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A South African isolate of ovine lentivirus was shown to cause a mild immunosuppression in sheep, 
reflected by a reduced delayed hypersensitivity reaction. This effect, measured in terms of skin swelling after 
intradermal inoculation with tuberculin, showed a positive linear relationship with the latency period before the 
appearance of jaagsiekte symptoms in animals co-infected with JSRV, as well as with the activity of monocytes. 
In a parallel study, increased susceptibility of lentivirus-infected sheep to infection with Pasteurella haemolytica 
was demonstrated. It is concluded that the lentivirus may play an enhancing role in both viral and bacterial 
infections of sheep by compromising the host's cellular immune response. 

lNTRODUCfiON 

In jaagsiekte (ovine pulmonary adenomatosis), 
transformation of the alveolar epithelial lining is caused 
by the jaagsiekte retrovirus (JSRV), a member of the 
oncovirinae subfamily (Verwoerd, Tustin & Payne, 
1985). The tumour can be transmitted efficiently by in
tratracheal inoculation of new-born lambs with the virus 
(Verwoerd, Williamson & De Villiers, 1980; Sharp, 
An~u~, qray & Scott, 1983). Howe':er, considerable 
vanat10n m the length of the latent penod following in
fection, is characteristic of the transmission. 

In many parts of the world jaagsiekte (JS) is closely 
associated with maedi, a chronic interstitial pneumonia 
caused by another retrovirus, maedi-visna virus (MVV), 
which belongs to the subfamily lentivirinae (Wandera, 
1971; Palsson, 1976; Snyder, De Martini, A.meghino & 
Caletti, 1983; Markson, Spence & Dawson, 1983; 
Houwers & Te~stra, 1984). In South Africa a non
pathogenic lentivtrus (SA-OMVV) was recently isolated 
and shown to be consistently present in jaagsiekte
infected lungs (Payne, York, De Villiers, Verwoerd, 
Querat, Barben, Sauze & Vigne, 1986). This virus was 
found to be related to but not identical with maedi-visna 
virus (Querat, Barban, Sauze, Vigne, Payne, York, De 
Villiers & Verwoerd, 1987). 

!he co-existence of the 2 retrovi.r';lses in a single 
arumal has led to constderable speculation on the possi
bility of.a .synergism between them (Payne et al., 1986; 
De M~mt, Rosadio, Sharp, Russell & Lairmore, 1987). 
It has mdeed been shown that whereas virus replication 
is restricted in experimental infections with visna virus 
(Geballe, Ventura, Stowring & Haase, 1985), it could be 
transmitted efficiently to a natural case of jaagsiekte, 
with active replication of the lentivirus in the lungs 
(Dawson, Venables & Jenkins, 1985). As visna virus is 
known to replicate in vitro in macrophages (Narayan, 
Kennedy-Stoskopf, Sheffer, Griffin & Clements, 1983; 
Payne et al., 1986), one possible explanation for this 
observation is that the increase in the numbers of 
alveolar macrophages in jaagsiekte provides a larger 
reservoir of cells for the replication of Ientivirus (De 
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Martini et al., 1987). This increase is believed to be 
caused by a chemotactic factor secreted by JS-tumour 
cells (Myer, Verwoerd & Garnett, 1987 a). The in vitro 
interaction of these macrophages with other lymphoid 
cells results in the froductton of a factor which stimu
lates the growth o JS tumour cells, thus creating the 
possibility of further macrophage accumulation (Myer 
1987; Myer, Verwoerd & Garnett, 1987 b). 

An alternative explanation would be an immunosup
pressive effect by JSRV, similar to that of Mason-Pfizer 
monkey virus to which it seems to be related (Sharp & 
Herring, 1983). 

On the other hand, some lentiviruses are known to 
exert a powerful immunosuppressive effect. The best 
example of this is the human immunodeficiency (lllV-1) 
or AIDS virus (Popovic, Sarngadharan, Read & Gallo, 
1984). It was therefore decided to investigate whether 
lentivirus-mediated immunosuppression plays a role in 
the etiology of jaagsiekte. 

