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Introduction
Ovine pulmonary adenocarcinoma (OPA) is a 
contagious neoplastic disease in sheep characterized 
by chronic respiratory symptoms and caused by the 
Jaagsiekte sheep retrovirus (JSRV), which causes 
secretory epithelial cells of the distal respiratory tract 
to change (Karagianni et al., 2019). The disease is 
transmitted through aerosols, which are the primary 
horizontal pathway for spreading the virus during 
inhalation of infectious aerosols; however, vertical 
transmission from the dams to their lambs via 
colostrum and milk were reported (Grego et al., 2008). 
The disease is widespread in most regions with large 
sheep populations and can be found in sheep-raising 
countries including Europe, Africa, Asia, and America 
(Quintas et al., 2021).
Clinically, the disease is marked by progressive 
respiratory indications such as difficulty breathing, 
especially after exercise, emaciation, and signs of 

pneumonia that do not respond to antibiotic treatment 
(Shi et al., 2021). Progressive cases that cause neoplastic 
pulmonary lesions in infected sheep, with high rates 
of infection and death, result in a highly significant 
economic problem for sheep farmers in many countries 
(De las et al., 2021).
The diagnosis of infected sheep and estimates 
of the prevalence of JSRV is mostly dependent 
on postmortem examination of the lungs, which 
is supplemented by clinical indicators and 
histopathology, particularly in advanced stages of 
the affected lung (Radad and Khalil, 2014; Lee et 
al., 2019). Where there are no detectable JSRV 
proteins outside the tumor and no circulating JSRV-
specific antibodies during the preclinical stage, it 
is more difficult to identify infected animals (Lee 
et al., 2019; Ortin et al., 2019). The PCR) tests are 
informative for epidemiological studies and for 
identifying infected flocks (Voigt et al., 2007).
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Abstract
Background: Ovine pulmonary adenocarcinoma (OPA), caused by Jaagsiekte sheep retrovirus (JSRV), is a contagious 
neoplastic disease in sheep characterized by chronic respiratory signs, inducing the transformation of secretory 
epithelial cells of the distal respiratory tract.
Aims:  To perform clinical, epidemiological, and molecular studies with evaluation of some predisposing factors at the 
herd level of OPA infection in sheep in Al-Qadisiyah Province, Iraq.
Methods: The first step of the study was undertaken to evaluate the clinical cases of OPA in naturally infected sheep 
and correlation with observing respiratory signs. Seventy-five sheep with chronic respiratory signs were examined 
clinically, and by molecular and sequences analysis. The second step was the epidemiological part that was carried out 
on 195 randomly selected animals from 30 flocks, with the prevalence rate based on PCR; sex, age, and size of flocks 
were assessed, as well as macroscopic and microscopic features of the neoplastic lung. Deep nasal swabs and nasal 
secretion were collected from all animals. RNA extraction and RT-PCR were also carried out. 
Results:  The results showed that 12 (16%) samples were positive for  OPA, based on env gene-specific primers. 
Nucleotide sequences of partial 545 bp of the env gene showed (0.07–0.12) variations from global strains presented in 
the NCBI database. The prevalence rate of OPA was 21/195 (10.76%) with PCR. The epidemiological factors analysis 
showed that there was no effect of sex and herd size on the prevalence rates (p ≥ 0.01), whereas age was significantly 
affected and the age of 2–4 years was more susceptible (p ≥ 0.01). Gross and microscopic examinations were discussed 
with the confirmation of an OPA infection.
Conclusion: The current study provides useful data about the clinical and epidemiological features of JSRV that 
is circulating in sheep of Iraq, and concludes that epidemiological studies and disease control may require multi-
diagnostic assays. 
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There are very few studies concerning OPA in Iraq. 
Recently, Al-Husseiny et al. (2020) identified the 
OPA disease in Iraq. This study was designed to 
obtain the clinical, molecular, and histopathological 
investigations, as well as some epidemiological factors 
of OPA infection, to evaluate the genetic diversity of 
JSRV in Iraq.

