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To define the immune responses against phenotypically and pathogenically distinct lentiviruses, we used an
immunoblotting assay to study antibodies to viral proteins of ovine lentivirus (OvLV) in 16 experimentally and
12 naturally infected sheep. Two distinct phenotypes of OvLV were used to experimentally infect lambs: strain
85/34, a "rapid/high" isolate which rapidly induced lysis in infected primary macrophage cultures and
replicated to relatively high titers, and strains 84/28 and 85/14, "slow/low" isolates which induced slowly
progressive syncytia with minimal lysis in vitro and replicated only to low titers in the same cell type. Serum
antibodies against four major viral structural proteins, gplO5, p25, pl6, and pl4, were detected. In a
longitudinal study of experimentally infected lambs, the antibody to p25 (major gag protein) usually appeared
first (average, about 3 weeks postinoculation [p.i.]) and was followed in about 2 weeks by pl6, pl4, and gplO5
almost simultaneously. Six of 16 animals did not develop anti-pl4 antibody by the time of necropsy at 9 to 29
weeks p.i. Two of 10 lambs which developed antibody to pl4 had the antibody only transiently from 3 to 8 or
13 weeks p.i. and lost it by the time of necropsy at 21 or 22 weeks p.i. In contrast, antibodies to the other three
structural proteins remained fairly constant until the time of necropsy. There were differences in the antibody
responses of the experimentally infected lambs to the two phenotypes of OvLV. Seven of 10 (70%) lambs which
were inoculated with the rapid/high strain developed antibody to pl4, whereas only 17% of the lambs
inoculated with the slow/low strains had antibody to this protein. In the longitudinal study, no decline was
observed in the activity of any specific antibody such as that which occurs with anti-p24 antibody in human
immunodeficiency virus infection, except in the case of anti-pl4 antibody in two lambs. There were no
significant differences in antibody titers against p25, pl6, and pl4 in final blood samples between rapid/high
virus- and slow/low virus-infected groups. However, the rapid/high virus-infected group developed a
fivefold-higher geometric mean titer of anti-env product (gplO5) antibody than did the slow/low virus-infected
group (P s 0.1). Antibody titers to all major structural proteins, except p14, in the naturally infected sheep
were markedly lower than those in experimentally induced OvLV infections (P ' 0.01). The failure of the
slow/low virus-infected group to develop anti-pl4 antibody may suggest diminished viral replication in vivo or
a failure of the host to recognize pl4 in the slow/low virus-infected group. Since the geometric mean antibody
titer to gplO5 was threefold higher in lambs with lymphoid interstitial pneumonia than in those without lesions
and since no differences were observed in the titers of other antiviral antibodies between these groups, we found
no evidence to suggest that levels of such antibodies correlated with protection from OvLV-induced disease.

Ovine lentivirus (OvLV), a member of the Lentivirinae
subfamily of the family Retroviridae, causes multisystemic
lesions of sheep, including lymphoid interstitial pneumonia
(LIP), lymphocytic mastitis, and nonsuppurative lympho-
cytic encephalitis (5, 8, 11, 29). Human immunodeficiency
virus (HIV), also a lentivirus, shares with OvLV the ability
to induce both lymphoproliferative and lymphocytolytic
lesions (14). In particular, LIP is frequently reported in
pediatric acquired immunodeficiency syndrome (AIDS) pa-
tients (18). In sheep, ovine progressive pneumonia (OPP) is
commonly associated with naturally acquired OvLV infec-
tion and is characterized by LIP and hyperplasia of pulmo-
nary lymph nodes (4-6, 16); experimental induction of LIP
by the intratrachial injection of OvLV into neonatal lambs
serves as a model of pediatric AIDS victims with LIP (22).
HIV isolates can be divided into two groups, "rapid/high"

and "slow/low," according to their character of replication
in vitro (9). Rapid/high isolates replicate efficiently and are
regularly isolated from AIDS patients. In contrast, slow/low
isolates, while usually inducing syncytium formation, repli-
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cate poorly and are often isolated from individuals with mild
disease or without disease. OvLV shares virological features
with HIV: genetically distinct OvLV isolates vary in cyto-
pathic effect in vitro and in the peak titers reached. Rapid/
high isolates lyse infected macrophages or fibroblasts within
a few days and replicate to high titers (105 to 106 50% tissue
culture infective doses per ml), whereas slow/low isolates
produce slowly developing, persistent infections character-
ized by syncytium formation and replication to low titers
(103 to 104 50% tissue culture infective doses per ml) in the
same cell types (20, 33, 34).
An important role of animal models of lentivirus infection

