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Abstract

Ovine pulmonary adenocarcinoma a disease is a spontaneous lung tumor caused by retrovirus
in sheep sharing notable similarities with certain types of human adenocarcinoma. This study
was carried out in Semnan province, Northeast Iran, for a period of six months from April to
September 2016. A total number of 4079 local breed sheep, divided in three age groups as
<1, 1-2, and >2 years old, were subjected to post-slaughter examination in Semnan abattoir
to detect any pathological lesions. Macroscopic pneumonic lesions were found and detected
in the lungs of 259 (6.35%)ssheep. During the gross examination, 189 lungs (73%) were
collected for more detailed histopathological analysis. These lungs were enlarged, did not
collapse, and in-some instances, contained a small amount of foamy fluid within the
respiratory tract. Six (3.17%) of the 189 suspected lung samples showed histopathological
lesions indicating ovine pulmonary adneomatosis (OPA). These 6 lungs macroscopically
were so heavy and “waterlogged”. The damaged lung areas were solid and light grey,
particularly in the ventral region or diaphragmatic lobes. All 6 affected lungs had consistent
histopathological characteristics and displayed typical lesions associated with atypical OPA.

These features included papillary projections within the bronchioles and alveoli, sparse
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connective tissue stroma, infiltration of mononuclear cells and connective tissue, as well as
swollen, foamy macrophages in the alveoli and bronchioles near the neoplastic lesions. In one
instance, in addition to these changes, a prominent feature of the classic OPA form was
noted, characterized by the presence of fibrin casts and neutrophils in the bronchial and
alveolar lumens. The affected regions were largely similar and aligned with findings reported
in other studies. All 6 affected lungs were from sheep older than 2 years. ' There is often no
clear distinction between atypical and classical OPA cases, and both forms'can sometimes be
found within the same lung.

Key words: Ovine pulmonary adenocarcinoma, slaughterhouse, histopathology

1. Introduction

Ovine pulmonary adenocarcinoma or-pulmonary.adenomatosis, jaagsiekte (driving
sickness), ovine pulmonary carcinoma:(OPC), ovine pulmonary adneomatosis (OPA), and
epizootic adenomatosis, is a contagious lung. cancer that primarily affects sheep and, less
frequently, goats (1; 2). This disease is a spontaneous lung tumor caused by retrovirus in
sheep sharing notable similarities with certain types of human adenocarcinoma (1). The
jaagsiekte sheep retrovirus (JRSV) as a causative agent of OPA, is the only virus identified as
causing naturally occurring lung adenocarcinoma, which can lead to mortality within a few
weeks to several months (3). The disease was first documented in South Africa in 1837 (4).
After that OPA has been documented in most European countries, and also in Asia and the
Americas (2). The‘disease typically has an incidence rate of 2-5%, but in some flocks, it can
rise to as high as 30%. OPA is not classified as a statutory notifiable disease, which means
that accurate data on its prevalence is not collected in any country. Annual mortality rates in

affected flocks have been reported to range from negligible to 10% (5). In certain instances,
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mortality rates exceeding 50% have been observed (6). Sheep with OPA exhibit a respiratory
desease without fever, accompanied by weight loss (7).

Based on Iranian slaughterhouse investigations, the prevalence was approximately 3%
in sheep over three years old from Chahar Mohal Bakhtiari (8), 0.22 % from Fars province
(9), and 2.57% from Tabriz. The samples were initially selected based on the observation of
gross lesions and subsequently confirmed through histopathological examination. Jaagsiekte
sheep retrovirus is identified in the lymphoid tissues, peripheral blood mononuclear; cells,
tumors, and lung fluid of sheep with OPA, as well as in those that have not shown symptoms
but have been in contact with infected flock members'(1). Sheep of any age can be affected,
however, due to the prolonged incubation period, clinical’'symptoms are usually observed in
mature sheep between the ages of 2 and 4 years (4)..In these animals, a considerable amount
of thin, mucoid fluid (up to 200 ml), likely generated by neoplastic cells in the lungs, can be
seen flowing from the nostrils. Initial gross lesions appear as enlarged, heavy lungs (2-3 times
their normal weight) that are moist.and have multiple firm nodules that are light purple or
gray in color, varying in size and isolated from the normal lung tissue by a emphysema
narrow band (10). There are two recognized pathological forms of OPA: classical and
atypical (7). In the classical form, neoplastic lesions are mainly found in the cranioventral
areas of all lung lobes, whereas atypical forms are characterized by a more nodular
appearance in the advanced and early stages of the disease (7).

