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Original Research Article 

Morphopathological study of Ovine Pulmonary Adenocarcinoma in Libya  

 

Abstract: 

Aims: to determine a first estimate of the prevalence of OPA in slaughtered sheep in East of 

Libya and to define morphopathological characteristics of OPA forms in native sheep of 

Libya.  

Study design: this study was carried out in some El-Beida slaughterhouses (in an eastern 

part of Libya) in period between October 2020 to April 2021. 

Methodology: the animal population involved in this study was native sheep, mostly male 

animals, their age more than 4 months. Lungs of 525 sheep carcasses were examined then 

full sections (n= 141) were utilised to histopathological examination.  

Results: 1.1% of examined cases and in 2.97% of affected lungs had Ovine Pulmonary 

Adenocarcinoma. In 4 out of 6 sheep, the classical form observed whereas 2 out of 6 sheep, 

atypical lesions detected. Histopathological changes were almost similar in the two forms. 

Conclusion: Ovine Pulmonary Adenocarcinoma was documented for the first time in sheep 

from El-Beida area and classical and atypical forms of OPA were reported and described. 

Moreover, this study provides a morphological background necessary for routine 

differentiation and indicates the necessity of initiating studies on identifying the epidemiology, 

etiological agents and pathogenesis of OPA in Libyan sheep 
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Introduction 

In Libya, there are 5,000 heads of cattle, 6,500,000 heads of small ruminants, 110,000 

slippers of camels, in addition to 12,000 of the equine species and 15 million chicken birds 

[1].  

 

Small ruminants are a major source of protein in Libya and a large number of them are 

found in the eastern region. The Al-Jabal Al-Akhdar (means Green Mountain), as part of the 

eastern region of Libya, is characterized as a pastoral area due to the fertility of its soil and 

the abundance of rainfall. The number of breeders in this region is 2,210, the number of 

sheep, 580989, and goats is 55,388, while the number of cows is 14,4697, camels 5873, 

and horses 1137 [2]. However, livestock in that area is not fully exploited due to the spread 

of some diseases, especially respiratory diseases that cause damage to lung tissue, low 

growth rate and carcass condemnation and the consequent significant economic impact on 

animal husbandry due to the need to revitalize chemical treatment programs and 

immunization in addition to mortality [3]. Pneumonia is the main respiratory disease in 

Libya, especially in the Jabal Al-Akhdar region, where pneumonia was detected in 141 

(26.9%) sheep [4]. 

 

In addition to pneumonia, there are other lung lesions, including sheep lung 

adenocarcinoma (SLA) or sheep pulmonary adenomatosis (SPA) or ovine pulmonary 

adenocarcinoma (OPA). The first appearance of the disease was in South Africa with the 

local name Jaagsiekte, which means literary drive disease [5]. From there it spread to all 

countries of the world, causing a serious impact on the sheep farming sector in the affected 

areas [6]–[8]. Ovine pulmonary adenocarcinoma (OPA) has long incubation period so it 

develops slowly and considers as a chronic respiratory disease of adult sheep 
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characterized by transformation of the bronchiolo- alveolar epithelium with transverse 

metastasis to regional lymph nodes [9]–[11]. Also it is known as a contagious sheep lung 

and has a striking similarity to some forms of human adenocarcinoma [11],[12], however, 

the cause of OPA is still controversial [5],[13]. Morphological, biochemical, and 

immunological changes raise suspicions about the type D-associated retrovirus (Jaagsiekte 

sheep retrovirus, JSRV) [14],[15], however, it cannot be cultured in vitro yet. The following 

researches has proven that type D-associated retrovirus has been consistently detected in 

the neoplastic pulmonary epithelium of infected sheep both naturally and experimentally 

[16]–[18]. After that, Palmarini and Fan, in 2001 cloned and sequenced the jaagsiekte 

sheep retrovirus (JSRV) [11]. 

 

This virus can infect all ages, but due to the long incubation period, clinical signs generally 

appear in adult sheep between 2 and 4 years old [19]. The incidence of OPA usually ranges 

from 2-5% but in some herds it can reach 30% [20]. Affected sheep suffer from febrile 

respiratory illness associated with weight loss. Two pathological forms of OPA are 

recognized including classic and atypical. In classical forms, neoplastic lesions occur mainly 

in the central cranial parts of all lobes of the lung. Atypical forms tend to be more nodular in 

both early and advanced tumors [21]. 