is to determine the relevance of in vitro strain differences for
in vivo pathogenicity. We previously showed that when
phenotypically distinct OvLV strains were injected intratra-
cheally into neonatal lambs, the rapid/high strain, 85/34,
caused more frequent and more severe pulmonary lesions
than did the slow/low strains, 84/28 and 85/14 (21). In that
study, precipitating antibodies were measured consistently,
but neutralizing antibodies failed to prevent lesion develop-
ment in OvLV-infected lambs (21). The further elucidation
of humoral immune responses to OvLV infection is of
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interest in clarifying the role of antibodies in lentivirus-
infected hosts. In two recent studies, sheep with experimen-
tally and naturally OvLV-induced pulmonary lesions lacked
antibodies to p16 and pi4 and sometimes p25 (2, 15).

In the present study, to elucidate correlations between
immune responses and the pathogenicity of distinct OvLV
phenotypes, we tested antiviral antibodies in serially col-
lected serum samples of lambs experimentally infected with
rapid/high and slow/low strains. Moreover, terminal antiviral
antibody titers in experimental and natural cases of OvLV
infection were compared with lung lesions in each animal.
Differences were found (i) in the titer of anti-gplO5 (env
product) antibody and in the development of anti-p14 anti-
body in the group experimentally infected with rapid/high
and slow/low OvLV strains, and (ii) in the antibody titers to
the three viral proteins in the experimentally infected lambs
and naturally infected sheep. These results suggest that
heterogeneous immune responses may result from infection
with phenotypically distinct lentivirus strains and provide
some evidence that humoral immunity is not protective
against lentivirus-induced disease.

MATERIALS AND METHODS

Viruses. For the experimental infection of lambs and
preparation of antigens for the immunoblotting assay, four
distinct strains of OvLV were used. The prototype visna-
maedi virus (VMV) OvLV (strain V1514) (30) was grown on
Himalayan tahr ovary cells (7) and used as a reference
antigen. A rapidlhigh OvLV strain, 85/34, and two slow/low
OvLV strains, 84/28 and 85/14, were cultured in goat syn-
ovial membrane cells. These three OvLV strains of two
distinct phenotypes were derived from field cases of OPP-
affected sheep and plaque cloned within five cell culture
passages as described elsewhere (21). The culture fluids
containing viruses were stored at -70°C until use.
Animal sources. The procedures and results of experimen-

tal OvLV infection of 16 lambs were reported elsewhere
(21). Ten lambs were inoculated with rapid/high OvLV strain
85/34, and six lambs were inoculated with slow/low OvLV
strains 85/14 and 84/28 (see Fig. 4). Each strain of OvLV was
inoculated intratracheally into neonatal lambs confined in
pens in separate rooms for each virus strain. Serum samples
were collected at approximately 1-week intervals until the
time of necropsy. Naturally OPP-affected sheep were ob-
tained from a large sheep flock in Wyoming. All were
females greater than 2 years of age. These animals had
clinical signs of OPP characterized by emaciation, dyspnea,
and mastitis. Serum samples were collected from these
naturally infected sheep before they were killed for nec-
ropsy.

Lesion grade. Samples of the lungs of all sheep were fixed
in 10% buffered Formalin and paraffin embedded. Sections
were cut and stained with hematoxylin-eosin in the conven-
tional manner. The extent or histological severity of the lung
lesions of LIP was graded from - to + + ++ in accordance
with previously described criteria (21, 22).

Antigen preparation. OvLV culture fluids of each strain
were thawed and clarified at 10,000 x g for 10 min. The
clarified culture fluids were ultracentrifuged at 72,000 x g for
2 h at 4°C. The pellets were suspended at about 1/100 the
original volume in a buffer (pH 7.4) containing 10 mM Tris,
100 mM NaCl, and 1 mM EDTA. These concentrated
antigens were stored at -70°C until use as the antigens in the
immunoblotting assay. For the immunoblotting assay, each
antigen was adjusted to a dilution four times lower than the

highest dilution which revealed all four virus-specific bands
in the assay.
Immunoblotting assay. The immunoblotting assay was