Material and Methods
Samples
The first part of the study is based on the history of 
chronic respiratory infections, clinical symptoms and 
examination, including the positivity of the wheal-
barrow test. A total number of 75 samples were 
obtained from 75 sheep suspected with OPA. These 
samples were tested using PCR for virus detection, 
sequencing, and phylogenetic analysis. In addition, 
gross and histopathological examinations of lung were 
done. The second part included the collection of 195 
sheep samples of different ages (animals were allocated 
by age to three categories for further analysis: ≥ 2 years, 
2–4 years, and ≤4 years) from 30 flock in a random 
model to evaluate the prevalence rate, and effect of sex, 
age, and flock size on infection rates.
RNA Extraction
Nasal swabs and nasal secretion were diluted with 2 
ml phosphate buffer saline and filtered through 0.22 
Millipore filter; then viral RNA was extracted using 
the RNA extraction kit (AccuZolTM RNA extraction 
kit Bioneer, Korea) following the manufacturer’s 
instructions. The extracted RNA samples were verified 
using Nanodrop spectrophotometer before being stored 
at −80°C until testing with the PCR.
cDNA synthesis
According to the manufacturer’s instructions, one script 
cDNA Synthesis SuperMix (Abm/Canada,) extracted 
RNA was transformed to synthesis cDNA, which was 
then used as a template in RT-PCR tests.
PCR amplification
Specific primers of the env gene were utilized; 
the forward primer sequence of the env gene was 
5ʹ-GACCCCTCGACATTCCGTTT-3ʹ (6,222– 
6,241) and the reverse primer was 
5ʹ-CAGCTATTTCAACGGGCAGC-3ʹ (6,757–6,777). 
The extracted RNA and cDNA were used as a template 
to identify JSRV by single PCR. One step RT-PCR 
Premix kit (INtRON Biotechnology, Inc., Korea) was 
used for PCR amplification of env gene with 20 μl 
reaction volume of 10 μl Premix, 1.5 μl each primer (10 
pmol), 5 μl from an RNA template, and 2 μl of nucleus 
free water. Thermal cycling conditions of the env gene 
primer was denaturation at 94°C for 30 seconds; then 
35 cycles of denaturation at 94°C for 30 seconds, 57°C 
for 30 seconds, and 72°C for 45 seconds, followed by 
one cycle of final extension at 72°C for 5 minutes and 
maintained at 4°C. The PCR products were visualized 
by ethidium bromide staining of 2% agarose gel with 
ethidium bromide in Tris-borate/EDTA buffer (90 mM 

Tris-borate and 2 mM EDTA). DNA was visualized 
using VISION Gel Documentation (Scie-Plas, 
Cambridge, UK).
Sequence and phylogenetic analysis
The amplified DNA was sent to Macrogen (Seoul, 
Korea) to submit the Sanger sequence. All sequences 
were assembled and submitted to GenBank, NCBI. 
Multiple alignments and phylogenetics were analyzed 
by Mega X (version 6.0 Mega X).
Microscopic examination
The lungs of infected animals were taken immediately 
after slaughter and examined carefully and visually 
for any change in the color and by hand palpation, in 
addition to the examination of trachea and bronchi, 
to detect the presence of lung fluids. Three pieces of 
1 cm3 tissue samples from infected sheep lungs were 
taken and fixed in 10% neutral buffered formalin. 
Hematoxylin and eosin staining (Leica Biosystems, 
England) and Masson’s trichrome staining (Masson’s 
Trichrome Stain Kit, Leica Biosystems, England) 
were used to stain sections of 4–5 μ thickness cut from 
paraffin blocks (Luna, 1986; Bancroft and Gamble, 
2008).
Statistical analysis
Statistical analysis was calculated by using the 
OpenEpi website (using one of the epidemiological and 
statistical tools; https://www.openepi.com/SampleSize/
SSPropor.htm (Noordzij et al., 2010).
Ethical approval
The review board of the University of Al-Qadisiyah, 
College of Veterinary Medicine, approved this study. 
Consent was obtained from the farm owners before 
animal examination and sampling.

Results
Out of 75 animals that were selected, depending 
on their pulmonary disease symptoms, 12 (16%) 
samples were positive with OPA using PCR test based 
on the env gene (Fig. 1). All sheep were clinically 
investigated (Table 1). The observed frequencies and 
percent of primary characteristic indications varied, 
and the majority of animals tested with respiratory 
symptoms were negative. Animals infected with OPA 
illness showed a variety of clinical signs, including 
emaciation, coughing, and dyspnea.
A multiple alignment and phylogenetic analysis 
showed some variations from global strains of the 
NCBI database. The 545 nucleotide sequence analysis 
discloses that the current sequenced JSRV env gene 
has some genetic deviations from global isolates. 
High sequence identity of local JSRV isolates showed 
significant differences from the strains of UK and India 
(EF680300.1 JSRV, 0.07) (KT279067.1: JSRV_isolate_
NTRCVSc-3), respectively (Fig. 2), with distances 
values as shown in Table (2). 
The results of the current study showed that the overall 
prevalence rate of 195 samples collected at random from 
different farms in Al-Qadisiyah province was 21/195 
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Fig. 1. Ethidium bromide-stained agarose gel electrophoresis of 545 bp of JSRV env gene fragment amplified from OPA-infected 
sheep. (Lines 1–14 are positive samples, expect 2, 9, 10, and 12 were negative.)