 

In Libya only one study has been carried out on OPA in Tripoli area by Ali and Abdelsalam 

(1999) who reported an occurrence of OPA in 4 lung sheep slides pulled from the archive 

collected ten years ago in the Tripoli region. However, gross feature was examined in one 

case that was available in the time of study [22]. 
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Since most of lung diseases including OPA are chronic and subclinical diseases, as well as 

lacking of our understanding of the epidemiology and detailed knowledge of the time of 

onset of their severely, the clinical diagnosis of these diseases is difficult in the live animal. 

Thus the only available and accurate diagnosis for lung lesions is examination at 

slaughterhouse as an easy and cheap source of data for evaluation of the epidemiological 

aspects of lung diseases including OPA. Therefore, the purpose of this study was to 

determine a first estimate of the prevalence of OPA in sheep, by identifying the common 

pathological gross and histopathological lesions of slaughtered sheep in East of Libya. Also, 

this study aimed to define morphopathological characteristics of OPA forms in native sheep 

of Libya. As these steps could give a hint about the epidemiology and detailed knowledge of 

the time of onset of OPA severely additionally, could give baseline data for future 

monitoring of this disease. 
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Material and Methods 

 

This study was carried out in Municipality of El-Beida which located in the eastern part of 

Libya and extended between 32°45'N latitude and 21°44'E longitude with an elevation of 

623 meters above sea level. This area characterized by a mild Mediterranean climate 

where the average temperature in the hottest months is 22°C and the annual precipitation is 

400 m.  

 

The animal population involved in this study was all sheep and was local breed, mostly 

male animals, their age more than 4 months and all the animals were submitted for routine 

slaughter. All sheep are managed under a pastoral production system. Sheep are usually 

mixed with other types of livestock (goats, cows, dogs and camels in some areas) [4] 

Lungs of 525 sheep carcasses were examined in some El-Beida slaughterhouses in period 

between October 2020 to April 2021. The gross examination of these lungs was carried out 

with respect to size, color and consistency. Then lungs with gross lesions (n = 141) were 

collected and were subjected to histopathological examination.  

 

The location and pathological description of lungs lesions were examined, recorded and 

photographed. Representative pieces of tissues (4-5 mm in thickness) were then taken from 

the affected lungs, fixed with 10% neutral buffered formalin, and transported to Omar El-

Mukhtar University, Veterinary Pathology Laboratory. Tissue samples 1 cm3 in thickness 

were then dehydrated in graded ethanol and embedded in paraffin. Sections 5 µm in 

thickness using rotary microtome (Leica, Germany) then were stained with Harri's 

haematoxylin and eosin (Luna, 1968; Bancroft et al., 1996) and examined by an ordinary 

light microscope. Finally the stained slides were examined systematically at 10X and 100X 



 

6 

 

magnifications for the presence of characteristic and/or suggestive lesions using ordinary 

light microscope 



 

7 

 

Results 

OPA was detected in 1.1% (n = 6/525) of all examined sheep and in 2.97% (n = 6/202) of 

the lung lesions. Four of these cases had the classical form of OPA whereas the other two 

had the atypical OPA.   

 

Grossly, lung with classic OPA were enlarged, heavy, and wet. Also, several firm, pale, 

variably sized whitish grey to grey nodules (about 1-9 cm in diameter) surrounded by 

emphysematous lung tissue were seen in the cranioventral lobes or diaphragmatic lobes 

(Figure 1A). Additionally, there was mucoid secretion in the lumen of airways. In two cases, 

several lesions tended to coalesce to form larger masses with firm consistency (Figure 

1B&C). In both the lesion was bilaterally located, and involving up to 30% of the pulmonary 

parenchyma (Figure 1B&C) owing to this the lungs failed to collapse, and they were heavy 

and dense. 

