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SUMMARY

Caprine arthritis encephalitis (CAE) is a lentiviral infection of goats characterized by mononuclear cell
infiltration of various tissues, most prominently the joints, mammary glands and, in young animals, the
brain. We have investigated the early stages of arthritis induced by intracarpal and intravenous infection
with molecularly cloned CAE virus. Analysis of the synovial membranes by immunohistological
methods showed that the proportion of CD8þ T cells peaked around day 12 post-infection. CD4þ T cells
increased to a lesser degree. The relative proportion of B cells rose steadily post-infection. At 33 days
post-infection, plasma cells accounted for over one third of all inflammatory cells in the inflamed
synovium. Histopathologically, the arthritic lesions in the synovial membranes closely resembled those
in membranes of animals with a 2-year history of chronic arthritis. Our observations indicate that this
type of short-term experimental infection is particularly suitable for studying the pathogenesis of goat
lentiviral infection. In addition, our observations support the view that a predominantly humoral (type 2)
immune response may contribute to the pathogenesis of CAE.
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INTRODUCTION

Caprine arthritis encephalitis virus (CAEV), a lentivirus of the
Retroviridae family, is related closely to Maedi Visna virus [1]
and, more distantly, to HIV. The main feature of goat lentivirus
infection is the slow progressive course of the disease. The virus is
transmitted via colostrum and milk as well as horizontally. Infected
animals develop mainly chronic progressive arthritis, with the
initial clinical manifestations occurring as late as several months
post-infection [2].

Clinically, arthritis is characterized by proliferative synovitis,
fibrosis and mineralization of soft tissue [3]. Increased carpal/
metacarpal ratios reflect the marked joint swelling [3]. Histologi-
cally, chronic arthritis is characterized by massive infiltration of
mononuclear cells in the synovial membrane [3]. In particular,
CAEV-induced chronic arthritis has been shown to be associated
with a marked accumulation of CD45þ CD5– B cells [3]. The
concentration of antiviral antibody detected in the synovial fluid of
chronically arthritic goats was two to five times higher than in
serum [4]. These antibodies are mainly directed against the

envelope glycoprotein gp135 and the transmembrane glycoprotein
gp38 [5,6]. It remains to be investigated whether immune com-
plexes [7] play a role in the development of CAE.

Besides B cells, T lymphocytes were observed in the lymphoid-
like follicles of goat synovial membranes [3]. Thus, the histo-
pathological appearance of goat lentiviral arthritis is similar to that
of rheumatoid arthritis (RA) in humans [8], which has been
proposed but not proven to be caused by retroviruses [9,10]. A
viral aetiology of RA may be difficult to prove because such agents
may merely serve as triggers of inflammation. Hence, they may no
longer be detectable at a later stage when a diagnosis of RA is
established [11]. The observation that inflammation progresses
unchecked in caprine arthritis is of considerable interest, because
the replication of CAEV is severely restricted after the earliest
stage of experimental infection [12,13]. Both the histopathological
similarity of CAE to RA and the clear viral aetiology of CAE
suggest that CAE may be a useful model for studying certain
aspects of the pathogenesis of RA, particularly in the latter’s early
stages when biopsies are not normally taken. In this study, we have
determined the phenotypes of the inflammatory cells and the
kinetics of their appearance in the synovial membrane following
experimental intra-articular and intravenous infection of goats with
CAEV.
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MATERIALS AND METHODS

Infection of goats and preparation of synovial membranes
Saanen goats were infected intravenously and intracarpally with
5×104 TCID50 of molecularly cloned CAEV strain CO [14]
(kindly supplied by Dr R. Vigne, Marseilles, France) grown in
cultured goat synovial membrane cells. Virus was titrated by serial
dilution on cultured goat synovial membrane cells and cultures
showing cytopathic effects were rated positive. The left carpal joint
was injected with virus-containing cell culture supernatant and the
right joint with supernatant of uninfected cultured goat synovial
membrane cells to serve as a control for possible effects due to
injection of cell culture medium. The tissues of at least two animals
each were analysed at days 6, 12 and 33 post-infection, and those
of two naturally infected animals which had shown clinical arthritis
for at least 2 years were included in this study to represent the
chronic stage of arthritis (Table 1). After euthanasia by i.v.
injection of sodium pentobarbital, samples of the synovial mem-
brane were fixed in 4% paraformaldehyde in PBS pH 7·5, for 24 h
at room temperature, followed by embedding in paraffin using
routine methods. Additionally, fresh tissue was frozen in ornithine
carbamoyltransferase medium on dry ice and stored at¹808C. For
immunolabelling, 4-mm sections were cut at¹208C using a
Cryostat (Leica, Leitz, Solms, Germany) and placed on Superfrost
Plus glass slides (Menzel Gla¨ser, Braunschweig, Germany). The
sections were fixed in 100% acetone at room temperature for
10 min and stored at 48C for up to 1 month.

