
Journal of NeuroVirology, 11: 337–345, 2005
c© 2005 Journal of NeuroVirology
ISSN: 1355-0284 print / 1538-2443 online
DOI: 10.1080/13550280500186445

Neuropathology associated with feline
immunodeficiency virus infection highlights
prominent lymphocyte trafficking through both
the blood-brain and blood-choroid plexus barriers
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Feline immunodeficiency virus (FIV) infection in the cat is a well-evaluated
model of human immunodeficiency virus (HIV)-1 infection in man with both
viruses associated with significant neuropathology. Although studies in both
HIV and FIV infections have shown that virus enters the brain in the acute
stages of disease, little is known of the mechanisms of viral entry. The dis-
section of this stage is fundamental to the development of therapies that may
prevent or modulate central nervous system (CNS) infection. The present study
was designed to characterize the early sequential neuropathological changes
following infection with FIVGL8, a strain known to enter the CNS in acute in-
fection. Cats were infected either by the intraperitoneal (n = 13) or intravenous
(n = 12) route with 2000 cat infectious units of virus. Histopathological assess-
ments following intraperitoneal infections were at 4 (n = 2), 5 (n = 1), 8 (n
= 3), 10 (n = 1), 16 (n = 1), 32 (n = 2), 52 (n = 2), and 104 (n = 1) weeks
post infection whereas animals infected intravenously were examined (n =
3) at 1, 4, 10, and 23 weeks post infection. The most significant lesions fol-
lowing both routes of infection were lymphocyte-rich perivascular infiltrates
within cerebral and cerebellar meninges, in choroid plexus and spinal cord
dura mater and within epineurium of the sciatic nerve. In addition, following
intravenous infection perivascular infiltrations were noted in parenchymal
blood vessels primarily of cerebral white matter. Infiltrates were composed of
CD79+ B cells and CD3+ T cells. The latter population contained a mixture of
CD4+ and CD8+ cells. The severity of lesions increased in intensity in the 8-
to 16-week period following infection and then began to wane. The evaluation
of this large group of cats at multiple time points revealed pathology com-
parable with that of early stage HIV-1–associated encephalitis. Moreover, in
contrast to previous FIV neuropathology studies, transient meningeal, choroid
plexus, and parenchymal vascular pathology were consistent significant find-
ings suggesting that, as in HIV-1 infection, blood-brain barrier and choroid
plexus brain barrier integrity are both compromised in early infection. Journal
of NeuroVirology (2005) 11, 337–345.
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Introduction

Human immunodeficiency virus (HIV), the cause
of acquired immunodeficiency syndrome (AIDS) in
man, is neurotropic and responsible for considerable
neuropathology and neurological disorders (Budka,
1991; Kanzer, 1990). To date, there have been limited
opportunities to investigate the central nervous sys-
tem (CNS) of patients in the early stages of HIV infec-
tion when virus invades the brain (Gray et al, 1996).
It is agreed that the dissection of this early stage of
infection is fundamental to the development of ther-
apies that may prevent or modulate HIV-associated
CNS pathology (Annunziata, 2003; Speth et al, 2005).
To evaluate the sequence of immunological processes
in early HIV-1 infection therefore requires the contri-
butions of animal models.

Simian immunodeficiency virus (SIV) and feline
immunodeficiency virus (FIV) are both considered
excellent models of HIV-1 infection in man (Gar-
diner and Luciw, 1989; Overbaugh et al, 1997; Miller
et al, 2000). FIV, like HIV-1, infects the central ner-
vous system and is associated with neuropathology
in natural and experimental infections (Dow et al,
1990, 1992; Hurtel et al, 1992; Podell et al., 1999).
Early after intravenous inoculation, virus can be de-
tected in the brain and cerebrospinal fluid (CSF), with
in vitro studies demonstrating that FIV preferentially
infects astrocytes and brain macrophages, with low
affinity for brain endothelial cells (Yamamoto et al,
1988; Dow et al, 1990, 1992; Boche et al, 1996; Podell
et al, 1997; Ryan et al, 2003). Although studies on
FIV have shown that the acute phase of infection
is a significant time during which virus invades the
CNS, mechanisms by which the virus enters are un-
clear (Ryan et al, 2003; Boche et al, 1996; Poli et al,
1997).