 

 

 

 

 

 

 

 

 

 

Figure 1: Gross picture of classic OPA: A- affected lung has areas of firm, pale, variably sized surrounded 

by emphysematous lung tissue (black arrow). B&C several lesions tended to coalesce to form larger 

masses (diffuse consolidation) with firm consistency (black arrowheads). D- mucus secretion came out 

from cut section of consolidated area of OPA affected lung (black arrowhead). 
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OPA atypical was characterized by greyish-white, dried subdural nodules or confluent 

lesions about 2–3 cm in diameter (Figure. 2A). Some of these lumps were pearly white and 

dry (Figure. 2A). There was no pulmonary fluid on the cutting surface or in the bronchial 

lumen in both cases. In one case, greyish-white, jelly-like, isolated, well-defined and non-

encapsulated nodule without areas of hemorrhage or necrosis was observed (Figure. 2B); 

On the cutting surface, this nodule showed a multilobed appearance, smooth to dense and 

gelatinous feature and consisted with myxoma- like masses (Figure. 2B).  

 

 

 

 

 

 

 

 

 

 

Figure 2: Gross picture of atypical OPA: A- affected lung has areas of greyish-white, dried subdural 

nodules (black arrow) and pearly white and dry (black arrowhead). B. affected lung has areas of greyish-

white, isolated, well-defined, non-encapsulated nodule, gelatinous appearance and consisted with myxoma- 

like masses (black arrowhead).  

 

Microscopically, the main histopathological features of both types of OPA are hypertrophy 

and hyperplasia of epithelial cells lining airways and alveoli (Figure 3A) as well as 

metaplasia of these epithelial cells to columnar known as neoplastic cells forming non-

encapsulated papillary structures (Figure 3B). These papillary structures extended into the 

lumen of the alveoli and some of them tend to partially, or completely occlude the lumen of 
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many alveoli with cystic acinar structure (Figure 3C). The alveolar septa were diffusely 

expanded by lymphocytes and by hyperplastic smooth muscles (Figure 3C). Neoplastic 

cells had cytoplasmic vacuolation because of vacuolar degeneration (Figure 3D). 

 

 

 

 

 

 

 

 

 

 

Figure 3: Microscopical picture of OPA: A&B- nonencapsulated papillary structures due to 

hypertrophy and hyperplasia of epithelial cells lining airways and alveoli (black arrows). B- 

metaplasia of these epithelial cells to columnar known as neoplastic cells (black arrows). C- papillary 

structures extended into the lumen of the alveoli causing cystic acinar structure (black arrowhead). 

The alveolar septa were diffusely expanded by lymphocytes and by hyperplastic smooth muscles 

(black arrows). D- cytoplasmic vacuolation was seen in neoplastic cells because of vacuolar 

degeneration (black arrows).  

 

In addition, variable numbers of desquamated alveolar macrophages were present inside 

the affected alveoli (Figure 4A). This carcinomic structure is supported by a variable 

amounts of loose to dense connective tissue and chronic inflammatory reactions dominated 

by diffuse of plasma cells and lymphocytes, which occasionally formed multifocal interstitial 

and perivascular aggregates in the affected areas (Figure 4B). 
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Figure 4: Microscopical picture of OPA: A- desquamated alveolar macrophages were present inside 

the affected acina and alveoli (black arrows). B- amounts of loose to dense connective tissue (black 

arrow) was noted, inflammatory cells particularly plasma cells and lymphocytes occasionally formed 

multifocal interstitial and perivascular aggregates in the affected areas (black arrowheads). 

 

Concerning the presence of small foci of myxomatous tissue in a case with a typical OPA 

form, Histological examination revealed that myxoid growth without neoplastic epithelial 

component, and the neoplasm was composed by short bundles and streams of spindle, 

stellate or individual cells and abundant extracellular matrix with no mitotic activity, no 

lipoblasts and delicate blood vessels (Figure 5). 
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Figure 5: Microscopical picture of OPA: A- myxomatous tissue (black arrow). B- Foci of 

adenamatous proliferations of the alveolar epithelium embedded within the pneumonic parts of the 

lung tissue (black arrow). 
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Discussion  

Respiratory diseases in general and pneumonia in particular are common diseases in 

various species of domestic animals including sheep leading to retarded growth and 

reduced weight-gains in recovered animals, slaughterhouse wastage, drugs and labour 

costs as well as high mortality rate. Last study showed that pneumonia is an important 

sheep disease in Libya and confirmed the types and frequency of gross and microscopic 

lesion of pneumonia observed in sheep slaughtered at Libya [4]. 