Fig. 2. Phylogenetic tree analysis of env region sequence in the local Iraqi isolate of JSRV of sheep; total genetic changes, 0.010%.

Table 1. Clinical signs of JSRV-infected sheep according to PCR results.

Clinical signs No. of affected animals / 
positive animals

(%)

Emaciation 20/21 95.23
Coughing 7/21 33.33

Nasal fluids 14/21 66.66
Dyspnea 20/21 95.23

Crack sound in 
auscultation 

15/21 71.42

In toleration exercise 10/21 47.61
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(10.76%) positive samples using PCR. JRSV-positive 
animals ranged in age from 6 months to ≤5 years, with 
the average age group of 2–4 years showing a slightly 
higher proportion of infected animals (Table 3) (χ2 = 
0.1337, p < 0.01). JASV infection was insignificantly 
associated with animals’ sex (χ2 = 0.0137, p < 0.01). 
There was a significant association between JSRV 
infection and the herd size groups (χ2 = 0.397; p < 
0.01). This study shows  the correlation between the 
size of the herd and chance of animal infectivity, in 
≤50 animals step up to ≥200 animals herd size, with 
a significant increase in the proportion of infected 
animals and an increase in herd size. Based on the χ2 
test (Table 3), it was found that in herd size more than 

200 heads, the probability of JSRV infection was 8 
(12.30%) times higher than expected.
In necropsied and slaughtered animals, gross 
examinations of lungs demonstrated and found that 
the dorsal region of the caudal lobes was the most 
affected region. The pathological changes were areas 
of diffuse consolidation and well-identifiable nodules, 
with many different sizes of white nodules forming 
cancer masses. Infected lungs were also heavier and 
larger when compared with healthy lungs. Cut sections 
of lungs showed a pale tint, a rubber consistency, and 
the impression of ribs on the lungs was visible, as well 
as fluid filling the thoracic cavity (Fig. 3a and b). On 
the other hand, cut sections of the consolidated area 

Table  2. Multiple sequence alignment analysis of the homogeneity of substitution patterns among 
the Iraqi JSRV based on the env gene strain (partial region) sequence with various global JSRV 
and ANDV sequences from sheep and goat.

Sequence ID MZ416220.1
MZ416220.1:exJSRV_DFA1  (Surface_domain_of_env_gene_of_
exJSRV)_Iraq
AF401741.1ENTV-USA 0.07
AY197548.2:_ENTV-UK 0.13
AF136224.1:_proviral_enJSRV-South_Africa 0.08
DQ838494.1:JSRV-China 0.11
EF680300.1:_enJSRV-16-UK 0.07
GU292318.1:ENTV_ENTV-1NA3-Canada 0.08
JX843793.1:JSRV_strain_SD-China 0.10
KT279067.1:JSRV_isolate_NTRCVSc-3-India 0.08
MF175069.1:enJSRV_isolate_HamM-UK 0.08
MN161849.1:JSRV_strain_DL37-India 0.12
Y16627.1:ENTV-UK 0.07

Table 3. Identification of OPA infection according to sheep age, gender, and herd size.

Categories Infected Uninfected Total X2

Age ≥ 2 years 2 (8.69%) 21 23
2–4 years 14 (11.2%) 111 125
≤ 5 years 5 (10.63%) 42 47

Total 21 (10.76%) 174 195 0.1337
Sex Male 2 (10%) 18 20

Female 19 (10.85%) 156 175
Total 21 (10.76%) 174 195 0.0137

Herd size ≥50 2 (8%) 23 25
50–100 5 (11.11%) 40 45
100–200 6 (10%) 54 60

<200 8 (12.30%) 57 65
Total 21 (10.76%) 174 195 0.397
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revealed mucus secretions and frothy fluids from the 
tumor lesions and bronchioles (Fig. 4a–c). 
Histopathological findings of lungs were mostly 
glandular transformation. Hyperplasia of alveolar cells 
causes branching of the alveolar spaces, as well as 
macrophage infiltration in the lung’s interstitial tissue 
and emphysema, was marked in some microsections 
with thickening of the interalveolar septa, alveolar 
exudative inflammation, and fibrosis with calcification 
(dystrophic calcification) (Fig. 6a and b). A necrosis-
associated lymphocyte infiltration, resulting in marked 
hyperplasia of epithelial cells, especially lining of 
bronchioles, and desquamation of cells within the 
lumen of bronchioles is a consequence of this study. 
Furthermore, mediastinal lymph nodes showed 
substantial follicular atrophy compared with normal 
sections.
Well-defined fibrous connective tissue was deposited, 
surrounded, and divided the cancer foci lesions; 
columnar and/or cuboidal cells surrounded the affected 
alveoli, forming papillary to acinar projections of 
altered neoplastic epithelial cells. Collagen deposition 

is expanded around blood vessels along with lymphoid 
tissue (Fig. 5a–c).