We assessed. the prevalence of OPA based on morphopathological characteristics of
the atypical and classical types of naturally occurring OPA in native sheep in Semnan

province of Northeast Iran.

2. Materials and methods

2.1. Study area
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The study was conducted at the Semnan municipal abattoir, the capital of the Semnan
Province, Iran. Semnan province is located at 35°34'22" N, 53° 23’ 50" E of Iran. The
various districts of the province are situated on the edges of the Iran central plateau, resulting
in the southern region being located in an arid desert zone, while the northern highlands
experience a more temperate climate. The average elevation of Semnan province is
approximately 1,755 meters above sea level. The province has a hot and dry.climate, with an
average annual rainfall of 135 mm. As the Semnan province is located close to.the central

plateau of Iran thus it has hot summers. Otherwise, its climate is relatively cool.

2.2. Sample collection

We assessed lungs of 4079 sheep post-slaughter. These sheep were raised on Semnan
different farms and on other farms in other.districts of the Semnan Province (including
Garmsar, Shahrood and Damghan districts). They were taken to the Semnan municipal
abattoir for slaughtering from April-to September2016. The sheep were grouped by age as
<1, 1-2, and >2 years old. Age, sex and origin of the animals were recorded. The ages of the
animals were determined according to dental formula. Standard meat inspection protocols
were employed to identify any pathological lesions.

Macroscopic pneumonic lesions were found and detected in the lungs belonging to
259 (6:35%) sheep./A macroscopic examination, with a focus on the lung superficial
observation—particularly the diaphragmatic and visceral surfaces—was performed to look
for OPA lesions. After a thorough gross inspection, we collected 189 lungs (73%) that were
enlarged, did not collapse, and in some cases contained a small amount of foamy fluid within

the respiratory tract for future histopathological analysis

2.3. Histopathologic examination



Histopathological investigation was conducted on tissue samples collected from the
189 grossly suspected lungs. Fixation of the lung specimen was done in 10% buffered
formalin over 48 h followed by paraffin embedding prior to sectioning. Tissue sections (4p)
underwent haematoxylin and eosin (H&E) staining, and were assessed by optical microscope

(OLYMPUS, BX-51M, USA) (5).

3. Results
3.1. Gross pathology

All 189 ovine lungs selected for histopatholagical investigations had macroscopic
lesions of interstitial pneumonia accounting for 73% /of total lesions. The lungs were
unusually heavy, edematous, failed to collapse, showing rib print and observed in some cases
“waterlogged”. In addition, the damaged regions. in some lungs were light grey and solid in
color.
Among the 189 lungs examined, six.had pulmonary adenomatosis. The gross characteristics
of the lesions, especially when viewed in cross-section, suggested an atypical type of OPA.
The gross lesions observed in the affected regions seemed similar across all six sheep lungs.
Consolidated areas, varying in size from a few millimeters to several centimeters in diameter,
were observed on the lung surfaces (Figs 1, 2). The cut surfaces displayed numerous small
and slightly raised white-gray nodules in each section. These nodules were encircled by
narrow bands of emphysema, containing small translucent gray or reddish-gray foci
measuring approximately 2 to 5 cm. All six affected lungs were sourced from sheep older

than 2 years.
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Fig-1. Lung, Sheep. suspected for OPA. Lung is enlarged, edematou failed to apse. Rib prints on the
dorsal surface is visible (blue arrow) and consolidated light gray/foci with eter of few millimeters to few

centimeters are observed on the lung surface (black arrow).

Fig-2. Lung, sheepw of little quantity of foamy fluid in the respiratory tract.

