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Abstract
Herpes simplex encephalomyelitis (HSE) is a rare disease with a high mortality rate. Correct diagnosis is established on the basis of the combination of the clinical and investigative features. Unfortunately, precise diagnosis
remains difficult due to several clinical similarities and false negative or inconclusive results of diagnostic tests.
Here, we present two cases of HSE together with the morphological and ultrastructural picture. The first case was
a 45-year-old man with acute symptoms of encephalitis, and the other one was a 28-year-old woman presenting
subacute encephalomyelitis. Both cases had negative serologic and molecular results for Herpes simplex in the blood
and cerebrospinal fluid. Brain and spinal cord samples taken from both cases were stained typically with histological and immunohistochemical methods and small tissue fragments were examined with the transmission electron
microscope (TEM). Microscopic examination confirmed viral encephalomyelitis in both cases. An electron micrograph
showed typical intranuclear viral particles inside of damaged neurons, which together with topography of brain and
spinal cord changes suggest HHV-1/HHV-2 in the first case and/or HHV-3 in the other case. Thus, morphological and
ultrastructural examinations may be a useful tool to set up correct diagnosis and help to determine the pathogenic
factor in patients suspected of viral encephalomyelitis.
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Introduction
Herpes simplex encephalitis/encephalomyelitis
(HSE) is a rare disease that is estimated to occur in
2-5 individuals per million population per year but
remains the most common form of mortal encepha

litis worldwide [8,21]. In the absence of treatment,
HSE has an extremely high fatality rate at about 70%
with fewer than 3% of survivors returning to normal
life [7,9,25]. Despite treatment, the associated fata
lity rate is still high (about 30%) and permanent disability is common [4,11].
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The human herpes virus family includes 8 viruses: HHV-1 (human herpes virus-1; previously herpes
simplex virus-1, HSV-1, herpes labialis), HHV-2 (previously herpes simplex-2, HSV-2, herpes genitalis),
HHV-3 (previously varicella zoster virus/chickenpox,
VZV), HHV-4 (Epstein-Barr virus, EBV), HHV-5 (cytomegalovirus, CMV), HHV-6A, HHV-6B and HHV-7
and HHV-8 (or Kaposi’s sarcoma-associated herpes
virus). They all consist of a large (125-235 kb), linear,
double-stranded DNA genome enclosed within an
icosahedral capsid [21]. More than 80% of the HSE
cases are caused by HHV-1, the others by HHV-2,
HHV-3, HHV-4 and HHV-5.
A special feature of human herpes viruses are
the property of latent survival in the infected human
body (latent phase) and the possibility of periodic
reactivation. Before establishing the latent phase,
places for replicates of HHV-1, HHV-2 and HHV-3 are
trigeminal and lumbosacral ganglia. Brain and/or
spinal cord infection are thought to occur by means
of direct neuronal transmission of the virus from
a peripheral site (in the lytic phase) after reactivation. The virus enters the brain via the trigeminal
or olfactory nerve, the spinal cord, respectively via
vertebral and spinal nerves [14]. The viruses cause
haemorrhagic necrosis and inflammatory infiltrates
[12,13]. The pathway of entry of the virus determines
the type of damage structure in the brain and the
level of damage to the spinal cord [2,19,27].
The diagnosis of herpes simplex encephalitis/
encephalomyelitis is established on the basis of the
combination of the clinical and investigative features. Unfortunately, precise diagnosis still remains
difficult due to several similarities to other neurological disorders (i.e. non-HSE encephalitis, brain
tumour) and false negative results of serological
and/or molecular tests [2,5,6]. The occurrence following herpes simplex encephalitis is probably more
common than is generally recognized [7]. In our
study we would like to present two HSE encephalitis
cases together with the morphological and ultrastructural picture. Thus, in unclear cases, the morphological and ultrastructural examination may be
crucial to set up the correct diagnosis.

Material and methods
Case 1
A 45-year-old patient with a clinical history of
ulcerative colitis treated with immunosuppressive
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drugs was admitted to our hospital because of disturbances of the state of consciousness, right-sided
paresis and aphasia, which progressed over a few
days. He had no fever, meningeal irritation and other
systemic physical examination abnormalities. Brain
magnetic resonance imaging (MRI) demonstrated
hyperintense signal in the left temporal lobe corresponding to oedematous changes probably in the
course of tumour. Cerebrospinal fluid (CSF) analysis
showed a mild increase in the protein level with no
pleocytosis. In the next few days, the general and
neurological condition worsened to coma, right-sided
paralysis and respiratory failure. An urgent neurosurgical resection of the left temporal lobe and part of
the hippocampus was performed. After the operation,
the condition improved: the patient was conscious,
fulfilling simple commands, respiratory and circulatory efficient with right-sided paresis and aphasia. Control MRI showed post-operative haemorrhagic lesions
in the left temporal lobe and T2- and FLAIR-hyperintense signal symmetrically in the deep structures of
both hemispheres, brainstem and medial cortex of
the left parietal and temporal lobe (Fig. 1). Neuropathological examination excluded the tumour and
raised a suspicion of inflammatory lesions. Further
diagnostics and treatment took place in the infectious
hospital. CSF flow cytometry analysis, blood and CSF
bacterial and fungi cultures, HHVs polymerase chain
reaction (PCR) tests were negative. Hospitalization
was complicated by massive pulmonary embolism
and epileptic seizures. However after several months
the patient was discharged with a significant general
and neurologic improvement.

