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Abstract: Ovine pulmonary adenocarcinoma (OPA), also known as sheep pulmonary adenomatosis
and jaagsiekte, is a contagious pulmonary tumor of sheep, characterized by neoplastic proliferation
of type II pneumocyte and club cells. OPA is induced by the oncogenic activity of the envelope
glycoprotein (Env) of exogenous jaagsiekte sheep retrovirus (JSRV). This disease is associated with
significant economic losses in numerous sheep raising countries. The onset of suggestive clinical
signs is often late, making difficult the early diagnosis of the disease and timely implementation of
control measures on the affected farms. Further, the lack of diagnostic tests that can be performed
routinely by veterinary clinicians to accurately assess infected animals (e.g., serological or others)
means that the true prevalence at flock level is not known. Imaging diagnostic methods (e.g.,
ultrasound, X-ray and computed tomography) can be used to support the clinical diagnosis, even in
pre-clinical stages in affected flocks. The diagnosis must be confirmed by PCR of nasal excretions
or immunohistochemistry and PCR of tumor lesions. No vaccine for OPA has yet been developed.
Thus, in this work, we review the main methods of diagnosis of OPA in order to support the clinician
in the identification of the disease, avoid underdiagnosis and allow the implementation of suitable
measures to prevent and control its spread.

Keywords: ovine pulmonary adenocarcinoma; jaagsiekte sheep retrovirus; PCR; histopathology;
ultrasound; X-ray; computed tomography

1. Introduction

Ovine pulmonary adenocarcinoma (OPA), also known as pulmonary adenomatosis
and jaagsiekte, is a contagious neoplasia derived from type II pneumocytes and club cells,
that occurs in sheep and, exceptionally, in goats and mouflons. The disease is associated
with high economic losses not only due to the related mortality but also due to the lack of a
vaccine or methods of early detection of the disease [1,2].

One of the first known records of this disease is a letter dated 1825, addressed to
the magistrate of the Cape of Good Hope in South Africa, a farmer complained about
the loss of many sheep due to a disease called “jaagziekte”, German word translated into
africander as jaagsiekte (in Africander, “jaag” means to drive, drive and “siekte” means
illness). The origin of the name of the disease reflects the breathing difficulties experienced
by the affected animals, particularly evident during herd movements [3].
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The infectious nature of the disease was shown by Dungal, Iceland, where the disease
took on high proportions and received international veterinary attention, being successfully
eradicated by compulsory slaughter [4].

The disease is described around the world in many sheep farming areas, including
countries on the European and Asian, African and American continents [1,5–8]. In Portugal,
several sporadic cases have been reported, although the prevalence is not known [9]. It is
not reported in Australia and New Zealand, the Falkland Islands and Iceland [10].

OPA is induced by the oncogenic activity of the envelope glycoprotein (Env) of the
exogenous jaagsiekte sheep retrovirus (JSRV). JSRV is a single-stranded, positive sense
RNA virus in the genus Betaretrovirus, family Retroviridae [11,12]. JSRV genome has
∼7460 nucleotides, including four genes encoding viral proteins: env (encoding surface
and transmembrane envelope glycoproteins), gag (encoding the matrix, capsid, and nu-
cleocapsid proteins), pol (encoding reverse transcriptase and integrase enzymes) and pro
(encoding aspartic protease) [11,13,14]. The protein env induces oncogenic transforma-
tion due its interaction with cell growth pathways such as Hya12-RON, PI3K/Akt, and
Ras-MEK-ERK [15].

In the genome of sheep and goats copies of endogenous JSRV, (enJSRV) have been
detected, having a similar gene structure to exogenous JSRV (exJSRV), but not associated
with the development of tumors [6,12,13]. Despite this high homology, genetic differ-
ences are evident in the viral promoter region (U3) that allowed the development of the
exJSRV-specific U3PCR. The genetic similarity is also smaller in the intracytoplasmic tail
of the transmembrane protein encoded by the env gene [16] the latter being related to the
mechanism of oncogenesis induced by Env [17].

In goats, there are few reports of natural infection, mostly unconvincing, possibly
because of misdiagnosis [18]. However, in this species, the OPA acquires significant
differences and virus replication does not take place within sensitive lung cells [19].