performed as reported previously (38) with modifications by
using a Mini-Protean Il Dual Slab Cell and an Electropho-
retic Transfer Cell (Bio-Rad Laboratories, Richmond, Cal-
if.). First, the antigen was fractionated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis with 4% stacking
and 12% resolving gels. Second, the separated polypeptides
were electroblotted to a polyvinylidene difluoride (Millipore
Corp., Bedford, Mass.) transfer membrane at 4°C for 2 h in
transfer buffer (pH 8.3) containing 25 mM Tris, 192 mM
glycine, and 20% (vol/vol) methanol at a constant voltage of
200 V. Third, the membrane was incubated for 1 h at room
temperature with 10% (vol/vol) nonfat milk (Carnation Co.,
Los Angeles, Calif.). in 10 mM phosphate buffer (pH 7.2)
containing 500 mM NaCl, 1 mM EDTA, and 0.5% (vol/vol)
Tween 80 (washing and dilution buffer). Fourth, the mem-
brane was cut into 2-mm-wide strips, and each strip was
incubated for 1 h at room temperature with sheep serum
diluted 1:200 or 1:400 (for the longitudinal study) or fourfold
serially from 1:25 to 1:102,400 (for serum antibody titration).
Some strips were incubated under the same conditions with
the reference monospecific antiserum: rabbit anti-VMV p16
serum (1:1,000), rabbit anti-VMV p30 serum (1:1,000), or
sheep anti-VMV gp135 serum (1:50). These antisera were
kindly provided by R. Vigne (Laboratoire de Virologie,
Faculté de Médecine Nord, Marseille, France) (39). Next,
the strips were incubated for 1 h at room temperature with
peroxidase-labeled rabbit anti-sheep immunoglobulin G or
peroxidase-labeled goat anti-rabbit immunoglobulin G
(heavy- and light-chain specific; Kirkegaard and Perry Lab-
oratories, Gaithersburg, Md.) diluted 1:200 with 10% nonfat
milk in washing and dilution buffer. After the primary and
secondary incubations, the strips were washed at room
temperature six times for 10 min each time with the washing
and dilution buffer, and an additional washing was done for
30 min. Finally, the specific immunological reactions were
visualized by incubation at room temperature for 3 min with
3,3',5,5'-tetramethylbenzidine membrane peroxidase sub-
strate (Kirkegaard and Perry Laboratories). In the longitu-
dinal study, seroconversion times for each viral protein were
analyzed by Student's t test.
To determine the serum antibody titers, we analyzed

fourfold serial dilutions of each serum sample in the immu-
noblotting assay. The antibody titer for each polypeptide
was expressed as the reciprocal of the highest dilution of a
serum sample which revealed the specific band of the viral
polypeptide. The difference in the antibody titer for each
group was compared and statistically analyzed by the
Wilcoxon rank sum test (35). To evaluate the reproducibility
of the assay, we determined titers for 12 serum samples on
three separate occasions, and the antibody titers for viral
polypeptides pl4, pl6, and p25 were compared; 82% con-
cordance of the results was found (titers within one fourfold
dilution).

RESULTS

The specificity of the polypeptides of three strains of two
distinct phenotypes of OvLV recognized by the immunoblot-
ting assay was tested with monospecific antibodies to VMV
p16, p3O, and gp135 (Fig. 1). All the OvLV strains tested
showed identical bands at 16K, 25K, and 105K. This result
indicated that these three bands appearing on OvLV antigen
strips were virus-specific polypeptides. The large molecule
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FIG. 1. Specificity of polypeptides detected by an immunoblot-

ting assay. Lanes: 1, VMV; 2, OvLV strain 85/34; 3, OvLV strain
84/28; 4, OvLV strain 85/14. Strips in panels A, B, and C were
incubated, respectively, with rabbit anti-VMV pl6 serum, rabbit
anti-VMV p3O serum, and sheep anti-VMV gp135 serum as primary
antisera and with peroxidase-conjugated secondary antisera. In
panel D, an antigen strip of OvLV strain 85/34 was incubated with
serum from a lamb (86/36) experimentally infected with OvLV strain
85/34. Molecular weight markers (in thousands [k]) are indicated in
the strips to the left of panels A and D.

determined with anti-gpl35 serum appeared slightly above
prestained phosphorylase b (100K) but obviously not at the
position of 135K. When OvLV antigen strips were incubated
with sera from lambs experimentally infected with OvLV, an

additional lower-molecular-weight band was apparent. Strip
D in Fig. 1 shows the four bands on an antigen strip
(molecular weights, 14,000, 16,000, 25,000, and 105,000) of
strain 85/34 detected by the serum from an experimentally
infected lamb (86/36) at a 1:200 dilution. These bands were
considered to represent antibody to viral polypeptides p14,
p16, p25, and gp105.
To determine the optimal antigen for the immunoblotting

assay, we titrated the serum antibodies in terminal blood
samples of lambs experimentally infected with each of the
three OvLV strains by using antigens prepared from the
three strains (Fig. 2). Antibody titers of lambs (86/37 and
86/13) inoculated with strain 85/34 were highly dependent on
the antigen used for the titration. In the sera of the two lambs
tested, the antibody titers determined with the homologous
antigen were generally higher than those determined with
either heterologous antigen (Fig. 2A). However, the anti-
body titers of the lambs inoculated with the two slow/low
strains of OvLV (strains 84/28 and 85/14; lambs 86/34 and
86/46 and lambs 84/29 and 86/28, respectively) showed
similar results regardless of the antigen used (Fig. 2B and C).
On the basis of these results, the antigen prepared from
strain 85/34 was used as the antigen for the following
immunoblotting assays.

