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Abstract A 16-year-old girl presented signs of a common
cold in combination with a hemolytic crisis. Within
3 days, she developed reduced consciousness and hemi-
paresis subsequently followed by coma. CT and MRI
scans revealed evidence for raised intracranial pressure
and an extensive inflammatory process extending from
the brain stem up to the thalamus. The patient died
within 3 weeks after onset of first symptoms of intra-
cranial pressure despite maximum intensive care. Neu-
ropathological examination revealed disseminated
necrotic lesions and perivascular hemorrhages charac-
teristic for acute hemorrhagic leukoencephalitis (Hurst’s
disease), mainly of the brain stem, diencephalon and
cerebellum. Serological results, in situ hybridization and
PCR analysis demonstrated an acute Epstein-Barr virus
(EBV) infection of the central nervous system. To our
knowledge, this is the first reported case of Hurst’s dis-
ease linked to EBV.

                                              
                            

Introduction

Acute hemorrhagic leukoencephalitis (AHLE) or
Hurst’s disease is a severe inflammatory disorder of the
central nervous system (CNS) with mostly fatal out-
come. Hurst’s disease usually evolves following an
unspecific respiratory infection in otherwise healthy
patients and cause study has been unsuccessful in most
reported cases. Progressive neurological deficits domi-
nate the clinical picture, and postmortem investigation
of the brain reveals characteristic pathological findings,
including perivascular hemorrhages, vessel wall necrosis
and extensive necrotic areas often in the cerebrum. Here
we report a case of Hurst’s disease at an uncommon site
of the CNS with major alterations being located pre-
dominantly in the brain stem and cerebellum. In addi-
tion, we were able to show an acute Epstein-Barr virus
(EBV) infection of the CNS by in situ hybridization and
polymerase chain reaction (PCR) of cerebrospinal fluid
(CSF) and brain tissue samples. This is exceptional since
EBV primarily causes infectious mononucleosis, whereas
severe neurological complications with fatal outcome are
scarce. In particular, Hurst’s disease as a complication
of an EBV infection has not yet been reported making
this case a matter of particular interest.

Case report

A 16-year-old girl presented to her family doctor with
signs of an infection of the upper respiratory tract. Since
the age of 6 years, the patient had suffered from several
episodes of hemolytic crises of unknown etiology.
Otherwise the medical history was unremarkable and
vaccinations were done as recommended. Because of an
acute hemolytic crisis she was admitted to a local hos-
pital 6 days after her initial presentation. Within 3 days
she developed rapidly progressing reduction of con-
sciousness, hemiparesis and anisocoria. Prednisolone
was administered, yet within hours she developed
respiratory insufficiency. A CT scan of the brain re-
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vealed ischemic lesions of the cerebellum and the brain
stem. Therefore, she was transferred to our university’s
children hospital. On admission she was comatose. Pu-
pils were isocoric, but neither light reaction nor motor
reflexes could be triggered, and the EEG showed typical
signs of an alpha-waves coma. Laboratory data showed
leukocytosis (47,900/ll), elevated C-reactive protein
(12.6 mg/100 ml) and a hemoglobin concentration of
5 g/100 ml. CSF analysis exhibited slightly elevated
lactate, protein and cell number. Anti-i-cold agglutinins
were detected in the blood at a titer of 1:512. Microor-
ganisms were neither detected in blood, urine nor CSF.
MRI images of the head showed signs of an inflamma-
tory process with edema and inhomogeneous contrast
enhancement in the cervical cord, brain stem, middle
brain, reaching up to the thalamus as well as in the
leptomeninges (Fig. 1). The primary diagnosis was
encephalitis and a therapy with ceftriaxon, ampicillin
and aciclovir, and later dexamethasone, was started and
ventricular drainages were applied to lower the intra-
cranial pressure. During the following days her neuro-
logical state remained unchanged and leukocyte
numbers dropped to normal levels. On day 5 following
admission to our hospital the intracranial pressure in-
creased dramatically up to 50–60 mmHg. A second CT
scan revealed a stenosis of the aqueduct and extensive
edematous changes in the middle brain. In the following,
the intracranial pressure could no longer be normalized
and vasopressor therapy was required to keep the blood
pressure within tolerable limits. The following day, two

EEG analyses revealed absence of brain activity. Au-
topsy was limited to the brain.

Materials and methods

Neuropathological examination

The brain of the patient was removed within 18 h after
death, and specimens from various brain regions were
snap frozen in liquid nitrogen for subsequent DNA
analysis. Further specimens were fixed in 2.5% glutar-
aldehyde and embedded in Epon-Araldite for electron
microscopy. The remaining brain was fixed in 4%
formaldehyde. Specimens for light microscopy were re-
moved and processed as usual. Routine and immuno-
histochemical stainings including stainings for herpes
simplex virus (HSV) type 1, EBV [latent membrane
protein 1 (LMP1), M0897, DakoCytomation, Hamburg]
and cytomegalovirus (CMV) were performed on 5-lm-
thick sections.