In an immunocytochemical study, antibodies against JSRV capsid were identified
in human lung adenocarcinoma, but an association between JSRV and this neoplasm in
humans could not be demonstrated [20]. The incubation period of natural infections is
prolonged, likely for several months to several years. The incubation period can be shorter
in nonendemic herds (6–8 months) and in experimentally infected young lambs [21–24].

The disease occurs mainly in adult sheep between the ages of 2 and 4, although
experimental data show that sheep of all ages are susceptible. The presence of tumours
was detected in animals from 2 months to 11 years of age, although cases of natural disease
are rarely observed in sheep less than 9 months old [18,22,23]. Animals of either gender
are affected [22]. In herds where the disease is endemic, the mortality rate is generally low
(1–5%), but can reach higher values (>30%) in newly infected herds [6,22]. Although in
endemic regions the disease is pronounced throughout the year, the number of cases tends
to be higher in winter [22].

Statistical evidence also suggests that some breeds are more susceptible. In Iceland,
animals of the Gottorp breed showed greater susceptibility, with some producers losing
about 90% of the sheep, whereas only up to 10% of Adalbol sheep present in those farms
presented clinical signs. [25–27]. Epidemiological analysis showed that transmission is
mainly carried out by aerosols or droplets. However, transmission also takes place ver-
tically, through colostrum and milk. However, transmission also takes place vertically,
through colostrum and milk. JSRV has been found in macrophages of infected mother’s
milk and has been shown to cross the gut barrier of newborn lambs and spread from
mesenteric lymphodes and Peyer’s Patch. The transplacental pathway does not appear to
have any epidemiological significance [28–31].

The use of new methods of diagnosis, has shown that the number of infected an-
imals is far higher than the number of those who will develop lung cancer [32]. It is
therefore important to know the clinical and pathological signs of these diseases, so as to
understand their effective prevalence. On the other hand, being a viral-induced disease
associated with a pulmonary tumor and although no link with human pulmonary tumors
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has been demonstrated, sheep can provide a natural model for the study of viral tumors in
humans [11,20].

In this work, we will briefly look at classical diagnostic methods, based on clinical
signs, imaging diagnosis, pathological diagnosis and molecular diagnosis. This work
intends to be, more than an exhaustive review, a revisit to the classic diagnostic methods
that can be decisive for the early diagnosis and the establishment of timely measures in
order to avoid the high economic losses.

2. Clinical Diagnose

The disease when lesions are well developed, typically after a prolonged incubation
period. They include non-specific signs such as progressive wasting (Figure 1A), weight
loss and, typically, progressive dyspnea, which was initially detected only after exercise.
The gradual replacement of the normal lung with tumor tissue will increase respiratory
difficulties. Breathing develops with no apparent clinical signs for extended periods.
Clinical signs are observed only becomes deeper and more frequent, associated with
abdominal wall motions, orthopneic posture, dilated nostrils and open mouth [3,10,33].
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Figure 1. Three-year-old sheep with clinical signs of OPA. (A) Progressive weight loss and 
respiratory distress (video: Supplementary Materials); (B) a large amount of clear frothy fluid 
flowed freely from both nostrils (arrow) after taking “wheelbarrow test” for 30 s. 

Other signs are due to a build-up of fluid, produced by tumour cells, in the airways. 
The movement of these fluids, caused by the passage of air through the respiratory tract, 
produces crackle sounds (Supplementary Material Video S1), easily discernible after 
auscultation of the thoracic cavity. These fluids can flow into the nostrils of the animal 
(Figure 1B), especially when the animal drops its head, as happens during feeding. Severe 
nasal discharge can also be caused by lifting the hind limbs and lowering the head 
(“wheelbarrow test” performed for at least 30–40 s). The amount of fluid that may be 
collected from an animal varies from 10 to 60 mL, sometimes up to 400 mL. Occasional 
excess fluid in the airways can lead to spasmodic cough episodes [8,16–18]. This abundant 
fluid production is especially evident during a pulmonary endoscopy (bronchoscopy) 
procedure (Figure 2, Supplementary Material Video S2: observe oedema of the glottis, 
tracheal ulcers and abundant fluid in the trachea). 

