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Abstract
Aims—The pathogenesis of HIV/SIV encephalitis (HIVE/SIVE) remains incompletely
understood, but is associated with alterations in the blood brain barrier. Heretofore, it has not been
possible to easily determine if an individual has HIVE/SIVE before post mortem examination.

Methods—We have examined serum levels of the astroglial protein S100β in SIV-infected
macaques and show that it can be used to determine which animals will have SIVE. We also
checked for correlations with inflammatory markers such as CCL2/ MCP-1, IL-6 and C Reactive
Protein (CRP).

Results—We also found that increased S100β protein in serum correlated with decreased
expression of the tight junction protein zonula occludens-1 on brain microvessels. Further, the
decrease in zonula occludens-1 expression was spatially related to SIVE lesions and perivascular
deposition of plasma fibrinogen. There was no correlation between encephalitis and plasma levels
of IL-6, MCP-1/CCL2 or CRP.

Conclusions—Together these data indicate that SIVE lesions are associated with vascular
leakage that can be monitored by S100β protein in the periphery. The ability to simply monitor the
development of SIVE will greatly facilitate studies of the neuropathogenesis of AIDS.

Introduction
In animals infected with pathogenic strains of simian immunodeficiency virus (SIV), such as
SIVmac239 and SIVmac251, the virus can be consistently found in the central nervous
system (CNS) within 10 to 14 days of infection at the time of peak viremia. This also
appears to be true in human immunodeficiency virus (HIV)-infected humans, but the
number of cases examined during peak viremia is very small [1, 2]. In SIV-infected
macaques at this early time point, endothelial cells of the blood-brain barrier (BBB) are
activated and integrity of the BBB is compromised [3]. As viral loads decline toward set
point at roughly two months post infection the endothelial activation subsides and BBB
integrity is largely restored [1, 4–6]. However, in the terminal phases of disease, viral loads
rise and approximately one third of the animals develop SIV encephalitis which is associated
with breakdown of the BBB.

The exact mechanisms of BBB disruption are unclear, but it is known that numerous
resident and transitory cell populations in the CNS can be infected, with CD14-positive
perivascular macrophages being the primary, productively-infected cell type [7–15].
Nervous system manifestations associated with HIV infection of humans or SIV infection of
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rhesus macaques include an encephalitis (SIV or HIV encephalitis, SIVE/HIVE)
characterized by astrocytic and microglial activation and scattered perivascular aggregates
of mononuclear cells and multinucleated giant cells. These perivascular lesions contain large
numbers of HIV/SIV-infected cells, the majority of which are monocyte/macrophages. The
presence of cells productively-infected with SIV/HIV in the parenchyma has been shown to
induce a response in astrocytes [16–19] which in turn may lead to decreased tight junction
protein expression and a leaky BBB [5, 20–29].

If the integrity of the BBB is compromised, then proteins normally confined within the
CNS, such as S100β [30], could end up in the circulation in increased amounts [31–35].
Thus an S100β ELISA has been used in humans undergoing cardiac bypass surgery to
monitor changes in BBB function in real time [32, 36]. Since HIV/SIV infection is known to
cause encephalitis and to degrade the integrity of the BBB, we sought to examine the utility
of serum levels of S100β to indicate the presence of SIVE. We correlated serum levels of
S100β with tissue-based studies examining both BBB structure and function. The structure
of the BBB was assessed by measuring loss of expression of the tight junction protein
zonula occludens-1 (ZO-1) [3, 24, 37], while functional integrity of the BBB was assessed
by examining leakage of fibrinogen into the brain parenchyma. We found that animals with
increased S100β in serum also had decreased expression of ZO-1 on brain microvessels
spatially related to SIVE lesions and perivascular leakage of the plasma protein fibrinogen.
In contrast to S100β, there was no correlation between circulating levels of IL-6, CCL2 or
CRP with SIVE. Together, these data indicate that SIVE lesions are associated with vascular
leakage that can be monitored by S100β protein in the periphery.

Materials and Methods
Animals, tissues and virus

Tissue from 11 uninfected and 22 SIV-infected Indian-origin rhesus macaques (Macaca
mulatta) were used for this study, for a total of 33 animals (Table 1). All of the animals with
SIV were infected intravenously with 50 ng p27 of either SIVmac239 or SIVmac251, as
specified in Table 1.

