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January 2002

Chairman: Prof. Dr. Mohd Zamri Saad
Faculty: Veterinary Medicine

Sheep pulmonary adenomatosis (SPA) or jaagsiekte is a neoplastic disease
of sheep, caused by jaagsiekte retrovirus (JSRV) infection in the lungs. In
Malaysia, the disease was first observed in 1993, involving mainly the purebred
imported sheep and their crossbreeds, and a long time after the first importation of

sheep from Australia into Malaysia in 1987.

The JSRV was found to transform the alveolar type II cells in the lungs of
sheep to become neoplastic cuboidal cells arranged in acinar or papillary patterns.
The neoplastic cells were found to cover the entire alveolar wall with numerous
macrophages filling the affected alveoli particularly the alveoli surrounding the

neoplastic area.

The affected lung tissue and lung fluid were successfully processed to

partially purify the materials before the JSRV was successfully detected under the
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electron microscopy from several local SPA-affected sheep, which showed
clinical signs typical of sheep pulmonary adenomatosis. Following the detection of
JSRV under the electron microscopy, the virus was later confirmed as the JSRV by
using the reverse-transcription polymerase chain reaction (RT-PCR) technique at

the viral nucleic acid level.

The study. therefore, confirmed that JSRV is present in Malaysia and thus,
should be considered in the diagnosis of sheep diseases and in controlling the

spread of contagious diseases such as sheep pulmonary adenomatosis.

Following the confirmation of the jaagsiekte retrovirus in Malaysia, a RT-
PCR diagnostic method was developed based on the U3 gene of the retrovirus. The
method was able to identify the presence of retrovirus in the peripheral blood of
sheep with and without clinical signs of sheep pulmonary adenomatosis. Thus, the

technique can be used to identify subclinically infected animals for culling.
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Fakulti: Perubatan Veterinar

Adenomatosis pulmonari bebiri (SPA) atau Jaagsiekte ialah sejenis
penyakit neoplasia pada biri-biri akibat jangkitan peparu oleh jaagsiekte retrovirus
(JSRV). Penyakit ini mula ditemui di Malaysia dalam tahun 1993 apabila
malibatkan biri-biri baka tulen yang diimport dan kacukannya. Walau
bagimanapun, penyakit ini dikesan setelah sekian lama pengimportan pertama

dibuat dari Australia.

Kajian menunjukan virus JSRV menukar sel alveolus jenis II dalam paru-
paru biri-biri menjadi sel epitelium kuboidal yang disusun bercorak asinus atau
papilari. Sel-sel neoplasia ini di dapati menyelaputi keseluruhan bahagian dinding
alveolus sedangkan makrofaj pula membanjiri rongga alveolus, terutama sekali di

bahagian keliling kawasan berneoplasia.

Tisu peparu yang terlibat dan cecair telah diproses untuk penulenan separa.

Hasil daripada penulenan separa ini, JSRV telah berjaya dikesan di dalam sampel
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tersebut melalui pemeriksaan mikroskopi elektron. Pengesanan ini telah dilakukan
ke atas beberapa ekor biri-biri Malaysia yang dikatakan telah dijangkiti penyakit
tersebut serta menunjukkan petanda klinikal yang jelas. Setelah virus berjaya
dikesan. virus ini kemudiannya telah dikenalpasti sebagai JSRV melalui ujian
menggunakan teknik tindakbalas rangkaian polimerase pentranskripsian terbalik

(RT-PCR) ke atas asid nukleus virus.

Maka, hasil kajian ini telah mengesahkan bahawa JSRV memang terdapat
di Malaysia dan sepatutnya diambil-kira dalam membuat diagnosis penyakit biri-
biri dan dalam menangani sebaran penyakit berjangkit seperti penyakit

adenomatosis pulmonari biri-biri.

Berikutan pengenal-pastian jaagsiekte retrovirus di Malaysia, kaedah
diagnosis mengguna tindakbalas rangkaian polimerase pentranskripsian terbalik
(RT-PCR) telah dihasilkan berdasarkan gen U3 retrovirus. Kaedah ini boleh
mengenal-pasti kehadiran retrovirus dalam sampel darah biri-biri sama ada yang
menunjukkan petanda klinikal penyakit adenomatosis pulmonari biri-biri atau
tidak. Maka, teknik in1 boleh diguna untuk mengenal-pasti biri-biri yang dijangkiti

secara subklinikal agar ia boleh ditakai.
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CHAPTER 1

INTRODUCTION

Sheep pulmonary adenomatosis (SPA), ovine pulmonary carcinoma (OPC)
and jaagsiekte are alternative terms describing a contagious lung neoplasm of
sheep. It is caused by a jaagsiekte retrovirus (JSRV) that is transmitted by the
aerosol route. The clinical signs include rapid breathing, moist rales, coughing and
production of a pulmonary fluid that drains from the nostrils. The dyspnea is most
evident when affected animals are being herded leading to the African term

‘jaagsiekte’ or driving sickness for the disease.