3.2. Histopathology
Six out of 189 suspected lung samples showed histopathological OPA lesions ,
representing 3.17%. The histopathological features of the six affected lungs were uniform,

displaying papillary projections of cuboidal to low columnar neoplastic cells within the
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alveoli and bronchioles (Fig 3). The neoplastic foci were supported by a sparse connective
tissue stroma, which showed a higher infiltration of mononuclear cells and connective tissue
in the atypical form. Swollen and foamy macrophages were found in the alveoli and
bronchioles adjacent to the neoplastic lesions (Fig 3).

In one case, despite the presence of similar changes and the infiltration of

macrophages and lymphocytes, neutrophils and fibrin casts—typical ‘indicators of the

classical form of OPA—were noted in the lumens of the alveoli and bronchf (

Fig-3. Lung, sheep. Ovine Pulmonary Adenocarcinoma. Papillary projections of cuboidal to low columnar
neoplastic cells in the lumen of the alveoli (black farrow) and bronchioles (blue arrow) respectively. H&E. x

100.
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Fig-4. Lung, sheep. Ovine Pulmonary Adenocarcinoma. Neutrophils and fibrin casts; as a dominant feature of

the classic form of OPA, is observed in the bronchial lumen. (black arrow). H&E. x 100

4. Discussion

The present study aimed to provide.an initial estimate of the prevalence of OPA based on
pathological findings in slaughtered sheep. Ovine pulmonary adenocarcinoma is a contagious
lung cancer that affects sheep. OPA has been reported in many countries worldwide and is
recognized by the Office International des Epizooties (OIE) as a significant disease in the
international trade of sheep and sheep products (http://www.oie.int). In classical OPA, a
distinctive symptom is the presence of edematous fluids and abundant mucoid secretions in
the airways. A key feature of classical OPA is confirmed through a test known as the wheel-
barrow test, during which thin, mucoid fluid produced by neoplastic cells in the lungs flows
from the nostrils of some animals affected by pulmonary adenomatosis (11; 12).

With no excessive lung fluid, a post-mortem assessment is regarded as the most effective
diagnostic method, particularly when no reliable serological assessment is available to detect

OPA in live animals (13; 14).
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There is no classification regarding the pathological characteristics of OPA, with
researchers primarily describing pulmonary lesions, like firm, grayish-white nodules in
various lobes and a significant amount of mucoid fluid within the airways (12). These lesions
are attributed to the disease classic form, which is linked to common clinical symptoms.
Conversely, there is no distinct ‘atypical’ morphological type (7).

Atypical OPA appears to be its subclinical variant, typically identified post-slaughter
in abattoirs. This form is grossly characterized by solitary or multifocal nodules, often found
in the diaphragmatic lobes, which are dry upon being cut, hard, and white. Here, the
pathological lesions observed in six affected lung specimens were consistent with the atypical
OPA form. Histopathological analysis revealed that the /alveoli and bronchioles’ basement
membrane was lined with cuboidal to columnar epithelial cells, exhibiting papillary or acinar
growth models. This observation has been documented in the-atypical and classic types of the
disease (7).

This report is the first to document pulmonary adenomatosis in sheep within Semnan
province. In a study conducted by Khodakaram-Tafti and Razavi (9) in Fars province, South
Iran, the lungs of 944 sheep were examined, and OPA was identified in 21 sheep (0.22%).
They initially selected samples based on the observation of gross lesions, which were later
confirmed through histopathological analysis. Kojouri and Karimi (8) also reported cases of
ovine pulmonary adenomatosis in Chahar Mohal Bakhtiari province, Southwest Iran.
Additionally, a similar-study in Tabriz found a prevalence of OPA at 2.57% among 468
inspected lungs. The only other reported abattoir study was conducted in Edinburgh, UK, in
1964, where visible OPA lesions were found in 52 out of 280,000 (0.02%) sheep examined.
While OPA is generally rare in animals under one year of age, the results of this study
indicate that older sheep (2 years and above) are more likely to be infected with JSRV, which

aligns with previous findings (16).



