





AETIOLOGY OF JAAGSIEKTE: TRANSMISSION BY MEANS OF SUBCELLULAR FRACTIONS

template. Fig. 1 shows that the RDP activity bands
at-a buoyant density of 1,175 in sucrose gradients.
These characteristics strongly suggest the presence of
a retrovirus in the lung secretion.
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FIG. 1 Buoyant density of the RDP-active particles obtained
from the lung rinse of sheep 9144. A dissolved pellet
was layered without further treatment on a 20-55%
sucrose gradient and centrifuged for 16 h at 24 000 rpm
in a SW27 rotor
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Electron microscopic demonstration of viral particles
in the lung fluid

Electron microscopy of the peak fractions in Fig. 1
(density 1,17-1,18) revealed electron-dense particles
with an average size of about 89 nm and a close-fitting
membrane (Fig. 2).

Pleomorphic virus-like particles were observed in
negatively stained preparations. The particle mem-
b;'ane was covered with knobbed projections (Fig.
3).

FIG. 2 Electron microgrgph of the peak fractions from the
gradient shown in Fig. 1 (density 1,17-1,18). After
centrifugation the pellets were fixed, sectioned and
positively stained
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FIG. 3 Negatively stained virion purified from a lung rinse
pellet of sheep 2283 by zonal centrifugation in a sucrose
gradient

Serial transmission of jaagsiekte to lambs

All attempts to cultivate in vitro the retrovirus
described above have been unsuccessful to date.
However, the disease has been serially transmitted
to new-born lambs over a number of years in several
parallel experiments, 2 of which are illustrated in
Fig. 4. Earlier transmissions were done with cell
cultures and unpurified cell homogenates. For the last
3 serial passages in both experiments, however, pro-
gressively more purified preparations with pro-
gressively higher RDP activities were used. The results
show a parallel decrease in the incubation period
(lag) and a concomitant increase in the concentration
of virus in the lung fluid, as measured by RDP
activity (Fig. 4). The inocula used for the last 2
passages consisted of purified material, essentially
homogeneous in the electron microscope (results not
shown). Incubation periods were dramatically reduced
to 3-5 weeks in the last experiments shown, presum-
ably because of the increase in viral concentration in
the lung rinse pellets used as inocula. This result can
be regarded as strong evidence that the retrovirus
described is in fact the aetiological agent of jaagsiekte.

DiscussioNn

Previous claims for a viral aetiology in jaagsiekte
was based mainly on circumstantial evidence such as
transmission by contact and experimental transmis-
sion by means of lung secretion and tissue extracts
(Tustin, 1969). Filtration experiments excluded or-
ganisms larger than viruses but not virus-like agents
such as viroids or the scrapie agent.

After proving that jaagsiekte can be transmitted
efficiently to experimental animals with a cell-free
homogenate of cultured tumour cells (15,4) (Ver-
woerd et al., 1980), we failed to demonstrate either
virions or reverse transcriptase activity in either this
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FIG. 4 Flow diagram of some serial transmissions of jaagsiekte to new-born lambs during recent years to illustrate the role of purified

virus preparations

cell line or in lung homogenates. We therefore had to
consider other possibilities such as defective or latent
viruses, viroids and scrapie-like agents. When all
attempts to rescue defective or latent retroviruses
were unsuccessful, we proceeded to fractionate on-
cogenic cells and tissue homogenates and to test the
various fractions for biological activity in new-born
lambs. To date, this is the only assay system available,
and, although very slow and costly, it was found to
be quite dependable.

The results presented here (Tables 1 & 2) clearly
indicate that oncogenicity resides in a cytoplasmic
fraction with a density between 1,14 and 1,18.

This density range coincides with that of typical
retroviruses (1,16-1,18), but again we found no
RDP activity or virus particles in the biologically
active density fraction. The scrapie agent, which is
at present considered to be a small DNA molecule
strongly attached to membranes (Malone et al., 1979)
also bands at this density and it is conceivable that
viroids, consisting of free RNA (Diener, 1979) could
also interact and band with cellular membranes in this
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density range. RNA and DNA were therefore isolated
from both lung cytoplasmic fractions and 15.4 tumour
cells, previously shown to be infective, using the
techniques developed for these agents. No infectivity
could be demonstrated (Table 2).