Table 1 Sites and severity of mononuclear cell infiltrates within neural tissue following intraperitoneal FIV infection

Brain
Spinal cord

PNS
Week Clinical Cervical Thoracic Lumbar Sciatic

Ref. no. PI status Meninges Choroid dura dura dura Ganglion nerve

A1 4 As − − − − na − +
A2 4 As − + na na − + +
A3 5 Acute − − − ++ − + na
A4 8 As − ++ ++ ++ − − −
A5 8 As ++ ++ ++ +++ − + na
A6 8 Acute − + − − − − +
A7 10 Acute − − + + − + −
A8 16 As + +++ ++ ++ ++ ++ ++
A9 32 Lympho + − − + + + ++
A10 32 As + + + + + − ++
A11 52 As − − − − − − +
A12 52 As + + + + + + +
A13 104 Lympho − − − − − + +

As = asymptomatic; Acute = acute stage of infection characterised by pyrexia, dullness, unresponsiveness, and leucopenia; Lympho =
lymphosarcoma.
PNS = peripheral nervous system; PI = post infection; na = no sample available.
Magnitude of mononuclear cell infiltrations: − = absent; + = minimal; ++ = mild; +++ = moderate.

The present study was designed to characterize
early-stage sequential neuropathology changes in 25
cats during the first 2 years after either intraperitoneal
or intravenous infection with the Glasgow-8 strain
of FIV (FIVGL8). This is the first documentation of
neuropathology associated with FIVGL8, a viral strain
known to enter brain tissue in the acute phase of in-
fection (Ryan et al, 2003). The evaluation of this large
group of cats at multiple time points during infection
revealed pathology comparable with that of early-
stage HIV-1 infection and moreover, highlighted that,
as in HIV-1 infection, both blood-brain barrier and
blood-choroid plexus barrier facilitates lymphocyte
trafficking into the CNS within weeks of infection.

Results

Histopathology
No neuropathology was observed in the control an-
imals in either group. The severity and distribution
of nervous system lesions associated with intraperi-
toneal or intravenous FIV infections are presented in
Tables 1 and 2, respectively.

Following intraperitoneal infection, lesions con-
sisted primarily of perivascular mononuclear cell in-
filtrations within the meninges of the brain, in the
choroid plexus, in the dura of the spinal cord, and
in the epineurium of the sciatic nerve. Occasionally
diffuse infiltrates of the subarachnoid space were also
identified. The cellular infiltrates were composed of
small lymphocytes, blast cells, and plasma cells in
variable numbers.

Perivascular infiltrates were identified in the cere-
bral and cerebellar meninges of 5 of 13 cases
(Figure 1). In one case these were accompanied
by a diffuse mononuclear cell infiltration of the
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Table 2 Sites and severity of mononuclear cells and presence of tissue and CSF viral and proviral loads following intraverous FIV
infection

Brain
Spinal cord Viral RNA

(copies/ml)
Ref. Week Clinical Cervical Thoracic Lumbar
no. PI status Meninges Neuropil Choroid dura dura dura

PNS
Sciatic
nerve

Virus∗ tissue
Viral RNA
(copies/g) Plasma CSF

Tissue
Provirus

copies/106

cells

B1 1 As − − − na − − − 152 − − −
B2 1 As − − − na − − − − − − −
B3 1 As − − − − − − − − − − −
B4 4 As − − − − − − − 3 × 104 1 × 104 400 418
B5 4 As − + + − − − − − 77 37 244
B6 4 As − − − na − − − − 187 40 24
B7 10 As ++ ++ ++ − + + + 2 × 106 1 × 103 7 × 103 586
B8 10 As + ++ + na − + − 5 × 103 496 105 −
B9 10 As + + + − − + − 5 × 104 374 61 109
B10 23 As + ++ ++ − − + − 316 − 151 −
B11 23 As + − − + + + − − 33 − −
B12 23 As + + + − + + − 456 − 22 −
∗Viral and proviral loads modified from Ryan et al (2003) and evaluated based on highest load detected.
As = asymptomatic; PNS = peripheral nervous system; PI = post infection; na = no sample available.
Magnitude of mononuclear cell infiltrations: − = absent; + = minimal; ++ = mild; +++ = moderate.

subarachnoid space. Infiltrates varied from single foci
of 10 to 15 cells to larger infiltrates of up to 50 cells.
Although lesions varied in severity between cases
at individual time points, in general infiltrates were
more prominent when first seen at 8 weeks after infec-
tion and thereafter decreased in severity up to week
52. By 2 years these lesions were absent and only cal-
cification of meningeal blood vessels was occasion-
ally noted.

