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Abstract HAART-induced immune restoration is bene-
ficial for patients with AIDS-related progressive multi-
focal leukoencephalopathy (PML). However, in rare
instances, an immune-reconstitution inflammatory syn-
drome (IRIS) may cause paradoxical clinical deteriora-
tion. We report the neuropathological study of an AIDS
patient who presented with progressive cognitive dete-
rioration; CD4" count was 117 and the HIV viral load
> 10*; imaging showed non-enhancing lesions consistent
with PML. Following initiation of HAART, CD4 " was
300 and HIV viral load <10° but his neurological
symptoms continued to deteriorate. Imaging revealed an
increase in the size and number of lesions and
enhancement of all the lesions. A stereotactic biopsy
showed severe inflammatory and demyelinating lesions
with marked infiltration by macrophages and T lym-
phocytes in the absence of a detectable infectious agent.
Despite high doses of steroids, the patient died
3 months after admission. Autopsy showed two types of
lesions: (1) active inflammatory PML changes with
abundant JC wvirus, and intraparenchymal and
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perivascular infiltration by T lymphocytes, and (2)
acute perivenous leukoencephalitis devoid of JC virus.
Most lymphocytes were CD8" lymphocytes; CD4 "
lymphocytes were virtually absent. Two pathological
reactions were associated with the paradoxical clinical
deterioration related to dysregulation of the immune
response characteristic of IRIS in PML: (1) an accen-
tuation of JCV infection, and (2) a nonspecific acute
perivenous leukoencephalitis. We suggest that both
these types of lesions are due to an imbalance of CD8 ™"/
CD4" T cells, with massive infiltration of the cerebral
parenchyma by CD8" cytotoxic T lymphocytes in the
absence of sufficient CD4" response. Better under-
standing of the mechanisms of the IRIS may enable
prevention or cure of this severe, sometimes fatal
complication of HAART.
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Introduction

Introduction of combination anti-retroviral treatment,
also called highly active anti-retroviral therapy
(HAART), has dramatically reduced morbidity and
mortality in HIV infected patients [22], as well as
improving their quality of life. These benefits are
mainly due to decreased human immunodeficiency
virus (HIV) viral load (VL) and restored immune
function with increased CD4" lymphocytes [1, 38].
The spectrum of acquired immune deficiency syn-
drome (AIDS)-related diseases has changed [3, 5].
With regard to the central nervous system (CNS),
epidemiological studies show that most opportunistic
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infections for which effective treatment is available
have decreased [39] and survival of patients with pri-
mary CNS non-Hodgkin’s lymphoma [20] and pro-
gressive multifocal leukoencephalopathy (PML) [7, 45]
has improved.

Neuropathological studies confirm this favorable
development [24, 30, 34, 46]. Some studies show the
emergence of new forms of the classical complications of
AIDS. “Burnt out” forms of toxoplasmosis, varicella
zoster virus encephalitis (VZVE), PML or HIV
encephalitis (HIVE) are described, in which inflamma-
tion or an infective agent cannot be detected [18, 47].
Destructive scar lesions with secondary Wallerian
degeneration or neuronal apoptosis may explain the
persistence or progression of neurological deficits and
cognitive disorders despite efficient treatment [12] in
some patients receiving HAART or, for PML, despite
prolonged survival [15].

Fulminant inflammatory leukoencephalopathies
associated with immune reconstitution have been re-
ported recently in patients with HIVE who received
HAART [29, 32]. These disecases may be due to the
recently described “‘immune reconstitution inflamma-
tory syndrome” (IRIS) defined as a ‘“paradoxical
deterioration in clinical status attributable to the
recovery of the immune system during HAART” [42].
IRIS involving the CNS has been described in associ-
ation with mycobacterial infection [10, 14], cytomega-
lovirus retinitis [23], and cryptococcal meningitis [26,
48]. In some patients with PML, magnetic resonance
imaging (MRI) shows contrast enhancement following
HAART [8], which also suggests an unusually intense
inflammatory reaction, confirmed by cerebral biopsy
[28, 33]. In most cases, this correlated with prolonged
survival and was interpreted as a marker of both im-
proved immune status and outcome [2, 8, 21, 28];
however, in rare instances [33, 40], it coincided with
clinical and radiological deterioration.

