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Abstract

Introduction: Encephalitis is a rare complication of primary varicella-zoster virus (VZV) infection in immunocompetent children.
Methods: The clinical and laboratory findings of two girls with VZV-related encephalitis are reported. Results: Both children presented with
focal epileptic seizures, corresponding to cortical/subcortical as well as white matter lesions. The first showed a typical vesicular skin rash.
She was easily diagnosed and made a rapid recovery during acyclovir and steroid treatment. In the second girl, a preceding measles—
mumps—rubella virus vaccination and the absence of skin vesicles were misleading with respect to the diagnosis, which was finally proven
by IgG seroconversion and intrathecal synthesis of IgG antibodies to VZV. She developed left parieto-occipital tissue necrosis and recovered
only transiently during initial acyclovir/steroid treatment. Eight weeks after onset, progressive white matter demyelination and the occurrence
of erythema nodosum in the lower limbs necessitated a second 4-month course of oral steroids. The VZV PCR from cerebrospinal fluid was
negative in both children. Conclusions: Primary VZV infection may cause severe encephalitis that may occur without skin vesicles and lead
to a chronic course with systemic vasculitis. The coincidence of vaccination and neurologic diseases offers no proof per se of a causal

relationship. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Primary varicella-zoster virus (VZV) infection may cause
various neurologic complications. In immunocompetent
children, its frequency is considered to be below 1%, with
postinfectious ataxia, a usually benign disease, being the
most frequent manifestation [1-3]. Myelitis, encephalitis or
stroke, in contrast, are considered rare events. During recent
years, however, increasing data suggest an underestimated
impact of VZV on pediatric neurologic disease. Recently,
Askalan et al. [4] showed a close epidemiologic link
between recent VZV infection and childhood stroke, and
according to our own experience, patients with VZV-related
cerebral vasculitis may present even up to 4 years after the
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primary infection [5]. Therefore, at our hospital, all patients
with acute, otherwise unexplained neurologic symptoms,
are routinely investigated for acute primary VZV infection
and intrathecal synthesis of anti-VZV antibodies. Between
January 2000 and March 2001, two children presented with
severe VZV-related encephalitis, a disorder that has hitherto
been reported in 15 cases only [3,6—19]. The clinical data of
these two children, the diagnostic approach and the treat-
ment response are summarized below.

2. Methods

Specific antiviral antibody titers were measured using
Enzygnost enzyme immune assays and the BEP III instru-
ment (Dade Behring, Marburg, Germany). Peripheral blood
lymphocyte subsets were analyzed by means of two-color
flow cytometry (FACScan™) according to standard proto-
cols (Becton Dickinson Immunocytometry Systems). The
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Table 1
Virological findings in both children with VZV encephalitis
Serum CSF
VZV 1gG VZV IgM VZV Al CSF VZV HSV Al Blood—brain Intrathecal
(mU/ml) (OD) PCR barrier 1gG-synthesis (%)
Patient 1 960 0.718 1.57 negative <15 disrupted 29
Patient 2 seroconversion <0.1 initially negative initially disrupted 30
negative, negative,
later 4.2 later 4.1
Normal/negative <50 <0.1 <l.5 negative <lS5 intact absent

Al IgG antibody index; VZV: varicella-zoster virus; HSV: herpes simplex virus; OD: optical density.

following subsets were investigated: B cells (CD19)-, helper
T cells (CD3CD4)-, NK cells (CD16CD56)-, cytotoxic/sup-
pressoric T cells (CD3CD8), HLA-DR antigen and interleu-
kin-2 receptor expression on T cells. Control values were
available from another study, approved by the Ethics Com-
mittee of the University. Autochthonous intrathecal syn-
thesis of total IgG, IgA or IgM antibodies and of specific
antiviral IgG antibodies was calculated as described else-
where [20] using Dade Behring Enzygnost enzyme immune
assays and a nephelometer for measurement of total anti-
body concentrations in sera and cerebrospinal fluid (CSF).
A specific antibody index (Al) greater than 1.5 was re-
garded as proof of intrathecal synthesis of specific anti-

Table 2
Laboratory and clinical data of Patient 2

bodies. HSV PCR and VZV PCR in CSF were performed
with the LightCycler instrument (Roche, Mannheim, Ger-
many), with two hybridization probes being applied for
amplicon detection (sensitivity: 1000 genome equivalents/
ml).

3. Results

Basic clinical and serologic data are described in the
patient reports. Table 1 summarizes the virologic data. Table
2 shows detailed laboratory data referring to the prolonged
course of Patient 2.