MATERIALS AND METHODS 

Viruses 
JSRV was obtained and stored as lung rinse pellets 

from experimentally produced jaagsiekte cases as pre
viously described (Verwoerd, Payne, York & Myer, 
1983). These pellets were shown to contain both JSRV 
and Ientivirus (SA-OMVV). 

Lentivirus was isolated by culturing alveolar macro
phages from experimental jaagsiekte cases for 1-2 
weeks. Lung rinse fluid was centrifuged at low speed 
(400 X g for 30 min), the sediment resuspended in 
medium and the macrophages allowed to adsorb to the 
surface of plastic cell culture flasks for 120 min at 37 °C. 
Medium was replaced at 3-day intervals and tested 
weekly for the presence of reverse transcriptase (RDP) 
activity (Verwoerd et al. , 1983). Lentivirus positive 
medium was centrifuged (54 000 x g for 90 min) and 
the resulting pellet used directly, or for infection of 
sheep choroid plexus cells (Payne et al., 1986). 

Infection of lambs 
Experimental lambs were inoculated intratracheally 

within one week of birth with either SA-OMVV alone, 
or with pellets containing both JSRV and SA-OMVV. 
Virus concentrations were estimated by means of the 
RDP assay and adjusted to contain 1 x 106 RDP units in 
a 4,0 me dose. The two groups of animals were kept 
under semi-isolated conditions to prevent cross-con
tamination. 
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Skin sensitization assay 
~e in vivo cellular immune response of experimental 
~s was tested by means of a delayed hypersensitiv
ItY. skin test. After sensitizinp the sheep with 10 mg of 
~ed M~cobacterium avium in 5 mf of liquid paraffm 
IDJected mtramuscularly, 0,1 mf of PPD of avian tuber
c~lin2 was inoculated mtradermally 6 weeks later. The 
thickne~s of folded skin was measured at 0 h, 48 hand 
72 h us~~ a .Hauptner caliper. In the case of JS-sheep, 
the sensitiZation was started as soon as clinical symp
toms of the disease were seen, in order to measure the 
~mals' cellular immune response at a comparable stage 
m the development of the tumour. 

Isolation ofmonocytes 
Monocytes were isolated from the peripheral blood of 

sheep essentially according to the method of Carlson & 
~eko (1973). Blood collected in 2 heparinized vacu
tamer tubes per sh~p was centrifuged for 30 min at 
1 000 ~ g. The butty coats were pooled and resus
pended m 4 mf of Dulbecco's phosphate buffered saline 
(PBS). Remaining red blood cells were lysed by the 
additio~ of 2~ mf ?f. distilled water, followed by the 
re~t?ration of ISotomcity by adding 10 mf of PBS con
ta~g 2,7 % NaCl after 30 s of gentle mixing. The 
white blood cel~s were centrifuged (400 x g for 10 min), 
washed once m PBS and then resuspended in F-12 
nutrient medium3

• The monocytes were subsequently 
removed from the white blood cell fraction by adherence 
to a plastic substrate for 2 hat 37 °C. Fresh F-12 nutrient 
medium was added to these tissue culture flasks and the 
~dherent monocytes were dislodged by vigorous shak
mg. 

Thymidine incorporation assay 
Monocyte suspe!lsions were added to the upper com

partments of Modified Boyden Chambers. Glass fibre 
membranes separated upper and lower compartments of 
the chambers, where the latter compartment contained F-
12 nutrient medium with foetal calf serum serving as 
growth stimulant. The monocytes, which adhered to the 
glass fibre membranes, were seeded at 8 x lOS cells/ 
upper compartmenU200 JLf F-12 nutrient medium. 3H
Thymidine (specific activity 21 Cilmmol)4, was added at 
the same time to each Boyden Chamber at 1 x 107 Cil 
upper compartmenU0,5 mf F-12 nutrient medium and the 
experiment allowed to run for 72 h in a 5 % C02 incu
bator at 37 °C. The assay was terminated by removing the 
membran~s . fro!D the chambers ~nd washing them by 
gentle swrrlmg m PBS before placmg them in glass scin
tillation vials, where the adherent monocytes were lysed 
with 250 JLf 1 % sodium dodecyl sulphate per mem
brane. Each lysed sample was dissolved in Beckman 
Ready-Solve TM scintillation cocktail and read on a 
Beckman LS 9000 Scintillation counter. 