In a longitudinal study, humoral immune responses to
OvLV infection were determined with sera sequentially
collected from 16 experimentally infected lambs. Figure 3
presents the kinetics of antibody development in lamb 86/36,
which was inoculated with strain 85/34. Anti-p25 antibody
appeared 2 weeks postinoculation (p.i.), and anti-p16 and
-pl4 antibodies appeared 4 weeks p.i. (Fig. 3 and 4). In this
lamb, anti-gp105 antibody first appeared at 8 weeks p.i. (not
apparent in Fig. 3 until 11 weeks). All the experimentally
infected lambs developed anti-p16, -p25, and -gplO5 antibod-
ies (Fig. 4), and the activity of these antibodies persisted
until the time of necropsy. Some animal variation was
observed in the sequence of appearance of antibodies to viral
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FIG. 2. Comparison of OvLV-infected lamb serum antibody
titers for each viral polypeptide with antigens prepared from three
different strains of OvLV in an immunoblotting assay. (A) Sera from
two OvLV strain 85/34-inoculated lambs (86/37 and 86/13). (B) Sera
from two OvLV strain 85/14-inoculated lambs (86/34 and 86/46). (C)
Sera from two OvLV strain 84/28-inoculated lambs (86/29 and
86/28). Symbols: M, El, and El, antigen strips prepared from OvLV
strains 85/34, 84/28, and 85/14, respectively.

proteins, and no correlation with the viral strain used as the
inoculum was apparent. Generally, anti-p25 antibody ap-
peared first and was followed in 2 to 6 weeks by anti-gplO5
and anti-pl6 antibodies. In the two animals with the most
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FIG. 3. Pattern of development of antibodies to OvLV structural proteins in a lamb experimentally infected with OvLV strain 85/34.

severe LIP (86/25 and 86/26), most antibodies appeared
simultaneously. Anti-pl4 antibodies were found in 10 of 16
experimentally infected lambs. Two of these 10 lambs (86/27
and 86/28) had transient activity of anti-pl4 antibodies from
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the experiment.
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TABLE 1. Seroconversion times in lambs experimentally infected with OvLV

Seroconversion time (wk p.i.) for:
Group (f)a

Anti-gplO5 antibody Anti-p25 antibody Anti-pl6 antibody Anti-p14 antibody"

Inoculated with rapid/high strains (10) 4.9 ± 1.6 2.9 ± 1.1 4.4 ± 1.0 4.6 ± 1.0 (7/10)
Inoculated with slow/low strains (6) 4.7 ± 1.4 2.4 ± 0.8 5.0 ± 1.3 3.7 ± 0.5 (1/6)

LIP lesion positive (9) 4.8 + 1.6 2.7 ± 0.9 4.4 ± 0.9 4.1 ± 0.6 (5/9)
LIP lesion negative (7) 4.9 ± 1.4 2.7 ± 1.3 4.9 ± 1.4 4.5 ± 1.3 (3/7)

a Sixteen lambs experimentally infected with OvLV were grouped on the basis of viral inoculum or presence of LIP lung lesions.
b Numbers in parentheses are numbers of lambs which had anti-p14 antibody activity at the time of necropsy. Lambs which had transient anti-p14 antibody

activity were not included.

fected lambs are summarized in Table 1. The lambs were
classified into two groups on the basis of the viral strain
inoculated and the presence or absence of lung LIP lesions at
the time of necropsy; the average seroconversion time
(weeks p.i.) for each OvLV polypeptide was statistically
analyzed by Student's t test. No significant differences in
seroconversion times p.i. were observed whether the lambs
were grouped on the basis of the inoculum or LIP lesion
development. When the lambs were grouped on the basis of
the inoculum, 7 of 10 (70%) of the lambs inoculated with the
rapid/high strain had developed anti-p14 antibody at the time
of necropsy, whereas 1 of 6 (17%) of the lambs inoculated
with the slow/low strains had developed this antibody. There
was a significant difference between these two groups (chi-
square statistic; P < 0.05). However, there was no signifi-
cant difference in the development of anti-p14 antibody
when the lambs were grouped on the basis of the presence of
lung LIP lesions at the time of necropsy.
To compare antiviral antibody levels in sheep with exper-