All monkeys were housed at the Tulane National Primate Research Center in accordance
with the standards of the Association for Assessment and Accreditation of Laboratory
Animal Care and the "Guide for the Care and Use of Laboratory Animals" prepared by the
National Research Council, National Academic Press, Washington, DC). The Tulane
Institutional Animal Care and Use Committee approved all studies.

The TNPRC maintains a database with clinical data for all non-human primates. This
database includes body weight data from each time an animal receives a physical exam. All
animals assigned to projects receive at least one physical exam per month. Body weight data
were assessed to determine if loss of body mass had an independent impact on changes in
serum S100β levels.

All animals were humanely euthanized with an intravenous overdose of pentobarbital and
tissues collected at necropsy. A routine set of brain tissues including: occipital lobe,
meninges, frontal lobe, parietal lobe, thalamus, subcortical white matter, choroid plexus,
cerebellum, brainstem, hippocampus, and basal ganglia were collected. Tissues were fixed
in 10% neutral buffered formalin, embedded in paraffin, and sectioned at 6 µm.

Histopathology—Multiple histological sections from different regions of brain were
stained with hematoxylin and eosin. The sections were examined in a blinded fashion by the
Chief of Pathology, and inflammatory foci enumerated at low power. The area of each
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section was determined by point counting to determine the total area of the section with a
3.3 mm overlay grid [38]. Lesions per mm2 for each animal were calculated and used in
graphical comparisons and statistical tests. Inflammatory lesions in other tissues, including
lung, liver, heart, salivary gland, trachea, kidney, sciatic nerve, lymph nodes, bone marrow
spleen, small intestine, colon, jejunum, muscle, skin and reproductive organs were also
evaluated for lesion intensity on a scale of 0 to 4 and frequency among the groups of animals
by a pathologist and recorded.

S100β determinations—Blood was obtained by venipuncture from each animal at the
time of euthanasia using a standard Vacutainer® (Becton Dickinson, Franklin Lakes, NJ)
clot tube and the serum separated, aliquoted, labeled and stored at −80°C until ready for use.
Each aliquot underwent a single freeze-thaw cycle. We used the same commercially
available ELISA kit used to evaluate S100β in humans [31], as specified by the
manufacturer (Diasorin, MN). The ELISA assays were performed in a blinded fashion.
Values for S100β were plotted using Excel and SPSS statistical software (Chicago, IL), and
results were compared using one-way ANOVA with Tukey’s post-hoc test, and Pearson
correlation.

To determine if loss of body mass might be related to the increased S100β protein in serum,
we determined the changes in body weight of macaques from before they were infected with
SIV and throughout disease progression. These data were tabulated and correlated against
the level of S100β protein as determined by ELISA. We also determined correlations of
S100β protein in serum with peak and terminal viral loads.

Determination of inflammatory protein concentrations—The concentration of IL-6
or MCP-1/CCL2 and C-Reactive Protein (CRP) was determined from plasma samples taken
on the animals’ day of necropsy. IL-6 and CCL2 were measured using a non-human
primate-specific cytokine bead array kit from Millipore (Billerica, Massachusetts), per
manufacturer’s instructions. Quantification of CRP was performed using an Olympus
AU400e Chemistry Analyzer. Data were analyzed using the Kruzkal-Wallis test, with
Dunn’s post-test with InStat (La Jolla, CA).

Confocal microscopy—Formalin-fixed, paraffin-embedded tissues were sectioned at
6µm and mounted onto positively charged glass slides. Sections were baked for 1 h at 60°C,
deparaffinized in xylene, and then rehydrated in graded concentrations of ethanol. Antigen
retrieval was carried out for 20 min using a microwave on high power and a citrate-based
antigen unmasking solution (Vector Labs, Burlingame, CA). Tissues were blocked in a 10%
normal goat serum solution (GIBCO/ Invitrogen, Carlsbad, CA) for one hour at room
temperature before antibodies were applied. Antibodies used for immunofluorescence
studies are included in Table 2. Tissues were incubated with primary antibodies to ZO-1
(Zymed), and/or fibrinogen (Dako) overnight at 4°C, washed three times with PBS with
0.2% fish skin gelatin (PBS/FSG), and then incubated in the dark for 60 min at room
temperature with secondary antibodies directly conjugated with Alexa 488 (green) or Alexa
568 (red) (Molecular Probes/Invitrogen, Carlsbad, CA). For nuclear staining, slides were
incubated in TO-PRO diluted 1:1000 in PBS for 10 minutes. Sections were washed three
times in PBS/FSG, coverslipped with antiquenching reagent (Molecular Probes/Invitrogen),
and imaged on a Leica TCS SP II confocal microscope equipped with three lasers.
Individual optical slices represent 0.2 µm, and 16 to 42 optical slices were collected at 512 ×
512 pixel resolution for each section.
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Quantification of ZO-1 and Fibrinogen expression
Images of non-overlapping fields were captured by confocal microscope and analyzed using
ImageJ (version 1.43r, NIH). Single channel images were measured for mean intensity of
ZO-1 expression. Statistics were preformed using InStat (La Jolla, CA); comparisons were
made by Kruskal-Wallis test with Dunn’s post test, and fibrinogen leakage was analyzed
using Chi-squared test.