Antibodies
Expression of CD4 and CD8 was determined using the MoAbs
GC50A [15] and 7C-2, respectively (European Collection of Cell
Cultures, Centre for Applied Microbiology and Research, Porton
Down, UK). The MoAb F10-197 (kindly donated by W. Hein,
Institute of Immunology, Basel, Switzerland) was used to identify
the T19gd T cell subset [16]. DH59B [3] recognizes macrophages,
monocytes and granulocytes. MHC class II DR molecules were
detected using antibody VPM54 [17]. CD45þ CD5¹ B lympho-
cytes were determined using double staining with GS5A, a marker
for CD45R, and GR60A, a marker for CD5 [3]. Expression of IL-2
receptor (IL-2R) was detected using antibody CACT116 A [3].
Control sections were incubated with an irrelevant isotype-
matched antibody.

Indirect alkaline phosphatase labelling
Plasma cell staining was performed using an indirect alkaline
phosphatase procedure [18]. After incubation with 0·2% trypsin
(Difco Labs, Detroit, MI) and 14 mM CaCl2 on a shaker at 378C for
30 min, non-specific binding of the tissue was blocked with 10 mg/
ml human IgG (Globuman Berna; Schweizerisches Serum- und
Impfinstitut, Bern, Switzerland). A rabbit anti-goat IgG serum
prepared at our Institute was applied to the tissue at a dilution of
1:200. A second alkaline phosphatase-marked mouse anti-rabbit
MoAb (Sigma A2556, St Louis, MO) was used at a dilution of
1:1000 in Tris buffer (0·25M NaCl, 20 mM Tris pH 7·5, 0·25%
Tween 20). Incubation was for 60 min at room temperature on a
shaker. Between each incubation step the slides were washed twice
for 5 min in Tris buffer. The tissue was then stained with fast red
(2 mg/ml; Fast Red TR-salt, Chroma-Gesellschaft, Kongen, Ger-
many), 1 mg/ml naphtol ASMX-phosphate (Sigma), 0·5 mg/ml
Levamisole (Sigma) in Tris-buffered saline (TBS), pH 8·0.
Colour development was stopped by rinsing with tap water and

the tissue was counterstained with Mayer’s haematoxylin and
mounted in glycerol-gelatin GG-1 (Sigma).

Indirect biotin–avidin immunoperoxidase labelling
Cryostat tissue sections were stained using a modification of the
indirect biotin–avidin complex immunoperoxidase procedure [3].
After acetone fixation and air drying, the sections were rehydrated
in TBS containing 50 mM Tris, 225 mM NaCl and 0·025% Tween
20 pH 7·6. Non-specific binding was blocked with humang-
globulin. The primary antibody was applied for 60 min at 378C.
Subsequently, the sections were incubated for 30 min at 378C with
a biotinylated goat anti-mouse antibody (Jackson Immuno-
Research, West Grove, PA) diluted 1:700 in TBS containing
1·5% goat serum. Endogenous peroxidase was quenched by TBS
containing 0·3% H2O2 and 0·1% azide. The tissue was incubated
with avidin–biotin peroxidase complex (Vector Labs, Burlingame,
CA) diluted 1:100 for 30 min at 378C before addition of the
substrate diaminobenzidine tetrahydrochloride (Sigma). Between
each incubation step the slides were washed twice in TBS for
5 min. For double-staining the slides were washed in TBS for
30 min and the procedure described above was repeated using
avidin–biotin alkaline phosphatase complex and the appropriate
substrate.