We report an autopsy case of fulminant inflammatory
leukoencephalopathy associated with immune restora-
tion in a patient with AIDS-related PML who received
HAART.

Case report

A 52-year-old Caribbean male had been HIV-1 positive
for 16 years. He remained asymptomatic for 12 years
and never received HAART. When aged 48, he pre-
sented with depression, psychomotor slowing and
speech disorder. He was admitted to hospital 4 years
later because of progression of cognitive impairment
(reduction of verbal fluency, dysarthria, agnosia) and
psycho-organic syndrome with delusions of persecution
and threatening behavior. CD4 " T lymphocytes count
was 117/ul and the HIV VL 314,072 copies/ml (> 10%).
Initial MR) showed non-enhancing T1 hypo-intense
and fluid attenuated inversion recovery pulse sequence

Fig. 1 MRI findings. a, b Initial MRI at admission. a FLAIR
showing an hyper-intense lesion in the white matter of the left
temporal lobe. b There is no enhancement of the lesion on T1-
weighted image after gadolinium injection. ¢, d MRI 1 month after
initiation of HAART. ¢ FLAIR showing extension of the left
temporal lesion to the occipital white mater, and presence of new
lesions in the white matter of the right temporal lobe and cingulum
of both sides. d Contrast enhancement at the periphery of the
lesions is seen on T1-weighted image after gadolinium injection
(MRI magnetic resonance imaging, FLAIR fluid attenuated
inversion recovery pulse sequence)

(FLAIR) hyper-intense lesions in the left occipital and
temporal lobes, left insula (Fig. 1a, b) and left middle
cerebellar peduncle, consistent with PML. Cerebrospi-
nal fluid (CSF) tests for pathogens (including PCR for
JC virus) were negative. HAART (lopinavir boosted by
ritonavir, lamivudine and zidovudine then didanosine)
was started 4 weeks after admission. One month fol-
lowing initiation of HAART, HIV VL was <10* and a
strong immunological response was observed (CD4" T
lymphocytes count, 284/ul). His neurological symptoms
progressed rapidly with mental confusion, disorienta-
tion, aggressiveness and aphasia. A second MRI re-
vealed an increase in the size and number of the
cerebral lesions and overall, enhancement of all the
lesions (Fig. 1c, d). A stereotactic biopsy of the left
temporo-insular lesion showed severe inflammatory
and demyelinating lesions with marked infiltration by
macrophages and T lymphocytes in the absence of
detectable infectious agent. These were interpreted as
suggestive of IRIS. Despite high doses of steroids, his
status remained unchanged and he died from septic
shock, 3 months after admission.



Neuropathology
Methods

Postmortem examination was performed 24 h follow-
ing death and was limited to the brain. Gross neuro-
pathological examination was performed after 1-
month 10% buffered formalin fixation, on coronal
sections of the cerebral hemispheres and sections of
the cerebellum and brain stem perpendicular to its
axis.

For light microscopy, large slices involving the left
cerebral hemisphere at three levels (head of caudate
nucleus and anterior commissure, thalamus and gray
commissure, occipital horn of the lateral ventricle), the
right cerebral hemisphere at the level of the splenium
of the corpus callosum, and the brain stem/cerebellum
at the level of the dentate nuclei, were embedded in
paraffin, and 15-pm-thick sections were cut and
stained by hematoxylin and eosin and cresyl violet
combined with Luxol-fast blue. Smaller blocks were
also taken from a number of regions of the cerebral
and cerebellar hemispheres including the deep gray
nuclei, midbrain and brain stem, and embedded in
paraffin. The same stains were used for the cerebral
biopsy and postmortem samples, and included routine
techniques and immunohistochemical methods using
the following antibodies: anti-glial fibrillary acidic
protein (GFAP; Dako, 1:1,000), anti-f-amyloid pre-
cursor protein (APP; Boehringer, 1:50), anti-HLADR
(Dako, 1:50), anti-CD68 (Dako, 1:400), anti-CD3
(Novocastra,1:400), anti-CD20 (Dako, 1:200), anti-
CDS8 (Dako, 1:50), anti-CD4 (Novocastra, undiluted).
The following organisms were looked for: herpes
simplex type 1 and 2, VZV, CMV and Toxoplasma (by
immunocytochemistry), JC and EBV (by in situ
hybridization), Mycobacteria and fungi (by histo-
chemistry).