Case 2
A 28-year-old woman with a history of chronic
rhinosinusitis was admitted to our hospital because
of severe thoracic pain, numbness and weakness in
the lower extremities, which occurred after returning from a 2-week trip to the Romanian Carpathians.
Before the trip she felt headaches and a slight tingling
of the left lower limb. Her initial neurological examination revealed decreased sensation at the level
Th4-5 and at the right lower limb, which in a few hours
progressed to right lower limb paresis with sensory
loss to all modalities below Th3. Spine MRI revealed
a T2- and FLAIR-hyperintensity in the spinal cord from
C6 to Th6 and brain MRI in the left medial frontal
gyrus and left parietal lobe. CSF analysis revealed mild
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pleocytosis (68 cells/µl) and increased protein level
(23.5 mg/dl). CSF flow cytometry analysis results were
negative. Blood and CSF serological and PCR tests
(HHV, CMV, VZV, EBV, toxoplasmosis, borreliosis), bacterial and fungi cultures were negative. The patient’s
general and neurological condition rapidly deteriorated despite intensive treatment (methylprednisolone,
acyclovir, ceftriaxone); in the next few days, symptoms of increased intracranial pressure, hemiparesis
and respiratory failure appeared – an external ventricular drainage was performed with transient clinical improvement. The patient died of sudden cardiac
arrest on the 11th day of hospitalization.

Methods
Brain samples obtained from the temporal lobe
resection of the first patient and post-mortem brain
and spinal cord samples from the second patient were
fixed in 10% buffered formalin and embedded in paraffin. The specimens were stained with haematoxylin-eosin, Bielschowsky and PAS methods. Immunohistochemical studies were performed with antibodies
to GFAP (DAKO 1 : 70), CD68 (CellMarque 1 : 250),
CD20 (Novocastra 1 : 10), CD4545RO (Leica 1 : 500),
LCA (DAKO 1 : 75). For electron microscope evaluation,
small fragments of brains were taken from formalin or
paraffin blocks. After deparaffinizing and/or washing
in water, the material was fixed in 2.5% glutaraldehyde and post fixed in 2% OsO4, then routinely processed to Spurr resin. Ultrathin sections were stained
with uranyl acetate and lead citrate. The sections were
examined and photographed with transmission electron microscope (TEM) JEOL model 1400.

Results
Light microscopic examination of the brain samples taken from the first patient revealed necro
tic and haemorrhagic lesions, with both grey and
white matter parenchymal infiltration composed
of lymphocytes and macrophages/microglial cells
(Figs. 2, 3C, D). Perivascular cuffing of inflammatory
cells, mainly lymphocytes T, macrophages and plasma
cells were also observed (Figs. 2A, B, D, 3D). Around
necrosis proliferation of the reactive astrocytes with
plain cytoplasm were found (Fig. 3A, B). Sometimes
lymphocytes and microglia formed nodules and
microglial cells appeared like rod cells (Fig. 2B). Electron micrograph showed typical intranuclear viral particles inside of damaged of neurons (Fig. 4).
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Fig. 1. Postoperative brain MRI of the first case.
Hyperintensity on FLAIR T2-weighted imaging in
the left temporal lobe and in the deep structure
of both brain hemispheres.

In the other case, brain and spinal cord gross
exami
nation showed generalized brain swelling,
necrotic and haemorrhagic lesions in the left medial frontal gyrus and parietal lobe and destruction of
the thoracic spinal cord. Microscopic examination
revealed lesions of haemorrhage and necrosis with
parenchymal infiltration of lymphocytes and macrophages/microglial cells (Fig. 5). Microgliosis was
predominantly diffuse. Near the necrosis, reactive
astroglia were visible (Fig. 5). Additionally, foci of axonal damage were noted (Fig. 6B). Spinal cord destruction was present from the C6 to Th6 level with predominance in the posterior corners (Fig. 6A). Electron
microscopic examination showed viral capsids distributed in the neurons (Fig. 7). Nuclei of neurons often
displayed a wavy membrane contour and expanded
perinuclear space, whereas chromatin mostly a fine
granular pattern (Fig. 7A).