Discussion
OPA has been reported in different countries around 
the world, including Iraq (Al-Husseiny et al., 2020). 
The disease is sporadic or endemic throughout the 
world, and it is recognized as a major disease in the 
international trade of sheep (Gomes et al., 2017; Jörger 
et al., 2017). 
There is a lack of accurate information about the 
prevalence of JSRV-related OPA in Iraq. Throughout 
this study, farms investigation, clinical examination, 
molecular diagnosis, and gross and histological 
alterations of JSRV were carried out in naturally 
infected sheep. A total of 10,000 various sheep of 30 
herds were investigated in farms and slaughterhouses 
allocated by the Al-Diwaniyah Governorate. The first 
part of this study consisted of the examination of 
75 samples of nasal fluids that were collected from 
sheep with respiratory problems with OPA suspicion. 
The results showed that only 12 (16%) samples were 

Fig. 3. (a) Gross appearances of the affected lung of sheep with OPA showing pink color with multiple nodules with a loss of 
spongy appearance; the incision surface is moist and frothy fluid is dripping from the tumor lesion. (b) The tumor lesion’s cutting 
surface is moist, and frothy fluids are flowing from the bronchioles.

Fig. 4. (a) There is marked branching of the alveolar spaces (arrow) due to hyperplasia of alveolar cells and emphysema (thick 
arrow) (10×; H&E). (b) Higher magnification marked papillary projection toward the lumen of bronchioles (thick arrow) (40×; 
H&E). (c) Hypermagnification of marked hyperplasia epithelial cells (thick arrow) of bronchioles within infiltration of macrophages 
(arrow) in the mucosa of bronchioles (40×; H&E).

http://www.openveterinaryjournal.com


http://www.openveterinaryjournal.com
F. A. Abass and Y. I. Khudhair.� Open Veterinary Journal, (2022), Vol. 12(2): 264–272

269

positive with PCR, whereas the majority of tested 
animals with respiratory symptoms were negative. 
These respiratory signs could be linked to other 
respiratory disorders, like a chronic bacterial infection, 
lung abscessation, or other lung lesions, that can be 
differentiated from OPA (Abass et al., 2019; Mosa and 
Zenad, 2020). These findings are consistent with earlier 
studies (Amini and Mostafa Tehrani, 2013; Mekibib et 
al., 2019; Toma et al., 2020). They revealed that the 
extensive pulmonary fibrosis and atelectasis related 
to chronic suppurative bacterial bronchopneumonia 
and verminous bronchopneumonia were the major 
differential diagnosis of OPA at farm levels.
However, the recorded clinical signs were nonspecific; 
major clinical signs were noted to give high suspicion to 
OPA; it usually reflects the extent of tumor development 
and devastation changes in the lungs. Marked dyspnea, 
mouth breathing (panting), and auscultation of moist 
rales were readily detected. Wheel-barrow test was 
carried out for assessed the accumulation of fluid within 
the respiratory tract by elevating the hindquarters and 

lowering the head of the animal, which lead to running 
frothy mucoid fluid from the nostrils (Ortín et al., 
2019).
The PCR results showed that 12 (16%) were positive, 
similar to the results of other studies (Vithana Dewage, 
2020).
The 545 nucleotide sequence analysis discloses that 
the current sequenced JSRV env gene has some genetic 
deviations from global isolates. The sequence of the 
local JSRV isolates showed significant differences 
from the strains of UK and India (EF680300.1 JSRV, 
0.07) (KT279067.1: JSRV_isolate_NTRCVSc-3), 
respectively, and significant differences with strains 
from China (JX843793.1:JSRV_strain_SD and 
DQ838494.1:JSRV). Furthermore, the sequence 
showed significantly different values with JSRV of 
South Africa in sheep (AF153615.1) and the ENTV 
strain of China (MT254061.1) in goats that were 0.06 
and 0.13, respectively. These results explained the 
relationship of Iraqi isolates with mutations in pro-gene 
structure but had no effect on the gene.