Figure 1. Three-year-old sheep with clinical signs of OPA. (A) Progressive weight loss and respiratory
distress (video: Supplementary Materials); (B) a large amount of clear frothy fluid flowed freely from
both nostrils (arrow) after taking “wheelbarrow test” for 30 s.

Other signs are due to a build-up of fluid, produced by tumour cells, in the airways.
The movement of these fluids, caused by the passage of air through the respiratory tract,
produces crackle sounds (Supplementary Material Video S1), easily discernible after auscul-
tation of the thoracic cavity. These fluids can flow into the nostrils of the animal (Figure 1B),
especially when the animal drops its head, as happens during feeding. Severe nasal dis-
charge can also be caused by lifting the hind limbs and lowering the head (“wheelbarrow
test” performed for at least 30–40 s). The amount of fluid that may be collected from an
animal varies from 10 to 60 mL, sometimes up to 400 mL. Occasional excess fluid in the
airways can lead to spasmodic cough episodes [8,16–18]. This abundant fluid production
is especially evident during a pulmonary endoscopy (bronchoscopy) procedure (Figure 2,
Supplementary Material Video S2: observe oedema of the glottis, tracheal ulcers and
abundant fluid in the trachea).
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Figure 2. Presence of tracheal ulcer (A) and of abundant surfactant secretions in the windpipe (B). 

The usefulness of auscultation is not consensual. Audible pulmonary sounds may be 
absent especially in the “wheel-barrow negative” cases of OPA [28]. 

The duration of the disease varies and depends particularly on the age at which 
clinical signs are detected. In lambs younger than six months, progression is usually acute 
and death occurs within a few days. In adult sheep, the disease progresses more slowly, 
with clinical signs extending over several weeks or months, until the animal dies 
[22,30,31]. 

OPA can progress without fever, particularly in acute cases, but secondary bacterial 
complications occur almost always, shortening the duration and changing the course of 
the disease. The most frequently involved agent is Mannheimia haemolytica, which has a 
tendency to worsen clinical signs, triggering a febrile reaction in animals [10,34]. 

The evolution of experimentally acquired disease tends to be faster than in cases of 
natural disease, especially because the animals, almost always very young, are inoculated 
with high doses of the etiological agent, which causes death a few days after the 
appearance of the signs [21,35,36]. 

Maedi-visna and OPA can coexist in an animal, and the possibility of synergism 
between the two agents has been speculated. Under such circumstances, respiratory signs 
tend to be more severe [37–39]. Also the association and the possibility of synergistic 
action between JSRV and the nasal enzootic tumour virus (ENTV) has been pointed out 
[40,41] and, a enzootic nasal adenocarcinoma was described as associated with JSRV 
infection once [41]. 

3. Imaging Diagnosis 
The lack of serological tests for early diagnosis and the low sensitivity and specificity 

of the clinical diagnosis mean that other diagnostic tools must be taken into consideration. 
Imaging techniques can be an extra tool for the diagnosis of pulmonary tumour lesions, 
especially in apparent «negative» cases of OPA. Although not practiced regularly, some 
of these techniques, especially ultrasound, can be simple, inexpensive and contribute 
significantly to the diagnosis of OPA under farm conditions [42–44]. 

3.1. Ultrasound 
The procedure is well defined [45,46] and can be accurately outlined routinely as an 

integral part of a disease control plan. Healthy lungs present at ultrasound examination a 
hyperechoic white line close to the transducer (visceral pleura) and several reverberation 
artefacts below to aerated parenchyma. Areas consistent with OPA tumour mass can be 
identified when is observed a loss of this bright white line which is replaced by 
hypoechoic well-demarcated areas (lung consolidation areas) defined by a broad 
hyperechoic line [42,47,48] (Figure 3A) Echogenic areas of different sizes corresponding 

Figure 2. Presence of tracheal ulcer (A) and of abundant surfactant secretions in the windpipe (B).

The usefulness of auscultation is not consensual. Audible pulmonary sounds may be
absent especially in the “wheel-barrow negative” cases of OPA [28].

The duration of the disease varies and depends particularly on the age at which
clinical signs are detected. In lambs younger than six months, progression is usually acute
and death occurs within a few days. In adult sheep, the disease progresses more slowly,
with clinical signs extending over several weeks or months, until the animal dies [22,30,31].