Evaluation
In serial sections the labelled cells were counted in areas equivalent
to 1 mm2 in three inflamed regions chosen randomly using an
ocular micrometer grid. Intimal, subintimal and subsynovial
regions were compared [2]. Histopathological lesions were
scored on haematoxylin and eosin (H–E)-stained tissue sections.
Statistical analysis was carried out byANOVA using logarithmic
numbers of cells and adjustment for multiple comparisons (SAS
Institute Inc., Cary, NC).

RESULTS

Histological evidence of synovitis was observed in all tissue
samples of synovial membranes obtained from carpal joints that
had been injected with virus-containing cell culture supernatants.
In contrast, no such changes were observed in synovial membranes
of mock-infected contralateral joints and in those of carpal joints of
uninfected animals. Depending on the stage a more or less
prominent mononuclear cell infiltration was observed (Fig. 1).
The histopathological lesions were scored according to the criteria
outlined in the footnote to Table 1.

Histological appearance of synovial membranes at day 6 post-
infection
The most consistent finding at day 6 was the hyperplasia of the
intimal cell layer of the synovial membrane. Few mononuclear
cells were observed throughout the subintima.

At this stage, the numbers of both B cells and plasma cells had
increased compared with the synovial membrane of the uninfected
control (P¼ 0·034 andP¼ 0·001, respectively). Small aggregates
of plasma cells were observed. B cells were localized in foci
associated with CD5þ lymphocytes throughout the intimal and
subintimal layers. The number of CD4þ and CD8þ lymphocytes
exceeded that found in the synovial membrane of mock-infected
joints (P¼ 0·0153 andP¼ 0·005, respectively). The T lympho-
cytes were located in inflammatory foci with or without association
with blood vessels. Macrophages were scattered throughout the
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Fig. 1. Histopathology of the subintimal region of the carpal synovium of caprine arthritis encephalitis virus (CAEV)-infected goats (H–E
staining; mag.×200). (A) Focal mononuclear cell infiltration at day 6 post-infection. (B) Perivascular cell infiltration at day 12 post-infection.
(C) Extensive perivascular cuff at day 33 post-infection. (D) Diffuse mononuclear cell infiltration in the synovial membrane of a goat
suffering from clinical arthritis for over 2 years.

Table 1. Clinical and histopathological changes in experimentally infected goats and in goats suffering from
chronic arthritis resulting from natural infection

Time post-infection Goat no. Age (years) C/MCL C/MCR CL CR

Day 6 038 2 1·68 1·66 2 0–1
1053 2 1·72 1·72 1–2 0–1

Day 12 025 2 1·66 1·60 3 1
029 2 1·74 1·69 2–3 1
017 3 1·63 1·62 3–4 1

Day 33 p.i. 033 2 1·73 1·65 3–4 3
015 3 1·71 1·67 4 1

>2 years of clinical arthritis* 957 6 1·61 1·89 1 4
053 6 1·79 1·73 4 3

1007 8 1·92 1·61 4 0–1
Control (uninfected) 6837 4 1·68 1·68 0 0

C/MCL and C/MCR, circumference carpus/metacarpus left side and right side, respectively. The threshold for
clinical arthritis was set at C/MC¼ 1·80. CL and CR, histopathological scoring of the synovial membranes of left
and right carpal joints, respectively.

*The time point of infection in the naturally infected animals is unknown.
The histopathological findings were scored as follows: 0, no inflammation; 1, some inflammatory cell

aggregates; 2, dispersed infiltrates in villi, few perivascular infiltrates; 3, inflammatory cell aggregates in villi
and subintimal layer; considerable perivascular infiltrates, few small lymphoid-like follicles; 4, as in 3, with clear
lymphoid-like follicles and large plasma cell aggregates; 5, intense mononuclear aggregates and perivascular
infiltrates, abundant plasma cell aggregates, necrosis and fibrosis.



tissue but no statistically significant increase in numbers was
observed. Cells with a morphological appearance of macro-
phage-like type A synoviocytes as well as fibroblast-like type B
synoviocytes stained for MHC class II. Additional MHC class II-
stained cells were macrophages, fibroblasts, vascular endothelial
cells as well as lymphocytes. Only a few scattered lymphocytes
stained for IL-2R. Compared with synovial membranes from
uninfected animals, the number ofgd cells was increased at day
6 post-infection (P¼ 0·016).

