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Antibody titers to caprine arthritis-encephalitis virus surface glycoprotein gp135 and core protein p28 in
synovial fluid and serum from 35 goats infected for 3 years were compared with the histologic severity of
arthritis in these animals. Anti-gp135 antibody titers in synovial fluid and serum directly reflect the severity of
carpal arthritis in chronically infected goats.

Caprine arthritis-encephalitis virus (CAEV), a lentivirus,
causes progressive arthritis in goats (1, 6, 7). The role of
CAEV in the pathogenesis of arthritis was previously inves-
tigated in a study conducted for 18 months following intra-
articular and intravenous inoculation. That study demon-
strated a positive association between the isolation ofCAEV
from the synovial cavity and clinical arthritis measured by
carpal swelling (12). Two previous studies have implicated
CAEV-specific immune responses in the pathogenesis of
carpal arthritis. The first study evaluated synovial fluid 6
months after intra-articular and intravenous CAEV inocula-
tion and revealed a marked immunoglobulin Gl response in
synovial fluid concurrent with preferential antibody reactiv-
ity to CAEV gp135 (10, 11). In the second study, goats
challenged with CAEV during persistent CAEV infection or
after vaccination with inactivated virus developed more
severe arthritis than uninfected or nonvaccinated goats did
(13). In this report, quantitation of the antibody response to
gp135 and p28 demonstrates that the severity of chronic
arthritis induced by oral infection with either of two biolog-
ically cloned isolates of CAEV is directly related to antibody
titers to the surface glycoprotein gp135.
To investigate the relationship between CAEV-specific

antibody responses and arthritis, 35 goat kids from a CAEV-
free Saanen breeding herd were orally infected as previously
described (3) with either CAEV(CO) (5, 15) (18 kids) or
CAEV(63) (6) (17 kids). Serum and carpal joint synovial fluid
were collected prior to necropsy at 3 years postinfection.
Radiocarpal joint synovial membrane was fixed in 10%
buffered Formalin, paraffin embedded, sectioned at 4 to 6
,im, and stained with hematoxylin and eosin for histologic
examination. Radiocarpal joint lesion grades were based on
the distribution of inflammatory cells in the synovial mem-
brane and subsynovial stroma (3). Grade 0 was a normal
synovial membrane. Grade 1 lesions contained scattered
accumulations of lymphocytes, plasma cells, and macro-
phages within areas of synovial membrane hyperplasia.
Grade 2 lesions were similar to grade 1 lesions, except that
multifocal accumulations of inflammatory cells extended
into the subsynovial stroma and there were occasional areas
of synovial cell necrosis. Grade 3 lesions contained coalesc-
ing synovial and subsyhovial accumulations of inflammatory
cells, with a tendency toward lymphoid-nodule formation
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and multifocal areas of necrosis. The 70 carpal synovial
membranes from the 35 goats had the following lesion
grades: 9 grade 0, 24 grade 1, 16 grade 2, and 21 grade 3.
Antibody titers to CAEV gp135 and p28 were determined by
immunoprecipitation with serum or carpal synovial fluid as
the source of antibody and radiolabeled infected or unin-
fected caprine synovial membrane cells as the source of
antigen. Immune complexes were precipitated with Forma-
lin-treated staphylococci bearing protein A (Pansorbin; Cal-
biochem-Behring) and analyzed by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis as previously described
(4, 9). Antibody titers were determined visually from auto-
radiographs after 14 days of exposure and were expressed as
the highest dilution of serum or synovial fluid retaining a
positive signal corresponding to p28 and gp135.

Figures 1 and 2 show representative sodium dodecyl
sulfate-polyacrylamide gel electrophoresis gels of immuno-
precipitates formed between serum and synovial fluids of
goats and CAEV antigen. Since undiluted serum and syn-
ovial fluid were not tested, an endpoint of 0 represents an
antibody titer of less than 10-1. Controls included serum and
synovial fluid from CAEV-negative goats (Gll, G5), serum
from a goat hyperimmunized with CAEV (G19), and antigen
prepared from uninfected caprine synovial membrane cells.
As expected, G5 synovial fluid and Gll serum did not react
with labeled antigens (Fig. 1 and 2), and G19 serum precip-
itated labeled proteins from the viral antigen preparation but
not the control antigen preparation (Fig. 2). Serum and
synovial fluids from CAEV-infected goats did not react with
labeled proteins from the control antigen preparation (Fig. 2)
and staphylococci bearing protein A did not precipitate
labeled control antigen or labeled CAEV antigen (not
shown). Right carpal synovial-fluid dilutions from five goats
are represented in Fig. 1. The anti-gp135 antibody endpoints
are 10-1, 10-2, 10-1, 10-3, and 10-2, and the anti-p28
antibody endpoints are 0, 10-2, 0, 10-2, and 10-2. Dilutions
of serum and contralateral synovial fluids from the same goat
are shown in Fig. 2. The serum and left and right synovial-
fluid anti-gp135 antibody endpoints are 10-2, 10-1, and 10-2,
and the anti-p28 antibody endpoints are 10-2, O, and 10-2.