 

Ovine pulmonary adenocarcinoma as a respiratory diseases is of biomedical importance 

and is a substantial economic problem to sheep producers worldwide [23]. The aim of the 

present study was to record the incidence of ovine pulmonary adenocarcinoma in 

slaughtered sheep in Libya, as necropsy and histopathology remains the gold standard 

diagnostic test for lung lesion including OPA. To our knowledge, this study not just confirms 

the presences of the disease in Libya but also records for the first time the incidence of 

OPA in slaughtered sheep in Libya and records for the first time the presence of OPA in 

east part of Libya. Additionally, this study is the first morphological description of two types 

of OPA in Libya. 

 

Of 525 sheep examined, OPA was encountered in 1.1% of examined cases and in 2.97% of 

affected lungs. The results of the present study are consistent with the Kumar and co-

workers [24], with the study by Abdelsalam and Al Sadrani [25], with the report of Mekibib 

and co-workers [26] who reported OPA in 4.87%, 8.6% and 3.4% of the samples 

respectively. On the other hand, this finding is in disagreement with the report of 

Woldemeskel and Tibbo [27], who had observed OPA in 22.8% with high incidence 

whereas low incidence was recorded by the report of Khodakaram-Tafti and Razavi [28] 
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and by the report of Hashemnia and co-workers who had observed OPA in 0.22% and 0.6% 

of the samples respectively. Local retrospective study in 1999 by Ali and Abdelsalam 

confined to Tripoli area reported typical microscopic changes of OPA in four cases out of 

1114 (0.35%). However, it does not probably reflect the real epidemiological status of the 

disease in the whole country since it was a retrospective survey and was only confined to 

Tripoli area [22].  

 

It was of interest that, the incidence of OPA around the world is range from 0.2% to 22% 

and this due to many factors including countries geography, environmental conditions, 

health status of flocks and time of study conducted. 

 

To our knowledge this is a first morphopathological description of classical and atypical 

forms of OPA in sheep in Libya. The pathological manifestations of classical form of the 

disease was reported by several researchers in the world. In general this study was similar 

to many studies that showed the lesions grossly varied from multifocal greyish nodules to 

complete consolidation of the entire lungs Additionally, there was mucoid secretion in the 

lumen of airways [11],[24],[28]–[32]. In contrast, there are few reports of atypical OPA. This 

study reports the atypical OPA as greyish-white, dried subdural nodules or confluent lesions 

about 2–3 cm in diameter and some of these lumps were pearly white and dry similarly 

findings of other researchers (De las Heras et al., 1995; Garcia-Goti et al., 2000; 

Khodakaram-Tafti and Razavi, 2010). Interestingly, this study showed every form present in 

deferent lung while some reports showed that both forms are present in the same lung (Al-

Hizab and Abdelsalam, 2005; Garcia- Goti et al., 2000; Khodakaram-Tafti and Razavi, 

2010). 
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Concerning the microscopic picture of OPA, this study was similar to many studies reporting 

that the histological changes in the affected areas in the both classical and atypical OPA 

were essentially the same and the distinction between the two types is not clear. Also, the 

studies reported that the lesion develops initially near the bronchioles, where the epithelial 

lining of both the alveolar septum and bronchioles are simultaneously affected, where 

cuboidal cells or short columnar cells proliferate abnormally and line the affected alveoli and 

bronchioles, resulting in the formation of irregular folds and papillary prominence    

[11],[23],[24],[28],[30]–[34]. 

 

It seems that this uncontrolled proliferation of cells is due to the activation of telomerase 

that maintains telomeres, repetitive (TTAGGG) DNA–protein complexes at the ends of 

chromosomes crucial for the survival of cancer cells. Also telomerase plays role in Akt 

activation which is important for cell survival, growth, proliferation, angiogenesis, 

vasorelaxation, and cell metabolism. All these may inhibit cellular senescence and 

contribute to the accumulation of tumour cells in mixed adenocarcinoma with a 

bronchioloalveolar component and this has recently been evidenced in ovine pulmonary 

adenocarcinoma and in tumoral lung tissues [35],[36]. 