imental and natural OvLV infections, we collected terminal
serum samples from 15 of the 16 experimentally infected

lambs and 12 naturally infected sheep with clinical signs of
OPP at the time of necropsy, and OvLV antibody titers were
determined by the immunoblotting assay (Fig. 5). When the
experimentally infected lambs were grouped on the basis of
either the inoculum or the presence of LIP lesions, there
were no significant differences in the antibody titers for p25,
p16, and pl4 between these two groups. However, the
anti-gplO5 antibody titer of the group inoculated with the
rapid/high strain (geometric mean titer [GMT], 40,637) was
fivefold higher than that of the group inoculated with the
slow/low strains (GMT, 8,063) (P 0.1), and the anti-gplO5
antibody titer of the LIP lesion group (GMT, 36,203) was
over threefold higher than that of the non-LIP lesion group
(GMT, 11,593) (P c 0.1). The antibody titers to all of the
viral polypeptides, except to p14, were significantly lower in
the natural cases than in the experimental cases (P c 0.01).
One of the naturally infected sheep which had severe LIP
lesions, graded + + + +, did not have detectable anti-gplO5
antibody activity but did have low titers of anti-p25, -pl6,
and -pl4 antibodies (titer range, 25 to 100).
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FIG. 5. Serum antibody titration of terminal blood samples collected from 15 lambs experimentally infected with OvLV and 12 sheep with
naturally occurring OPP. Symbols: * and O, and A, and * and O, lambs experimentally infected with OvLV rapid/high strain and slow/low
strains and lambs with naturally occurring OPP, respectively; *, A, and * and O, A, and O, presence and absence of LIP lesions at the time
of necropsy, respectively.
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DISCUSSION

In the present study, we analyzed the antiviral antibody
responses of sheep which were infected with two distinct
phenotypes of OvLV or which had clinical signs of OPP in
the field. In an immunoblotting assay of sera at predeter-
mined dilutions, four virus-specific bands were recognized in
OvLV antigen strips. Three smaller molecules had molecular
weights identical to those reported previously (2, 7, 15, 37,
39). However, a broad, higher-molecular-weight band ap-
pearingjust above the 100K marker was not considered to be
the previously reported gp135, and no clear band was
consistently observed above this band. Instead, a 105K band
was recognized by a monospecific antiserum to VMV gpl35
in our study; this band has been recognized by others using
monoclonal antibodies raised to envelope glycoprotein
gp135 of strain V1514 (37). When four strains of OvLV were
incubated with a sheep serum monospecific for gpl35, only a
105K band appeared (Fig. 1); therefore, it is likely that the
105K band is a polypeptide that shares homology with gp135
and might result from the degradation of gp135 during the
preparation of the antigen. At lower dilutions, some of the
serum samples showed inconsistent weak bands at 20K,
35K, and 45K, but the viral specificity of these bands was
not determined.

In our study, most lambs experimentally infected with
OvLV initially developed anti-p25 antibodies and then de-
veloped antibodies against gplO5 and pl6 almost simulta-
neously. The average time to anti-p14 antibody development
among the lambs which had the antibody was quite similar to
that for anti-gplO5 and -pl6 antibodies. There was a signifi-
cant difference in the development of anti-pl4 antibody
when the lambs were grouped according to the viral pheno-
type inoculated but not according to the presence of LIP
lung lesions at the time of necropsy. The function of each
structural protein of OvLV has not been elucidated com-
pletely, but it is possible to speculate from studies of other
retroviruses (26) that p14 is a matrix protein, capsid protein,
or protease. Therefore, if the rapid/high strain replicates in
vivo in the same manner as it does in vitro, lambs inoculated
with the rapid/high strain might be exposed topl4, one ofthe
internal viral proteins, more effectively than might those
infected with the slow/low strains.

Previously, no antibody to gpl35 was detected in one of
two experimentally infected lambs even 150 days p.i. (15). In
another report (2), no antibody to glycoprotein (either gp135
or gplO5) was observed. Sucrose density gradient-purified
viral antigen was used for the assay in that study; therefore,
the virus particles might have been disrupted and have lost
the envelope antigen during the preparation steps. In the
present study, however, all the experimentally infected
lambs developed anti-gplO5, and the bands were quite
intense through the observation period up to 44 weeks p.i.
No differences in seroconversion times were observed in
these experimentally infected lambs when they were
grouped on the basis of either the inoculum or the presence
of LIP lesions.
Serum antibodies to p25 were usually detected prior to