Results
Cerebral biopsy

Inflammatory changes involved the cerebral cortex and
underlying white matter and consisted of diffuse
astrocytic and microglial activation and infiltration by
CD3 " lymphocytes. In the white matter there was also
massive myelin destruction and macrophagic reaction.
T lymphocytes and macrophages/microglial cells were
diffusely distributed in the cerebral parenchyma but
also formed thick perivascular cuffs. Most T lympho-
cytes were CD8'. Only occasional CD20" B
lymphocytes were found. Macrophages and microglial
cells strongly expressed HLA-DR. No infectious agent
was identified, in particular p24 immunostaining for
HIV and in situ hybridization (ISH) for JC virus and
EBV were negative.
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Postmortem study

Gross examination showed multiple demyelinating foci
disseminated in the white matter of the cerebral hemi-
spheres and cerebellum, mostly but not exclusively in the
subcortical areas (Fig. 2a, b). These were mainly small
lesions but in some regions, e.g., the left temporal lobe
and insula, the lesions were more extensive, confluent
and necrotic, extending to the occipital lobe; the
subcortical white matter was spared (Fig. 2a). Demye-
linating confluent lesions were also found in the left
middle cerebral peduncle and right cerebellar cortex.
There was no edema, no mass effect, no deviation of the
midline structures, and no change in ventricular size or
position.

Microscopic examination showed different types of
lesion. Recent changes characteristic of PML were
present particularly in the small demyelinating foci at
the cortico-subcortical junction; they showed marked
macrophagic/microglial activation (Fig. 2e), variable
lympho-plasmacytic inflammation (Fig. 2d) and abun-
dant enlarged oligodendrocytes containing JC virus-
positive inclusion bodies (Fig. 2f). Chronic PML chan-
ges were present in the left insula, temporal and occipital
lobes; they showed massive myelin destruction with
focal necrotic cavitation, little or no inflammation and
macrophage reaction, and rare JC virus-positive oligo-
dendroglial inclusion bodies. GFAP immunostaining
showed moderate astrocytic activation, but bizarre as-
trocytes were not found. The most striking feature was
an intense infiltration by inflammatory cells. These were
either diffuse in the cerebral parenchyma, or forming
large perivascular cuffs (Fig. 2g). Inflammatory cells
included CD68" macrophage/microglial cells and
CD3™" T lymphocytes. CD20 " B cells were rare. Most T
lymphocytes were CD8 " lymphocytes (Fig. 2h); CD4 "
lymphocytes were virtually absent (Fig. 2i). The
inflammatory changes were found in association with
PML changes, predominantly around them. JC virus
was not found in the cerebellar lamellae and some cor-
tico-subcortical frontal and parietal lesions. The lesions
only showed recent myelin loss with many lipid-laden
macrophages and marked perivenous inflammation
(Fig. 2b, c). There were no multinucleated giant cells,
and immunostaining for HIV was negative. No infec-
tious agent other than JC virus could be identified by
special stains, immunocytochemistry or ISH.

Discussion

PML is a devastating disease, usually rapidly fatal in
advanced HIV infection. Although a number of antiv-
iral agents with putative effect against JC virus have
been reported, there is no proven curative therapy for
PML. Recently, several reports have shown that
HAART treatment significantly improved survival in
AIDS patients with PML [7, 15, 45]. HAART is cur-
rently considered standard therapy for AIDS-related
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PML. Even so, PML may develop in AIDS patients
while on HAART [44]. Also, despite good virological
and immunological response to HAART, neurological
and radiological signs in patients with prolonged sur-
vival may not improve and may even worsen [15, 44].
In some cases, this aggravated course can be due to
extensive necrotic “‘burnt out” lesions [18, 47], partic-
ularly in cases co-infected with HIV [43]; these cases
should become less frequent with earlier diagnosis and
institution of HAART. In other instances, like our
case, paradoxical deterioration of both clinical and
radiological features results from an inflammatory
syndrome secondary to HAART-induced restoration of
the immune system.