In situ hybridization

Tissue sections of the brain stem (5 lm thick) were de-
waxed and basically hybridized as previously described,
with the modification that we used 35S-labeled instead of
digoxigenin-labeled EBV-EBER-1 RNA probes [15].
The hybridization procedure and washing steps were

Fig. 1 Magnetic resonance
images taken 5 days before the
patient’s death. A Midline
sagittal T2-weigthed MR image
demonstrates extensive hyper-
intensities in the cervical cord,
brain stem, cerebellum,
mesencephalon, diencephalon,
and thalamus. B–D Coronal
FLAIR- and post-gadolinium
T1-weigthed images reveal the
abnormal signal in the brain
stem and cerebellum with
diffuse contrast enhancement of
the parenchyma, primarily
involving the leptomeninges. E,
F Axial T2-, plain and post-
contrast T1-weighted images
show predominantly
leptomeningeal enhancement at
the upper surface of the
cerebellum, vermis, and
pontomesencephalon and
internal hydrocephalus with
ventricular enlargement of the
temporal cornua
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done according to our previous publication [21]. The
hybridization mixture contained the 35S-labeled EBV
RNA probe (500 ng/ml) recognizing 550 bp of EBV
EBER-1 RNA in 10 mM TRIS-HCl pH 7.4, 50% (vol/
vol) deionized formamide, 600 mM NaCl, 1 mM
EDTA, 0.02% polyvinylpyrrolidone, 0.02% Ficoll,
0.05% bovine serum albumin, 10% dextran sulfate,
10 mM dithiothreitol, 200 lg/ml denatured sonicated
salmon sperm DNA and 100 lg/ml rabbit liver tRNA.
Hybridization with RNA probes proceeded at 42�C for
18 h. Following washing steps, the slide preparations
were autoradiographed for 3 weeks and stained with
hematoxylin and eosin.

DNA extraction and PCR amplification

DNA was extracted from frozen tissue samples by a
standard protocol [25]. Extracted DNA (200 ng) was
used as template DNA for PCR reaction. A nested PCR
approach was used, targeting a region of the gene
encoding the EBV EBNA-1 protein (GenBank accession
number AJ507799; nucleotides 97043–97342). First
round amplification was performed using oligonucleo-
tides 5¢-AAGGAGGGTGGTTTGGAAAG-3¢ and 5¢-
AACAGACAATGGACTCCCTTAG-3¢. Of the PCR
product from first round amplification, 2 ll were used as
template for a second round amplification using oligo-
nucleotides 5¢-ATCGTGGTCAAGGAGGTTCC-3¢
and 5¢-ACTCAATGGTGTAAGACGAC-3¢. PCR
reaction mixture included PCR buffer (50 mmol/l KCl,
10 mmol/l TRIS buffer, pH 8.3, 2.5 mmol/l MgCl2),
200 lmol/l of each dNTP, 1 lM of each oligonucleotide,
and 0.3 U Taq polymerase (Perkin Elmer, Foster City,
CA) in a final volume of 50 ll. Amplification was per-
formed in a GeneAmp PCR System 9700 (Foster City,
CA) using the following conditions: initial denaturation
at 94�C for 5 min, followed by 35 cycles of denaturation
at 95�C for 30 s, annealing at 56�C for 30 s, and
extension at 72�C for 45 s. PCR products were analyzed
on a 2% standard agarose gel after ethidium bromide
staining.

Results

Macroscopically, the brain showed extensive necrotic
areas and numerous punctual hemorrhages (purpura
cerebri, Fig. 2A, B) mainly in the cerebellar hemi-
spheres, diencephalon and the brain stem, comprising up
to 30% of the cross-section. The most prominent his-
tological features were necrotic vessels with fibrinoid
changes and numerous perivascular ring or ball hem-
orrhages (Fig. 2C). Immunohistochemistry revealed
cuffs of mononuclear cells around smaller vessels. The
parenchyma showed a diffuse infiltration by macro-
phages and lymphocytes, as well as activated microglial
cells and reactive astrocytosis (Fig. 2D, E). The
remaining brain areas revealed only minor or no overt

pathological alterations. In addition, extensive infiltra-
tions with LCA- and CD68-positive cells were seen in
the meninges. Immunohistochemistry against HSV1,
CMV and EBV (LMP1) in sections of various brain
regions showed negative or unspecific results. It is wor-
thy to note that in contrast to latent infection, LMP1 is
rarely expressed during acute disease [13], explaining the
negative immunohistochemical result. However, sero-
logical results received after the patient’s death showed
positive titers for EBV-VCA IgG (1:8,000), IgM (1:60),
and EBV-EA IgG (1:512), indicating an acute EBV
infection. In addition, EBV-infection of the brain was
demonstrated by the detection of EBER-1 RNA in sin-
gle immune cells within or around small vessels
(Fig. 2F). Furthermore, PCR analyses from CSF sam-
pled 4 days before the patient’s death and from frozen
tissue of four different brain regions (parietal lobe, cer-
ebellum, pons, medulla oblongata) were clearly positive
for EBV-DNA (Fig. 3). Electron microscopy performed
on material from the brain stem and cerebellum revealed
no viral particles, but necrosis reduced the significance
noticeably.