antibodies to env products in the experimentally infected
lambs. This result may be characteristic of OvLV infections.
Alternatively, the failure to detect anti-env product antibod-
ies prior to anti-p25 antibodies may have been related to the
inoculum (virus-containing cell culture fluid which may have
contained an excess of p25 from disrupted or incompletely
formed virions) or to a reduced sensitivity of the assay for
envelope glycoproteins relative to other viral proteins, as

observed for the anti-env product in HIV (3). However, the
anti-gplOS antibody titer seemed to vary according to the
viral phenotype inoculated or the presence of LIP lesions.
Such differences might be related to differences in the
replication in vivo of these distinct viral phenotypes. Thus,
the OvLV animal lentivirus model may be useful not only for
studying the relevance of in vitro strain differences for the
assessment of in vivo pathogenicity but also for investigating
the immune response to phenotypically distinct lentivirus
strains.
The serum antibody titers of terminal blood samples from

the 12 sheep with clinical signs of OPP were markedly lower
than those in the experimentally infected lambs. This result
might have been a consequence of the length of the infection
or a decline in all the antibodies to OvLV rather than the
avidity of the antibody for a specific antigen, as has been
suggested for HIV infections (1, 10, 17, 19, 23, 25, 27, 32,
36). In longitudinal studies of HIV-infected patients, there
often was a decline in the reactivity of antibody to the HIV
major gag protein (p24), whereas the activity against other
viral proteins remained constant; this loss of reactivity was
associated with the development of the clinical disease form
of AIDS or AIDS-related complex or the depletion of CD4
cells (10, 23, 27, 32, 36). Because the anti-p24 antibody
reactivity decreased concomitantly with a rise in HIV anti-
genemia, the loss of the anti-p24 antibody might have been
secondary to the formation of antigen-antibody complexes
due to increasing amounts ofthe antigen (10, 23, 27, 32). This
phenomenon is quite interesting, not only as an indicator of
the onset of AIDS but also for understanding the features of
host immune responses and viral replication in vivo. How-
ever, there are several lines of evidence indicating restricted
viral replication in OvLV-infected animals at local tissue
sites of infection (12, 13, 28, 30, 31). Therefore, the lower
antibody titers in the natural OPP cases may not have been
associated with the formation of immunocomplexes. Alter-
natively, exposure to a higher titer of virus by an abnormal
route of infection in the experimentally infected lambs may
have accounted for this difference. Another possibility is the
higher susceptibility of neonates to virus infections, as
suggested for HIV infections (24). A third possibility is the
potential immunosuppression caused by OvLV infections in
sheep, but it is unknown if OvLV infections cause general
immunosuppression.
The experimentally infected lambs in the present study did

not have any changes in antibody activity up to 44 weeks p.i.
other than anti-pl4 antibodies in two lambs. However, the
duration of OvLV infection in the naturally OPP-affected
sheep was probably much longer than in the experimentally
infected lambs; therefore, there is a possibility that suppres-
sion of antibody production might occur during or after a
long incubation period. The results obtained in the present
study suggest a need for an analysis of immune responses to
nonviral immunogens in OvLV-infected sheep to resolve
these issues and to define immune parameters important in
protection against lentivirus-induced disease.

ACKNOWLEDGMENTS

This work was supported by Public Health Service grant R01 AI
25770 from the National Institutes of Health and by grant AID/
DSAN/XII-6-0049 from the U.S. AID Title XII Small Ruminant
Collaborative Support Program.

LITERATURE CITED
1. Barin, F., M. F. McLane, J. S. Allan, T. H. Lee, J. E.

Groopman, and M. Essex. 1985. Virus envelope protein of

VOL. 28, 1990 769



770 KAJIKAWA ET AL.

HTLV-III represents major target antigen for antibodies in
AIDS patients. Science 228:1094-1096.

2. Bosgiraud, O., M. Rucheton, J. Coste, J. M. Lemaire, J. A.
Nicolas, M. Simeon de Buochberg, and L. Beaubatie. 1989.
Detection of antibodies and antigens of Visna-Maedi virus by an
immunoblotting assay. Ann. Rech. Vet. 29:187-193.

3. Chou, M. J., T. H. Lee, A. Hatzakis, T. Mandalaki, M. F.
McLane, and M. Essex. 1988. Antibody responses in early
human immunodeficiency virus type 1 infection in hemophili-
acs. J. Infect. Dis. 157:805-811.

4. Cutlip, R., T. Jackson, and G. Laird. 1977. Prevalence of ovine
progressive pneumonia in a sampling of cull sheep from western
and midwestern United States. Am. J. Vet. Res. 38:2091-2093.