In vitro infection of alveolar macrophages with lentivirus 
Alveolar macrophages (AMs) isolated from the bron

cho-alveolar lavage performed on the excised lungs from 
a normal, healthy sheep, as described in Myer, Ver
woerd & Garnett (1987a), were seeded into two sets of 
plastic tissll;e. culture flasks. Each set consisted of 2 
flasks contaimng 2 X 1 r1 cells/flask/1 0 mf F-12 nutrient 

1 Strain 20485 local strain:-isolated from porcine lymph node 
2 Produced at the Veterinary Research Institute Onderstepoort from 

M. avium strain 04, containing 25 000 tubercuiin units/ I me ' 
3 F-12 nutrient medium: F-12 medium (Ham, 1965) supplied by High
vel~ Biological (~) Ltd, Northway, Sandton, Johannesburg, South 
Africa, an~ ~~ntaJmng 10 ~foetal calf (supplied by the same com
pany), perucllhn, streptomycm and nystatin. 

4 Amersham International, Ltd., Amersham, England 
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medium. One set of flasks was inoculated with 25 % 
RDP-positive suvernatant from a previous AM culture 
producing lentivrrus (4,5 x 107 cpm/flask) while the 
other set was cultured in F-12 nutrient medium only. 
After 24 h incubation at 37 °C, supernatants were dis
carded from both sets of flasks. The flasks were rinsed 3 
times in PBS before addition of fresh F-12 nutrient 
medium. After incubation for 48 h, the supernatants 
were collected and assayed for RDP activity as described 
previously. 

Chemotaxis assay 
Assays for the chemotactic activity of various macro

phage cultures were done as previously described (Myer 
et al., 1987a). Briefly, the chemoattractant used was 
either conditioned medium from 15.4 tumour cell cul
tures or N-formyl-L-methionyl-L-phenyl-alanine (N
FMet)5. A stock solution of 10-5M N-FMet was diluted 
1:25 in F-12 nutrient medium prior to use in the assay 
and arbitrarily referred to as 100 % N-FMet. Varying 
concentrations of this solution was added to the lower 
compartments of modified Boyden chambers, which 
were separated by 10 J.Lm pore size polycarbonate mem
branes6 from the upper compartments containing 1 OS 
macrophages. After 3 h of incubation at 37 °C, the dis
tance that the cells had migrated into each membrane 
was measured microscopically as described by Myer et 
al., 1987a. 

Infection with Pasteurella haemolytica 
A P. haemolytica Type I strain, originally isolated 

from a field case, was passaged twice in mice to increase 
virulence before inoculation into serum broth for over
night culture. It was then transferred to 200 mf of tryp
tose phosphate broth7 containing 0,5 % glucose. After 
incubating overnight at 37 °C on a rotary shaker, it was 
transferred to fresh tryptose-glucose broth in which it 
was grown for another 6 h. The bacteria were then har
vested by centrifugation (800 X g for 60 min), washed 
and suspended in 10 mf of saline. Plate counts were 
performed to determine the concentration of viable 
organisms. Both lentivirus-infected and control animals 
were inoculated intratracheally with 1 X 1011 organisms 
in a volume of 10-20 mf, according to the size of the 
animal. Temperatures were taken daily for a period of 3 
weeks and all animals observed for clinical signs of res
piratory distress. 

REsULTS 

Cellular immune response in jaagsiekte-infected sheep 
When jaagsiekte is transmitted to new-born lambs by 

intratracheal inoculation with pellets containing both 
JSRV and SA-OMVV, the latent period before clinical 
signs appear varies between 3 months and a year. In a 
few individuals no symptoms are seen after a year and 
only small, localized lesions are revealed by necropsy. 
In order to test whether suppression of the cell-mediated 
immunity (CMI) could be responsible for this variation 
in susceptibility, the delayed hypersensitivity response 
of each sheep was measured by means of a tuberculin 
skin test as described under MATERIALS AND METHODS. 
The 48 h differential measurements are shown in Fig. 1 
as a function of the time of onset of jaagsiekte symp
toms. The regression curve, fitted to the data according 
to Dunn (1977), clearly indicates a linear relationship, 
suggesting that there is a positive correlation between the 
latency period of clinical jaagsiekte and the CMI of the 
animal. 