Various treatments of the oncogenic cytoplasmic
extract were then used to further differentiate between
the various possibilities. The crude scrapie agent is not
inactivated by incubating at 80°C for 60 min nor by
treatment with neutral detergents, fluorocarbons,
nucleases or proteases. However, it is sensitive to
treatment with aqueous phenol (Gibbons & Hunter,
1967; Malone et al., 1979). Viroids, which are also
relatively heat stable, are not inactivated by aqueous
phenol or DNase treatment but are completely
destroyed by treatment with RNase (Diener, 1979.)
As reported in Table 3, the jaagsiekte agent is heat
labile, sensitive to treatment with detergent or phenol
but not to treatment with fluorocarbon or DNase. It
is only partially inactivated by RNase and proteinase
K. We conclude that it can neither be a scrapie-like
agent nor a viroid. It possesses the characteristics
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expected of an enveloped RNA-containing virus,
which again suggests the possibility of its being a
retrovirus.

_ Fluorocarbon extraction not only resulted in con-
" siderable purification of crude extracts without in-
activating the agent, but it also seemed to enhance
its infectivity. The first experimental case of jaagsiekte
(Sheep 9144) produced with freon-purified lung
extract (Fig. 4) yielded a lung extract in which we
could demonstrate RDP activity for the first time. It
also had a lung exudate in which a much higher
enzyme activity was found, confirming the results
of Sharp & Herring (personal communication). It
is not clear why we did not find RDP activity in cases
preceding Sheep 9144, whereas all subsequent cases
consistently yielded positive results. Conceivably, the
virus concentration in field cases and in our tumour
cell line is so low that it cannot be detected by the
RDP-assay, especially as we did not test lung exudates
in the early cases.

It is evident that the concentration of virus in lung
exudate, as measured by the RDP-assay, increased
during serial passage in lambs (Fig. 4). This enabled
us to concentrate and purify virus from lung rinse
material, using fluorocarbon treatment followed by
zonal and isopycnic centrifugation techniques in
sucrose gradients. The buoyant density of 1,175 for
the virion in sucrose determined in this way is similar
to that reported for Type B and Type D retroviruses
(Fine & Schochetman, 1978). Electron microscopy
of the purified material revealed pleomorphic particles
which vary in size between 75 and 110 nm and also
in its apparent electron-density. The most consistent
particles were about 85-95 nm in diameter and
electron-dense, and had a close fitting membrane.
Similar viral particles have been descrbied for Type D
and Type B retroviruses (Fine & Schochetman, 1978).
There can be little doubt, therefore, that a new
retrovirus has been isolated and identified from
jaagsiekte lungs.

The most important result from the transmission
studies illustrated in Fig. 4, however, is the fact that
virus preparations purified for density 1,175 and for
the possession of maximal RDP-activity were highly
efficient in producing cases of jaagsiekte and pro-
gressively reduced the incubation period before the
appearance of symptoms from 12 months to 3 weeks
in serial experiments. Although the virus has not yet
been cultivated in vitro and Koch’s postulates cannot
therefore be fulfilled in the strict sense of the word, we
regard these results as sufficient proof that the virus
isolated is, in fact, the aetiological agent of jaagsickte.

Finally, the question arises of a possible relation-
ship between our virus and the ovine retrovirus
causing maedi or progressive pneumonia. A direct
serological comparison has not yet been made, but
electron microscopically the 2 viruses are quite
distinct. The following observations also indicate that
the viruses are probably unrelated. Firstly, maedi
does not occur in South Africa and a recent survey
of a random selection of sheep sera, including some
from jaagsiekte cases, demonstrated the complete
absence of maedi antibodies (unpublished results).
Secondly, all our experimentally produced jaagsiekte
cases were examined histologically and maedi lesions
were never seen, and, thirdly, attempts made to
cultivate our isolate in sheep choroid plexus cells

using the methods developed for visna-maedi virus
were unsuccessful.

Further studies to characterize our virus more fully
and to study its serological relationship to other
retroviruses are being currently pursued.
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A SURGICAL TECHNIQUE FOR THE EXPERIMENTAL REPRODUCTION
OF EPIDIDYMITIS IN RAMS

B. C. JANSEN, SA Wool Board, P.O. Box 1378, Pretoria 0001

ABSTRACT

JANSEN, B. C., 1980. A surgical technique for the experimental reproduction of epididymitis
in rams. Onderstepoort Journal of Veterinary Research, 47, 281-283 (1980).

