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For examination of the characteristics of lentivirus-in-
duced pulmonary disease in an animal model, neonatal
lambs were given intratracheal injections of high- and
low-passage ovine lentivirus (OvLV) isolates. In 6 of 6
lambs inoculated with low-passage OvLV or OvLV from
lung lavage fluid, lesions of lymphoid interstitial pneumo-
nia (LIP) developed. In none of7 lambs inoculated with
a high-passage OvLV or 4 control lambs inoculated with
medium alone or ultrafiltered lung fluid did lung lesions
develop. Systemic distribution of lentivirus was greater
and development of lentivirus antibody was more rapid
in lambs inoculated with low-passage OvLV, compared
with lambs inoculated with high-passage OvLV. The
number oflymphocytes in bronchoalveolar lavage sam-
ples was increased in lambs with lymphoid interstitial

LENTIVIRUSES are a subfamily of retroviruses that
include visna/maedi virus, caprine arthritis encephali-
tis virus, and ovine progressive pneumonia virus. The
ovine lentiviurses (OvLV) are naturally transmitted
through ingestion of milk or exposure to respiratory
secretions, and cause persistent infections in sheep that
result in lymphoid interstitial pneumonia, regional lym-
phadenomegaly, and less frequently nonsuppurative en-
cephalitis and erosive polyarthritis. 1-4 The clinical dis-
ease often terminates with progressive emaciation,
dyspnea, hypergammaglobulinemia and development
of opportunistic infections.45 Ovine progressive pneu-
monia virus infection is common among adult sheep
in the United States, where the pneumonic lesion is the
primary manifestation of infection.67

Lentiviruses are thought to replicate slowly in their
hosts, and this seems true, judging from results obtained
in studies of spontaneously diseased animals and
animals with experimentally induced infections with
reports of incubation periods of lentivirus-induced dis-
ease from a few months to a few years.8-" However,
most previous experimental infections were performed
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pneumonia. The development of lymphoid interstitial
pneumonia was markedly accelerated, in comparison
with previous reports ofexperimentally induced lentivi-
rus pneumonia in sheep. In lentivirus-inoculated lambs
pulmonary lesions developed comparable to lymphoid
interstitial pneumonia associated with the acquired im-
munodeficiency syndrome and other human benign lym-
phoid disorders ofthe lung. Similarities between the dis-
ease manifestations and virologic properties ofOvLV and
human T-celi lymphotropic virusm argue for the rele-
vance of OvLV-induced disease as a model for human
retrovirus diseases. The ability ofOvLV to cause acceler-
ated pulmonary disease in neonates may be due to age-
related susceptibility factors that enhance the pathoge-
nicity of lentiviruses. (Am J Pathol 1986, 125:173-181)

in older lambs or adult sheep with the use of unnatural
routes of inoculation. Under these conditions lentivi-
rus replication may not be facilitated. Without a con-
sistent and temporally convenient model of lentivirus-
induced lymphoid interstitial pneumonia, the predom-
inant clinical and pathologic manifestation of infection,
investigations concerning pathogenic mechanisms of
OvLV have been limited. To examine the role of len-
tivirus in the neonate and to develop a convenient, re-
producible model of lymphoid interstitial pneumonia,
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we studied neonatal lambs given intratracheal injections
of OvLV.

Visna virus, the prototype of the ovine lentiviruses,
has been shown recently to share morphologic similar-
ities and extensive genome sequence homology with hu-
man T-cell lymphotropic virus III (HTLV-III/LAV), the
etiologic agent of acquired immunodeficiency syndrome
(AIDS).121 3 Visna virus infections of sheep cause de-
myelinating meningoencephalitis, thought to be the re-
sult of an immunopathologic mechanism directed at
cellular and/or viral antigenic proteins. 10 Investigations
concerning mechanisms of lentivirus persistence have
demonstrated in vivo restriction of visna virus gene ex-
pression in sheep alveolar macrophages14 and bone mar-
row stem cells."1 HTLV-III/LAV induces a persistent in-
fection, which causes lymphoproliferative and lympho-
cytolytic lesions, replicates in the central nervous sys-
tem, and has been associated with neurologic disease.16
Lymphoid interstitial pneumonia has been reported re-
cently in a high proportion of children with AIDS17-19
and as an infrequent lesion in adults with AIDS.20'21
Similarities between the disease manifestations and viro-
logic properties of OvLV and HTLV-III/LAV argue for
the relevance of OvLV-induced disease as a model of
human retrovirus diseases.
We report here that OvLV injected intratracheally into

neonatal lambs induces an accelerated form of lym-
phoid interstitial pneumonia. The association of OvLV,
like HTLV-III/LAV, with accelerated pulmonary dis-
ease in neonates suggests that age-related susceptibil-
ity factors enhance the pathogenicity of lentiviruses and
suggests an additional target tissue for human retrovi-
rus infections.