5. Cutlip, R., T. Jackson, and H. Lehmkuhl. 1979. Lesions of ovine
progressive pneumonia: interstitial pneumonia and encephalitis.
Am. J. Vet. Res. 40:1370-1374.

6. Cutlip, R. D., D. Houward, H. D. Lehmkuhl, M. J. F. Schmerr,
and K. A. Brogden. 1988. Ovine progressive pneumonia (Maedi-
Visna) in sheep. Vet. Microbiol. 17:237-250.

7. Dahlberg, J. E., J. M. Gaskin, and K. Perk. 1981. Morphological
and immunological comparison of caprine arthritis encephalitis
and ovine progressive pneumonia viruses. J. Virol. 39:914-919.

8. Dawson, M. 1988. Lentivirus diseases of domestic animals. J.
Comp. Pathol. 99:401-419.

9. Fenyo, E. M., L. Morfeldt-Mànson, F. Chiodi, B. Lind, A. von
Gegerfelt, J. Albert, E. Olausson, and B. Âsjo. 1988. Distinct
replicative and cytopathic characteristics of human immunode-
ficiency virus isolates. J. Virol. 62:4414-4419.

10. Goudsmit, J., J. M. A. Lange, D. A. Paul, and G. J. Dawson.
1987. Antigenemia and antibody titers to core and envelope
antigens in AIDS, AIDS-related complex, and subclinical hu-
man immunodeficiency virus infection. J. Infect Dis. 155:558-
560.

11. Haase, A. T. 1986. Pathogenesis of lentivirus infection. Nature
(London) 322:130-136.

12. Haase, A. T., L. Stowring, J. D. Harris, B. Traynor, P. Ventura,
R. PeInso, and M. Brahic. 1982. Visna DNA synthesis and the
tempo of infection in vitro. Virology 119:399-410.

13. Haase, A. T., L. Stowring, O. Narayan, D. Griffin, and D. Price.
1977. Slow persistent infection caused by visna virus: role of
host restriction. Science 195:175-177.

14. Ho, D. D., R. J. Pomerantz, and J. C. Kaplan. 1987. Pathogen-
esis of infection with human immunodeficiency virus. N. Engl.
J. Med. 317:278-286.

15. Houwers, D. J., and I. M. Nauta. 1989. Immunoblot analysis of
the antibody response to ovine lentivirus infections. Vet. Mi-
crobiol. 19:127-139.

16. Huffman, E., J. Kirf, L. Winward, and J. Gorham. 1981.
Serologic prevalence of ovine progressive pneumonia in a
western range flock of sheep. J. Am. Vet. Med. Assoc. 178:
708-710.

17. Isaksson, B., J. Albert, F. Chiodi, A. Furucrona, A. Krook, and
P. Putkonen. 1988. AIDS two months after primary human
immunodeficiency virus infection. J. Infect. Dis. 158:866-867.

18. Joshi, V. V., J. M. Oleske, A. B. Minnefor, K. Klein, R. Singh,
M. Zabala, C. Dadzie, M. Simpser, and R. Rapkin. 1985.
Pathologic pulmonary findings in children with AIDS. Hum.
Pathol. 16:241-246.

19. Kalayanaraman, V. S., C. D. Cabradilla, R. Narayan, E. H.
Braif, J. C. Chermann, F. Barré-Sinoussi, L. Montagnier, T. J.
Spira, J. Kaplan, D. Fishbein, H. W. Jaffe, J. W. Curran, and
D. P. Francis. 1984. Antibodies to the core protein of lymphad-
enopathy-associated virus (LAV) in patients with AIDS. Sci-
ence 225:320-323.

20. Lairmore, M. D., G. Y. Akita, H. I. Russell, and J. C. DeMar-
tini. 1987. Replication and cytopathic effects of ovine lentivirus
strains in alveolar macrophages correlated with in vitro patho-
genicity. J. Virol. 61:4038-4042.

21. Lairmore, M. D., J. M. Poulson, T. A. Adducci, and J. C.
DeMartini. 1988. Lentivirus-infection lymphoproliferative dis-

ease: comparative pathogenicity of phenotypically distinct
ovine lentivirus strains. Am. J. Pathol. 130:80-90.

22. Lairmore, M. D., R. H. Rosadio, and J.C. DeMartini. 1986.
Ovine lentivirus lymphoid interstitial pneumonia. Rapid induc-
tion in neonatal lambs. Am. J. Pathol. 125:173-181.