In situ hybridization
In situ hybridization for SIV RNA was performed as previously described [39]. Briefly,
formalin-fixed, paraffin-embedded tissue sections were pretreated in a microwave with
citrate buffer (antigen unmasking solution; Vector Laboratories, Burlingame, CA) for 20
minutes at high power according to the manufacturer’s instructions. Thereafter, sections
were thoroughly washed, placed in a humidified chamber and prehybridized at 45°C with
hybridization buffer (containing 50% formamide with sheared salmon sperm DNA (50ng/
ml) and yeast tRNA (100 ng/ml)). SIV-digoxigenin-labeled antisense riboprobes (Lofstrand
Laboratories, Gaithersburg, MD) were used at a concentration of 10 ng/slide in
hybridization buffer and hybridized overnight at 45°C. After hybridization, slides were
washed with 2x standard saline citrate, 1x standard saline citrate, 0.1x standard saline citrate
and blocking solution was applied. Fab fragments of an anti-digoxigenin antibody from
sheep, conjugated with alkaline phosphatase (Roche, Penzberg, Germany), were used to
detect digoxigenin-labeled probes. Controls included matched tissues from known positives
and negatives and hybridization with digoxigenin-labeled sense RNA. Slides were then
incubated with antibodies listed in Table 2, and imaged by confocal microscopy, as outlined
above.

Results
Histopathology findings

As indicated in Table 1, of the 22 animals euthanized with clinical AIDS, eleven had SIVE
characterized by perivascular aggregates of mononuclear cells and multinucleated giant cells
along with variable areas of gliosis as described previously [40–43]. The SIVE lesions were
observed in both gray and white matter of brain, but predominantly in white matter. The
remaining eleven animals without SIVE lesions had no significant neuropathologic
abnormalities in the CNS. Regardless of the presence of SIVE, all 22 SIV infected animals
had AIDS defining pathologies such as profound CD4+ T cell depletion and multiple
opportunistic infections and generalized lymphoid depletion. The uninfected control animals
were not terminal cases, and so no histologic data was available for this group.

Outside of the brain, chronic inflammatory lesions characterized by lymphoplasmacytic
infiltrates mixed with variable numbers of syncytial giant cells were noted with equal
frequency and intensity for both study groups in lung, liver, heart, liver, skeletal muscle,
salivary gland and trachea. Slight group differences were identified in some tissues. Chronic
inflammation in kidney and colon was more frequent in the SIVE group (9/11) compared
with the SIVnoE group (6/11). The range of intensity of inflammation was greater in the
kidney (2–4 vs 1–2) but comparable in the colon. Also, more SIVE animals had
inflammation in the skin (2/11) compared with the SIVnoE animals (0) and around the
sciatic nerves (4/11 vs 2/11). In contrast, more non-SIVE animals had inflammatory lesions
of the small intestine (5/11) than the SIVE animals (2/11) and had infrequent lesions in the
reproductive tissues (prostate, vagina; 2/11) compared with no lesions in the SIVE animals.
Morphologic evaluation of lymphoid tissues suggested similar degrees of hyperplasia were
present in lymph nodes, spleen, and bone marrow while generalized depletion of lymphoid
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tissues was slightly more frequent in the non-SIVE group (4/11) compared with the SIVE
group (2/11).