Discussion

Acute leukoencephalitides are rare but severe compli-
cations of peripheral virus infections or vaccinations.
Among them AHLE or Hurst’s disease is the most
severe form [1, 18]. It typically develops following an
infection of the respiratory tract and begins with abrupt
onset of fever, neck stiffness, hemiplegia and other focal
signs [5, 11, 12, 14, 19]. Respiratory paralysis following
upper and lower herniation of the brain due to increased
intracranial pressure occurs within few days and causes
death in the majority of cases. Cerebral edema with
tissue necrosis are particularly pronounced in the cen-
trum semiovale, internal capsule and convolutional
white matter of the cingulate gyrus, and may extend
down into the midbrain, pons and cerebellar peduncles
causing tonsillar herniation. Histologically, petechial
hemorrhages surrounding smaller vessels in combination
with vasculitis and fibrinoid vessel wall necrosis are the
most prominent features.

In contrast to this, acute disseminated leukoenceph-
alitis (ADEM) or postinfectious perivenous encephalo-
myelitis (PVE) represents the milder variant [8, 24]. The
clinical course is likewise dominated by neurological
deficits [9, 14], but symptoms are mostly less severe and
the outcome is significantly more favorable [7, 23, 28].
Histopathological findings include lymphocytic infiltra-
tion, perivascular demyelination and necrosis, whereas
perivascular hemorrhages and necrosis of blood vessels
are absent [14].

Up to now, the pathogenesis of both Hurst’s disease
and ADEM/PVE has remained unclear, but may involve
several causative agents. In Hurst’s disease, the presence
of viruses (HSV, VZV, HHV6, measles, mumps) [3, 14]
could be demonstrated only in few patients, while in
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most cases, including two cases in our department, it has
been impossible to identify a cause.

Here, we demonstrate a case of Hurst’s disease that
can be linked to an acute EBV infection, as shown by
distinctly elevated titers for EBV VCA IgM, and detec-
tion of EBV DNA in CSF and brain tissue by PCR and

of EBV EBER-1 RNA in infiltrating immune cells by in
situ hybridization. Mild neurological symptoms are a
common finding in patients with an acute EBV infection,
and severe neurological complications occur in less than
0.5% [6, 27] with complete recovery of most patients
[20]. While few patients displayed pathological changes
compatible with the diagnosis of ADEM/PVE [2, 4, 10,
17], to our knowledge, EBV has not yet been demon-
strated as being concurrently causative for Hurst’s dis-
ease. Although our results do not prove virus replication
within the CNS, the co-ocurrence of acute EBV infection
and Hurst’s disease strongly indicates a causative link.
Interestingly, in our patient anti-i-agglutinins were
detected, which is an occasional finding in patients with
a hemolytic crisis during an EBV infection [16, 22, 26].

Fig. 2 Macroscopy and histology from the necropsy. A shows a
macroscopic picture of the middle brain with various hemorrhages
and necrobiotic changes. B Hematoxylin and eosin stain of the
brain stem depicts numerous hemorrhages. They are located
frequently around necrotic vessels. C Elastica-van-Giesson stain-
ing. In addition, immunohistochemistry reveals numerous macro-
phages (D, CD68) and a pronounced reactive astrocytosis (E, glial
fibrillary acidic protein). In situ hybridization (F) for EBER-1
RNA shows single EBV-positive cells within and around small
vessels (arrows). Original magnification B ·10; C–E ·40
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However, no tight association between hematological
complications and encephalitis has been established so
far. It is conceivable that impaired cellular and humoral
immunity, as a consequence of hemolysis, may have
favored virus-associated encephalitis in this case.

Because PCR analysis and in situ hybridization are
not routinely applied for EBV diagnostics in most lab-
oratories EBV infection may have been overlooked in
reported cases of Hurst’s disease of unknown cause.
Further studies based on sensitive PCR and in situ
hybridization techniques will have to clarify the fre-
quency of EBV involvement in the development of
Hurst’s disease.
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Fig. 3 Detection of EBV genome in brain tissue by nested-PCR.
The presence of EBV-specific DNA sequences in autopsy tissues
from different areas of the central nervous system was confirmed by
nested-PCR (FX FX/HaeIII digest, 1 parietal lobe, 2 cerebellum, 3
pons, 4 medulla oblongata, W water control, PC positive control)
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