' Sigma Chemical Company, St. Louis, USA 
6 Nucleopore Corporation, Pleasanton, CA 94566-3294 USA 
7 DIFCO 



M.S. MYER, H. F. A. K. HUCHZERMEYER, D. F. YORK, P. HUNTER, D. W. VERWOERD & H. M. GARNETI 

Fig. 3. It suggests that reduced metabolic activity of 
monocytes may be responsible for the depressed cellular 
immune reaction, indirectly implicating the lentivirus in 
this process. 14 
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FIG. 1 Regression curve of skin sensitivity (mm) vs. jaagsiekte (JS) 
incubation period 

Immunosuppressive activity of the 2 viruses 
The immunosuppression accompanying the develop

ment of jaagsiekte lesions could be due to either or both 
of the retroviruses. In Fig. 2, the average skin reactions 
are compared in 3 groups of sheep: normal control ani
mals, sheep infected with lentivirus only and sheep 
infected with both lentivirus and JSRV. A significant 
suppression of the delayed hypersensitivity reaction is 
seen after lentivirus infection, with possibly an addi
tional effect when JSRV also is present. 
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FIG. 2 Tuberculin skin reaction in nonnal, lentivirus-infected and 
jaagsiekte plus lentivirus-infected sheep 

Monocyte involvement in the immunosuppression 
The relatively mild nature of the immunosuppression 

detected in jaagsiekte-infected sheep suggested a differ
ent mechanism from that in AIDS, where inhibition of 
the T -helper lymphocyte function causes a dramatic inhi
bition of CMI (Wong, Staal & Gallo, 1985). Since it was 
known that the sheep lentiviruses have a natural tropism 
for cells of the macrophage lineage (Narayan et al., 
1983), the ability of monocytes, isolated from JS-sheep, 
to synthesize DNA was compared with the skin test 
results of the same animals. A linear regression curve 
relating skin measurements to incorporation of tritiated 
thymidine (as a measure of DNA synthesis) is shown in 
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FIG. 3 Regression curve 3H-thymidine incorporation (cpm x I0-2) 

vs. skin sensitivity (mm) 

The reduced DNA synthesis observed in these blood 
monocytes also correlated well with the susceptibility of 
sheep to jaagsiekte. In Table 1 the average cpm-values 
obtamed in 3H-thymidine incorporation studies in a 
group of JS-sheep are compared with those of normal 
and resistent sheep. The latter group consisted of animals 
which were inoculated with a standard dose of JSRV but 
were free from clinical jaagsiekte symptoms after 12 
months. 

Decreased monocyte activity therefore correlates with 
a reduction of the delayed hypersensitivity reaction and 
with ('nhanced susceptibility to jaagsiekte. 

Effect of lentivirus replication on the chemotactic 
response of alveolar macro phages (AMs) 

Replication of lentivirus has been shown to depend on 
the level of differentiation/maturation of the monocyte/ 
macrophage (Gendelman, Narayan, Kennedy-Stoskopf, 
Kennedy, Ghotbi, Clements, Stanley & Pezeshkpour, 
1986). In order to assess the effects of lentivirus replica
tion on their chemotactic activity, alveolar macrophages 
were collected from JS-infected sheep by lung lavage 
and cultured for 10 days in vitro. The clarified super
natants of these cultures were then tested for the presence 
of virus by means of reverse transcriptase and immuno
blot assays as previously described (Payne et al. , 1986). 
Two AM preparations positive for lentivirus production 
(LV+) and 2 negative preparations (LV-) were then 
assayed for chemotactic potential in response to N-F 
Met, a synthetic chemoattractant, as described under 
MATERIALS AND METHODS. The response of these in 
vivo infected AMs is shown in Fig. 4. Positive chemo
taxis was observed in the 2 negative control cultures (C 
and D), whereas in the two LV(+) cultures (A and B) the 
response was inhibited and a higher level of chemo
kinesis (25% values) was observed. 