23. Lange, J. M., R. A. Coutinho, W. J. A. Krone, L. F. Verdonck,
S. A. Danner, J. van der Noordaa, and J. Goudsmit. 1986.
Distinct IgG recognition patterns during progression of subclin-
ical and clinical infection with lymphadenopathy associated
virus/human T lymphotropic virus. Br. Med. J. 292:228-230.

24. Lange, J. M., D. A. Paul, H. G. Huisman, F. de Wolf, H. van der
Berg, R. A. Coutinho, S. A. Danner, J. van der Noordaa, and J.
Goudsmit. 1986. Persistent HIV antigenemia and decline of HIV
core antibodies associated with transition to AIDS. Br. Med. J.
293:1459-1462.

25. Lange, J. M. A., H. van der Berg, L. J. Dooren, J. M. J. J.
Vossen, W. Kuis, and J. Goudsmit. 1986. HTLV-III/LAV infec-
tion in nine children infected by a single plasma donor: clinical
outcome and recognition patterns of viral proteins. J. Infect.
Dis. 154:171-174.

26. Leis, J., D. Baltimore, J. Bishop, E. Coffin, E. Fleissner, S. P.
Goif, S. Oroszlan, H. Robinson, A. M. Skalkan, H. M. Temin,
and V. Vogt. 1988. Standardized and simplified nomenclature
for proteins common to all retroviruses. J. Virol. 62:1808-1809.

27. Levy, J. A., L. S. Kaminsky, W. J. W. Morrow, K. Steimer, P.
Luciw, D. Dina, J. Hoxie, and L. Oshiro. 1985. Infection by the
retrovirus associated with the acquired immunodeficiency syn-
drome: clinical, biological, and molecular features. Ann. Intern.
Med. 103:694-699.

28. Narayan, O. 1988. Animal lentiviruses, p. 43-62. In R. A. Smith
(ed.), HIV and other highly pathogenic viruses. Academic
Press, Inc., San Diego.

29. Narayan, O., and L. C. Cork. 1985. Lentiviral diseases of sheep
and goat: chronic pneumonia, leukoencephalomyelitis and ar-
thritis. Rev. Infect. Dis. 7:89-98.

30. Narayan, O., D. E. Griffin, and J. E. Chase. 1977. Antigenic shift
of visna virus in persistently infected sheep. Science 197:
376-378.

31. Narayan, O., D. E. Griffin, and A. M. Silverstein. 1977. Slow
virus infection: replication and mechanisms of persistence of
visna virus in sheep. J. Infect. Dis. 135:800-806.

32. Pedersen, C., C. M. Nielsen, B. F. Vestergaard, J. Gerstoft, K.
Krogsgaard, and J. O. Nielsen. 1987. Temporal relation of
antigenemia and antibodies to core antigens to development of
clinical disease in HIV infection. Br. Med. J. 295:567-569.

33. Qûerat, G., V. Barban, N. Sauze, R. Filippi, R. Vigne, R. Ruse,
and C. Vitu. 1984. Highly lytic and persistent lentiviruses
naturally present in sheep with progressive pneumonia are
genetically distinct. J. Virol. 52:672-679.

34. Querat, G., V. Barban, N. Sauze, R. Vigne, A. Payne, D. York,
E. M. De Villiers, and D. W. Verwoerd. 1987. Characteristics of
a novel lentivirus derived from South African sheep with
pulmonary adenocarcinoma (Jaagsiekte). Virology 158:158-167.

35. Remington, R. D., and M. A. Schork. 1970. Statistics with
applications to the biological and health sciences, p. 313-315.
Prentice-Hall, Inc., Englewood Cliffs, N.J.

36. Schupbach, J., O. Haller, M. Vogt, R. Luthy, H. Joller, O. Oelz,
M. Popovic, and M. G. Sarngadharan. 1985. Antibodies to
HTLV-III in Swiss patients with AIDS and pre-AIDS and in
groups at risk for AIDS. N. Engl. J. Med. 312:265-270.

37. Stanley, J., L. M. Bhaduri, O. Narayan, and J. E. Clemento.
1987. Topographical rearrangements of visna virus envelope
glycoprotein during antigenic drift. J. Virol. 61:1019-1028.

38. Towbin, H., T. Staehelin, and J. Gordon. 1979. Electrophoretic
transfer of proteins from polyacrylamide gels to nitrocellulose
sheets: procedure and some applications. Proc. Natl. Acad. Sci.
USA 76:4350-4354.

39. Vigne, R., P. Filippi, G. Quérat, N. Sauze, C. Vitu, P. Russo, and
P. Delori. 1982. Precursor polypeptides of structural proteins of
visna virus. J. Virol. 42:1046-1056.

J. CLIN. MICROBIOL.