OPA can progress without fever, particularly in acute cases, but secondary bacterial
complications occur almost always, shortening the duration and changing the course of
the disease. The most frequently involved agent is Mannheimia haemolytica, which has a
tendency to worsen clinical signs, triggering a febrile reaction in animals [10,34].

The evolution of experimentally acquired disease tends to be faster than in cases of
natural disease, especially because the animals, almost always very young, are inoculated
with high doses of the etiological agent, which causes death a few days after the appearance
of the signs [21,35,36].

Maedi-visna and OPA can coexist in an animal, and the possibility of synergism
between the two agents has been speculated. Under such circumstances, respiratory signs
tend to be more severe [37–39]. Also the association and the possibility of synergistic action
between JSRV and the nasal enzootic tumour virus (ENTV) has been pointed out [40,41]
and, a enzootic nasal adenocarcinoma was described as associated with JSRV infection
once [41].

3. Imaging Diagnosis

The lack of serological tests for early diagnosis and the low sensitivity and specificity
of the clinical diagnosis mean that other diagnostic tools must be taken into consideration.
Imaging techniques can be an extra tool for the diagnosis of pulmonary tumour lesions,
especially in apparent «negative» cases of OPA. Although not practiced regularly, some
of these techniques, especially ultrasound, can be simple, inexpensive and contribute
significantly to the diagnosis of OPA under farm conditions [42–44].

3.1. Ultrasound

The procedure is well defined [45,46] and can be accurately outlined routinely as an
integral part of a disease control plan. Healthy lungs present at ultrasound examination a
hyperechoic white line close to the transducer (visceral pleura) and several reverberation
artefacts below to aerated parenchyma. Areas consistent with OPA tumour mass can be
identified when is observed a loss of this bright white line which is replaced by hypoe-
choic well-demarcated areas (lung consolidation areas) defined by a broad hyperechoic
line [42,47,48] (Figure 3A) Echogenic areas of different sizes corresponding to neoplastic
nodules may also be observed [49] (Figure 3B). Transthoracic ultrasonography may identify
small tumours (>1 cm in diameter) even before clinical signs are evident [44]. Several
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authors recommend to perform an ultrasound examination of both sides of the thorax in
any investigation of weight loss in sheep with or without respiratory signs [47,50]
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Figure 3. (A) The characteristic loss of the bright linear echo formed by normal aerated lung tissue replaced by a large 5 cm
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3.2. Radiologic Diagnosis

Radiography and, mainly, computed tomography can be important tools to facilitate
the understanding of processes at the respiratory level, such as OPA [49,51]. However, the
use of ionizing radiation in the diagnosis of lung diseases in sheep is relatively expensive,
most often only performed at a veterinary clinic/hospital for research purposes and is
restricted by health and safety regulations.

3.2.1. Radiography (X-ray Imaging)

The use of radiography, although it can provide important information about pul-
monary lesions, is limited. It is dependent on the availability of portable X-ray equipment
and is constrained by the cost and ability to meet health and safety conditions on farms.
However, as much as possible, its diagnostic contribution is valuable. The thoracic lateral
radiographic projection in a standing position which is limited to the caudo-dorsal lung
fields (Figure 4A) which may not detect antero-ventral lesions in the early stages of the dis-
ease. Despite causing greater respiratory distress [52] and being more difficult to perform
under on-farm conditions a thoracic lateral radiographic projection placing the sheep in
lateral decumbency the forelimbs drawn forward allows full visualization of the lung fields
(Figure 4B,C). Thoracic radiography can show nodules of different sizes and locations,
sometimes a nodular pattern with diffuse nodules. Single small nodules as seen at the
onset of the disease or larger lesions when tumor nodules converge. A patchy and hazy
area of increased opacity may be present in the ventral lung parenchyma, in classical forms
of OPA. An increase in cranioventral opacity may also result from secondary pneumonia at
an advanced stage of the disease.
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Thoracic CT scans generally do not require contrast media to make a precise diagnosis. 
Non-ionic iodinated contrast agents (usually low osmolality agents) may be useful for 
opacifying vascular structures. Thus, the need to enhance the tomographic image through 
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Supplementary Materials Video S3). 