Materials and Methods

Lambs

Newborn crossbred lambs were obtained prior to
suckling to prevent colostral transmission of OvLV. The
lambs were maintained on bovine colostrum and com-
mercial milk replacer as described by Houwers et al.1

OvLV Source and Inoculation of Lambs

OvLVs used for inoculations were isolated from nat-
urally occurring cases of ovine progressive pneumonia
or from lambs with experimental lentivirus-induced
lymphoid interstitial pneumonia. The virus isolates were
grown and maintained in goat synovial membrane
(GSM) cells as described by Querat et al.22 The isolates
were titered in GSM cells in a syncytia-induction end-
point dilution assay. Low-passage lentivirus isolates
were defined as isolates which, following initial isola-

tion, were passed less than 10 times in GSM cells. All
low-passage isolates were lytic in cell culture except one
(inoculated in Lamb 41, Table 1) which produced a per-
sistent infection in GSM cells, characterized by cycles
of syncytia formation following trypsinization. A high-
passage isolate, originally isolated by Dr. William Had-
low from a sheep with progressive pneumonia, was
kindly provided by Dr. Ashley Haase.23 The high-pas-
sage isolate was maintained in sheep choroid plexus cells
and GSM cells, was plaque-cloned, and was rapidly lytic
in infected cell cultures.
The lambs were divided into three groups (Table 1).

Group 1 lambs were inoculated intratracheally with 5-10
ml of cell culture medium containing 1.0 x 104-3.1 x
106 TCIDso low-passage OvLV (each lamb inoculated
with an isolate from separate sources; Lambs 5, 41, 79,
70, and 72) or lung lavage fluid containing 1.5 x 106
TCID,O OvLV (Lamb 34). Group 2 lambs were inocu-
lated with the same volume of tissue culture medium
containing 5.7 x 101 TCIDOo high-passage OvLV (same
isolate inoculated in Lambs 17, 18, and 28 through 31).
Group 3 were control lambs inoculated with medium
alone (Dulbecco's modified Eagle's medium, DMEM,
containing 5% fetal bovine serum and 50 1ig/ml gen-
tamicin antibiotic; Lambs 32 and 33) or ultrafiltered
lung lavage fluid (molecular weight filter limit, 50,000
daltons, to eliminate retroviruses; Lambs 23 and 25).

Lentivirus Isolation

Tissues and cells for virus reisolation were collected
at the time of death and cocultured with GSM cells.
Cultures were monitored for evidence of cytopathic
effects and passed at least three times at weekly inter-
vals before being considered negative. Positive cultures
and original inoculates were confirmed as lentivirus by
immunoblotting with polyvalent lentivirus antiserum.22

Serology

Serum samples were collected approximately bi-
weekly from all lambs. The agar gel immunodifftision
test, with cell-culture-derived ovine progressive pneu-
monia virus as antigen, was used for detection of
lentivirus-specific antibody.24

Gross and Microscopic Pathology

Lambs were anesthetized by intravenous inoculation
with xylazine and ketamine and killed by electrocution.
Selected organs were excised and weighed. Tissues were
fixed in 10% buffered neutral formalin solution, sec-
tioned at 5 j, and stained with hematoxylin and eosin
(H&E). Selected lung sections were also stained with

AJP * October 1986



OVINE LYMPHOID INTERSTITIAL PNEUMONIA 175

Table 1 - Lentivirus Infection of Neonatal Lambs

Lesionst

Inoculum* OvLV Sacrifice Lung Lymph node
Lamb TCID50 antibodyt age LIP hyperplasia Dyspnea§