Weeks after admission 0 4 6 8 12 16 20 23 26 29 38 Normal
CSF Intrathecal 1gG 30% 58% 40% Negative
synthesis®
Intrathecal IgM n.d. 0% Negative Negative
synthesis®
Intrathecal n.d. 20% Negative Negative
IgA synthesis®
Blood—brain Disrupted Normal Normal Normal
barrier
CSF protein (g/1) 1.24 0.23 0.13 <0.4
CSF cells/pl 32 6 1 <5/ul
Intrathecal I1gG negative 4.2 Al<15
anti-VZV
synthesis (AI)®
Intrathecal 1gG 0.7 4.1 Al<15
anti-HSV
synthesis (AI)®
Serum IgG anti-VZV <50 160 120 120 110 95 63 <50 mU/ml
IgM anti-VZV <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 OD
IgG anti-HSV 1:10,000 1:22,000 1:16,000 1:24,000 <1:320
Anti-Purkinje-cell <10 12 <10 <10 22 25 15 <10 <10U
autoantibodies
Clq immune Negative 68 40 60 Negative <34 kU/
complexes
C3d immune Negative 35 24 38 Negative <8 kU/
complexes
Clinical data Erythema - - - +++  +++ +++  +++ ++ + -
nodosum
Steroid-dose 2 0 0 0 2 1 1 0.75 0.25 025 0
(mg/kg/day)

Al antibody index; VZV: varicella-zoster virus; HSV: herpes simplex virus; n.d.: not done; OD: optical density.
 Percentage of intrathecally synthesized immunoglobulin among total intrathecal immunoglobulin (IgG, IgM or IgA).
® Presence of intrathecally synthesized specific antiviral IgG.
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3.1. Patient 1

One week after a typical vesicular skin eruption, this
previously healthy 4-year-old girl suffered a right-sided focal
seizure. On admission to hospital, she was drowsy and
febrile. Magnetic resonance imaging (MRI) showed a sub-
cortical inflammation within the left parietal lobe as well as
within the right operculum, corresponding to left parieto-
occipital baseline slowing on electroencephalography
(EEG). CSF analysis revealed a slightly increased protein
concentration (0.41 g/l; normal <0.4 g/l), pleocytosis (135
cells/pl) and intrathecal IgG (29%), IgA (48%) and IgM
(73%) synthesis. Serologic studies confirmed the primary
VZV infection (IgM and IgG anti-VZV positive). The VZV
Al was slightly positive (1.57; normal<1.5). VZV PCR
from CSF and Al to further neurotropic viruses were
negative. Despite immediate intravenous acyclovir admin-
istration (30 mg/kg/day), somnolence and repeated epileptic
seizures, unresponsive to clonazepam, persisted. Three days
after admission, the MRI showed new lesions affecting the
right lentiform nucleus, both caudate nuclei and the right
parietal gyri (Fig. 1). Now, oral steroid treatment (2 mg/kg/
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Fig. 1. MRI image of Patient 1 (T2-weighted FLAIR) showing high signal
intense lesions within the right nucleus lentiformis, both caudate nuclei and
the right parietal gyri 3 days after admission. Native and contrast-enhanced
T1-weighted images were normal.

day) was started, resulting in clinical recovery and cessation
of fits within 2 days. Because of persistent baseline slowing
on EEG, however, phenytoin treatment was initiated. The
steroids were slowly phased out over 6 weeks. Oral acyclovir
therapy was continued throughout the oral steroid treatment
phase. Control MRI scans, performed 11 days after the
beginning and after the end of steroid therapy, were normal,
as was repeated duplex sonography of intracranial arteries.
At 2 months of follow-up, the child showed full recovery.
There were no more seizures and the EEG findings were
normal. Immunophenotyping of peripheral lymphocytes
performed on admission and during follow-up, serum con-
centrations for circulating immune complexes, immunoglo-
bulins, anti-Purkinje cell and antinuclear autoantibodies
proved normal.

3.2. Patient 2

Six weeks after her first measles, mumps and rubella virus
triple vaccination (Priorix®, MMR), the previously healthy
16-month-old girl suffered a right-sided epileptic seizure.
Upon admission, she was febrile, irritable and drowsy.
Meningism was absent, neurologic investigation was nor-
mal, an upper airway infection was noted, and liver enzymes
were slightly elevated. At that time, resulting from the recent
vaccination, the IgG anti-mumps, -rubella and -measles titers
were positive, as were IgM anti-mumps titers. [gM anti-mea-
sles and -rubella titers, in contrast, were negative, as were
IgM anti-VZV, -cytomegalovirus, -herpes simplex (HSV)
and -Epstein—Barr virus titers.