 
Figure 5. Thoracic CT images of OPA (A) Axial, (B) Coronal, and (C) Sagittal planes. In addition to 
other nodules spread throughout the lung parenchyma, a large area of increased radiopacity is seen 
within the right dorsal lobe consistent with advanced OPA tumor. 

4. Pathological Diagnosis 
4.1. Macroscopic Diagnosis 

OPA is characterized by pulmonary masses lesions ranging in size from small 
nodules to extensive tumors, sometimes involving half of a lobe. Two types of patterns 
are now recognised: classic and atypical (Figure 6). The two types may coexist in the same 
exploration and in the same animal, along with intermediate forms [9,52,53]. 

Figure 4. (A) Lateral radiographic projection in a standing position permitting confirmation, of OPA: tumor mass present
in the caudo-dorsal lung field; (B) Lateral radiographic projection in lateral recumbency: small and diffused nodules in
a nodular pattern distributed throughout the lung field; (C) image consistent with the regions of neoplastic foci and a
secondary pneumonia in in advanced stages of the disease.

3.2.2. Computed Tomography

Computed tomography (CT) may be a tool to improve in vivo diagnosis and research
to understand the pathogenesis of various pulmonary diseases, including OPA [49,53]. CT
may enable early diagnosis and accurate detection of tumor nodules, their size and location.
CT also enables axial, sagittal, and coronal sections to be obtained (Figure 5) and computer-
ized three-dimensional color reconstruction, consisting of different tumor and respiratory
tree densities, which is very helpful in understanding the disease, its pathogenesis, and
with serial computed tomography over time, its evolution [51]. Thoracic CT scans generally
do not require contrast media to make a precise diagnosis. Non-ionic iodinated contrast
agents (usually low osmolality agents) may be useful for opacifying vascular structures.
Thus, the need to enhance the tomographic image through intravenous contrast media
depends on the option of the clinical team (Figure 5, Supplementary Materials Video S3).
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Figure 5. Thoracic CT images of OPA (A) Axial, (B) Coronal, and (C) Sagittal planes. In addition to
other nodules spread throughout the lung parenchyma, a large area of increased radiopacity is seen
within the right dorsal lobe consistent with advanced OPA tumor.

4. Pathological Diagnosis
4.1. Macroscopic Diagnosis

OPA is characterized by pulmonary masses lesions ranging in size from small nod-
ules to extensive tumors, sometimes involving half of a lobe. Two types of patterns are
now recognised: classic and atypical (Figure 6). The two types may coexist in the same
exploration and in the same animal, along with intermediate forms [9,52,53].
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Figure 6. Macroscopic features of spontaneous OPA: (A,B) Classical form of OP with craneo-ventral 
tumor; (C,D) Typical OPA pulmonary cut surface, note the transition between normal tissue and 
tumor tissue: (E,F) The lungs do not collapse and are asymmetrically enlarged with a nodular 
appearance; (G) Atypical OPA profile with subpleural grey-white myxoid nodules in 
diaphragmatic lobes; (H) Pleura with irregular, depressed areas and fibrosis; (I) Pulmonary cross-
section area of atypical OPA profile; (J) OPA and bacterial infection with abscess and (K) 
bronchopneumonia; (L) Lymph node metastasis. 
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Figure 6. Macroscopic features of spontaneous OPA: (A,B) Classical form of OP with craneo-ventral
tumor; (C,D) Typical OPA pulmonary cut surface, note the transition between normal tissue and
tumor tissue: (E,F) The lungs do not collapse and are asymmetrically enlarged with a nodular
appearance; (G) Atypical OPA profile with subpleural grey-white myxoid nodules in diaphragmatic
lobes; (H) Pleura with irregular, depressed areas and fibrosis; (I) Pulmonary cross-section area
of atypical OPA profile; (J) OPA and bacterial infection with abscess and (K) bronchopneumonia;
(L) Lymph node metastasis.