Group 1 (OvLV)
5 1.5x 10618 + 4 weeks 4 weeks + + + +

79 3.1 x 10611 - 4 weeks + -
70 3.1 x 106l1 +7 weeks 13 weeks + + + + + + + + + + + +
34 1.5x 1061 +4 weeks 14 weeks + + + + + + + + +
72 1.0x 1041 + 14 weeks 14 weeks + + +
41 1.5x 10611 +4 weeks 26 weeks + + + + + + +

Group 2 (OvLV)
17 5.7x106 - 1week - -

18 5.7x 106 - 3 weeks - -

27 5.7x 106 - 5 weeks - -

28 5.7x 106 - 8 weeks - -

30 5.7x 106 - 11 weeks - -

29 5.7 x 1 oe + 12 weeks 24 weeks - -

31 5.7x 106 - 28 weeks - -

Group 3 (controls)
32 - - 3 weeks - -

33 - - 7 weeks - - -

23 -tt - 21 weeks - -

25 -tt - 26 weeks - -

* Inoculum: OvLV isolates as described in Materials and Methods. Group 1, low-passage OvLV isolates and OvLV from lung lavage fluid; Group 2,
high-passage OvLV; Group 3, medium and lung lavage fluid without OvLV.
t Agar gel immunodiffusion detection of serum antibody to OvLV glycoproteins; age at which reaction was first detected.
t Lymphoid interstitial pneumonia ranked in severity from + (least severe) to + + + + (most severe) as described in Materials and Methods and

Table 2. Pulmonary lymph node (caudal mediastinal lymph node) hyperplasia ranked in severity: +, few lymphoid germinal centers per 4 x magnifica-
tion; + + + +, many lymphoid germinal centers per 4x magnification.

§ Dyspnea assessed daily throughout the experiment defined as increased respiratory rate and exercise intolerance, compared with that of control
lambs: +, mild increase in respiratory rate and little exercise intolerance, + + + +, rapid respiration without exercise and severe dyspnea with exercise.

II Low-passage OvLV isolates.
1 OvLV from lung lavage fluid.
*' Medium.
tt Lung lavage fluid without OvLV.

periodic acid-Schiff, Masson's trichrome, Congo red,
and Verhoff-van Gieson stains.

After bronchopulmonary lavage (see below) the right
lung lobes were excised and insufflated with 100%
buffered neutral formalin solution by gravity flow until
distended, held for a minimum of 48 hours, and then
prepared for histologic examination as described above.
Transverse sections from each lung lobe were examined
histologically for the presence and severity of lymphoid
interstitial pneumonia (LIP). LIP was defined as a pul-
monary lesion consisting of two principal components:
1) thickening of alveolar septa by interstitial accumu-
lations of lymphocytes, plasma cells, and mononuclear
phagocytes and the presence of leukocytes and fibrin
in alveolar lumens and 2) prominent peribronchiolar
or parenchymal lymphoid follicles. The severity of the
first component was ranked from least to most severe
as follows: +, multifocal interstitial leukocytes with no
alveolar exudate; + +, multifocal interstitial leukocytes
with few leukocytes with alveoli; + + +, multifocal to
confluent areas of alveolar septal thickening and leu-
kocytes and fibrin within alveoli; + + + +, confluent

areas of alveolar septal thickening with numerous leu-
kocytes and abundant fibrin within alveoli. The severity
of the second component was ranked from least to most
severe by the number of lymphoid follicles per micro-
scopic field under a 4x objective as follows: +, 0-2
follicles; + +, 3-4 follicles; + + +, 5-6 follicles; and
+ + + +, 7 follicles. Other tissues examined histologi-
cally included transverse sections from the hilus of each
cranial mediastinal lymph node and sections of most
major organ systems.

Bronchopulmonary Lavage

Immediately after death the lungs were excised; and
a sterile solution of phosphate buffered saline (pH 7.4)
containing antibiotics was instilled intrabronchially by
gravity flow into the right lung lobes. The lavage fluid
was clarified by passage through gauze, centrifuged at
200 g for 10 minutes, and resuspended in DMEM. The
lavage cells were either placed in coculture or cytocen-
trifuged onto glass slides. The proportion of viable cells,
assessed by trypan blue dye exclusion, was determined
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Figure 1-Gross appearance of the right lung
of a lentivirus-inoculated lamb (70, Group 1) with
severe lymphoid interstitial pneumonia. Note
subpleural foci (arrow: lymphoid follicles) and
confluent central discoloration of the middle and
diaphragmatic lobes.

by hemacytometer counts. The cytocentrifuge prepa-
rations were stained by the Wright's method for mor-
phologic identification.

