopathological lesions
Almost all the lung sections revealed presence of fibrin and mixed leucocytic infiltrates in the alveoli and bronchioles. Several sections exhibited multiple focal areas of severe necrosis of lung parenchyma and these were surrounded by numerous polymorphonuclear cells and mononuclear cells. Further these necrotic areas were encircled by one to two layers of fibroblasts in few sections (Sequestration) (Fig. 5 and Fig. 6). Few sections showed infiltration of inflammatory cells predominately macrophages within the peribronchiolar and alveolar subepithelial areas (Fig. 7). All the sections demonstrated dilated interlobular septa containing edema, fibrin and inflammatory cells and the lesions extended to pleural surface resulting in fibrinous pleuritis. Sections from heart showed fibrin deposition along with numerous PMNs in pericardium (Fig. 8). Degenerative changes in hepatocytes were also noticed in liver along with severe congestion.
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	Fig. 5: Multifocal areas of necrosis and sequestration in lung parenchyma H&E,100x.
	Fig. 6: Numerous PMNs and mononuclear cells in alveoli, H&E, 400x.
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	Fig. 7: Infiltration of inflammatory cells within the peribronchiolar and alveolar subepithelial regions, H&E,100x.
	Fig. 8: Fibrin deposition along with numerous inflammatory cells in pericardium, H&E, 400x.




Polymerase chain reaction
[bookmark: _Hlk183636327]In the present study, molecular diagnosis of CCPP in affected goat was carried out by amplification of arcD gene of Mccp using specific primers. The genomic DNA extracted from lung samples from dead goat were used for amplification and the positive samples yielded expected bands. On electrophoretic analysis, amplicons of 316bp size of arcD gene (Fig. 9) were obtained confirming the presence of Mccp in lung samples.
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Fig. 9: Agarose gel electrophoresis showing amplified arcD gene fragment of Mccp
4. DISCUSSION 
The current study on an outbreak of Contagious Caprine Pleuropneumonia (CCPP) affecting eleven goats of varying age groups across three flocks in Thotaravulapadu village, NTR district, Andhra Pradesh, offers comprehensive insights. The affected animals exhibited typical clinical signs, including respiratory distress, sero-mucoid nasal discharge, coughing, dyspnea, pyrexia, and general malaise are considered as hallmark indicators of CCPP, a disease known for its high morbidity and mortality rates in goats (Kusiluka et al. 2000, Tharwat et al., 2017, Iqbal Yatoo et al., 2019, Dhaygude et al., 2023 and Esmaeili and Joghataei, 2024).  These symptoms are directly linked to the pathogenesis initiated by the inhalation of Mycoplasma capricolum subsp. capripneumoniae (Mccp), the causative agent of CCPP. Upon inhalation, Mccp colonizes the respiratory tract, adhering to the ciliated epithelium of the lungs (Iqbal Yatoo et al.,2019). 
Postmortem examinations of three deceased kids revealed characteristic lesions of CCPP, including muco-purulent nasal discharges, skin eruptions around the nostrils, accumulation of approximately 100 ml of tan-yellow serous fluid in the thoracic cavity, bilateral pleural adhesions with fibrin deposition, consolidated lungs with widened interlobular septa containing jelly-like material, and about 40 ml of serous fluid in the pericardial sac with fibrin deposition on the pericardium, which were also reported similarly by Dhaygude et al. (2023). The marked gross lesions like hydrothorax, pleural thickening, pleural adhesion, consolidation of lobes of the lung and characteristic marbling observed in the present case are in accordance with the previous observations (Nicholas et al., 2008; OIE, 2008, Sasikala et al., 2020). Colonization of bacteria in ciliated epithelium triggers an inflammatory response characterized by the release of cytokines such as tumour necrosis factor and interleukins, leading to vasculitis and fibrino cellular exudation. (Elhassan and Salama 2018, Iqbal Yatoo et al., 2019, Parray et al., 2019 and Sasikala et al., 2020). 
In corroboration with the earlier reports, histopathology of lung sections revealed severe congestion, multifocal necrotic areas along with infiltration of numerous PMNs and mononuclear cells encircled by one to two layers of fibroblasts (Abraham et al., 2015 and Nicholas and Churchward, 2012). Further, the dilated interlobular septa containing edema, fibrin and inflammatory cells and the extended lesions to pleural surface resulting in fibrinous pleuritis were in agreement with (Parray et al., 2019 and Sasikala et al., 2020). Unilateral lung involvement and marbling are a characteristic feature of CBPP and rarely seen in CCPP but it was more prominent in the present case (Radostatis et al., 2000, Sasikala et al., 2020).
An outbreak of CCPP in a goat farm of Kerala was reported by Abraham et al. (2015) based on PCR amplification of the arcD gene and as similar report by Abdollahi et al. (2023), in the current study, the molecular diagnosis of the presence of the pathogen in lung samples was done through Polymerase Chain Reaction (PCR) targeting the arcD gene of Mccp confirmed, with the amplification of a 316 bp fragment. This gene exhibits significant sequence divergence compared to homologous regions in closely related species within the Mycoplasma mycoides cluster. Due to this high variability, the arcD gene serves as a specific and reliable target for PCR-based diagnostics, enabling accurate identification of Mccp and differentiation from other mycoplasmas that may cause similar clinical signs in goats (Woubit et al., 2004). 
5. CONCLUSION 
The present case study conclusively confirms the occurrence of contagious caprine pleuropneumonia in goat flocks from NTR district, Andhra Pradesh, through a combination of clinical observations, gross and histopathological findings, and molecular diagnosis. The affected goats exhibited characteristic respiratory signs, while necropsy revealed hallmark lesions such as fibrinous pleuropneumonia, lung consolidation with marbling, hydrothorax, and fibrinous pericarditis. Histopathological examination further substantiated the diagnosis by demonstrating severe inflammatory responses, fibrin deposition, necrosis, and sequestration in lung tissues. Molecular confirmation by PCR amplification of the arcD gene of Mycoplasma capricolum subsp. capripneumoniae provided definitive evidence of the etiological agent. The study emphasizes that reliance solely on clinical signs may be misleading due to similarities with other caprine respiratory diseases. Therefore, an integrated diagnostic approach combining pathology and molecular techniques is essential for accurate and early detection of CCPP. Prompt diagnosis is critical to implement control measures such as quarantine, movement restriction, and vaccination to reduce morbidity, mortality, and economic losses. The findings reinforce the need for heightened disease surveillance, farmer awareness, and laboratory diagnostic capacity in endemic regions to prevent future outbreaks and safeguard goat production systems.
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