Fig. 5. (a) Marked necrosis in the lymphoid follicles of nodules (thick arrow) with depletion in these follicles (arrow) and deposition 
of collagen (arrow head) in the lymphoid tissue (10×; Masson’s staining). (b) Higher magnification. There is severe necrosis 
(arrow head) in the lymphoid cells, especially lymphocytes and reticular cells, with deposition of collagen (arrow) (40×; Masson’s 
staining). (c) Significant or marked collagen deposition (thick arrow) that is increased around the blood vessels and is also found 
along the lymphoid tissue. Also, there is depletion in the lymphoid follicles (arrow). 

Fig. 6. (a) Multiple tumor masses (arrow) with papillary acinar structure (thick arrow) which extended within the lumen of alveoli 
(10×; H&E). (b) Papillary acinar structures with hyperplasia of alveolar calls (arrow) which lined the alveoli. Also, there is 
infiltration of macrophage (thick arrow) and lymphocytes (arrow head) in the pulmonary tissues (40×; H&E).
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The prevalence rate of the OPA disease study area was 
12 (10.76%) out of 195 samples that were randomly 
selected from different herds. The results differed 
from those of a recent study conducted in Iraq (25%) 
(Mansour et al., 2019). The difference could be due to 
the later use of an unspecific primer in virus detection 
and the utilized lungs and lymph nodes tissues samples, 
which could lead to false positives with JSRV. Our 
study’s prevalence rate was similar to other studies 
in India (8%) (Sonawane et al., 2016), Iran (13.75%) 
(Bahari et al., 2016), and slightly lower from a study in 
Northwest Iran (18%) (Rezazadeh et al., 2012). There 
was a lot of diversity in the reports of OPA prevalence 
among Iraq and others countries which could be related 
to differences in location, source of material, nature 
of dissemination, management conditions, age of 
animal, season, and research duration. Furthermore, 
because OPA is a slow-moving virus with a prolonged 
incubation period, most animals infected with JSRV do 
not show clinical indications and remain subclinical or 
develop only a few lesions at the end of their life span. 
Most previous reports on the occurrence of OPA were 
purely based on gross and histological results, which 
could be one of the causes for our country’s low OPA 
rate (Radostits et al., 2017; He et al., 2017; Quintas et 
al., 2021).
The results of this study indicated the association 
between the percentage of infection and the age of the 
investigated sheep, with the highest rate detected at 2–4 
years, which is similar with other studies (Jassim et al., 
2017; Beytut et al., 2009). Because OPA has a long 
incubation time, older sheep are more susceptible to 
infection than lambs.
Singh et al. (2020) suggested that the sheep husbandry 
system and the period during which animals remained 
in direct contact, especially during the cooler months, 
may have a substantial impact on the occurrence of 
OPA.
On postmortem examination, the dorsal portion of 
the caudal lobe of the lung was shown to be the most 
affected area of the lung. The general changes were 
similar to earlier OPA reports (Palmarini and Fan, 2001; 
Radad and Khalil, 2014; Belalmi et al., 2020; Toma et 
al., 2020; Mustafa et al., 2021).
The histological examination was considered to have 
multiple foci of neoplastic proliferation involving 
alveolar and bronchiolar epithelium that were seen in 
sections from the consolidated areas of tumor nodules. 
In early lesions, the affected alveoli were highly 
irregular in shape and only involved a few alveoli. 
The histological abnormalities observed in all OPA-
affected lungs in this investigation were consistent with 
previous findings (Belalmi et al., 2020; Toma et al., 
2020; Mustafa et al., 2021).
There were essentially two types of tumor cell 
development patterns observed: papillary and acinar or 
glandular. The alveolar wall was enlarged in a papillary 
pattern, and papillary projections of altered neoplastic 

epithelial cells, supported by a thin connective tissue 
stalk, partially or totally filled the alveolar lumen, 
which is in agreement with previous research (De las 
et al., 2021; Quintas et al., 2021). So, the nature of the 
virus and its influence on TYPE II pneumocytes, as well 
as the proliferation of these cells and the establishment 
of malignant tumors, is explained by changes in 
the infected lung tissue, as well as the infiltration of 
inflammatory cells in the area surrounding the tumors.
The current study would provide useful data about 
surveillance and epidemiological features of JSRV 
circulating in the sheep population in Iraq, and concludes 
that epidemiological studies and control of disease may 
require multi-diagnostic methods, clinical signs, PCR, 
and gross and histopathological examinations to detect 
the presence of JSRV in infected animals with OPA.
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