Three days after admission, a second seizure occurred.
Although the results of contrast-enhanced cranial computed
tomography were normal, the MRI scan revealed a left-
sided thalamic and parieto-occipital cortical/subcortical
lesion. MRI angiography and duplex sonography revealed
no intracranial large vessel stenoses. EEG showed left-sided
sharp wave discharges. The CSF protein concentration (1.24
g/l) and leukocyte counts (32/ul, 22% lymphocytes, 78%
neutrophils) were elevated, and the blood—brain barrier was
severely disrupted. Microbiologic investigations proved
normal. Since herpetic encephalitis was suspected despite
the negative initial CSF PCR findings, acyclovir (30 mg/kg/
day) treatment was started, combined with primidone and
dexamethasone (1 mg/kg/day). Within 2 days of treatment,
vigilance and body temperature normalized. After 8 more
days, a control MRI scan showed slight progression of the
cortical and white matter lesions. Because of the excellent
clinical recovery, however, acyclovir and steroids were
phased out and therapy was finished after 14 days in total.
On the 19th day after admission, the child was discharged
from the hospital.

Two days after discharge, however, she developed sub-
febrile temperatures, and 3 weeks later, erythema nodosum at
the lower limbs. Simultaneously, autoantibody titers to Pur-
kinje cells and circulating immune complex concentrations
increased (Table 2). At that time, IgG anti-VZV titers showed
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a seroconversion, whereas antibody titers to adeno-, influenza
A and B, parainfluenza 1-3, human herpes virus type 6,
Coxsackie and ECHO viruses showed no significant changes.
IgG antibody titers to borrelia, to polyoma-, FSME-, lympho-
choriomeningitis-, cytomegalo- and Epstein—Barr viruses
remained negative. Simultaneously with the IgG anti-VZV
seroconversion, the VZV and HSV Al became positive (Table
2), whereas no intrathecal synthesis of antibodies to the
vaccination viruses was present. Again, CSF PCR investiga-
tions were negative for VZV and HSV DNA.

When a control MRI performed 11 weeks after onset of
illness showed extensive left parieto-occipital necrosis and
marked bilateral white matter lesions (Fig. 2), steroid the-
rapy (prednisolone, 2 mg/kg/day maximum) was started
again. Within 4 weeks, the white matter lesions regressed
significantly. After 2 more months, the erythema nodosum
disappeared, autoantibody titers and circulating immune
complex concentrations became negative, and corticosteroid
therapy could be withdrawn. Ten months after onset of the
disease, permanent right-sided hemianopsia was found as
the single deficit on follow-up neurological examination.
The follow-up MRI scans showed a residual parieto-occi-
pital tissue defect but gradual near complete resolution of
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Fig. 2. MRI of Patient 2 (T2-weighted FLAIR) showing left-sided parieto-
occipital necrosis with marked bilateral white matter lesions 11 weeks after
admission before the second course of steroid treatment.

the white matter and thalamic lesions. Repeated immuno-
phenotyping of peripheral blood lymphocytes proved nor-
mal, as did serum immunoglobulin concentrations as well as
in vitro lymphocyte proliferation and immunoglobulin syn-
thesis to mitogens (*H-thymidine incorporation).

4. Discussion

This report describes two children with encephalitis
related to primary VZV infection. In the first, a typical skin
rash rapidly established the diagnosis, whereas in the se-
cond, the preceding vaccination might have suggested post-
vaccination acute demyelinating encephalomyelitis (ADEM)
[21,22]. ADEM, however, was unlikely as it commonly oc-
curs within 4 weeks of the vaccination, rapidly responds to
steroids, rarely causes cortical/subcortical lesions and usu-
ally shows a monophasic course. Vaccination itself rarely
causes ADEM, and 45% of patients with severe post-vac-
cination neurologic complications show additional triggers,
including infections in 33% of cases [22—24]. In our patient,
further infections were ruled out, no intrathecal synthesis of
antibodies to the vaccination viruses was found, and the IgG
anti-VZV seroconversion and intrathecal IgG anti-VZV anti-
body synthesis finally established the diagnosis [25]. Neither
the absence of IgM anti-VZV antibodies, nor the negative
VZV PCR or the positive HSV Al question this diagnosis.
Similar data are described in the literature [1,26—29]. The
simultaneous increase of the HSV Al, for instance, is ex-
plained by cross-reactivity between anti-VZV and anti-HSV
antibodies or simultaneous proliferation of HSV-specific B-
cell clones.