In the classic form, which is the most frequent, neoplastic lesions diffusely affect the
cranioventral areas of the lung, although any other area may be involved [22,54,55]. The
lungs are increased in volume and weight, up to 3 to 4 times, and fail to collapse, during
the opening of the chest cavity [22]. Neoplastic masses are diffuse, nodular and slightly
grey or pink, which do not extend beyond the surface of the lung. At the cut surface, their
perimeter is irregular, small and slightly elevated, with a diffuse glandular appearance and
a wet surface. Lesions may develop a diffuse appearance with no visible nodules. The
consistency of tumor areas is increased, with a narrow band of pulmonary emphysema
surrounding them, and the slight pressure causes clear, cloudy, foamy fluid arising from the
bronchioles and bronchi. In advanced cases, the affected areas have a lardaceous, whitish,
hard and solid appearance as a result of fibrosis [22,54–56].

The tumor pattern can be obscured by lesions of bacterial (namely Mannheimia and
Mycoplasma) (Figure 6J,K), viral (Maedi) [37,38,57,58] or parasitic pneumonia [59].
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In early cases, when clinical signs are not evident, the lesions may be confined to
a very restricted pulmonary area, including in the form of a single tumor nodule, with
very small dimensions [54]. The pleura is sometimes affected, with fibrosis and adhesions
between the parietal and visceral surfaces, particularly at the anterior lobes [22].

The atypical neoplasm pattern tends to have a larger nodular character. Nodules can
be single or multiple, especially in the diaphragmatic lobe. They are round or star-shaped,
hard and dry, pearly white, sometimes resembling scar lesions, demarcating very well from
the surrounding lung parenchyma [9,54,55,60].

Other organ lesions, associated with metastasis, are described inconsistently by differ-
ent authors and may be associated with the reduced mean lifespan of a sheep, associated
with metastasis. The extrapulmonary locations, in this neoplasm are in the mediasti-
nal lymph nodes, Figure 6 [4,61]. Although very rarely, extrathoracic locations are also
described, namely renal, hepatic, splenic and muscular [9,22].

4.2. Microscopic Diagnosis

Microscopically, papillary or acinar proliferations in the alveolar and bronchiolar
regions was observed, surrounded by cubic or columnar cells, replacing pneumocytes in
alveolar wall. The cells become flatter in more advanced lesions [4,22,58].

The nucleus is generally uniform, located in the basal region in columnar tumors
cells and central in the cuboid-shaped cells. The nucleoli tend to have a marginal location
and rare mitotic figures were noted [4,54]. The cytoplasm is generally eosinophilic and
homogeneous in the cells with a cuboid appearance, while in columnar cells cytoplasm
is more pallid and vacuolated [22]. The presence of granules, containing surfactant, is
common, especially in the periphery of lesions, but varies in number and size, resemble a
fetal lung; [25,54].

Intralveolar macrophages with abundant cytoplasm and high number of lysosomes
and phagolysosomes are frequent in the areas surrounding the tumor [22]. The stroma
is thin and may be infiltrated by lymphocytes, plasmocytes and connective tissue fibers,
accentuating fibrosis, especially in central areas. Sometimes there is an inflammatory
reaction, denoted by the presence of neutrophils, both in the alveolar lumen and between
tumor cells and the interstitium. This is typically an indication of secondary bacterial
infection [9,22,25]. The presence of myxoid tissue masses with a nodular appearance is
also reported, associated with neoplastic alveoli. These structures are composed of cells
incorporated into a homogeneous basophilic matrix, presumably of mesodermal origin,
and it is debatable whether its nature is neoplastic [54,62,63]. Myxoid cells shows positive
immunolabeling for vimentin, desmin and alpha smooth-muscle actin but not for multi-
cytokeratin [64]. The histopathological appearance of the atypical forms is essentially
identical, although the neoplasm presents a more acinous aspect than the papillary one,
and the presence of inflammatory cells and connective tissue in the stroma are most
noticeable [54,65].

Regional lymph nodes may have a depletion of cortical lymphoid follicles and moder-
ate plasmacytosis in the medullary areas. In addition to these lesions, metastases can also
be found in the lymph nodes and in other organs, consisting of neoplastic epithelial cells
organized according to the pattern found in the lung [4,6,22]. The frequency of metastases
is lower in atypical lesions [54]. Figure 7 illustrates the main microscopic features of OPA.
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Figure 7. Microscopical features of spontaneous OPA: (A) Lung neoplasic proliferation (H&E, 40×); (B,C) Tumoral cells
shows a papillary pattern (H&E, 100×); (D,E) Cubical to polygonal epithelial cells lining alveoli within a fibrous stroma
(H&E, 40×, 100×); (F) Numerous macrophages with abundant cytoplasm in alveoli space (H&E, 400×); (G) Tumoral
OPA lesions and Maedi compatible lesions (H&E, 40×); (H) Supurative bronchopneumonia (H&E, 400×); (I) Lymph node
metastasis (H&E, 40×).