Histological appearance of synovial membranes at day 12 post-
infection
Angiogenesis accompanied by an increased number of mono-
nuclear cells mainly in the intimal and subintimal layers was a
prominent feature within the hypertrophied villi. Inflammatory
cells were either scattered, organized in foci, or located perivascu-
larly. Few small lymphoid-like follicles were noted. Most inflam-
matory cells were located in the intimal and subintimal layers, but
few were seen also in the subsynovial area. CD4þ and CD8þ cells
were located in perivascular cuffs which contained only few
scatteredgd T lymphocytes and a low number of B cells. Occa-
sionally, CD4þ and CD8þ T cells were found at the periphery of
cell aggregates containing B cells, probably representing early
stage lymphoid-like follicles. DH59B antibody stained cells with a
morphological appearance of type A synoviocytes as well as
macrophages. The former were located in the intimal layer whereas
the latter were found in perivascular cuffs and scattered throughout

areas rich in lymphocytes. MHC class IIþ cells were observed
throughout the inflammatory areas and their number was higher
than that found in uninfected animals (P¼ 0·004). A slight but
statistically not significant increase in IL-2R staining cells was
noted compared with day 6 post-infection.

Histological appearance of synovial membranes at day 33 post-
infection
Lymphoid-like follicles, early fibrosis and smooth muscle hyper-
plasia of small arterial walls were observed. The histological
changes were similar to those in naturally infected goats with
chronic arthritis. Mononuclear inflammation extended preferen-
tially to the subintimal layer, with plasma cells being the pre-
dominant cell type (Fig. 2A–D). B cells and macrophages were
found to have increased steadily, whereas CD4þ and CD8þ T cells
had decreased in numbers.

Three areas were differentiated at 33 days post-infection: (i)
perivascular areas containing CD4þ and CD8þ T lymphocytes, a
much lower number of B lymphocytes and only few, if any, plasma
cells. MHC class II expression was high in these regions. Only few
gd T cells were found scattered throughout the inflamed areas of
the tissue; (ii) round-shaped cell aggregates in the subintimal layer
resembling lymphoid-like follicles. MHC class II-expressing B
cells were located mainly in the centre of the lymphoid-like
follicles and were surrounded by CD5þ, CD4þ and CD8þ lym-
phocytes; (iii) cell aggregates consisting predominantly of plasma
cells with only few other cell types. At 33 days post-infection B
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Fig. 2.Plasma cell infiltration of carpal synovium of caprine arthritis encephalitis virus (CAEV)-infected goats. Plasma cells were stained for
IgG as described in Materials and Methods. Mag.×200. (A) Day 6 post-infection. (B) Day 12 post-infection. (C) Day 33 post-infection. (D)
Plasma cells in the synovial membrane of a goat suffering from clinical arthritis for over 2 years.



cell aggregates surrounded by a broad plasma cell mantle were
observed in the subintima. MHC class II-expressing cells increased
steadily post-infection and their numbers differed significantly
from those of the control at day 33 post-infection (P¼ 0·004).
We noted a slight (P¼ 0·050) increase of IL-2Rþ cells at day 33
post-infection, but their absolute numbers remained small through-
out the course of infection.

Histological appearance of synovial membranes in the chronic
stage of arthritis
Massive infiltration of inflammatory cells was observed in the
synovial membrane. Degeneration and necrosis of the synovial
membrane were noted in only one goat that had been infected for
over 5 years. Abundant plasma cells were present in the synovial
membranes derived from chronically infected goats. Both macro-
phages and B cells were numerous in the inflamed areas. Few
CD4þ T cells were detected and, compared with day 33 in
experimentally infected animals, there was only a slight increase
in CD8þ T cells. These T cells were either associated with blood
vessels near the apex of hypertrophied villi and distributed as small
cell groups, or, less frequently, arranged as a band at the rim of the
synovial membranes. In these chronic cases, lymphoid-like folli-
cles were more abundant than perivascular cuffs. MHC class II-
stained cells were frequent, whereas cells expressing IL-2R had
decreased in numbers, compared with day 33 post-experimental
infection.

As summarized in Fig. 3, the pattern of inflammatory cells
changed during the course of infection. CD4þ andgd T lympho-
cytes decreased after 12 days, whereas numbers of B lymphocytes
and macrophages increased. The number of CD8þ T cells reached
a maximum at day 12 post-infection and stayed relatively high

thereafter. Staining for IL-2R remained low throughout the experi-
ment. The most conspicuous change was seen in plasma cells,
which in the synovial membranes of chronically infected goats
amounted to< 70% of all inflammatory cells.

