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 Ovine pulmonary adenocarcinoma (OPA) is a viral endemic disease in different 

geographical areas, including Mosul city, Iraq. We aimed in the current study to observe the 

gross and microscopic lesions caused by natural infection with OPA, in addition to 

recording the reactivity of this viral disease in sheep with some tissue markers such as 

CD45RO, P53, Ki67, and VEGFA using immunohistochemical assay. A total of 73 lung tissue 

samples were collected from sheep that showed clinical signs of OPA; 21 samples only 

showed gross and microscopic OPA lesions. The samples with pathognomic lesions for 

OPA were subjected to immunohistochemical assay using tissue markers against CD45RO, 
P

53, Ki67, and VEGFA. The result showed gross lesions of edematous lungs, pale to purple, 

with hard consistency. Microscopically, the neoplastic tissue has two stages: the early stage, 

with neoplastic cells well defined as either cuboidal or columnar with feathery cytoplasm, 

while the late stage has neoplastic cells poorly differentiated and usually found as cellular 

debris in the lumen of affected alveoli and bronchioles. The result of IHC showed a strong 

positive reaction with CD45RO and P53, a positive reaction with VEGFA, and a negative 

reaction with Ki67. In conclusion, the lesions of naturally occurring OPA have two major 

forms, either classic or atypical forms, in addition to the mixed form; all these forms have 

the same IHC reactivity, where they are strongly positive for CD45RO, P53, and VEGFA, 

while they are negatively stained with Ki67. 
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Introduction 

 

Ovine pulmonary adenocarcinoma (OPA) is a contagious 

viral lung disease of sheep, also known as sheep pulmonary 

adenomatosis and ovine pulmonary carcinoma (1). OPA was 

first described in South Africa in the 19th century and was 

called Jaagsiekte disease, a name derived from the clinical 

signs of affected sheep, which usually show respiratory 

disaster and walk behind the flock when moving between 

pastures (2). Since its first report diagnosed this condition, 

the disease has been reported worldwide in sheep (3). OPA 

virus is a double-stranded RNA virus, characterized by 

primarily causing proliferative tumors in Clara cells and type 

II pneumocytes (1); in addition to these two cells, the virus's 

oncogenic transformation extends to other types of cells in 

the lung tissue (4). The neoplastic lesions are often 

associated with lung fibrosis due to the huge deposition of 

collagen fibers in the interstitial tissue between the alveoli 

(5). In less widespread cases, hyperplasia of the alveoli can 

be observed, especially in lung cells infected with the 

retrovirus; these cells are characterized by the presence of 

neoplastic mitotic figures with the absent or slight deposition 

of collagen fibers in the interstitial tissue (6). The cancerous 

growth in the lung is accompanied by a large and dense 

production of foamy fluids inside the lung tissue, which 

causes respiratory arrest (7). The latent period between 

infection and the appearance of clinical signs is relatively 

long, extending from several months to a year; in many 
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cases, infection may occur without any clinical signs in 

infected sheep, allowing the virus to be transmitted and 

spread in the flock (8). Although pulmonary adenocarcinoma 

in sheep has been described since the nineteenth century, the 

method of eradicating this disease is unknown, and the only 

method that can be used to prevent the spread of the disease 

and control it is culling herds (1). The most important clinical 

signs of the disease were the heavy production of foamy 

fluids from the lungs, which can be easily observed when 

lifting the animal's hind limbs, which begin to secrete from 

the nose; it can be described as clear, white, or slightly pink, 

foamy, and flow from the nose in large quantities (8). 

Histologically, neoplastic proliferating cells present in the 

alveoli originated basically from Clara cells, type II 

pneumocytes, and epithelial cells lining the alveoli, or a 

mixture of all or some of these cells, characterized with 

elongated, cubic, or hexagonal cells and containing a slightly 

eosinophilic cytoplasm, also the nuclei characterized by 

enlarged size and contain many neoplastic mitotic figures 

(9). This disease is characterized by a high incidence in sheep 

in Mosul, especially in the wet months, and its occurrence is 

often associated with infection with liver flukes; the infected 

sheep showed signs of losing conductions with drooping 

heads and foamy nasal discharge (10). 

In the current study, we aimed to accurately describe 

OPV pathological findings and the IHC properties of these 

neoplastic lesions. 

 

Materials and methods 

 

Ethical approve 

This study was proved by the College of Veterinary 

Medicine, University of Mosul, with a proposal numbered 

UM.VET.2024.018 dated 20/05/2024. 