Results

Clinical signs of respiratory disease were present in
lambs inoculated with low-passage OvLV (Table 1).
These symptoms were first noted at approximately 3
weeks of age, as evidenced by increased resting respira-
tory rates, compared with those of control lambs. Clin-
ical signs progressed over time to severe exercise intoler-
ance and occasional coughing. Lambs in Group 1 were
sacrificed at either 4 weeks (for assessment of early le-
sions of lymphoid interstitial pneumonia; Lambs 5 and
79) or after repeated episodes of dyspnea (Lambs 34,
41, and 70). Lamb 72, inoculated with lower TCID,o
of low-passage lentivirus, did not develop clinical signs
and was sacrificed at 14 weeks. Lambs inoculated with
the high-passage lentivirus (Group 2) or control lambs
(Group 3) failed to show clinical signs throughout the
study. Lambs in Group 1 also had decreased weight
gains (0.15 kg/day versus 0.24 kg/day in control Lambs
33, 23, and 25). Febrile episodes corresponded to occa-
sional periods of anorexia. Joint swelling was noted in
1 lamb (41).
Gross lesions were limited to the lungs and pulmo-

nary lymph nodes of lambs in Group 1 (Table 1). The
lungs were increased in consistency and failed to col-
lapse properly. These lungs also had multifocal red to
brown discolorations on the pleural surfaces, and
numerous minute, gray, well-demarcated subpleural foci
(Figure 1). On sectioned surface, these areas consisted
of firm tan to brown tissue with 1.0-3.0 mm tan foci.

The average lung weight, expressed as percentage of
body weight (oBW), of lambs 79, 70, 72, and 41 was
2.80%o, compared with 1.5% in control Lambs 33 and
23. The middle and cranial lung lobes of 1 lamb (34)
contained focal abscesses and focal consolidation of
lung parenchyma. Pasteurella hemolyticum was cul-
tured from the abscesses. Selected lung samples were
negative when cultured for Mycoplasma species and
failed to react with antibody to respiratory syncytial vi-
rus in an immunofluorescence assay.
Lambs in Group 1 had enlarged pulmonary lymph

nodes 0.04%oBW (Lambs 70, 72, and 41) versus
0.02%oBW in a control Lamb of similar age (23). Cor-
tical lymphoid follicles in these lymph nodes were
increased in number and size. Thymuses from the ex-
perimental lambs with lung lesions were often small,
compared with those of controls. The thymus weights
of Lambs 70,72, and 41 averaged 0.0980oBW, compared
with 0.15%oBW of control Lambs 33 and 23. Lambs in-
oculated with the high-passage OvLV, tissue culture
medium, or lung lavage fluid without OvLV had no
gross lesions.
Lung lesions were consistent with those of lymphoid

interstitial pneumonia (Figure 2). The severity of lym-
phoid interstitial pneumonia correlated with the severity
of dyspnea (Table 1). Moderate to severe peribronchial,
peribronchiolar, and perivascular hyperplastic lym-
phoid follicles were present in 4 of 6 lambs (Table 2).
The degree of lymphoid follicular hyperplasia related
directly to interstitial inflammatory cell infiltrates, which
consisted of lymphocytes, plasma cells, and macro-
phages. Alveolar walls were focally disrupted, which
resulted in short and incomplete separations between
adjacent alveoli. Lymphoid follicles within the lung con-
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Figure 2A-Section of the insufflated right middle lung lobe of a lentivirus-inoculateed lamb (70, Group 1) with multifocal lymphoid follicles (short arrow)
adjacent to confluent interstitial pneumonitis (long arrow). (H&E, x2) B-Thickened interstitium due to polymorphic leukocytic infiltrates of an OvLV-
inoculated lamb. (70, Group 1). (H&E, x240) C-Normal lung of a control lamb. (33, Group 3) D-Hyperplastic lymphoid follicle which compresses
the adjacent bronchiole and arteriole. Adjacent interstitium is thickened with polymorphic leukocytic infiltrates (70, Group 1).