Tables 1 and 2 show the distribution of carpal synovial
lesions and anti-gp135 and anti-p28 antibody titers in syn-
ovial fluid and serum for all goats. Anti-gp135 antibody titers
in synovial fluid more accurately predict the presence and
severity of carpal synovial lesions than do anti-gp135 titers in
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FIG. 1. Immunoprecipitations of [35S]methionine- and [3H]glu-
cosamine-labeled CAEV proteins. Right synovial fluids of five
CAEV-infected goats and synovial fluid from CAEV-negative goat 5
were used. The synovial fluid dilution is indicated at the top of each
lane. The goat number and lesion grade (in parentheses) are pre-
sented below the appropriate lanes. The electrophoretic mobility of
marker proteins is indicated in kilodaltons.

serum (Table 1). An anti-gp135 titer in synovial fluid of 103
(22 joints) was always associated with carpal arthritis. How-
ever, whereas relatively high titers of anti-gp135 antibody in
synovial fluid (102 to 103) were associated with mild lesion
grades (0 or 1) in 12 joints, anti-gp135 antibody levels of 102
to 103 in serum were associated with mild lesion grades (0 or
1) in 28 joints (Table 1). Therefore, anti-gp135 antibody titers
in synovial fluid more accurately predict mild carpal lesions
(0 or 1) than do anti-gp135 antibody titers in serum. The most
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FIG. 2. Immunoprecipitations of [35S]methionine- and [3H]glu-
cosamine-labeled CAEV proteins by serum and contralateral syn-
ovial fluids of goat 139. The serum or synovial fluid (SF) dilution is
presented at the top of each lane. The lesion grades for the left and
right radiocarpal joints are in parentheses. Abbreviations: C, control
antigen; V, CAEV antigen. The electrophoretic mobility of marker
proteins is indicted in kilodaltons.

TABLE 1. Anti-gp135 antibody titers in synovial fluid and serum
of goats with chronic CAEV arthritis

Distribution of lesions among anti-gpl35
antibody titers in:

Lesion No. of
grade joints Synovial fluida Serumb

103 102 10' 0 103 102 10l 0

3 21 14 7 0 0 17 4 0 0
2 16 5 10 1 0 14 1 1 0
1 24 3 7 14 0 7 15 2 0
0 9 0 2 3 4 4 2 3 0

a Number of synovial fluid samples with the indicated anti-gpl35 antibody
titer and the corresponding lesion grade.
bNumber of carpal joints with the indicated lesion grade from goats with

the corresponding serum anti-gpl35 antibody titer.

likely factor contributing to this finding is the distribution of
CAEV among several organ systems (3). The expression of
CAEV in lymph nodes, mammary gland, and other synovial
spaces would contribute to anti-gp135 antibody titers in
serum. The resulting antibody would reflect contributions
from multiple sites ofCAEV expression, although it may not
reflect mild lesions in a synovial space (Table 1).
The data in Table 2 indicate that anti-p28 antibody titers in

synovial fluid predict the presence or severity of carpal
synovial lesions less accurately than do anti-gp135 antibody
titers in synovial fluid or serum. An anti-p28 antibody titer in
synovial fluid of 102 accurately predicted the presence of
carpal arthritis. However, anti-p28 antibody titers in syn-
ovial fluid of 0 or 101 were not accurate indicators of mild
lesions or the absence of lesions, since these titers were
associated with lesion grade 2 or 3 in 25 joints (Table 2).
Anti-p28 antibody titers in serum poorly predicted the pres-
ence or severity of carpal arthritis (Table 2). As was the case
for anti-gp135 antibody in serum, anti-p28 antibody in serum
was inaccurate in predicting mild lesion grades. An anti-p28
titer in serum of 102 was associated with mild lesions (grade
0 or 1) in 19 joints. Additionally, anti-p28 antibody titers in
serum of 0 or 101 were associated with lesion grades 2 or 3 in
14 joints. This is in marked contrast to anti-gp135 antibody
titers in synovial fluid or serum of 0 or 101, which were
associated with a joint lesion grade of 2 or 3 in only one joint
(Table 1). The decreased relationship between anti-p28 an-
tibody titers and lesion severity compared with anti-gp135
antibody titers and lesion severity is most probably the result
of the preferential antibody response to CAEV gp135 com-
pared with p28 (11). This response establishes a greater
concentration of anti-gp135 antibody than anti-p28 antibody