Discussion
In our present study we showed two cases of
viral encephalomyelitis with diagnosis based on
the morphological and ultrastructural examination
of the brain tissue and spinal cord. In the first case,
acute course suggested brain tumour, therefore
a neurosurgical operation was performed. Exclusion
of the tumour in the neuropathological examination
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Fig. 2. Microscopic changes in the left temporal lobe of the first case. A) Perivascular inflammatory infiltration (HE, 20×); B) Proliferation of lymphocytic and microglial cells (HE, 20×); C) Erythrocytic perivascular
cuffing (HE, 20×); D) Necrotic and haemorrhagic lesions (HE 10×).

of the resected brain tissue enabled the implementation of effective (anti-viral) treatment. In the other
case with subacute clinical course, extraventricular
drainage was implemented to decrease intracranial
pressure. According to the literature, decompressive
craniectomy or external ventricular drainage seems
to be the effective treatment for cerebral oedema
or increased intracranial pressure due to infectious
encephalitis [1,3,17,20]. Correct diagnosis of HSE
still remains challenging, which in relation to frequent rapid course results in consistently high mortality. Several symptoms may occur due to damage
of various brain or spinal cord regions, brain/spinal
cord oedema or increased intracranial pressure, i.e.
headache, nausea/vomiting, alteration of consciousness, aphasia, hemiparesis/paraparesis, seizures,
vision impairment, and sensory disturbances. How-
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ever no symptom is pathognomonic for HSE and
may appear in the course of other neurological disorders, i.e. brain abscess, tumour, limbic encephalitis,
and stroke [10,15,16,22]. Typically CT scans and MRI
in HSE, showed an area of hyperintense, FLAIR and
hyperintense T1 signal, affecting both frontal lobes,
temporal lobes and insula. Foci of haemorrhage can
be observed occasionally [18,20]. In the first case,
abnormal findings in MRI involved deep brain structures of both hemispheres of the brain, medial cortex
of the left parietal lobe and the left temporal lobe.
This localisation may be related to the route of entry
of the virus (HHV-1, HHV-2) into the brain via cranial nerves. In the other case, the localisation of the
morphological changes may be related to the entry
of the virus (HHV-1, HHV-2 and/or HHV-3) into brain
and spinal cord via vertebral nerves [2,22]. Serologic
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Fig. 3. Microscopic changes in the left temporal lobe of the first case. A) Proliferation of reactive astroglia
and rod-like microglia (HE, 40×); B) Proliferation of astroglia (GFAP, 20×); C) Macrophages and microglial
cells in necrotic lesions (CD68, 20×); D) Lymphocyte T infiltration (CD45RO, 20×).

evaluation of blood or CSF may be useful for diagnosis, however it has no role in patients with the acute
clinical course and for fast therapeutic decisions. CSF
analysis results are frequently inconclusive and may
show mild pleocytosis or remain normal. Therefore,
confirmation of the diagnosis usually depends on the
identification of HHV in the CSF by means of a PCR or
on the identification of HHV in brain tissue by means
of brain biopsy. Rarely PCR results may be misleading, due to false negative results. In both our cases,
the presence of virus HHV DNA in CSF has not been
confirmed by PCR. Thus, ultrastructural examination
remains the only investigation, which allows to set up
correct diagnosis [24,25].
According to Wild et al., HHV capsids are assembled in the nucleus at the inner nuclear membrane
into the perinuclear space [26]. After de-enveloped
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Fig. 4. Ultrastructural changes in the degenerated
neuron of the first case. The osmophilic lipofuscin
deposits (LF) and numerous vacuoles are present
in the cytoplasm. Viral nucleocapsid (black arrow)
in the form of dark granular deposits surrounded by a light hallo are visible in the concentrated
nucleoplasm (N) (7000×, insert 12000×).
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Fig. 5. Microscopic changes in the left frontal and parietal lobe of the second case. A) Perivascular inflammatory cells in the left frontal lobe (HE, 10×); B) Necrosis with proliferation of macrophages in the left
frontal lobe (HE, 20×); C) Necrosis with haemorrhage and lymphocytes and macrophages/microglia infiltration in the left parietal lobe (HE, 10×); D) Necrosis with haemorrhage, macrophages and reactive astroglia
(arrow) in the left parietal love (HE, 40×).
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Fig. 6. Microscopic changes in the thoracic spinal cord and left frontal lobe of the second case. A) Necrosis
of the spinal cord (HE, 5×); B) Axonal damage of the left frontal lobe (Bielschowsky, 10×).
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Fig. 7. Ultrastructural changes in the degenerated neuron of the second case. A) Wavy nuclear membrane
contour and expanded perinuclear space are visible. Numerous viral capsids in the form of dark grains surrounded by a light hallo (arrows) forming a fine granular pattern located in the nucleus (N). Mitochondria
(M) (7000×), B) Numerous viral capsids (arrows) are distributed in the nucleus of neuron (N). Lipofuscin (LF),
mitochondria (M) (12000×).

and re-enveloped in Golgi membranes, virions become
infectious. Ultrastructural pictures of capsids in the
nucleus indicated HHV-1, HHV-2 or HHV-3 [24,26].

Conclusions
Morphological and ultrastructural examinations
in patients suspected of viral encephalomyelitis may
be a useful tool to set up correct diagnosis, help to
determine the pathogenic factor and assess the
effectiveness of treatment. Decompressive craniectomy or external ventricular drainage could be regarded as a rescue treatment in cases with signs of brain
oedema or increased intracranial pressure due to
infectious encephalitis.
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