 

Samples collection 

76 lung samples that showed clinical signs of OPA were 

collected from different geographical areas in Mosul city 

from 01/09/2024 till 20/12/2024. The lung samples were 

collected from sheep, showing the clinical signs of nasal 

watery discharge with respiratory illness and the gross 

appearance of OPV lesions. The samples were examined 

grossly, and the lesions were reported and recorded; a 

representative sample was collected and immersed in 10% 

neutral buffered formalin for 72 hours before it could be 

submitted for histopathological examination (11).    

 

Histological protocol  

After tissue fixation, slices of the affected area were 

collected in thickness not more than 7mm with 1.5*1.5 

dimensions; these samples were put in labeled tissue 

cassettes (Mevid, China, EM01-102-02), later they were 

submitted to tissue processing started with dehydration with 

an ascending concentration of ethyl alcohol (Scharlau, Spain, 

ET00052500), cleared with Xylene (Scharlau, Spain, 

XI00602500), using hot paraffin wax pellets at 58ºC 

(Scharlau, Spain, PA01122500) infiltrated using automatic 

benchtop tissue processor (TP1020, Leica, Germany), 

embedding using paraffine center (HistoCore Arcadia, Leica, 

Germany) then left until get solidify (12). Tissue blocks were 

trimmed at 25µm then sectioned at a thickness of 4±2µm 

using an automated microtome (HistoCore AUTOCUT, 

Leica, Germany); paraffine ribbons were floated in the 

flotation water bath (HistoCore M, Leica, Austria), then 

stained using Harri’s hematoxylin and alcoholic eosins 

(H&E), later tissue slides stained with Masson’s trichrome 

(MT) and Periodic Acid Schiff reagent (PAS) to explain more 

histological elements (12). 

 

Immunohistochemical protocol  

Primary antibodies were used from Elabscience® as 

explained in table 1, in brief slides were dewaxed in xylene 

and rehydrated by descending ethyl alcohol to distilled 

water, then antigen retrieval using citric buffer solution at pH 

6.0 at 60ºC for one hour, then let to be cooled to room 

temperature, then washed with PBS at 7.4 pH for three times, 

then anti peroxidase activity applied using 3%H2O2 for 15 

minutes, then washed with PBS at 7.4 pH for three times, 

then tissue sections blocked using 5% goat serum and 

incubate for 30 minutes at 37ºC, then incubated with primary 

antibody overnight in humidity chamber at 4ºC, then washed 

with PBS at 7.4 pH for three times, and incubated with 

secondary antibody sharing the same primary antibody host 

origin for 45 minutes at 37ºC, later slides washed with PBS 

at 7.4 pH for two times, and stained with DAB stain prepared 

freshly for 1 minutes at room temperature (13). Later, tissue 

slides were dehydrated, cleared, and mounted using DPX 

(11,12). 

 

Table 1: IHC primary antibodies and material used  

 

Item Company # 

CD45ro polyclonal antibody E-AB-70024 

P53 polyclonal antibody E-AB-93244 

Ki67 polyclonal antibody AN004340L 

VEGFA polyclonal antibody E-AB-19306 

Goat Anti-Rabbit IgG E-AB-1034 

DAB detection kit  E-IR-R101 

  

Results 

 

Gross pathology  

The lung was swallowed and wet with a waved surface; 

these lungs did not collapse during post-mortem examination 

when the thoracic cavity was exposed. The neoplastic tissue 

either appeared as small scattered nodules diffused in lung 

tissue, or these neoplastic areas appeared as diffuse lesions 

of hard tissue with diffused lobulated nodules on the whole 

lobe of the lung. These nodules appear slightly elevated from 

the lung surface and have a solid texture, which appears 
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white to gray in color and, in some cases, as faint purple, 

surrounded with purple to red normal lung tissue. In mild 

cases, the neoplastic areas appeared in the cranioventral parts 

of the affected lung, while in severe cases, these lesions 

appeared in all lung lobes; in addition, these neoplastic areas 

have white to gray to purple hard nodules surrounded by a 

red, soft zone of normal or emphysematous tissues. In deep 

cutting to lung tissue, these nodules appeared as white, 

numerous hard nodules scattered through lung tissues; in 

severe cases, they coalesce together, which gives these 

diseases named glandular tissues, and a frothy fluid oozing 

from lung tissue and with slight pressure these fluids pour 

from it (Figure 1).   

 

 
 

Figure 1: In a natural case of OPA, the lung showed a pale to 

white color, with a granulated appearance, and easily 

fragmented in small pieces, with solid consistency.  