An immune-reconstitution disease defined as “an
acute symptomatic or paradoxical deterioration of a
(presumably) pre-existing infection that is temporally
related to recovery of the immune system’ has been
described in different types of immunodeficiency [6].
Unusual clinical inflammatory syndromes associated
with underlying opportunistic infections after initiation
of HAART, are being reported increasingly in AIDS
patients [11, 14]. The name ‘“‘immune-reconstitution
inflammatory syndrome”(IRIS) was proposed [42] for
this disease, which clinically had four diagnostic criteria:
(1) patient with AIDS; (2) HAART induced a decrease
in HIV-1 VL and an increase in CD4 " T lymphocytes;
(3) symptoms consistent with an infectious/inflamma-
tory condition appeared while on antiretroviral therapy;
and (4) symptoms could not be explained by a newly
acquired infection, the expected course of a previously
recognized infection, or side effects of therapy. IRIS has
been described for a wide variety of infections, myco-
bacterial, herpes zoster, Pneumocystis carinii pneumo-
nia, hepatitis C and B, CMV retinitis, cryptococcal
meningitis (for review see [42]).

The undesirable effects of immune reconstitution may
present either as an inflammatory reaction unmasking a
smoldering active infection, or a paradoxical immuno-
pathological reaction to latent antigen or inactive
infectious agent. As an example in the CNS, symptom-
atic cryptococcal meningitis [48], intracranial crypto-
coccoma [4], and aseptic meningitis [48] can occur
following HAART initiation in patients with Crypto-
coccus neoformans infection. HAART can unmask latent
CMYV retinitis [23], or cause vitritis in patients success-
fully treated for CMV retinitis [25]. Comparable reac-
tions have been observed in patients with HIVE. A
severe leukoencephalopathy with intense perivascular
infiltration by HIV-gp4l-immunoreactive monocytes/
macrophages was described in seven patients in whom
HAART failed [29]. On the other hand, a diffuse peri-
vascular and intraparenchymal infiltration by CD8" T
lymphocytes was reported as the main pathological
feature in two cases [32]; one patient had moderate
productive HIV infection of the brain, but in the second
case, HIV-DNA could only be identified by in situ PCR.

In our patient, PML appears to have been accentu-
ated following HAART initiation. This is the likely
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Fig. 2 Neuropathological findings. a Coronal section of the left
cerebral hemisphere at the level of the lateral geniculate nucleus
showing the scar of the biopsy (arrow), multiple demyelinating foci
disseminated in the frontal and parietal white matter, mostly in the
subcortical areas, and large confluent demyelinating lesions sparing
the U fibers in the temporal white matter. Kliiver-Barrera stain. b, ¢
Horizontal section of the right cerebellar hemisphere showing
multiple demyelinating foci in the white matter of the folia. ¢ At
higher magnification, the lesions include acute perivascular myelin
destruction and perivenous inflammation reminiscent of perivenous
leukoencephalitis. Kliiver-Barrera stain. d—f Successive section of a
recent PML lesion at the cortico-subcortical junction. d CD3
immunostaining showing marked T cell infiltration at the periphery
of the lesion and around blood vessels. e CD68 immunostaining
showing intense macrophage reaction predominant at the periphery
of the lesion. f In situ hybridization for JCV showing numerous
positive oligodendrocytes in the center of the lesion. g-i Successive
sections of a perivascular inflammatory infiltrate at the periphery of
a PML lesion. g Hematoxylin and eosin staining showing a large
perivascular cuff. h CD8 immunostaining shows that most
inflammatory cells are CD8" T lymphocytes. i CD4 immunostain-
ing shows that CD4 " T lymphocytes are absent (PML progressive
multifocal leukoencephalopathy). b x4; ¢ x50; d—f x50; g—i x200

explanation of the intense inflammatory reaction around
the lesions identified on initial MRI, and the diffuse
nature of the more recent inflammatory lesions con-
taining abundant JC virus in both cerebral hemispheres.
These lesions are similar to those described in other case
reports [28, 33, 40] on brain biopsies from patients with
AIDS-related PML who worsened clinically and radio-
logically, shortly following HAART; or in whom HA-
ART unmasked PML [21]. The intense perivascular
inflammation correlates with the MRI changes of
PML——contrast enhancement and/or mass effect—fol-
lowing HAART reported in several studies [2, 8, 37, 44].
The perilesional contrast enhancement correlated topo-
graphically with the inflammatory infiltrates found at
brain biopsy, which were more severe in areas of maxi-
mum contrast enhancement [8, 28]. Follow-up MRI
studies in patients with prolonged survival showed
improvement of MRI changes from enhancing to non-
enhancing lesions after 3—6 months [§, 21].