 

In the present study, the predominant local immune response was an influx of lymphocytes, 

macrophages and plasma cells. This lymphatic aggregation found around bronchiole in the 

affected lungs resulting in decrease the size of bronchi and waning the alveoli around that 

bronchi. Also, this study showed the accumulation of macrophages within apparently 

normal alveoli beside affected alveoli. This is in agreement with other reports reporting 

these features as prominent features in the OPA [37],[38]. These features may activated by 

transformed cells that produce a macrophage chemotactic factor which in turn might serve 
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as a mechanism for recruiting macrophages into OPA affected lungs. Foamy macrophages 

are frequently noted in bronchiolitis and diseases characterised by a clinically and functional 

obstructive picture coupled to subtle-to-evident inflammation and fibrosis of the small 

airways. Macrophages may potentiate tumor growth or represent an ineffective cellular 

cytotoxic mechanism directed against transformed cells as seen in sites of other tumor 

growth [24]. 

 

An interesting finding was the presence of necrosis of the proliferated area, the hyperplasia 

of smooth muscle cells in the interstitial tissues and also variable amount of loose to dense 

fibrous connective tissue. These features were seen in the interstitial tissue of neoplastic 

foci in both forms of OPA, these reactive changes in the tumor stroma which seems to be 

due to a specific immune response of the host [24] .  

 

Also, it was of interest, according to De las Heras et al. (2006) the stroma of the atypical 

OPA usually appears heavily infiltrated by mononuclear inflammatory cells and connective 

tissues compared to classical type [39].  

 

Interestingly, the myxomatous changes associated with some adenomatous foci was found 

in the interstitial tissue of the area affected with OPA. In this study, the presence of small 

foci of myxomatous in the interstitial connective tissue was similar to those described by 

others [23],[38],[40]. The origin of the myxomatous changes remains uncertain. Sharp and 

Angus (1990) postulated that it is derived from mesoderm, However, it remains unclear 

whether it is a true component of tumors or is associated with other factors. 
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To give a brief explanation of the pathology of OPA which has been shown as one of the 

most common viral diseases of sheep in many regions of the world and that JSRV is the 

causative agent of OPA  (Palmarini et al., 1995; Palmarini, et al., 1996; Palmarini & Fan, 

2001). Also, JSRV Env glycoprotein (JSRV Env) has been demonstrated to be a 

tumorigenic protein that induces epithelial cell transformation, as expression of JSRV Env 

has been reported to be sufficient to transform a variety of cell lines in vitro and and induce 

lung cancer in immunodeficient mice [19]. However, the mechanisms underlying the 

process by which JSRV Env causing this transformation are not fully understood. In some 

studies using cell culture, JSRV Env appeared to activate a number of protein kinase 

signaling cascades that play role to promote cellular proliferation, with the 

phosphatidylcholine-3-kinase-Act and MEK-ERK pathways of particular interest. This 

activation of certain signaling pathways with additional mutations is required for OPA 

development, and this process may take longer [19]. This would explain the long incubation 

period of natural OPA. Together they all involve telomerase activation which in turn enables 

cells to proliferate indefinitely. Telomerase activation has been described in OPA primary 

tumor cell cultures [19],[35],[36].  

 

 Conclusion 

 The result of this study confirmed and provided clear evidence for the presence of OPA 

within Libyan sheep flocks as well as a morphological basis for diagnosing this pathologic 

condition of sheep lungs. However, more specific epidemiological studies are needed to 

investigate the prevalence of OPA in the whole country and to assess age and breed 

susceptibility of OPA. Furthermore, investigations are required that examine the factors 

involved and responsible for the development of OPA. Additional work is also needed to 

screen for OPA in sheep during the rest of the year. This may help disclose the complex 
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pathogenesis of this economically important disease and, therefore, lead to the 

establishment of practical control measures in the region as well as indication of the nature 

and type of prompt control and treatment. 
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