DISCUSSION

Typically, clinical arthritis in goats appears months to years after
natural infection [2]. We were interested in the events occurring
early in infected joints, as key pathogenic changes conceivably
take place soon after the homing of the virus to the joints. In this
study, using an infection model similar to that originally proposed
by Adamset al. [12], we analysed the cell types and kinetics of
their appearance in the synovial membrane of goats infected
intracarpally and intravenously with molecularly cloned CAEV.

Initial evidence of arthritis, such as fluctuation of the bursa and
joint swelling, was noted at 12 days post-infection. As early as 6
days post-infection, we detected an accumulation of inflammatory
cells in the intimal and subintimal layers of the synovial membrane
of intracarpally infected joints. In contrast, in the contralateral,
mock-infected joint, such changes were not seen before day 33
post-infection. Interestingly, in joints not injected at all, virus
appeared even later. Thus, it appears that even though this
unspecific irritation caused by mock-infection does not induce an
inflammatory responseper se, it facilitates the haematogenic
homing of the virus to the contralateral joint ([13] and unpublished
observation). The striking similarity between the histopathological
features observed at 33 days post-infection and those observed in
chronically infected animals strongly supports the relevance of this
short-term infection model of virus-induced arthritis [9,10]. During
the initial stages of infection abundant viral RNA was detected by
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Fig. 3. Kinetics of cell infiltration in the synovial membrane of the carpal joints of goats. The synovial membranes were stained and results
were analysed usingANOVA, as described in Materials and Methods (Evaluation). Bars indicate s.e.m. For statistical evaluation refer to the text.



in situhybridization in the synovial membrane [13]. This indicates
that the presence of viral antigen in the joint is required to trigger
those mechanisms leading to chronic arthritis. However, virus
expression rapidly decreased, and at day 33 post-infection viral
RNA-positive cells were either rare or absent [13], which suggests
that inflammation may persist and even progress despite the
apparent absence of pronounced viral replication.

During the course of our experiment, synovitis of increasing
severity was noticed in all synovial tissue samples of experimen-
tally CAEV-infected goats. As from day 12 post-infection, this was
accompanied by a strong angiogenic activity which, in chronic
inflammation, is frequently involved in repair processes [19].
Tumour necrosis factor-alpha (TNF-a), transforming growth
factor-beta (TGF-b) and E-selectin,inter alia, were shown to
provide an appropriate environment for neovascularization [19–
22], similar to that previously described for infections with Maedi
Visna virus [23], simian immunodeficiency virus (SIV) [24] and
HIV [25], as well as for RA [26]. It remains to be investigated
which cell types are predominantly involved in the production and
secretion of angiogenic mediators. Our previous observations
suggest that macrophages are the main source of TNF-a in
CAEV-induced arthritis [27].

Our immunohistochemical analysis showed that at the onset of
CAEV infection CD8þ and CD4þ T lymphocytes accumulated in
the synovial membrane. The CD8þ lymphocytes might represent
cytotoxic, virus-specific T cells [28]. CD4þ and CD8þ T lympho-
cytes were found in perivascular areas containing fewer B lym-
phocytes and only a few plasma cells. The pronounced MHC class
II expression in such regions suggests a local immune activation.
Interestingly, IL-2R expression remained low throughout the
development of arthritis. The marked increase in B cells, and
especially in plasma cells, noted in our experiment suggests that, as
infection progresses, an antibody-centred (or type 2) immune
response may gain predominance. This has previously been
shown to occur in chronically CAEV-infected goats [3], and
numerous plasma cells are also noted in RA [8,11]. The antibodies
demonstrated in the synovial fluid of arthritic goats [4] are
conceivably produced by the abundant plasma cells present in
the synovium.

In conclusion, our experiments revealed a steady increase in
the number of plasma cells in the inflamed joints during the early
stages of CAEV infection. The titres of antibodies against gp135
and gp38 as well as the numbers of plasma cells in the synovial
membrane appear to correlate with the severity of arthritis [5,6].
Collectively, these observations support the view that a predomi-
nantly humoral immune response may well contribute to the
formation of arthritic lesions in goat lentiviral arthritis.
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