sisted of well-demarcated aggregates of lymphocytes of-
ten with germinal centers of large lymphoblasts with
numerous mitotic figures surrounded by rims of small
to medium lymphocytes. Alveoli in consolidated areas
contained increased numbers of macrophages, lympho-
cytes, and fibrin. Early changes of lymphoid intersti-
tial pneumonia from Lambs 5 and 79 killed at 4 weeks
after inoculation consisted of lymphoid follicles with
prominent germinal centers. Pneumonitis lesions were
less evident in these 2 lambs, consisting of mild to

moderate, multifocal interstitial thickening and alveoli
containing predominantly macrophages with minimal
amounts of fibrin. The lamb inoculated with 10 TCID,0
of low-passage lentivirus (72) contained lesions confined
to hyperplastic peribronchiolar and perivascular lym-
phoid follicles without significant degrees of intersti-
tial infiltrates (Figure 3).
The caudal mediastinal (pulmonary) lymph nodes

of lambs in Group 1 contained varying degrees of lym-
phoid follicular hyperplasia. Enlarged and irregularly
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Table 2-Microscopic Features of OvLV-Induced Lymphoid
Interstitial Pneumonia in Neonatal Lambs

Interstitial Lymphoid folliclest
Lamb inflammation* Peribronchiolar Perivascular Subpleural

5 + ++ ++ +
79 +I- - - +
70 ++++ ++++ +++ +
34 ++ +++ ++ ++
41 ++ +++ ++ +++
72 +/- + + +

Interstitial leukocytes mixed inflammatory infiltrates of lymphocytes,
plasma cells, macrophages, and alveolar exudate ranked in severity as
described in Materials and Methods.
t Lymphoid follicles within the lung ranked in severity: +, least in num-

ber per 4 x magnification; + + + +, most in number per 4 x magnifica-
tion as described in Materials and Methods.

shaped germinal centers extended into paracortical
zones (Figure 3). The degree of lymph node follicular
hyperplasia correlated with the severity of lymphoid
interstitial pneumonia (Table 1). Lamb 41 of Group 1
contained marked subpleural lymphoid follicles 4.0 to
8.0mm in diameter consisting of lymph node-like struc-
tures within the subpleura (Figure 3). Microscopic le-
sions were absent in lambs inoculated with the high-
passage OvLV and control lambs.
OvLV was consistently reisolated from the lung and

systemic tissues of Group 1 lambs (low passage/lung
lavage fluid OvLV-inoculated; Table 3). OvLV was re-
covered only from alveolar leukocytes through 8 weeks
after inoculation in the high-passage OvLV-inoculated
lambs. OvLV was not recovered from control lambs.
The percentage of lymphocytes in bronchoalveolar

lavage (BAL) samples from OvLV-inoculated Group 1
lambs was greater than that of controls (Figure 3). The
percent lymphocytes in lavage samples in 5 of these 6
lambs ranged from 12% to 33% (mean, 20%) (Lambs
5, 79, 72, 34, and 41), compared with a range of 4-8%
(mean, 6%) in control Lambs 32 and 33. Control lamb
BAL samples typically consisted of 90'70 macrophages,
4-8% lymphocytes, and 1-3Vo neutrophils and eo-
sinophils. The total leukocyte count ofBAL cells from
the low-passage OvLV-inoculated lambs averaged 7.5
x 105 cells/ml (200 ml recovered of a total lavage vol-
ume of 250-300 ml). Control lamb BAL cell recovery
averaged 0.5 x 105 cells/ml (similar recovery and la-
vage volumes). BAL samples from the lambs of the
high-passage group did not differ from the control
lambs.

Five of 6 Group 1 lambs produced antibody against
OvLV between 4 and 14 weeks after inoculation (Table
1). In only 1 of 7 lambs from the high-passage group
had detectable OvLV antibody developed prior to death.
Control lambs were negative for OvLV antibody
throughout the study.