To confirm that this loss of chemotactivity was caused 
by the in vitro activation of lentivirus replication, the 
experiment was repeated using AMs from normal, 
healthy sheep. Cultures of these AMs were subsequently 
infected in vitro with lentivirus. When virus production 
was detected by the RDP assay after 3 days, the cells 
were tested for their ability to respond chemotactically to 
tumour cell supernatant (Myer et al., 1987a). Fig. 5 B 
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FIG. 4 Effect of lentivirus replication on the chemotactic response of 
alveolar macrophages infected in vivo with lentivirus 

illustrates a loss of chemotaxis in infected cells com
pared to that of nonnal macrophages (Fig. 5 A). 

These results suggest that lentivirus replication in 
macrophages inhibit their response to a chemotactic sti
mulus. 
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TABLE 1 3H-thymidine incorporation by peripheral blood monocytes 
from normal, resistant and JS-sheep 

Group Number of Group Standard 
animals averagecpm deviation 

Normal 4 1115 ± 30 
Resistant 4 1131 ± 102 
Jaagsiekte 6 695 ± 99 

Pasteurella haemolytica infection as a test for immuno
suppression 

As controls, a group of 9 lambs were sensitized with 
M. avium I week after birth. Nine weeks later a tubercu
lin test was carried out, the results indicting a nonnal 
group average skin swelling of 9,0 mm (Table 2), which 
was lower than the 13 mm obtained for a larger group of 
adult animals (Fig. 2). When these sheep were inoc
ulated 2 months later with 1 X 1011 P. haemolytica 
organisms, one showed no symptoms at all, 7 had a 
transient fever reaction only, and one animal died with 
acute septicaemia. 

Seven lambs were infected with 1 X l<f RDP units of 
lentivirus within one week after birth and sensitized with 
M. avium 4-9 weeks later. Their delayed hypersensitiv
ity response was measured after 6 weeks. The results 
show considerable variation between the individual ani
mals, one animal showing a nonnal skin swelling of 10,4 
mm. The average for the others was 5,8 ± 2,3 mm (not 
shown in Table 2) which is below that of the controls of 
9 ± 2,9 mm. A student's t test according to Dunn 
(1977), between the 9 and 5,8 mm averages, gave a t 
value of 2,3 (13 degrees of freedom), corresponding to a 
97,5 % level of significant difference between the con
trol and lentivirus-infected sheep. By oversight these 
lambs were immunized with pasteurella vaccine at 2 
weeks of age. Nevertheless, when they were challenged 
at an average age of 7 months, with the same high dose 
of virulent organisms as the controls, the reactions were 
significantly stronger (Table 2). Two out of .seven ani
mals died from acute septicaemia, and one from pneu
monia, while 4 showed clinical signs of respiratory dis
tress (pneumonia) such as coughing dyspnoea and nasal 
discharge. These 4 sheep recovered clinically, while P. 
haemolytica, reisolated from the lungs of those animals 
that had died, was subsequently shown to be type 1, 
thereby confirming that the fatal infection was caused by 
the organisms inoculated. 

DISCUSSION 

The human and ovine lentiviruses are similar in mor
phology and morphogenesis and also share some homo
logous nucleotide sequences (Gonda, Wong-Staal, 
Gallo, Clements, Narayan & Gilden, 1985). For both 
groups the primary target cell seems to be the monocyte/ 
macrophage. In the case of HIV most primary isolates 
from brain and lung tissues produce 10 to 100-fold more 
virus in mononuclear phagocytes than in lymphocytes. 
The virus appears to have a unique ability to acquire an 
affinity for T4 lymphocytes however, and the prototype 
HIV, which was selected for growth in T cells, has a 
10 000-fold lower ability to infect macrophages than T
cells (Gartner, Markovits, Markovitz, Kaplan, Gallo & 
Popovic, 1986). At least part of the immunosuppressive 
effect of HIV is thought to be caused by depletion ofT 4-
lymphocytes. 