4.3. Immunohistochemistry Diagnosis

The identification of cells expressing JSRV-related antigens in sheep are of great di-
agnostic value in this disease. Immunoreaction is detected in alveolar and bronchiolar
neoplastic cells in cytoplasm where JSRV actively replicates. Myxoid nodules also show
positivity to JSRV proteins and, in early lesions, lymphoreticular cells are immunoreac-
tive too.

In immunohistochemical studies, reagents used included antibodies reacting against
JSRV capsid protein (rabbit polyclonal antibodies) and JSRV-Env [66–68].

5. Ancillary Tests

The most common methods for identifying disease continue to be clinical signals,
pathology, and histology, as mentioned earlier. The presence of JSRV can be detected
only when clinical signs or tumors are present, in neoplastic cells or pulmonary fluid by
immunoblotting [69], ELISA [70] or polymerase chain reaction (PCR) [71–73]. However,
there are not methods to identify preclinical OPA because of the absence of measurable
JSRV proteins outside of the tumor and circulation of specific JSRV antibodies.

5.1. Serological Diagnostic

Serological diagnostic tests are not available [8]. Despite the genetic differences
between JSRV and enJSRV, in infected sheep a systemic humoral response is not detected,
probably due to the immunotolerance induced by enJSRV expressed in the placenta and
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fetus during pregnancy, where they play an important role and lack of circulation of
JSRV-specific antibodies [74,75].

5.2. Molecular Diagnosis

The high viral expression in type 2 pneumocytes and club cells is related to the activity
of the viral promoter in these cells and accounts for the high viral amount present in
bronchial secretions [72,76]. If there is a lung fluid present, is possible to test JSRV nucleic
acids or antigens by RT-PCR, immunoblotting or ELISA [11,12]. The development of spe-
cific methodologies for the identification of the agent (U3 PCR or U3 hnPCR) demonstrated
that the presence of JSRV is not restricted to type II pneumocytes and club cells. JSRV
is present in PBLs, lung tissue, lymphoid organs, milk & colostrum in naturally infected
sheep in the early stages of the disease before the onset of clinical signs or detectable tumor
lesions [29,77–79].

Since then, it has been possible to detect the JSRV in asymptomatic animals, and an
elevated prevalence has been seen in infected flocks, much higher than the number of
animals that further develop the neoplasia [32,73]. The virus can enter into circulation
when infected lymphoreticular cells contained in colostrum and milk can pass through the
intestinal barrier and arrive to mesenteric lymph nodes [30].

However, the detection of nucleic acids in peripheral blood mononuclear cells (PBMCs),
seems to be not very useful and gives many false negative results, due to the low numbers
of infected blood mononuclear cells (monocytes, B and T lymphocytes) [6,12]. Some au-
thors refer that this method might be employed as a herd test, but would not be suitable for
testing individual animals [80] PCR testing in bronchoalveolar lavage seems to offer better
sensitivity than the blood test, but the sampling technique is difficult (sedation required)
and usually the samples only represent a small portion of the lung that can have a low or
none concentration of infected cells, leading to many false negatives. Another restriction of
this method is the limited production of secretions and/or infected cells in early stages [72].

6. Conclusions

The diagnosis of OPA represents a challenge for the veterinary clinician. If OPA is
detected in one animal, a diagnostic examination should be carried out in other animals
in the same herd. However, there is no precise laboratory technique to identify positive
JSRV animals with no obvious clinical signs. It is therefore important to be aware of clinical
signs and other diagnostic methods, such as ultrasound, that can be readily performed
under flock conditions. Although these have numerous limitations in the early diagnosis
of the disease, the use of PCR amplification has allowed a better understanding of the
pathogenesis and epidemiology of this process, which would be impossible to achieve
only with the use of histopathology. Molecular techniques are also widely used today
in diagnosis as a way to establish a causal relationship between JSRV and pulmonary
tumor lesions.
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