Sheep pulmonary adenomatosis is classified as a bronchioloalveolar
carcinoma (Stunzi et al., 1974). It is a neoplastic disease of sheep in which the
jaagsiekte retrovirus transforms the alveolar type II cells to become neoplastic
cuboidal epithelial cells arranged in acinar or papillary pattems (Rosadio et al,,
1988). The disease was first described in South Africa and since then in many parts
of the world including Europe (Bassett et al., 1989; Houwers et al., 1984), the
United States of America (Culip et al., 1982). In Malaysia, the disease was first
observed in 1993 involving mainly the purebred imported sheep and their

crossbreds (Zamri-Saad et al., 1996).

The first reported case in many countries has been associated with
importation of susceptible sheep into the country (Houwers et al., 1984; Basset et

al,, 1989; Krishnan et al., 1994), and disease incidence usually increased



dramatically to involve many heads of animal and more sheep farms (Hunter et al.,

1984; Zamri-Saad et al., 1996).

Based on earlier studies on the etiology. clinical and histopathology of
sheep pulmonary adenomatosis, studies reported in this thesis were conducted with

the following hypotheses:

Jaagsiekte retrovirus is present in Malaysia, and it would be confirm by
using electron microscopy and the reverse-transcription polymerase chain reaction

(RT-PCR) technique at the viral nucleic acid level.

The genomic RNA of the jaagsiekte retrovirus contains a unique nucleotide
sequence, which is not available in the genome of other organisms or the host cells.
If such area can be defined, specific DNA primers could be used to amplify the
target region in the virus-specific manner by the hemi-nested reverse transcription

polymerase chain reaction. Thus will enable the development of a diagnostic tool.

Since the disease was fairly new in this country (Zamri-Saad et al., 1996),
the disease prevalence, transmission and development were unknown. Thus the

objectives of this study were:

1. To study the tissue changes caused by jaagsiekte retrovirus following
naturally occurring sheep pulmonary adenomatosis.
2. To describe sheep pulmonary adenomatosis and jaagsiekte retrovirus

characteristics by electron microscopy.



3. Todetect and confirm the presence ofjaagsiekte retrovirus from several
case of naturally occurring sheep pulmonary adenomatosis.

4 To develop the hemi-nested reverse-transcription polymerase chain
reaction for detection of the jaagsiekte retrovirus. Cloning and
sequencing of the suitable jaagsiekte retrovirus gene.

5. To determine and statistical analysis o the prevalence of the jaagsiekte

retrovirus associated sheep pulmonary adenomatosis in Malaysia.



CHAPTER 2

LITERRATURE REVIEW

2.1. The Disease

Sheep pulmonary adenomatosis (SPA), jaagsiekte and ovine pulmonary
carcinoma (OPC) are alternative terms describing a contagious lung neoplasm of
sheep, apparently caused by a retrovirus known as the jaagsiekte retrovirus
(JSRV). The virus is a slow virus with long incubation period, transmitted from the
carrier ewes to the lambs by aerosol. There are occasional metastases to regional
lymph nodes and other organs. The clinical signs of sheep pulmonary
adenomatosis include rapid breathing, moist rallies, coughing, and over-production
of a pulmonary fluid that drains from the nostrils. The dyspnea is most evident
when affected animals are being herded leading to the Afrikaans terms for the

disease of jaagsiekte, or ‘driving sickness’.

Sheep pulmonary adenomatosis was first described in South Africa and
since then in many parts of the world including Europe, the United States of
America and Africa. In Malaysia, the disease was first observed in 1993 involving
mainly the purebred imported sheep and their crossbreed (Krishnan et al., 1994).
The first reported case in many countries has always been associated with
importation of susceptible sheep into the country (Krishnan et al., 1994).
Following the first incidence, the disease incidence usually increases dramatically

to involve many more heads of animal and more sheep farms (Shah et al., 1997).



Sheep pulmonary adenomatosis is classified as bronchiole-alveolar
carcinoma (Stunzi et al, 1974) with morphological similarities to human
bronchiole-alveolar carcinoma (BAC), which constitutes between 3-5% of human
pulmonary neoplasm (Sing et al.. 1981 Perk et al., 1982). Both are relatively well-
differentiated tumors of alveolar type 2 or non-ciliated bronchiolar (Clara) cells
that exhibit malignant growth characteristics and have a peak occurrence in adults.
Furthermore, the etiologies of both sheep pulmonary adenomatosis and bronchiole-
alveolar carcinoma have been associated with a genetic factor (Wu et al.. 1988).
Studies on naturally occurring retrovirus-induced neoplasm, primarily lymphomas,

have contributed immensely to the understanding of this disease.

2.2. Occurrence

Sheep pulmonary adenomatosis was first recognized in South Africa in the
19th century as a cause of dyspnea in sheep being driven. Hence the origin of the
Afrikaans name ‘jaagsiekte’, meaning driving sickness (Verwoerd et al, 1985).
Subsequent reports documented the occurrence of sheep pulmonary adenomatosis
as a sporadic or endemic disease of sheep and occasionally goats (Sharma et al.,
1975) in all continents of the world except Australia (Verwoerd et al., 1985).
Sheep pulmonary adenomatosis has been recognized as a common disease of sheep
in Peru (Cuba Caparo et al., 1961; Snyder et al., 1983) and Chile (Shultz et al,
1965). Based on gross examination of lungs, the rate of diagnosis of sheep
pulmonary adenomatosis among male was 1.5 times more than that of female, but

the differences in management of the sexes could not be excluded as a cause of the