The classical form of the disease has been documented in numerous nations (6; 17).
These studies established the classical type of pulmonary adenomatosis. In contrast, reports
of atypical OPA in the literature are limited. The findings of the current study align with
othere results (6; 18; 7; 8; 9). De las Heras et al. (18) stated that such neoplastic forms are
classified as “atypical” OPA. Their histopathological characteristics are largely similar to
those of the classical form; however, the tumor stroma typically shows significant infiltration
by mononuclear inflammatory cells and connective tissue. It has been previously. noted that
distinguishing between atypical and classical OPA cases is not always straightforward. At
times, both disease types can be found in the same lung, and some types exhibit intermediate
stages between atypical and classical tumors (7; 9; 17): This. observation aligns with the
findings of the current study. In this research, the inflammatory cells identified included
monocyte macrophages, lymphocytes, and polymorphonuclear leukocytes. The study noted
accumulation and infiltration of mononuclear inflammatory cells, primarily plasma cells and
lymphocytes, along with varying.amounts of loose to dense fibrous connective tissue in the
neoplastic foci’s interstitial areas. These reactive alterations in the tumor stroma are a certain
immune reaction from the host rather than a result of concurrent infections (9). A notable
feature of the tumor was the macrophage accumulation in seemingly normal alveoli near the
affected ones. This finding.is consistent with some studies (18; 7, 8; 15; 9).

The immune response to JRSV remains poorly understood. According to Summers et
al. (15) the macrophage influx is the primary local immune reaction observed in OPA. The
morphopathological results of OPA in this study support the idea that both classical and
atypical types exhibit various manifestations or stages of a “single disease spectrum” (7; 9;

19; 20).

10
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In this research, no tumor metastasis to the mediastinal lymph nodes was detected,
which aligns with some earlier reports (21). However, this finding contrasts with reports of
intra- or extra-thoracic metastasis (22; 23; 9).

In contrast to the findings of this study and other reports, William and Yates (16) documented
metastasis in the kidneys and mediastinal lymph nodes. Al-Dubaib (24) and Ortega et al. (25)
also reported cardiac and renal metastases of an OPA-like tumor in a goat: The reasons for
this discrepancy remain unclear. Considering that OPA tumors ability can metastasize, and
given the OPA tumor cells’ ability and their derived cell lines to transplant.into nude mice,
their nature can be neoplastic rather than merely proliferative. Hunter and Munro (23)
indicated the classical form to be the predominant type in Scotland, while both forms have
been diagnosed in other countries like Spain. In contrast, the current study found that the
atypical OPA form was more prevalent than the.classical form. It is challenging to determine
whether these two pathological types in.natural infections represent different developmental
phases of the same disease or if they. maintain distinct throughout the disease’s progression.
Furthermore, since the background of the animals in this study was unknown, we do not
know that the immune status of the infected animals influenced the distribution type and
pattern of connective tissue proliferation and inflammatory cell infiltration. Given the limited
conducted studies, it is difficult to determine whether climatic and geographic differences
affect the distribution type and pattern of response against OPA. Conducting more
experimental investigations that specify the infection timing and evaluate the animals in
different climatic situations could help address some of these questions. The OPA prevalence
varies based on sheep breed and flock management practices. However, there has been no
research conducted in Iran regarding the prevalence of OPA across different breeds.
Additionally, since breeds and farming practices differ among various regions of Iran, it may

be challenging to distinguish the effects of breed from those of management. In Semnan

11
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province, northeast Iran, sheep farming is traditional, with practices such as mixing sheep
from different flocks and using shared watering facilities, which likely facilitates
transmission between flocks. In contrast, other regions of Iran follow different commercial
sheep farming practices, leading to variations in both within- and between-flock transmission.

The findings of the current study indicate that OPA is common among native sheep
breeds in northeastern Iran’s Semnan province. While histopathological and macroscopic
methods are effective for diagnosing OPA, molecular investigations provide more reliable
confirmation of even small quantities of viral particles in pulmonary secretions and lung
tissue. To enhance the efficiency and profitability of ‘the sheep industry in this region, it is

recommended to implement measures that could help curb'the spread of this virus.
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