Elevations of serum S100β are associated with SIVE
To determine if animals with encephalitis had increased levels of S100β in serum, we
performed an ELISA for S100β in all animals in the study. Serum was obtained from blood
drawn at the time of euthanasia. Figure 1A demonstrates the levels of S100β in serum of
SIV-infected animals with or without encephalitis, and uninfected controls. The animals
with SIVE had higher serum levels of S100β [mean, 1.73 ng/ml (range, 0.19–4.40 ng/ml)]
than that of SIV infected animals without encephalitis [mean, 0.31 ng/ml (range, 0.09–1.30
ng/ml)] and uninfected control animals [mean, 0.44 ng/ml (range, 0.16–.92 ng/ml)]
(ANOVA, p =0.001). Fisher’s Exact Test demonstrated that animals with S100β values of
greater than 1ng/ml could be predicted to have encephalitis, and animals with values less
than 1ng/ml to be unlikely to have encephalitis (p<0.0001).

We plotted the number of lesions/ mm2 (shown in Table 1) against the level of S100β in
serum for all SIV-infected animals on this study (Figure 1B). The correlation between the
level of S100β in serum and the number of lesions/ mm2 was analyzed using Pearson
correlation (correlation= 0.527, p= 0.002). Thus, animals with SIVE had significantly higher
S100β levels compared to animals without encephalitis. However, analyses of SIVE animals
in isolation revealed that there was no significant correlation between S100β levels in serum
and number of lesions / mm2.

Correlation between weight loss, diagnosis of SIVE, and serum levels of S100β protein
It has previously been shown in rats that rapid weight loss was associated with increased
S100β in serum [44]. To eliminate this possibility as a confound, we examined weight loss
in relation to S100β levels (Figure 2A, Pearson Correlation= 0.083, p= 0.65), and lesions/
mm2 (Pearson Correlation= 0.13, p= 0.47, not shown) Our data show that S100β levels were
not significantly correlated with weight change, or density of inflammatory lesions.
Therefore, elevated S100β was confirmed to be specific to SIVE animals, and not an
epiphenomenon of terminal SIV infection.

S100β protein levels are not correlated with peak or terminal viral load
To rule out increased S100β protein in serum with other parameters of SIV infection we
performed statistical analyses to determine if there was a correlation with peak (Figure 2B)
or terminal (Figure 2C) viral load. Viral load data was used from all animals that had had
viral load testing performed at the time of necropsy. Our data show that S100β levels were
not significantly correlated with these parameters (p>0.05 in both cases), further confirming
that S100β is specific to SIVE animals.

To confirm that the S100β levels in serum were specific, and not part of a generalized
inflammatory response, we measured levels of CRP, IL-6 and CCL2. Levels of CRP, IL-6
and CCL2 in animals with SIVE were not significantly different from non-SIVE animals.
Although, CRP values were significantly higher in non-SIVE animals than controls
(p<0.001), this was not true in SIVE animals. In contrast, IL-6 was significantly elevated in
both groups of SIV-infected macaques, regardless of encephalitic status. However, there was
no significant difference between IL-6 levels between SIVE and SIVnoE animals (Figure
2E). Levels of CCL2 were not significantly different in any of the three groups (Figure 2F).
There was no correlation between levels of S100β and CRP (p=0.8044), IL-6 (p=0.7791) or
CCL2 (p=0.5038).
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Increased serum levels of S100β protein is associated with loss of tight junction protein
ZO-1 in SIVE lesions

We sought to determine if increased S100β protein in serum was associated with loss of the
critical tight junction protein ZO-1 on brain microvessels and the presence of SIV-infected
cells. This was done by combining in situ hybridization for SIV RNA (to determine
productively infected cells) and semi-quantitative immunofluorescence for ZO-1. Animals
without elevated S100β had the anticipated linear pattern of ZO-1 expression along the
lengths of the microvessels (Figure 3A, see inset for details. Scale bars represent 50µm in
each image). In animals with increased S100β, there was markedly decreased expression of
ZO-1 protein (green) around lesions with numerous SIV-infected cells (Figures 3 B&C).
These productively-infected cells were predominately CD68 positive macrophages in
agreement with previously published work [14, 45] (not shown). Represented graphically,
control animals had high ZO-1 levels combined with low S100β (Figure 3D). SIV infected
animals without encephalitis were not significantly different from the controls. Animals with
SIVE had significantly decreased ZO-1 expression compared with each of control or SIV
without encephalitis (p=0.0008, Kruskal-Wallis test).