In our complete postmortem neuropathological
study, in addition to the inflammatory PML changes, we
found other white matter changes, i.e., perivascular
myelin destruction, axonal sparing and perivenous
inflammation in the right cerebellar cortex and fronto-
parietal regions. JC virus was not identified in these
areas. The lesions corresponded with acute disseminated
encephalomyelitis (ADEM), a nonspecific immune
complication of many infectious [41] or non-infectious
conditions (anti-beta A4 vaccination) [36].

IRIS is regarded as an overactive response of a newly
reconstituted immune system to infectious antigens al-
ready present in the patient when therapy started. The
harmful complication of T cell restoration in PML is
supported by two cases who presented with fatal IRIS in
the first few weeks of HAART [40]. Brain biopsies
showed prominent inflammation and evidence of JC
virus by PCR. It was assumed that restoration of T cell



function, which usually peaks 12 weeks after initiation
of effective HAART [1, 9], allowed an influx of memory
T cells that recognized JC virus antigens. Immunophe-
notyping of the T lymphocytes was not performed in
that study, but our findings and those of Miralles [33]
support a role for CD8" cytotoxic cells. In the PML
cases, and in the HIVE cases [32], most lymphocytes
were CD8 ", whereas CD4 ™ lymphocytes were virtually
absent in brain.

CDS8™ T lymphocytes form the majority of cytotoxic
cells, and are present only in small numbers within the
normal CNS [35]. In patients with AIDS-related PML,
HAART-induced immune restoration usually produces
a strong cellular immune response mediated by JC
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Virus-specific CD8" cytotoxic T lymphocytes (CTL),
which are instrumental in preventing disease progression
[13, 27]. In pathological circumstances, CD8 " CTL re-
sponses may be so intense that CD8 * outnumber CD4 "
T lymphocytes and may be harmful. In most case re-
ports, the uncontrolled immune-inflammatory reaction
occurred when HAART induced a rapid immune resti-
tution in patients with profound CD4" lymphopenia
before treatment [32, 37, 40]; this was not the case in our
patient. Altered CD4/CDS ratios may explain the reac-
tivation of a slowly progressive infection and increase of
viral replication. JC virus-specific CD4 " T cell responses
appear to play a critical role in the control of JCV
infection, preventing PML development [16]. They are
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consistently lacking in the early stages of PML and are
found in most PML survivors. This indicates that
effective and prolonged antiretroviral therapy restores
JCV-specific CD4 T cell responses. Indeed, help from
CD4 T cells appears critical for sustaining macrophage
and effective CD8" CTL responses during viral
infection [16, 31].

CDS8™ cytotoxicity may also participate in the peri-
venous leukoencephalopathy associated with PML le-
sions in our case. This could occur by promoting myelin
phagocytosis by monocytes/macrophages [19] or trig-
gering oligodendrocyte apoptosis through ligating TNF
receptor-like molecules by their corresponding ligands.
An imbalance of intraparenchymal CD8 ' /CD4 " T-cells
has already been observed in the early stages of multiple
sclerosis and ADEM [17].

In conclusion, HAART-induced immune restoration
is most often beneficial for patients with AIDS-related
PML. Infrequently, early restoration of a pathogen-
specific immune response may be “dysregulated”, and
result in paradoxical clinical and radiological deterio-
ration. Our clinico-pathological observation shows that
this deterioration may be associated with two concurrent
neuropathological changes: (1) accentuated JCV infec-
tion, and (2) acute perivenous leukoencephalitis. Both
these lesions may be due to a dysregulation of the
CD8 " /CD4" T cell balance with massive infiltration of
the brain by CD8" CTL in the absence of sufficient
CD4" cells. A better understanding of the underlying
mechanisms of this new disease may help prevent or cure
this severe, sometimes fatal complication of treatment.
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