The most prominent lesions within the brain of cats
infected by intraperitoneal inoculation were choroid
plexus infiltrates which were present in 7 of 13 cases
examined. Infiltrates varied from 5 to 10 cells, to mod-
erate numbers of 20 to 30 cells, to multiple and larger
infiltrates of over 50 cells (Figure 2). The lesions were
identified at 4 weeks, the first time point of sacrifice,
and increased in severity in the 8- to 16-week period,
returning to mild levels by week 52 and were absent
by 2 years after infection.

Figure 1 Case A5. Mild meningeal perivascular mononuclear cell
infiltrations at eight weeks following intraperitoneal FIV infection.
Hematoxylin & eosin. Bar = 100 μm.

Spinal lesions consisted of infiltrates in the dura,
increased subarachnoid cellularity, and perivascular
infiltrates in the connective tissue surrounding dor-
sal root ganglia and spinal nerve roots. Dural infil-
trates were identified in 8 of 13 cases and varied
from small infiltrates of 3 to 5 cells accompanied by
prominent dural vascularity to much larger perivas-
cular or diffuse infiltrations of up to 20 cells. Lesions
were of greatest severity between weeks 5 and 16.
The lesions were absent by 2 years after infection.
Increased spinal subarachnoid cellularity was also a
feature noted in six of these cases. Perivascular infil-
trates in the connective tissue surrounding the spinal
nerve roots and ganglia were present at one or all lev-
els of the cord in eight of the cases from 4 weeks to
2 years after infection. Severity did not vary greatly
with progression of infection.

The sciatic nerve was examined in 11 cases and
lesions consisting of perivascular infiltrates in the

Figure 2 Case A8. Prominent choroid plexus mononuclear cell
infiltrations at 16 weeks following intraperitoneal FIV infection.
Hematoxylin & eosin. Bar = 50 μm.
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epineurium or surrounding fat were identified in 9
cases. These were of greatest severity between weeks
16 and 32, where larger foci of more than 100 cells
were present in the fat adjacent the epineurium.
Milder lesions were still evident at 1 to 2 years af-
ter infection.

Two animals (A9, A13) developed lymphosarcoma
(Callanan et al, 1996) but neither had tumour involve-
ment within the CNS.

Lesions following intravenous infection were sim-
ilar to those as a result of intraperitoneal infec-
tion. Perivascular mononuclear cell infiltrates were
observed within the meninges of the brain, in the
choroid plexus, in the dura mater of the spinal cord,
occasionally within the epineurium of the sciatic
nerve, and as diffuse infiltrations of the subarachnoid
space. In contrast to the intraperitoneal infection,
perivascular infiltrates were also observed around
blood vessels within the white matter of the cerebrum
and cerebellum (Figure 3).

Meningeal infiltrations were first noticed at week
10 following infection and were present in all in-
fected animals at this time point and at week 23. With
the exception of a single animal (B7), these infiltrates
were mild, usually consisting of aggregations of less
than 10 cells. Choroid plexus infiltrations were ini-
tially noticed in one animal by 4 weeks after infection
and in five of six animals at the remaining time pe-
riods. In one animal, in each of these time periods,
lesions were of moderate severity containing multi-
ple aggregations of greater than 40 cells. A positive
correlation between the presence of choroid plexus
infiltration and perivascular infiltrations within brain
white matter was noted. The parenchymal perivascu-
lar infiltrations varied from mild lesions of less than
20 cells to moderate lesions of over 40 cells, often
involving multiple blood vessels. Invariably lesions
were noted within white matter of the cerebral cortex.
Occasionally lesions were also noted within cerebel-
lar white matter and on one occasion in cerebrocor-

Figure 3 Case B7. Brain parenchymal perivascular mononuclear
cell infiltrations at 10 weeks following intravenous FIV infection.
Hematoxylin & eosin. Bar = 25 μm.