 

Histopathology 

Histopathological examination of the neoplastic area of 

affected lungs showed hard tissue growth, which appeared as 

neoplastic epithelial cells that were either cuboidal or 

columnar in shape; these neoplastic cells appeared in 

alveolar walls and in the epithelial lining of bronchioles and 

bronchi, these neoplastic lesions suffering from intensive 

hyperplasia which led to compressing to surrounded 

interstitial tissues lead to fibrosis by collagen fiber 

deposition. These neoplastic cells were found as papillary or 

acinar in the alveoli and bronchioles, which significantly 

replaced the epithelial lining of these two structures with the 

flat alveolar cell type I, and their nucleus showed few mitotic 

figures. They appeared at basic locations in both cuboidal 

and columnar cells. Still, the cytoplasm appeared vacuolated 

in columnar cells and more eosinophilic clear in cuboidal 

cells. In some cases, these neoplastic tissues may be found 

sloughed as cellular debris in the lumen of affected alveoli 

and bronchioles, which causes the closure of these pathways 

and is associated with serous exudation. Fibrosis by collagen 

deposition is mostly seen in the interstitial tissue surrounding 

these neoplastic structures, while in severe cases, the whole 

lung tissue appears fibrotic, causing the fibrous tissue 

surrounding the groups of neoplastic alveoli and their 

bronchioles. All these lesions are mostly seen with massive 

infiltration of mononuclear inflammatory cells, especially 

macrophages and lymphocytes (Figures 2-6). The lung 

section stained with Masson’s trichrome stain showed 

massive deposition of collagen fiber around the affected 

alveoli and bronchioles in the interstitial tissues, which 

makes the neoplastic tissue surrounded as islands between 

the collagen fibers, in addition to that PAS stain showed the 

presence of mucin materials and colloid droplet deposition 

in these neoplastic cells (Figures 7 and 8).   

 

 
 

Figure 2: Histopathological section in the lung showed 

natural lesions of OPA. A neoplastic area in the alveolar 

structure (black arrow), surrounded by fibrous connective 

tissue, separates these neoplastic areas as islets (blue arrow). 

H&E.  

 

 
 

Figure 3: Histopathological section in the lung showed 

natural lesions of OPA. Showed the neoplastic cells in the 

early stage of neoplastic transformation where the cells 

appeared as cuboidal (black arrow) or columnar (blue arrow) 

in the alveolar structure, with few infiltrations of 

lymphocytes (yellow arrow), the cell nucleus where have 

few mitotic figures (red arrow) while other cells showed 

normal nucleus (green arrow). H&E.  
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Figure 4: Histopathological section in the lung showed 

natural lesions of OPA. Showed the neoplastic cells in the 

final transformation stage (black arrow), where they 

sloughed in the space of the alveolar basement membrane 

(blue arrow), these neoplastic cells with infiltration of 

lymphocytes (yellow arrow). H&E.  

 

 
 

Figure 5: Histopathological section in the lung showed 

natural lesions of OPA. Showed figure-like projection of 

neoplastic cells (black arrow), which are either columnar 

(blue arrow) or cuboidal cells (red arrow) with deposition of 

collagen fibers (yellow arrow) between these affected 

alveoli. H&E.  

 

 
 

Figure 6: Histopathological section in the lung showed 

natural lesions of OPA. Showed the neoplastic 

transformation mainly in alveolar cell type II, known as 

Clara cells (black arrow), which is mainly characterized by 

the presence of vacuolar structure in the cytoplasm (blue 

arrow) with infiltration of multinucleated inflammatory cells 

(red arrow) as an indicator for secondary bacterial infection. 

H&E.  

 

 
 

Figure 7: Histopathological section in the lung showed 

natural lesions of OPA. Showed deposition of green collagen 

fibers around the neoplastic alveoli (black arrow) and 

deposition of the same green collagen fibers around groups 

of these alveoli (red arrow), giving these lesions the shape of 

islands. Mason’s trichrome. 
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Figure 8: Histopathological section in the lung showed 

natural lesions of OPA. Showed the presence of surfactant 

material inside vacuoles in neoplastic Clara cells (yellow 

arrow). PAS.  

 

Immunohistochemistry 

IHC examination of the neoplastic area of affected lungs 

showed a strong positive reaction with CD45ro in the 

activated neoplastic T cells that are present in these lesions, 

in which this T cell appeared with large cytoplasm positive 

for CD45ro and the nucleus has few mitotic figures; these 

cells were recorded in the final stage of neoplastic alveoli 

(Figure 9). The neoplastic cells were negatively reacted with 

Ki67 antibodies; on the other hand, the lymphocytes present 

within the alveolar wall stained weakly positive with Ki67, 

which appeared as golden-brown patches in the cytoplasm of 

these cells (Figure 10).  