Discussion

The development of lymphoid interstitial pneumo-
nia in the OvLV-inoculated lambs was markedly acceler-
ated in comparison with previous reports of experimen-
tally induced lentivirus pneumonia in sheep.9-1' Recent
transmission studies report prevalence rates oflymphoid
interstitial pneumonia ranging from no lesions
produced25 to 54% of inoculated sheep having pneu-
monitis.26 Successful transmission studies of lentivirus-
induced lymphoid interstitial pneumonia report incu-
bation periods to onset of clinical signs from 8 months11
to several years.26 Adult animals were not inoculated
with our isolates of lentiviruses, and therefore a direct
comparison of age susceptibility between neonates and
adult sheep was not made in our study. There are no
reports of experimentally induced lentivirus lymphoid
interstitial pneumonia in lambs exposed to the virus by
respiratory routes as neonates.

This shortened latency interval in neonates parallels
neonatal susceptibility in other experimentally induced
retrovirus diseases.27 28 Rapid induction of sheep pul-
monary adenomatosis (believed to be caused by a retro-
virus) has been demonstrated in lambs.29 Available evi-
dence suggests that the primary cell target of OvLVs is
the monocyte/macrophage.Is Alveolar macrophages
from neonates of several species have been demon-
strated to be immature in biochemical and functional
capacities.30 The increased permissiveness of alveolar
macrophages in neonatal lambs presumably is central
to the enhanced pathogenicity of naturally occurring
ovine lentiviruses in this investigation.
The strain and dosage of lentivirus used was related

to disease outcome in the lambs in the present investi-

Table 3-Lentivirus Reisolation From Neonatal Lambs

High-passage
Low-passage/lung OvLV-

lavage OvLV- inoculated
inoculated lambs lambs (posi-

(positive/no. tive/no.
tested) tested)

BAL leukocytes* 4/4 5/7
Blood leukocytest 2/4 0/5
Lung 5/6 3/5
Spleen 3/6 0/5
Pharyngeal lymph node 3/4 0/2
Mesenteric lymph node 3/4 0/3
Choroid plexus 2/3 0/3
Bone marrow 2/3 0/3

* Bronchoalveolar leukocytes seeded in coculture at 1 x 106 cells per
35 mm tissue culture flask containing GSM cells. BAL procedure and vi-
rus isolation as in Materials and Methods.
t Blood mononuclear cells prepared from buffy coat samples after

erythrocyte lysis in ammonium chloride solution.
Control lambs (Group 3) negative for lentivirus from similar tissues/cells.
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Figure 3A-Germinal center within a peribronchiolar lymphoid follicle (Lamb 79, Group 1) with minimal interstitial leukocytic infiltrates. (H&E, x85) B-
Prominent subpleural lymphoid nodule of a lamb with lymphoid interstitial pneumonia (Lamb 41, Group 1). (H&E, x85) C-Irregular, enlarged germinal
centers within the pulmonary lymph node (Lamb 72, Group 1) of a lamb with lymphoid interstitial pneumonia. (H&E, x240) D-Cytocentrifuge prepara-
tion of cells obtained by bronchoalveolar lavage from a lamb with lymphoid interstitial pneumonia (Lamb 41, Group 1). Note the proportion of lymphocytes.
(Wright's stain, x1400)

gation. The most severe lesions were within lambs inoc-
ulated with medium containing 106 TCID50 of low-pas-
sage OvLV or OvLV directly from lung lavage fluid.
Lamb 72 (Group 1), inoculated with only 104 TCIDSO
lentivirus showed a milder pneumonitis and less lym-
phoid follicle hyperplasia, suggesting that dosage of len-
tivirus inoculated was a factor in disease outcome. The
high-passage lytic OvLV isolate failed to produce le-
sions through 28 weeks after inoculation. This isolate
may have lost pathogenicity in repeated cultures or may
have shown a slower progression of lesions if the lambs

were examined later than 28 weeks. Decreased pathoge-
nicity of high passage lentiviruses has been previously
reported by Sihvonen. I