Figure 4 Case B7. CD79α+ B lymphocytes within brain parenchy-
mal mononuclear cell infiltrates and in the parenchyma at 10
weeks following intravenous FIV infection. Hematoxylin. Bar =
25 μm.

tical grey matter (B8). As with intraperitoneal infec-
tion, dural infiltrations were noted in all animals from
10 weeks post infection. This was accompanied by
prominent diffuse subarachnoid infiltrations in two
animals (B7, B9). Infiltrations within the epineurium
of the sciatic nerve were observed in only one animal
(B7), at 10 weeks after infection. Dorsal root ganglia
were not examined in this study.

By routine light microscopy evaluations of hema-
toxylin and eosin (H&E) and luxol fast blue stained
sections, no appreciable gliosis or white matter pal-
lor was noted. There was no evidence of vasculitis in
either group.

Immunohistochemistry of perivascular
mononuclear cells
Immunohistochemical analysis of the perivascular
cell infiltrations revealed that they were composed
of CD79α+ B cells (Figure 4) and CD3+ T cells
(Figure 5). This population of T cells contained

Figure 5 Case B7. CD3+ T lymphocytes within the brain
parenchymal mononuclear cell infiltrates at 10 weeks following
intravenous FIV infection. Hematoxylin. Bar = 25 μm.
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Figure 6 Case B7. CD8+ T lymphocytes within the choroid plexus
mononuclear cell infiltrates at 10 weeks following intravenous FIV
infection. Hematoxylin. Bar = 25 μm.

subpopulations of both CD4+ and CD8+ cells (Fig-
ure 6). Mac 387+ macrophages were not observed
within these infiltrates.

Correlation of histopathology to viral
and proviral loads
Viral (brain tissue, CSF, and plasma) and proviral
(brain tissue and peripheral blood mononuclear cell)
loads were determined in animals that had been in-
fected intravenously and a correlation of these find-
ings with histopathological changes has been pub-
lished (Ryan et al, 2003) and a modification of these
results are presented in Table 2. In summary, by week
4 after infection, although it was possible to con-
sistently detect either virus or provirus in CNS tis-
sue or CSF, histopathology was relatively mild and
a rare observation. In contrast at 10 and 23 weeks,
both pathological changes and virus were detected
consistently in all but one animal (B11). A compari-
son between plasma, CSF, and brain tissue viral loads
highlighted that at the 10-week time point post, in-
fection viral loads were at their highest within re-
gions of brain tissue. It was also at this time point
that the most intense pathology was noted. A positive
correlation between the presence of choroid plexus
pathology and the presence of viral RNA in CSF was
noted in 10 of 12 animals (exceptions B4, B6). Al-
though a trend existed for histopathological lesions
and viral loads to increase in intensity and then di-
minish during the course of infection, a direct corre-
lation between the magnitude of the cell infiltrations
and the brain viral loads could not be consistently
established. For example two animals (B7, B10) de-
veloped similar pathological features. For animal B7,
this coincided with markedly elevated viral loads,
but in animal B10, viral loads were considerably
lower and similar to those of animal B12, which had
minimal pathology. In addition, animal B4 had no de-
tectable lesions in the presence of viral and proviral
loads, whereas animal B11 at 23 weeks after infec-

tion had no detectable virus or provirus but had brain
lesions.

Discussion

Neuropathology in the early stages of HIV-1 infec-
tion is characterized by meningeal, parenchymal, and
choroid plexus perivascular lymphocyte cell-rich in-
filtrations, accompanied by vasculitis and immune
activation of the brain parenchyma, with increased
numbers of microglial cells, up-regulation of major
histocompatibility complex class II molecules and lo-
cal production of cytokines (Gray et al, 1996). Myelin
pallor and gliosis are also features noted. In the
present study both intraperitoneal and intravenous
infections with FIVGL8 resulted in significant consis-
tent meningeal and choroid plexus pathology. How-
ever, gliosis, myelin pallor, and vasculitis were not
noted in this study.

A limited number of time-course studies to charac-
terize the neuropathology in the early stages of FIV
infection have been performed and, in contrast to HIV
and SIV infections, meningeal and choroid plexus le-
sions have rarely been reported (Hurtel et al, 1992;
Abramo et al, 1995; Boche et al, 1996; Poli et al, 1997).
However, in the present study meningeal infiltrates
were documented in 11 of 25 animals. These find-
ings contrast previous studies in which meningeal
involvment was rare (Hurtel et al, 1992; Boche et al,
1996; Power et al, 1998; Mitchell et al, 1999) in infec-
tions with Envip, Petaluma, Baltimore, Villefranche
strains and not observed in studies on intravenous in-
oculations of PISA-M2 or Petaluma strains (Abramo
et al, 1995; Poli et al, 1997). Similarly, in the present
study perivascular infiltrates in the choroid plexus
were frequent findings observed in 13 of 25 animals,
in contrast to previous studies where such obser-
vations were noted infrequently (Hurtel et al 1992;
Beebe et al, 1994).