 

 
 

Figure 9: Histopathological section with IHC staining in the 

lung showed natural lesions of OPA. A strong positive 

reaction appeared, with golden-brown batches inside poorly 

differentiated neoplastic cells (red arrow) in the affected 

alveoli. CD45ro.  

 
 

Figure 10: Histopathological section with IHC staining in the 

lung showed natural lesions of OPA. The negative reaction 

to Ki67 antibodies in the nucleus neoplastic cells (red arrow) 

was observed. Ki67.  

 

The neoplastic cells were found to strongly and positively 

react with P53 antibodies. These cells were found especially 

in the walls of alveoli and bronchioles, which appeared as 

cuboidal or columnar cells with golden-brown cytoplasm, 

and the nucleus have few to moderate mitotic figures (Figure 

11). Also, the epithelial cells lining the blood vessels within 

the neoplastic areas were stained positively with VEGF 

antibodies; these cells appeared as flat cells with positive 

cytoplasm with golden-brown granules (Figure 12).  

 

 
 

Figure 11: Histopathological section with IHC staining in the 

lung showed natural lesions of OPA. A strong positive 

reaction appeared as cytoplasmic golden-brown batches in 

the columnar neoplastic cells in the walls of affected alveoli 

(red arrow) and the poorly differentiated neoplastic cells in 

the lumen of alveoli (blue arrow). P53.  
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Figure 12: Histopathological section with IHC staining in the 

lung showed natural lesions of OPA. A strong positive 

reaction appeared as cytoplasmic golden-brown granules in 

the epithelial cells of new blood vessels (red arrow). VEGF.  

 

Discussion 

 

The result of the current study indicated the presence of 

OPV natural cases in Mosul city and Iraq; these natural cases 

were recorded yearly in the autumn and winter seasons (14-

17). The statistical study showed that this neoplastic disease 

in sheep increases in incidence during wet conditions since 

it is an aerosol-transmitted virus, and the increase in 

humidity and cold weather will help increase the occurrence 

(18).   

The current study describes the classical and 

pathognomic of gross and microscopic lesions caused by 

natural infection with neoplastic retrovirus in sheep that 

causes ovine pulmonary adenocarcinomas. The gross lesions 

were described previously as pale to purple areas of 

neoplastic tissue present mainly in the cranioventral lobe of 

the lung, and in severe cases, it includes all lobes of the 

lungs; these areas were firm in cut and having areas filled 

with necrotic tissues, also these areas characterized by 

slightly elevated above the lung surface with red color zone 

of demarcation, in addition to pinpoint hemorrhages areas 

may be recorded (19-29).  

In contrast, the current study explains the microscopic 

lesions in detail, where the main characteristic neoplastic 

transformation was recorded in the formation of cuboidal or 

columnar neoplastic cells present in the walls of alveoli and 

bronchioles, in addition to poorly differentiated neoplastic 

cells that present in the final stage of this cancer development 

associated with necrotic area and infiltration of lymphocytes 

with scattered multinucleated inflammatory cells as response 

to secondary bacterial infection, with wide distribution of 

collagen fibers in two characteristic form, the first one as 

wide collagen bundles that separate the neoplastic area as 

islets, the second one as fine collagen fibers deposition 

around the walls of neoplastic alveoli, also the neoplastic 

transformation of alveolar cell type II which know as Clara 

cells to produce an abundant proteinous materials that 

present as positive to PAS stain appeared as vacuoles inside 

these cells stained as bright pink in color (30-37). 

CD45 protein is also known as protein tyrosine phosphate 

receptor C (PTPRC), an enzyme that is encoded by PTPRC 

gen; this enzyme has an important role in innate immunity 

regulation by activating T lymphocytes during neoplastic 

transformations caused by a viral infection, in addition, this 

gen has an important role in cell growth cycle specially 

during mitotic phase and in oncogenic cell transformation 

were its activated to suppressing the neoplastic 

transformation of cells (38-40). 

Ki67 is a nuclear protein considered a tissue marker for 

proliferating cells that is expressed in the nucleus of cells 

during the interphase of cell division; this protein is 

expressed by the MKi67 gene that is present in the surface 

location of chromosomes; the function of this gene related to 

synthesis of rRNA which is expressed in high rate in cells 

with high proliferation rate, in OPA infection the neoplastic 

cells did not have interphase of cell cycle since they are in 

neoplastic mode proliferation, which considered as the 

landmark for Ki67 in sheep infection with JSRV (41-44).   

