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Summary
Sheep (ovine) pulmonary adenocarcinoma (SPA), also known as ovine pulmonary adneomatosis (OPA),
jaagsiekte and ovine pulmonary carcinoma (OPC) is a contagious lung tumor in sheep and, more rarely, in
goats. This study was carried out in Khuzestan, in the southwest of Iran for a period of six months. A total
number of 3985 native breed goats were clinically inspected and postmortem examination was recorded at
the abattoir in Ahvaz. In necropsy 4 of these goats showed gross pulmonary lesions characteristic of classical
pulmonary adenomatosis. The lungs were usually heavy and appeared “waterlogged”, but affected areas of
the lungs were solid and light grey in color, and tissue looked slightly translucent. The cut surface showed
numerous small, slightly-elevated white-grey nodules in each section. The affected alveoli in these areas
were lined by proliferating cuboidal cells forming irregular folds and papillary projections. The bronchi and
the bronchioles exhibited moderate epithelial hyperplasia and metaplasia. The bronchial associated lymphoid
tissue and the smooth muscles of terminal and respiratory bronchioles were hyperplastic. The affected areas
were essentially the same and also nearly similar to previous reports.
Key words: Ovine pulmonary adneomatosis, Goats, Lymphoid hyperplasia, Lung, Iran

Griffiths et al., 2010). Jaagsiekte sheep
retrovirus has constantly been detected in
the lung fluid, tumor, peripheral blood
mononuclear cells, and lymphoid tissues of
sheep affected by OPA or those unaffected
but in contact with flock mates (De Martini
et al., 1985; Palmarini and Fan, 2001).
Sheep at all ages are susceptible, but clinical
signs are generally seen in mature sheep
between 2- and 4-year-old because of the
long incubation period (Tustin, 1969;
Griffiths et al., 2010). In affected animals a
quantity of copious, thin mucoid fluid (up to
200 ml), presumably produced by the
neoplastic cells in the lung, pours from the
nostrils. Early gross lesions are enlarged,
heavy (two to three times more than
normal), and wet lungs which contain
several firm, gray or light purple, variablysized nodules that are separated from normal

Introduction
Sheep (ovine) pulmonary adenocarcinoma (SPA), also known as ovine
pulmonary adneomatosis (OPA), jaagsiekte
(driving sickness), and ovine pulmonary
carcinoma (OPC) is a contagious lung tumor
in sheep, and more rarely, in goats. Reports
of lesions of adenomatosis in goat are few.
The first description of the disease came
from South Africa in 1837 (MacFadyean,
1938; Tustin, 1969). Since then it has been
reported in most European countries, as well
as the Asian and American continents
(McGavin and Zachary, 2007). It has been
clearly demonstrated that OPA is caused by
a beta-retrovirus, jaagsiekte sheep retrovirus
(JSRV), which cannot be cultured in vitro
yet, but the virus has been cloned and
sequenced (Palmarini and Fan, 2001;
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parenchyma by a narrow zone of
emphysema (Sharp and De las Heras, 2002;
Wootton et al., 2005). Two pathological
forms of OPA are currently recognized:
classical and atypical. In the classical forms,
the neoplastic lesions occur particularly in
the cranioventral parts of all lung lobes.
Atypical forms tend to be more nodular in
both early and advanced tumors (De las
Heras et al., 2003; García-Goti et al., 2000).
Few studies have been carried out on OPA
in Iran. Kojouri and Karimi (2002) reported
an occurrence of OPA in about 3% of sheep
of more than 3-year-old. Khodakaram-Tafti
and Razavi (2010) reported OPA in 0.22%
of 9400 sheep killed at abattoir in Fars
province. The present investigation was
undertaken to study the pathological lesions
of two classical and atypical forms of
naturally occurring PA in goat in Khuzestan,
Iran.

appeared “waterlogged”, but the affected
areas of the lungs were solid and light grey
in color, and the tissues looked slightly
translucent. The lungs, particularly the
ventral portion or diaphragmatic lobes, were
often enormously enlarged. Histopathological changes in the affected areas were
essentially the same in all 4 goats.
Consolidated foci with a diameter of 0.5 to 3
cm were observed on the lung surface (Fig.
1). The cut surface showed numerous small,
slightly-elevated white-grey nodules in each
section. The gross lesions in the affected
areas were essentially the same in all 4
goats. The nodules were surrounded by
narrow emphysematous zones which were
infiltrated by tiny translucent grey or
reddish-grey foci of about 2-5 cm in size.
Histologically, lesions were categorized into
ten types: interstitial pneumonia 21 (2.1%),
parasitic pneumonia 19 (1.9%), purulent
pneumonia 5 (0.5%), bronchopneumonia 13
(1.3%), pulmonary adenomatosis 4 (0.4%),
hydatid cyst 27 (2.7%), pleurisy 3 (0.3%),
pigmentation 6 (0.6) and hemorrhage 2
(0.2%). The affected alveoli in these areas
were lined by proliferating cuboidal cells
forming irregular folds and papillary
projections. The alveoli contained few
macrophages and lymphocytes (Figs. 2 and
3). The bronchi and the bronchioles
exhibited moderate epithelial hyperplasia
and metaplasia. The bronchial associated
lymphoid tissue and the smooth muscles of
terminal and respiratory bronchioles were
hyperplastic. The alveolar septa were
diffusely expanded by lymphocytes, which
occasionally formed multifocal interstitial
and perivascular aggregates.