Subcortical/cortical white matter and basal ganglia lesions
have also been found in patients with other herpes virus
infections, such as Epstein—Barr-, cytomegalo- or herpes
simplex virus [30,31], but may nevertheless be highly sug-
gestive of VZV-related neurologic disease, being present on
T2-weighted MRI images of three of the six previously
reported surviving patients with severe VZV-related ence-
phalitis and in the histopathology of the nine patients who
died [3,6—19]. As also known from further VZV-related
neurologic complications, the most prominent pathologic
changes did affect the vascular system, showing small vessels
with perivascular mononuclear inflammation and demyeli-
nation. In contrast to the VZV-related small vessel vasculop-
athy of immunodeficient patients, however, perivascular
necrosis or viral inclusions were not reported [32—34]. The
bilateral involvement observed in both present and all but one
of the previously published patients furthermore contrasts the
large vessel angiitis of post-varicella stroke which is unilat-
eral in the majority of cases [4,5].

Two major pathomechanisms can be discussed to con-
tribute to VZV-encephalitis, i.e. direct viral invasion and an
autoimmune process. The autoimmune hypothesis can be
suggested from the following findings: In both children, the
CSF VZV PCR was negative. In Patient 1, the clinical
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symptoms worsened during acyclovir monotherapy but
rapidly responded to steroids, as did the prolonged white
matter lesions and the systemic vasculitis of Patient 2.
Moreover, during her chronic course Patient 2 showed an
increase of serum anti-Purkinje cell autoantibody titers
which have been suggested to mirror VZV-triggered anti-
neuronal autoimmunity, and erythema nodosum is a small
vessel vasculopathy that rarely complicates chickenpox dis-
ease and shares histopathologic characteristics with the
above mentioned small vessel angiitis [33,35]. Finally, one
previously published patient also developed a chronic course
with recurrent white matter demyelination that necessitated
steroid treatment [16]. Nevertheless, these data do not prove
an autoimmune pathogenesis. The presence of a positive
VZV Al indicates a specific antibody response against intra-
thecal viral particles which should have been present at least
transiently in the central nervous compartment, and the
negative CSF PCR does not prove the absence of viral
particles from the CNS either. On the one hand, the intra-
thecal VZV quantity may have been below the detection
threshold. On the other hand, as VZV encephalitis seems to
be of a mainly vascular nature, VZV may be present within
vessels without becoming detectable in the CSF. Further-
more, anti-Purkinje cell autoantibodies might not be the
cause of but a reaction to tissue destruction, and the response
to steroids might also be based on the suppression of a
destructive bystander effect resulting from the antiviral
inflammatory response.

Considering these possible pathomechanisms, we would
recommend combining steroid with acyclovir therapy in
comparable cases, although it is pointed out that early
acyclovir treatment may have suppressed the skin vesicles
in Patient 2 and delayed the diagnosis. This can be hypothe-
sized from immunodeficient patients with VZV reactivation
where acyclovir can prevent the skin rash but not the
neurologic complications [36].

One further question is why the children suffered these
severe complications. In neither of them did we find la-
boratory changes indicative of a severe congenital immu-
nodeficiency disorder, nor did we see a lowering of helper
T-cell counts or of the CD4/CDS ratio, comparable to our
previously published patients with post-varicella stroke [5].
However, in the course of a primary VZV infection there
should be an increase of CD8(+) or of HLA-DR antigen
positive T cells, indicating antiviral immune defense [26].
This marker of T-cell cytotoxicity was not observed in the
present cases. In Patient 2, this may have been due to the
preceding measles vaccination which can suppress delayed
hypersensitivity reactions and the memory T-cell response
[37]. The coincidental VZV infection and MMR vaccination
may also have contributed to the prolonged peripheral and
central nervous disease of Patient 2. Preceding viral infec-
tions can enhance antibody formation to the MMR vaccine
viruses, and immune stimulation by different agents such as
antigen and adjuvant has also been hypothesized in patients
who developed white matter demyelination after vaccination

and who were simultaneously suffering from latent infec-
tions [38,39].

We suggest that VZV-related encephalitis may be more
frequent than commonly assumed. The diagnosis should be
suspected in the presence of cortical/subcortical lesions,
even in the absence of typical skin lesions or in the presence
of alternative triggering factors. Vaccines should not readily
be made responsible for diseases observed in close temporal
relationship unless clear-cut proof has been established.
VZV vaccination, in turn, might have prevented our pa-
tients’ severe neurologic complications.
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