VEGF is a cytoplasmic tissue marker produced to 

enhance angiogenesis, especially in cases of high need for 

oxygen supply, especially during inflammation, healing, and 

asthma. It is a member of platelet-derived growth factors, 

important for the vasculogenic of embryos to develop the 

circulatory system and for new blood vessel formation in a 

process termed angiogenesis; this protein can stimulate the 

stem and endothelial cells within the walls of blood vessels 

or surroundings areas to proliferate and migrate to produce 

new blood vessels; also these factors were produced by 

neoplastic cells to increase the blood supply to enhance the 

growth of virus and their infected cells (45-47). 

 

Conclusion  

 

We conclude that the lesions of naturally occurring OPA 

have two major forms, either classic or atypical forms in 

addition to the mixed form; all these forms have the same 

IHC reactive where they strongly positive to CD45ro, P53, 

and VEGF, while they are negatively stained with Ki67. 
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سرطانه الخلية الغدية الرئوية في الأغنام: دراسة 

 مرضية، كيمياء نسجية وكيمياء مناعية نسجية
 

 2سعد المحمود و سيڤان 1رحمة محمدعلي السيدية
 
فرع الأمراض وأمراض الدواجن، كلية 2طبيب بيطري، قطاع خاص، 1

 الطب البيطري، جامعة الموصل، الموصل، العراق

 

 الخلاصة

 

تعد سرطانه الخلية الغدية الرئوية في الأغنام من الأمراض الفيروسية 

المستوطنة في مناطق جغرافية مختلفة من العالم بما في ذلك مدينة 

الموصل والعراق. هدفنا في الدراسة الحالية إلى تسجيل الآفات العيانية 

وية والمجهرية الناجمة عن العدوى الطبيعية بسرطانه الخلية الغدية الرئ

في الأغنام، فضلا عن التعرف على تفاعلية هذا المرض الفيروسي 

 RO45CDالورمي في الأغنام مع بعض المعلمات النسجية والتي شملت 

باستخدام كيمياء النسيج المناعي. تم الحصول  VEGFAو  67Kiو  53Pو 

عينة من أنسجة الرئة من الأغنام التي أظهرت علامات سريرية  73على 

الإصابة بسرطانه الخلية الغدية الرئوية في الأغنام، إذ أظهرت تدل على 

عينة فقط الآفات العيانية والمجهرية لسرطانه الخلية الغدية الرئوية  21

في الأغنام. خضعت العينات التي تحتوي على آفات مرضية مؤكدة 

لسرطانه الخلية الغدية الرئوية في الأغنام لكيمياء النسيج المناعي 

. VEGFAو  67Kiو  53Pو  RO45CDالمعلمات النسجية  باستخدام

أظهرت نتائج الدراسة الحالية أن الآفات العيانية كانت عبارة عن رئة 

متورمتين، ذات لون شاحب أو أرجواني، مع ملمس صلب. مجهريا، 

لوحظ أن الأنسجة السرطانية توزعت على مرحلتين، في المرحلة المبكرة 

ما مكعبة أو عمودية الشكل ومتميزة بهيولي كانت الخلايا السرطانية أ

رغوي، بينما المرحلة المتأخرة كانت الخلايا السرطانية قليلة التمايز 

ووجدت منسلخة ومتجمعة بشكل أنقاض خلوية في تجويف الحويصلات 

والقصبات الهوائية المصابة. أظهرت نتائج كيمياء النسيج المناعي تفاعلا 

ً مع كل من المع ، 53Pوالمعلم النسجي  RO45CDلم النسجي موجبا قويا

، وتفاعلا سلبيا مع VEGFAوتفاعلا إيجابيا معتدل مع المعلم النسجي 

. نستنتج أن الآفات الطبيعية لسرطانه الخلية الغدية Ki67المعلم النسجي 

الرئوية في الأغنام ذات شكلين رئيسين، والتي أما كانت ضمن الشكل 

فضلا عن الشكل المختلط للنوعين  النمطي أو الشكل الغير نمطي

السابقين، كما أن جميع الأنواع السابقة لسرطانه الخلية الغدية الرئوية 

، بينما VEGFAو  53Pو  RO45CDكانت موجبة مع المعلمات النسجية 

 . 67Kiكانت ذات تفاعل سلبي مع المعلم النسجي 
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