A surgical technique is described for introducing a bacterial culture into the vas deferens of a
ram close to the epididymis in such a manner that the infective material spreads to the lumen of the

ductus epididymidis.

Résumé

UNE TECHNIQUE CHIRURGICALE POUR LA REPRODUCTION EXPERIMENTALE D'UNE
EPIDIDYMITE CHEZ LE BELIER

Une technique chirurgicale pour Uintroduction d’une culture de bactéries dans le vas diferens d'un
bélier a proximité de I'épididyme, de telle maniére que le matériel infectieux se propage dans le lumen du

ductus épididymis, est décrite.

INTRODUCTION

An investigation into the aetiology and patho-
genesis of ram epididymitis calls for the reproduction
of the condition by a method which resembles the
natural evolution of the disease. This implies that the
infectious agent has to be introduced into the lumen
of the ductus epididymidis to conform to the patho-
genesis of epididymitis in nature as explained by
Jansen (1980). He showed that bacteria from the
environment entering the preputial cavity migrate
up the genital canal in a direction retrograde to the
flow of the semen, ultimately to land in the lumen of
the ductus epididymidis. At this site they can initiate
a pathological process.

Although attempts at causing orchitis and epidi-
dymitis by injecting cultures of Actinobacillus seminis
or infected semen into the testes or epididymides of
rams have been successful in causing an inflammation
of these organs (Baynes & Simmons, 1960; Van
Tonder, 1977), this method can hardly be regarded
as a means of imitating the natural route of infection.
The organisms would be deposited by this method in
the interstitial tissue rather than in the lumen of the
tubuli.

In the present study the author aimed at introducing
bacterial cultures into the vas deferens in such a
way that the organisms would reach the lumen of
the ductus epididymidis.

MATERIALS AND METHODS

Rams with clinically normal genitalia as deter-
mined by inspection and palpation were selected.
Furthermore, semen specimens were obtained by
electro-ejaculation and only animals yielding semen
from which no bacteria could be isolated were used
in the experiments.

After 20 h without food and water, the rams were
anaesthetized by a slow intravenous injection of a
freshly prepared 109, solution of chloral hydrate
until all palpebral reflexes disappeared. Then the
scrotal sac was shaved and thoroughly cleaned with
709 ethyl alcohol.

The ram was placed on its back on the operating
table with its head in a lower position than its body
and with its mouth pointing downwards to avoid the
inhegation of rumen fluid if it happened to be regurgi-
tated.
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With the application of standard surgical techniques
the posterior aspect of the scrotal sac was opened
by a vertical incision on the midline at the level of
the caput epididymidis. Subsequently, the tunica
vaginalis of the left testis was reached by blunt
dissection and opened by a vertical incision over the
vas deferens which lies anterior to the body of the
epididymis on the medial aspect of the testis. The
vas deferens, which can.be felt as a string-like struc-
ture, together with its blood-vessels, is contained in
a fold. The identification of the vas deferens can be
further facilitated if one closes it gently with one’s
fingers at the body end of the incision and has an
assistant massage the semen from the cauda epididy-
midis into the lumen of the vas deferens.

The left vas deferens was selected to enable a right-
handed surgeon to grasp the free end of the fold
containing the vas deferens between the thumb and
index finger of his left hand while the injection is
done with the right hand. The right epididymis conse-
quently served as a control.

A No. 26 Luer-Lock hypodermic needle attached
to a 1 m{ tuberculin syringe containing the infective
material was gently introduced into the lumen of the
vas deferens as close to the cauda epididymidis as
possible. A volume of 0,1 m& of culture suspension
containing about 1x103 organisms per mf was
injected in a direction against the natural flow of
the sperm cells.

To prevent leakage of the contents of the vas
deferens through the puncture caused by the injection,
a small area around the point where the needle
was introduced was lightly cauterized with an electro-
cautery apparatus immediately after withdrawal of
the needle and before release of the hold on the vas
deferens.

The incision in the tunica vaginalis was then closed
with interrupted stitches. The cavity left in the
subcutaneous tissue between the testes was subse-
quently eliminated by appropriate stitching, and
finally the skin was closed with interrupted stitches.

To establish whether a substance in suspension
injected into the vas deferens at the site _desc;nbed
does in fact spread to the lumen of the tubuli epididy-
midis, 0,1 mf of India ink was injected into the
vas deferens of one of the rams. After 24 h the ram
was killed and its epididymis examined histologically
for the presence of carbon particles in the lumen of
its tubules.