Materials and Methods
An abattoir survey was conducted on
3985 clinically healthy goats slaughtered in
Ahvaz municipality, Khuzestan. Routine
meat inspection procedures were used to
detect the presence of the pathological
lesions. The animals were mostly between 5
months to 6-year-old. Macroscopic lesions
of 100 (39.85%) suspected lungs were
recorded. Macroscopic examination was a
superficial observation of the lungs,
especially on the visceral and diaphragmatic
surfaces. Four out of 100 lungs were
diagnosed as pulmonary adenomatosis.
Gross appearance of lesions, particularly in
cross section was atypical form of OPA.
Samples about 0.5-1.5 cm in diameter from
each lung were taken for microscopic
examination. The samples were fixed by
formalin (10%) and sections of 3-5 mm
thickness were processed to prepare 7
micron sections. Paraffin method was used
and followed by Haematoxylin and eosin
staining (H&E) and the sections were
examined under microscope (Bancroft and
Marilyn, 2007).

Discussion
In Khuzestan there are 2.9 million sheep,
and 1.7 million goats (Iranian Veterinary
Organization, 2009). Previous serological
and pathological investigation showed that
pneumonia is an important sheep disease in
Khuzestan (Sayyari and Lotfi, 2001). This
report is the first report about pulmonary
adenomatosis in goat in Khuzestan. In Iran,
Kojouri and Karimi (2002) have reported
ovine pulmonary adenomatosis in ChaharMohal Bakhtiari province. On the basis of

Results
The lungs were usually very heavy and
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abattoir
survey
in
Fars
province
Khodakaram-Tafti and Razavi (2010)
reported two forms of the disease occurrence
of about 0.22%. The form of classical

Fig. 3: Atypical form of pulmonary
adenomatosis, typical columnar epithelial cells
lining affected alveoli with acinar and
papillary growth, (H&E, ×250)

disease was reported in many other countries
(Dungal et al., 1938; Cuba-Caparo et al.,
1961; Cultip and Young, 1982; De Martini
et al., 1985; Sharp and Angus, 1990; AlHizab and Abdelsalam, 2005; Woldemeskel
and Tibbo, 2010). In the reports, the
classical form of pulmonary adenomatosis
has been well-recognized. Unlike the
classical form of PA, there are few reports of
atypical PA in the literature. Results from
our study are similar to findings of other
researchers (De las Heras et al., 1995;
García-Goti et al., 2000; Khodakaram-Tafti
and Razavi, 2010). According to De las
Heras et al. (1992), these neoplastic forms
constitute “atypical” OPA. The histopathological features of these tumors are
essentially the same as those of the classical
ones, but the stroma of the tumors usually
appears heavily infiltrated by mononuclear
inflammatory cells and connective tissues.
The authors indicated that the distinction
between classical and atypical OPA cases is
not always clear. Sometimes both forms are
present in the same lung and some cases
apparently represent intermediate stages
between the classical and atypical tumors
(Al-Hizab and Abdelsalam, 2005; GarcíaGoti et al., 2000; Khodakaram-Tafti and

Fig. 1: Pulmonary adenomatosis, dorsal view
of goat lung (enlarged, light grey, edematous).
Affected by classical form of diaphragmatic,
middle and apical lobes shows grayish-white
nodules

Fig. 2: Metaplasia of epithelial cell to
columnar, peribronchiolar lymphocytic tissue
associated with thickened alveolar septa,
(H&E, ×50)
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differences between sheep and goat cases
with regards to clinical signs, gross and
histopathologic lesions.

Razavi, 2010). It is apparent that early tumor
lesion develops close to the bronchioles. In
this area both the epithelial lining of the
bronchioli and the alveolar septa seem to be
affected simultaneously. In the present
study, the inflammatory cells were
monocyte macrophage, lymphocyte, and
polymorphonuclear leukocytes. The prominent reaction found in the affected lungs
was the hyperplasia of the peribronchiolar
lymphatic tissue aggregates. Because of the
lymphatic aggregation around bronchiole,
the size of bronchi had decreased and, due to
the hyperplasia induced pressure, the alveoli
around bronchi had disappeared. However,
an interesting finding was the hyperplasia of
smooth muscle cells in the interstitial
tissues. In the present study, distinctive
histopathological lesions typical of OPA
were found in the lungs of the 4 goats. The
affected areas were essentially the same and
also nearly similar to previous reports
(Sharp and Angus, 1990; Kojouri and
Karimi, 2002; Khodakaram-Tafti and
Razavi, 2010; Woldemeskel and Tibbo,
2010). The affected alveoli in these areas
were lined by proliferating cuboidal cells
forming irregular fold and papillary
projections. According to Sharp and Angus
(1990), and Palmarini and Fan (2001), no
differences have been observed between the
macroscopic and microscopic lung lesions in
goats and sheep so far. Robert et al. (1996),
Al-Dubaib (2005), and Al-Hizab and
Abdelsalam (2005) also reported similar
histological findings (nodular lesions,
papilliform
projection,
peribronchiolar
lymphid). The result of gross and
histological examination in the present study
is in line with the abattior observations
reported by Kojouri and Karimi (2002), and
Khodakaram-Tafti and Razavi (2010).
Distinctive histopathological lesions typical
of PA were found in the lung of the 4 goats.
These animals originated from different
locations in Khuzestan. The high percentage
of lesions due to pneumonia lesions
observed in the other ruminants warrant
further study to elucidate the causative
factors (Sayyari and Sharma, 2011). Factors
such as insufficient feed intake, hot and
humid weather conditions and gas emissions
from oil rigs might be influential.
In conclusion, this study showed no
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