In contrast visna virus, the prototype ovine lentivirus, 
does not seem to be able to infect lymphocytes. In addi
tion, virus replication in macrophages is severely 
restricted in vivo (Gendelman, Narayan, Molineaux, 
Clements & Ghotbi, 1985). This may be the reason why 
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TABLE 2 Susceptibility of lentivirus-infected sheep toP. haemolytic a compared with that of normal control animals 

Skin Age (weeks) 
Sheep No. swelling (at chat-

(mm) lenge) Fever 

Controls 

469015 8,1 19 Neg 
4685/8 10,3 19 + (d6) 
4684/1 7,9 19 + (d4) 
4679/5 6,9 19 -
4676/1 3,1 19 + (d4) 
4663/2 9 ,9 19 + (d4) 
4659/3 11 ,8 19 + (d4) 
4654/4 12,0 20 + (d6) 
465218 11,2 20 + (d4) 
Average: 9,0 
Standard deviation 2,9 

Lentivirus-infected sheep 

3675/4 7,5 30 + (d4) 
3672/1 10,4 29 -
3886/9 2,9 28 + (d4-6) 
3930/5 4,3 27 + (d4) 
393113 8,7 27 + (d~) 
4018/5 4 ,0 25 ++ (d4) 
4019/3 7,2 25 ++ (d4) 
Average: 6,43 
Standard deviation 2,8 

NO= not done 

immunosuppression has not been observed in maedi
visna and other related infections such as ovine progres
sive pneumonia (OPP) (Larsen, Hyllseth & Krogrud, 
1982; Haase, 1986). Narayan, Sheffer, Clements & Ten
nekoon (1985) have shown that visna virus causes an 
interferon-inducing factor to be produced on the surface 
of infected macrophages which is recognized by lympho
cytes of ovine and caprine species. These lymphocytes, 
in tum, produce an interferon (non-glycosylated, 54-{)4. 
kilodalton protein that is resistant to pH 2,0 and heat 
treatment) that probably restricts viral replication in in
fected macrophages and is most likely an important 
mechanism for the persistence of the virus in the host 
which may develop a chronic immunosuppressive syn
drome. In addition, the interferon also results in per
sistent expression of Ia antigen on the surface of infected 
macrophages (Kennedy, Narayan, Ghotbi , Hopkins , 
Gendelman & Clements, 1985). 

Using a delayed type hypersensitivity assay, we found 
a significant immunosuppression in sheep co-infected 
with lentivirus and jaagsiekte retrovirus. The fact that 
lentivirus replication is stimulated in jaagsiekte lungs 
(Dawson et at., 1985) would lead one to speculate that it 
may also be responsible for the immunosuppression ob
served, but a direct contribution by the JSRV cannot be 
excluded in this system. We were able to demonstrate, 
however, that infection with lentivirus only, will also 
cause a significant suppression of the delayed type hy
persensitivity reaction in sheep. 

It was furthermore shown that inhibition of monocyte 
activity is involved in the suppression, suggesting a pri
mary role for the lentivirus which has the monocyte/ 
macrophage as primary target cell. Further evidence for 
the involvement of ovine lentiviruses in cell-mediated 
immunity is the demonstration of decreased lymphocyte
generated interleukin-2 and decreased concanavalin-A
induced suppressor cell activities in natural cases of OPP 
(Ellis & De Martini, 1985). 