Loss of ZO-1 and elevated serum S100β is correlated with leakage of serum proteins into
the brain parenchyma

Finally, we sought to determine if the elevations in S100β and loss of ZO-1 expression was
associated with leakage of serum proteins into the brain parenchyma. To do this, we
performed multilabel confocal microscopy to examine ZO-1 and plasma fibrinogen in the
CNS of these animals. Fibrinogen in the parenchyma has previously been shown to be a
marker of breakdown of the BBB in encephalitis [46]. In control macaques, or macaques
without encephalitis, very little if any fibrinogen (green) was detected in brain parenchyma
(Figure 4A) consistent with the results of others [46]. In macaques with SIVE, the
deposition of fibrinogen coincided with diminished ZO-1 (red) protein expression and a loss
of the linear pattern of ZO-1 expression seen in animals without SIVE.

The pattern of fibrinogen deposition varied from focal intense aggregates (Figure 4B) in
areas without ZO-1 expression to more diffuse expression around vessels (Figure 4C). The
latter was primarily found around the larger vessels. It is possible that this is because these
larger vessels have their own capillary supply. The leakage may be more readily visible
because of the density of leaky small vessels around these larger vessels. These results are
summarized in Table 3. This leakage of fibrinogen into the parenchyma was shown to be
significantly increased in animals with encephalitis (p<0.0001, Chi-squared test).

Discussion
In order to determine if it is possible to predict encephalitis in macaques infected with SIV,
we correlated the levels of S100β protein in serum with the degree of encephalitis in
terminal SIV infection. In addition, the tight junction protein ZO-1 was found to be
diminished in those animals with the highest degree of encephalitis/levels of S100β protein,
and with leakage of serum proteins into the parenchyma. Finally, we showed that this
increased S100β protein expression was not due to extracerebral sources as evidenced by
lack of significant correlation of loss of weight with increased S100β protein in serum.
Combined, those animals with increased S100β in serum at terminal AIDS also had
histological evidence of SIVE, diminished ZO-1 and fibrinogen leakage into parenchyma.

Although disruption of the BBB is present in terminal AIDS, it is not yet known when it
begins. BBB disruption in other conditions has been demonstrated in vivo using S100β
protein in serum [31]. Using this technique, it may be possible to determine if a subject has
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encephalitis in the earliest stages of neuroAIDS. Elucidating the molecular basis for the
alterations observed in endothelial cells during the earliest stages of neuroAIDS would allow
one to begin to devise strategies to inhibit this BBB disruption and the associated
neurological complications.

In an attempt to quantify leakage of parenchymal protein into plasma (and therefore serum),
the S100β ELISA was used to approximate disruption of the BBB at terminal disease [32–
34]. The data showed variable levels of S100β protein in the serum samples assayed (Figure
1A), indicating differences in the permeability of the BBB of the 22 terminal AIDS animals
included in this study. It should be noted that these serum samples were obtained at time of
euthanasia.

It is a matter of record that there is lentiviral infection of brain tissues during early infection
[3, 15, 47]. MCP-1/CCL2 protein can be found in CSF prior to onset of encephalitis [48] and
S100β has been correlated in CSF with severity of AIDS dementia complex [49], this
procedure is too invasive to be practical with human patients. We propose S100β protein in
serum to be more practical than the above methods, and is less invasive than previous in vivo
measures of permeability [50].

S100β is a short lived protein in serum, with a half-life of approximately 25 minutes [51].
Thus, any S100β measured in serum must have been released recently into the bloodstream.
It is known that animals infected with SIV lose considerable body weight in terminal AIDS
[52]. It is also a matter of record that fasting animals have increased S100β in serum, mainly
from extracerebral sources [44]. S100β has also been reported to be located in adipose cells
[53], possibly within pluripotent stem cells that can differentiate into Schwann cells or
neurons [54]. It has been argued previously that S100β protein in serum of cardiac bypass
patients can be derived from non-brain tissues [55, 56] rather than being necessarily from
cerebral derived sources. However, the statistical correlation between encephalitic animals
and levels of S100β protein, combined with a lack of correlation between increased S100β
and weight loss leads one to conclude that S100β protein in serum can legitimately be used
as a marker for BBB breakdown, and thus SIVE. Other inflammatory proteins measured -
CRP, IL-6, and CCL2 - taken individually, or together, could not be correlated with the
presence of SIVE.