TABLE 2. Anti-p28 antibody titers in synovial fluid and serum of
goats with chronic CAEV arthritis

Distribution of lesions among anti-p28
antibody titers in:

Lesion No. of
grade joints Synovial fluida Serumb

102 10 0 102 10 0

3 21 8 9 4 11 9 1
2 16 4 9 3 12 2 2
1 24 1 10 13 15 8 1
0 9 0 2 7 4 5 0

a Number of synovial fluid samples with the indicated anti-p28 antibody
titer and the corresponding lesion grade.
bNumber of carpal joints with the indicated lesion grade from goats with

the corresponding serum anti-p28 antibody titer.
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TABLE 3. Summary of chi-square statistics and contingency
coefficientsa for the dependence of arthritis severity on anti-gpl35

and anti-p28 antibody titers

Anti- Sample x2 Contingency Signifi- Alphabody coefficient cance

gp135 Synovial fluid 62.7 (9 df) 0.69 0.999 0.001
gpl35 Serum 27.9 (6 df) 0.53 0.999 0.001
p28 Synovial fluid 19.4 (6 df) 0.47 0.995 0.005
p28 Serum 6.99 (6 df) 0.30 0.50- 0.25-0.50

0.75

a Contingency coefficient (CC) is calculated from the x2 values and the total
number of observations: CC = [X2/(X2 + 70)]1/2.

(11). Assuming that the decay of antibodies to gp135 and p28
is similar, anti-gp135 antibody may remain detectable during
periods of viral inactivity, while anti-p28 antibody decays
below detectable levels.
A summary of the statistical analysis of the data in Tables

1 and 2 is shown in Table 3. The null hypothesis that carpal
lesion grades and anti-CAEV antibody levels in synovial
fluid or serum were independent variables was tested by
chi-square statistics. Chi-square values of 62.7 and 27.9 were
obtained for anti-gp135 antibody levels in synovial fluid and
serum, respectively, indicating that lesion grades and anti-
gp135 antibody titers were dependent variables at a signifi-
cance of 0.999. Chi-square values of 19.4 and 6.99 were
obtained for comparisons of lesion grades and anti-p28
antibody titers in synovial fluid and serum, respectively.
These values were significant at 0.995 and 0.500. Thus,
anti-p28 antibody titers in synovial fluid and carpal lesion
severity were dependent variables, although at a lesser
significance than anti-gp135 antibody and lesion severity.
Anti-p28 antibody levels in serum and lesion severity are
poorly related. The contingency coefficient (2), which indi-
cates the extent of the relationship between lesion severity
and anti-CAEV antibody levels, demonstrated that anti-
gp135 antibody levels in synovial fluid and lesion severity
were most closely related, whereas anti-p28 antibody levels
in serum and lesion severity were the least related.
Recent work with the same goats described in the present

study demonstrated that the presence and severity of carpal
arthritis is dependent in part on the initial infecting CAEV
isolate (3). Results from the present study demonstrate that
regardless of the infecting isolate, carpal arthritis is related
to titers of anti-gp135 antibody. In addition to the potential
contributions of virus-specific antibody in inducing arthritis,
virus-specific neutralizing antibodies may play a role in the
recurrence of arthritis (8, 14). Neutralizing antibody occurs
at low levels and is slow to develop (14). However, virus
isolates expressing antigenically variable neutralization-sen-
sitive epitopes arise in joint fluid during chronic CAEV
arthritis (8, 14) and may contribute to periods of inflamma-
tion and recurrent joint swelling (3, 14).

In summary, collective data indicate that CAEV arthritis
is an immunopathologic process in which specific antibody
and sensitized lymphocytes react with CAEV antigen in the
synovial cavity. The expression of virus or viral genes is
accompanied by a vigorous immune response, which in-
cludes a slowly developing neutralizing-antibody compo-
nent. The failure of this immune response to eliminate all
latently infected cells and the formation of antigenic variants
which escape neutralizing antibody leads to recurrent
expression of CAEV. The interaction of expressed virus
with the immune response is wholly or partly responsible for

the arthritis in a CAEV-infected joint. These findings suggest
that immunoprophylaxis for this lentiviral disease may re-
quire vaccination with CAEV epitopes which are necessary
for virus neutralization and do not contribute significantly to
the immunopathogenesis of inflammation.
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