Group 1 lambs had a greater degree of systemic viral
distribution, compared with high-passage OvLV-inocu-
lated lambs, as indicated by coculture of tissues. More
lambs seroconverted in this group suggesting that low
passage OvLV or lung lavage OvLV may result in greater
viral replication than the high passage OvLV isolate.
In addition, age related factors may have enhanced
OvLV replication in these lambs. Georgsson et a13'
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reported enhanced visna virus reisolation from ex-
perimental inoculation of ovine fetuses, compared with
older lambs and adult sheep.
The OvLV-inoculated lambs had lymphoproliferative

pulmonary lesions with similar morphology as natural
cases of ovine progressive pneumonia and lymphoid in-
terstitial pneumonia associated with AIDS. Lymphoid
interstitial pneumonia associated with AIDS is accom-
panied by pulmonary lymph node follicular hyperpla-
sia,' unlike many other forms of human lymphoid
interstitial pneumonia. Lambs inoculated with our low-
passage lentiviruses also contained pulmonary lymph
node follicular hyperplasia, but did not have evidence
of further systemic lymphoproliferative disease. Lym-
phoid interstitial pneumonia associated with AIDS is
characterized by polymorphic interstitial infiltrates
(lymphocytes, plasma cells, and monocytes) with peri-
bronchiolar and perivascular aggregates of lymphoid
cells often containing germinal centers,17'20 morphologic
features similar to those seen in our lambs with lym-
phoid interstitial pneumonia.
The clinical course of lymphoid interstitial pneumo-

nia associated with AIDS is characterized by dyspnea
and progressive weight loss and is complicated by vari-
ous opportunistic infections. Our lambs with lymphoid
interstitial pneumonia were dyspneic and failed to gain
weight normally. However, in only 1 of 6 lambs with
lymphoid interstitial pneumonia did an opportunistic
pulmonary infection develop (Lamb 34). The lack of
development of opportunistic infections in our lambs
may reflect the length of time the animals were allowed
to live (1-6 months). Recent reports indicate that the
prevalence of lymphoid interstitial pneumonia is more
common in children with AIDS, suggesting age-related
factors in development of the lesion. Sheep inoculated
with lentiviruses do not develop the severe lymphoid
depletion and immunosuppression seen in AIDS vic-
tims. However, hypergammaglobulinemia, decreased
lymphocyte-generated interleukin-2, and decreased con-
canavalin A-induced suppressor cell activities have been
reported in naturally occurring ovine progressive pneu-
monia.5'32'33 The immunologic status of neonatal lambs
inoculated with lentivirus is currently being investigated.
The pathogenesis of lymphoid interstitial pneumonia
in humans and sheep is not clear, but a pulmonary lym-
phoproliferative response associated with similar etio-
logic agents with concurrent immunologic dysregula-
tion is common to both lesions.
Lymphoid interstitial pneumonia of the lambs of this

report also shares features with human lymphoid in-
terstitial pneumonias of unknown etiologic associa-
tions. The pattern of lymphoid interstitial pneumonia
induced by OvLV is lymphangitic in pattern within the
lung with lymphoid follicles adjacent to bronchi, bron-

chioles, blood vessels, and the subpleura. Diffuse poly-
morphic cellular infiltrates cause interstitial thickening
and loss of function. Germinal center formation within
lymphoid follicles of the lung are features of the ovine
and human lesion.34 Pulmonary lymph node hyperpla-
sia is common to ovine progressive pneumonia and is
reported in certain human forms of lymphoid intersti-
tial pneumonia.34
The lambs of this report had increased lymphocytes

within bronchoalveolar lavage cell preparations. In-
creased lymphocytes within bronchopulmonary lavage
samples has been associated with several human inter-
stitial lung disorders, including sarcoidosis,35 neopla-
sia,36 iodiopathic pulmonary fibrosis,37 and some cases
of AIDS.38.39 The ability to sequentially perform bron-
choalveolar lavage of lambs provides an opportunity
to follow the kinetics of lavage cells in lentivirus-induced
pneumonia. Lentivirus was consistently isolated from
pulmonary leukocytes of the lambs in which lymphoid
interstitial pneumonia developed. HTVL-III/LAV has
been isolated from bronchoalveolar lavage fluid from
a patient with AIDS-related complex with lymphoid
interstitial pneumonia.40
The ability to produce an accelerated disease manifes-

tation of a "slow" virus in lambs provides the opportu-
nity for further study of the pathogenic mechanisms
of lymphoproliferation in the lung, co-factors govern-
ing disease expression and potential therapies that might
abate debilitating lymphoid expansion within the lung.
Lentivirus-induced lymphoid interstitial pneumonia in
neonatal lambs will allow investigation of mechanisms
of age-related resistance to this group of retroviruses.
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