Other groups have recently shown increased fibrinogen leakage into parenchymal tissues
around induced lesions [46]. Our studies also show that this protein is found in brains of
animals with increased S100β protein expression. Concomitant with this, there is also
decreased expression of the tight junction protein ZO-1 in those animals with increased
S100β protein. Loss of this protein has been shown previously to be indicative of loss of
BBB integrity in HIV and SIV encephalitis [20, 23, 24, 37].

Thus, increased S100β protein in serum of rhesus macaques infected with SIVmac239/251 is
a highly efficient and practical method of determining encephalitic status. It correlates well
with decreased ZO-1 expression and leakage of serum proteins into the parenchyma.
Although, almost all animals lost weight before being euthanized, weight loss was not a
significant factor in the increased S100β protein in serum. We propose that S100β in serum
to be a useful indicator for SIV/HIV encephalitis premortem.
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Figure 1. Increased expression of S100β in encephalitic animals
Those animals with encephalitis had elevated serum levels of S100β protein (A) compared
with animals without evidence of encephalitis, and noninfected control animals. Graphs
represent means of duplicate samples. When lesions/mm2 were plotted against S100β
ELISA scores, it was apparent that animals with encephalitic lesions had elevated S100β (B,
Pearson correlation= 0.527, p=0.002).
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Figure 2. Correlation of weight loss and increased S100β levels in serum
To determine if increased S100β in serum correlated with loss of body mass, we plotted the
body mass as percent increase / decrease in the month before necropsy (A). When
percentage change in mass is plotted against S100β concentration, there is no significant
difference between animals with encephalitis (black circles), and those without encephalitis
(open diamonds) or control animals (open triangles) (p=0.646). There was also no
correlation of S100β concentration with either peak (B) or terminal (C) viral load. CRP
values (D) for encephalitic animals were not significantly different from those without
encephalitis (p>0.05), or control animals (p>0.05). Levels of IL-6 (E) were significantly
higher in SIV infected animals compared with controls (p=0.0053), but were not
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significantly different between encephalitic and non-encephalitic animals (p>0.05). No
significant difference in MCP-1/CCL2 expression was found in any group of animals CCL2
(F) levels (p>0.05).
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Figure 3. Expression of endothelial tight junction proteins in macaques with or without SIVE
To determine if the animals with elevated serum levels of S100β also had decreased levels
of tight junction protein expression we examined expression of ZO-1 by
immunofluorescence and performed in situ hybridization for viral RNA. Animals without
SIVE (A) had a continuous staining pattern of ZO-1 labeling along the vessel (green).
Within encephalitic lesions, there was loss of the characteristic linear ZO1 expression (B).
This was particularly apparent in the vicinity of SIV-infected cells (red) detected by in situ
hybridization. Lesions are outlined with dotted line. The degree of loss of ZO-1 was variable
with some vessels (C) nearly devoid of ZO-1. Calculated expression of ZO-1 in capillaries
from control macaques or macaques infected with SIV, but without encephalitis, were not
significantly different from each other (D). Animals with SIVE had significantly diminished
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expression of ZO-1 compared with either SIV-infected animals without encephalitis
(p<0.01) or controls (p<0.01).
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Figure 4. Leakage of serum proteins into parenchyma
To examine the integrity of brain microvessels we looked for fibrinogen in the brain
parenchyma. Control animals had little evidence of fibrinogen (A, green) in the parenchyma.
It was noted that fibrinogen was contained within a vessel (top left and green inset). In
contrast, encephalitic animals showed fibrinogen around vessels, indicating leakage from
vessels (B). This leakage was significantly different between groups p<0.0001). Further, the
ZO-1 labeling was quite punctate and not continuous as seen on vessels from normal
animals (figure 3A and 4A). Fibrinogen (green) could be seen around vessels in areas where
there were gaps in endothelial labeling for ZO-1 (red) (C).
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Table 2

Antibodies, dilutions and sources used in studies.

Antibody Source Species Dilution

Fibrinogen Dako Rabbit 1/100

ZO-1 Zymed Mouse 6/100

Secondary fluorescent antibodies Molecular Probes Rabbit/mouse IgG 1/1000
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Table 3

Summary of findings.

S100β Neurological
lesions

ZO-1 expression Fibrinogen
in tissues

Uninfected Below 1ng/ml None Normal, linear No

Infected, no encephalitis Below 1ng/ml None Normal, linear No

SIV encephalitis Above 1ng/ml Yes Punctate, or missing Yes
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