Similar to early-stage HIV infection, the lympho-
cyte-rich infiltrations were composed of mixtures of
T and B cells; however, unlike the CD8+ T cell–rich
infiltrations in HIV, infiltrates contained mixtures
of both CD4+ and CD8+ T cells (Gray et al, 1996;
Anthony et al, 2003). Findings of B cells and plasma
cells within the infiltration further supported the
recent observations that B cells regularly traffic the
CNS in many stages of HIV infection (Anthony et al,
2003) and in other viral-related encephalitic condi-
tions (Esiri et al, 1989). In addition, the observations
of plasma cells supported previous FIV studies that
highlighted intrathecal antibody synthesis early in
FIV infection (Dow et al, 1990; Podell et al, 1993). The
early stages of SIV infection also observe cell infiltra-
tions in white and gray matter, in the choroid plexus,
and in the meninges. However, such infiltrations
are not primarily lymphoid but are rich in CD68+
macrophages (Bottiger et al, 1991; Hurtel et al, 1991,
1993; Sharer et al., 1991; Boche et al, 1999).
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In animals that were intravenously infected with
FIVGL8 parenchymal perivascular infiltrations were
also noted. Such infiltrations were not seen in an-
imals following intraperitoneal infection. Although
initial viral loads administered to animals were sim-
ilar in both groups, a relative difference existed as
the animals receiving the intravenous doses were
younger (4 to 5 months of age) compared to those
receiving the intraperitoneal administrations (11 to
14 months). Therefore relative to animal weights it
is likely that the group with parenchymal perivascu-
lar cuffing received a larger dose. However, although
the route of administration and relative doses may
have had the potential to increase the distribution of
perivascular infiltration, the severity of all perivas-
cular infiltrates were not appreciably different be-
tween either group. In addition, both groups also
documented infiltrates of similar magnitudes in the
spinal cord dura, in connective tissue surrounding
dorsal root ganglia, and in the epineurium and sur-
rounding fat of peripheral nerves. Therefore, in sup-
port of other studies, both the onset and severity of
these lesions were, for the most part, similar irrespec-
tive of the methods of inoculation; however, in con-
trast to previous studies, lesions were progressive, be-
ing prominent for periods of time and then regressing
towards the end of the first year of infection (Hurtel
et al, 1992; Abramo et al, 1995; Boche et al, 1996; Poli
et al, 1997). In early FIV infection, it would be desir-
able to undertake time-course studies to evaluate the
dynamics of the various cell populations within the
perivascular infiltrations and correlate any changes
with viral and proviral loads. However, in the current
study, the numbers of cases with suitable samples to
facilitate multiple antigen profiling were limited and
periods between tissue examinations were too long
to make any meaningful conclusions.

Gliosis and myelin pallor were not observed in the
present study. Surprisingly, by standard histopatho-
logical examinations appreciable gliosis was not
noted; however, gliosis and glial nodule formation
have been almost consistently documented in early
infection with many FIV isolates (Hurtel et al, 1992;
Boche et al., 1996; Poli et al, 1997; Mitchell et al,
1999). In these studies immunohistochemical, mor-
phometrical, and stereological methods clearly en-
hance the abilities to confirm subtle gliosis and would
be required in the present study before mild gliosis
and astrocyte activation are truly discounted. The ab-
sence of white matter pallor was not of concern as it
appears to be an inconsistent finding in early FIV in-
fection and has been documented as a rare observa-
tion in some studies (Hurtel et al, 1992; Boche et al,
1996), but not seen in others (Podell et al, 1993; Poli
et al, 1997; Power et al, 1998; Mitchell et al, 1999).