Friedlander, Jahrling, Merrill & Tobey (1984) have 
demonstrated inhibition of mouse peritoneal macrophage 
DNA synthesis with Arenavirus Pinchinde, while 
Dengue virus infection causes a sharp decline in their Fe-
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Symptons 

Clinical Post 
signs mortem 

Neg NO 

- Neg NO 
Neg NO 

Died (d4) Septicaemia pneumonia 
Neg NO 
Neg NO 
Neg NO 
Neg NO 
Neg NO 

Died (d4) Septicaemia pneumonia 
Died(d4) Septicaemia pneumonia 

++,pneumonia NO 
+++,pneumonia orchitis NO 

+++,pneumonia Pneumonia orchitis 
+,pneumonia NO 

+++,died(d7) pneumonia 

receptor-mediated attachment and phagocytosis of opso
nized sheep erythrocytes (Chaturvedi, Nagar & Mathur, 
1983). The pathogenesis of certain viruses is ~imited_to 
maturation of macrophages as well as to the dtfferenha
tion of monocytes to macrophages. Lentivirusses have a 
tropism for cells of the macrophage lineage, and replica
tion of the virus increases as monocytes mature to 
macrophages (Gendelman et al. , 1986). A similar situa
tion was found in our sheep that were infected with lenti
virus, and in these animals where in vitro replication of 
the lentivirus was occurring in macrophage cultures, a 
concomitant inhibition of chemotactic potential was 
demonstrated in these cells (Fig. 4 & 5). 

Insertion of retroviral glycoproteins within infected 
macrophage membranes is thought to interfere with the 
Fc-receptor-cytoskeletal system (Marcelletti & Fur
manski , 1978). Macrophage function, such as tumour 
target cell destruction, chemotaxis, phagocytosis and 
bactericidal activities all require an intact Fc-receptor
cytoskeletal system. Cianciolo, Hunter, Silva & Haskill 
(1981) reported that a 15 kilodalton protein , isolated 
from human malignant lymphomas, rendered human 
monocytes immobile. They were able to neutralize this 
effect by adding three different murine monoclonal anti
bodies against p 15(E) of type C retroviruses. The bulky, 
hydrophobic pl5(E) protein is thought to block microtu
bule formation that is required for cell movement (Rojko 
& Olsen, 1984). 

Influenza virus infection of alveolar macrophages 
reduces their antibacterial efficiency, which is associated 
with secondary infections in the lungs of infected hosts 
(Warshauer, Goldstein, Akers , Lippert & Kim, 1977). 
In these sheep where macrophage chemotaxis might 
have been inhibited (assuming in vivo replication of the 
lentivirus) , secondary complications, such as bacterial 
pneumonia, could be expected to have led to a more 
rapid death of the host than would have been caused only 
by the lung tumour. 

Since it has proved impossible to obtain JSRV prepa
rations free from lentivirus, we decided to use an inde
pendent non-viral challenge system as an additional test 
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for immunosuppression. Pasteurella haemolytica is a 
common cause of pneumonia in ruminants but is difficult 
to induce experimentally in normal animals. Reproduc
ible infection has only been achieved after pre-infection 
with bo~ine herpesvirus in calves (Hilwig, Songer & 
Reggard10, 1985) or Mycoplasma ovipneumonia in 
sheep (Gilmour, Jones, Rae & Quirie, 1986). We have 
isolated lentivirus from a number of field cases of pneu
monic pasteurellosis in sheep (unpublished results) , sug
gesting the possibility that the virus may play a role in 
the aetiology of this disease. The results reported in this 
paper support this contention. Despite the fact that the 
lentivirus-infected lambs were immunized with pas
t~urellosis vaccine, challenge with a high dose of orga
msms clearly showed that lentivirus-infected lambs were 
more susceptible than the controls. The severity of the 
symptoms in individual animals did not correlate well 
with the severity of immunosuppression as reflected by 
decreased skin swelling. Such a correlation can be 
found, however, when the averages for the groups are 
compared, suggesting that immunosuppression is the 
mechanism by which lentivirus enhances infection with 
P. haemolytica. The discrepancy may reflect inconsis
tencies in the delayed type hypersensitivity assay due to 
variable responses between individual sheep, or its abil
ity to reflect which lymphoid cell component is involved 
in immunosuppression. 

It can be concluded, therefore, that ovine lentiviruses 
cause a mild immunosuppression in sheep, mainly by 
affecting the monocyte/macrophage activity. The 
suppression of the cellular inunune response in tum, 
predispose the animal to secondary infections such as 
jaagsiekte and pasteurellosis. 
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