The acute stages of HIV, SIV, and FIV infections
represent a time during which virus readily en-
ters the CNS (Chiodi and Fenyo 1991; Sharer et al,
1991; Boche et al, 1999; Ryan et al, 2003), and it is
during this period that FIV-associated neuropathol-

ogy infection mimics HIV-associated neuropathol-
ogy by revealing prominent lymphocytic perivas-
cular infiltration of meninges, choroid plexus, and
brain parenchyma (Gray et al, 1996). Although the
pathways used by blood-borne viruses to leave the
bloodstream and invade the CNS are complex (Tyler
and Gonzalez-Scarano, 1997; Annunziata, 2003), it
is clear that in HIV, SIV, and FIV infections some of
the perivascular lymphocytes or macrophages har-
bor virus (Sharer et al, 1991; Lackner et al, 1991;
Davis et al, 1992; Hurtel et al, 1993; Boche et al,
1996). The present study highlighted that T- and B-
lymphocyte trafficking through the blood-brain and
blood-choroid plexus barriers is a consistent and
probably time-dependent finding in early FIV infec-
tion. Whether such cells enter through disrupted bar-
riers or whether their trafficking through the barrier
is facilitated because of lymphocyte cell activation
remains unclear (Hickey, 1991).

In HIV and SIV infections, blood-brain barrier dis-
ruption has been observed in association with en-
cephalitis, but it is not clear if disruption precedes
and facilitates cell trafficking into the CNS or occurs
due to the chronic presence of macrophages around
cerebral blood vessels in encephalitic states (Dallasta
et al, 1999; Luabeya et al, 2000; Annunziata, 2003;
MacLean et al, 2004; Speth et al, 2005). More recently,
transient barrier disruption has been shown in asso-
ciation with the acute phase of a pathogenic simian-
human immunodeficiency virus infection (Stephens
et al, 2003) and detailed sequential neuropatholog-
ical studies would be feasible in the FIVGL8 model
in which the histopathological findings that we ob-
served would indicate that disruptions in blood-brain
barrier integrity may occur within the first 10 weeks
of infection. A value of the FIV model maybe that it
would complement the SIV model as the lymphocyte-
rich cell population observed in FIV infection may
more accurately mimic the changes observed in early-
stage HIV infection (Gray et al, 1996). To date, al-
though blood-brain barrier disruption has yet to be
demonstrated in FIV infection at a morphological
level, studies have revealed a loss of integrity through
the measurement of albumin quotients from 2 to 4
months after infection (Dow et al, 1990; Podell et al,
1993). These findings correlates well with the ini-
tial development of perivascular infiltrations within
brain, meningeal, and choroid plexus regions ob-
served in the present study.

Alternatively, entry of viral agents to the CNS
may be achieved through the choroid plexus (Segal,
2000). Transport of virus across the choroid plexus
epithelial cells provides virus direct access to the
cerebrospinal fluid, allowing virus to spread to the
ependymal cells and adjacent brain tissue. In view of
the fact that inflammatory infiltrations of the choroid
plexus are also observed in early HIV-1 and SIV in-
fections (Sharer et al, 1991; Gray et al, 1996) and
clearly in the present study represent a consistent
finding in early stage FIVGL8 infection, it must also
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be considered that the choroid plexus route of en-
try equally warrants investigation. In addition, in
the intravenously infected animals viral RNA was
consistently detected in CSF from 4 weeks after in-
fection, in association with the first observations of
choroids plexus pathology (Ryan et al, 2003). It is
know that choroid plexus cells can be infected with
HIV (Harouse et al, 1989; Petito et al, 1999) and in the
SIV and FIV models, virus is observed within choroid
plexus tissues in vivo (Lackner et al, 1991; Beebe et al,
1994). Recent work by Bragg and colleagues (2002) re-
ported FIV infection of choroid plexus macrophage-
enriched cultures with the ability to infected cocul-
tured feline T lymphocytes.

It has been postulated that perivascular infiltra-
tions within the CNS in many viral diseases, includ-
ing in early HIV-1 infection, are likely to reflect a sys-
temic immune response (Gray et al, 1996). Previous
studies have shown that either immune-activated or
HIV-1–infected monocytes may traverse in vitro mod-
els of the blood-brain barrier (Persidsky et al, 1997;
Weiss et al, 1999; Hickey, 1999) and that in fact such
perivascular infiltrates are unlikely to represent a re-
sponse to local HIV-1 infection but rather reflect a
more systemic response, which provides a vehicle
in which the cell-associated virus may be dissemi-
nated throughout the body. Supporting this theory,
in the present study the pathological changes were
transient and of greatest severity in the 8- to 16-week
period following infection. This period of time coin-
cided with the onset of generalized reactive lymphoid
hyperplasia and immune stimulation experienced by
cats infected with FIVGL8 (Callanan et al, 1993; Flynn
et al, 1994) and this immune response wanes dur-
ing the first year of infection in parallel with the re-
gressing pathological changes observed in this study.
Furthermore, perivascular mononuclear cell infiltra-
tions were not exclusively confined to the CNS but
were also observed in the connective tissue of the
dorsal root ganglia, the epineurium of the peripheral
nerve, and within non-neural tissues, suggesting gen-
eralized stimulation of the immune system. The le-
sions were of similar severity to those within the CNS
and regressed with no evidence of residual damage.
Further supporting an immune-driven pathological
response rather than a local reaction to virus was
the finding that in individual animals in group 2, the
severity of pathology observed did not correlate with
the viral burdens within the CNS and CSF during the
first 23 weeks following intravenous infection (Ryan
et al, 2003).

The present studies clearly indicate that early viral
entry to the CNS in FIVGL8 infection induces neu-
ropathology that mimics that of early HIV-1 infec-
tion. In this period, lesions suggest compromises in
blood-brain and blood-choroid plexus barriers facili-
tating mononuclear cell migration into brain. There-
fore the FIV model provides an ideal opportunity to
dissect and elucidate the complex and probably mul-
tifaceted mechanisms by which virus enters and traf-
fics through brain tissue.

Material and methods

Experimental animals and project design
Two groups of animals were used. Group 1 (A1 to
A13) comprised 13, 11- to 14-month-old specific
pathogen–free cats infected intraperitoneally with
2000 infectious unit doses of FIVGL8. Animals were
sacrificed at 4 (n = 2), 5 (n = 1), 8 (n = 3), 10 (n = 1),
16 (n = 1), 32 (n = 2), 52 (n = 2), or 104 (n = 1) weeks
after infection. Five aged-matched controls, held in
a separate but similar-type environment, were sacri-
ficed at 4, 8, 16, 32, or 52 weeks only. All animals
were in good health at the time of postmortem exam-
ination with the exception of three animals (A3, A6,
A7), which became dull and febrile between weeks
5 and 10 of infection and were euthanased during
these periods. Two animals (A9, A13) had lymphosar-
coma at the time of postmortem examination. Clinical
and some aspects of the pathology of these animals
have been reported elsewhere (Callanan et al, 1992a,
1992b, 1996).

Animals in group 2 (B1 to B12) were part of a
study to define central nervous system viral loads in
the early stages of FIV infection (Ryan et al, 2003).
Twelve, 16- to 20-week-old specific pathogen–free
cats were infected intravenously with a similar dose
of FIVGL8 to those in group 1 and were sacrificed
in groups of three at 1, 4, 10, or 23 weeks after in-
fection. Eight aged-matched control animals, housed
separately in a similar environment, were sacrificed
in groups of two at similar time periods. All animals
appeared in good health at all times.

Postmortem, histopathological, and
immunohistochemical examinations
At postmortem examination mid-sagittal sectioning
of the brain was performed. One portion was fixed
in neutral-buffered formalin and the second portion
separated into cerebrum, cerebellum, and brainstem,
snap-frozen in liquid nitrogen, and stored at −80◦C.
Sections of cervical, thoracic, and lumbar spinal
cord, including dorsal root ganglia, were also fixed
in neutral-buffered formalin. Sciatic nerve was also
sampled.

Following fixation in formalin, sections of cere-
brum, cerebellum, midbrain, pons, medulla, spinal
cord, and nerve were paraffin-embedded, cut at 4 μm,
and stained with hematoxylin and eosin. Selected
sections were also stained with luxol fast blue. To
phenotype cell infiltrations immunostaining was per-
formed on both paraffin-embedded and cryostat sec-
tions as previously described (Callanan et al, 1996)
using antibodies specific for T and B lymphocytes,
namely CD3 (rabbit anti-CD3; Dako, UK), CD79α
(mouse anti-CD79α; Dako, UK), CD4 and CD8 (mouse
anti-CD4 and -CD8; Dako, UK), and for macrophages
and neutrophils, MAC387 (mouse anti-human his-
tiocyte; Dako, UK). Detection of primary antibodies
was performed using the Vectastain Elite Mouse and
Rabbit kits (Vector Laboratories, UK) as per manufac-
turer’s instructions.
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