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Introduction

Human herpesvirus 6 (HHV-6) is one of the most prevalent
herpesviruses in humans. Two distinct variants have been
described, HHV-6A and HHV-6B. HHV-6A is commonly
encountered in central Africa, and no disease, neurological
or otherwise, has been causally linked to it. In contrast,
primary infection with HHV-6B is universal, predominantly
occurs in early childhood and manifests as a self-limiting
febrile illness with or without an exanthema subitum rash.
The majority of the population is HHV-6 seropositive by the
age of 3 years, with a greater incidence between 6 and 18
months. The virus is also well established as a cause of
neurological disease.

The HHV-6A and HHV-6B envelope glycoprotein complex
binds respectively to human CD46 and CD134 expressed on
almost all cell types, especially on monocytes-macrophages.
HHV-6 can integrate their genomes into the host telomeres
of host chromosomes in proximity to the subtelomeric
region.? Congenital transmission® and contamination with
stem cell transplantation® are also possible, with human
HHV-6 DNA persistence afterwards. The integrated virus can
remain silent or can reactivate, indicating that integration
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Human herpesvirus 6 (HHV-6) has been demonstrated to be a neurotropic virus and has
been linked to several neurological complications associated with a wide range of
clinical outcomes. Here, we present data from immunocompetent children with a
central neurological condition and intrathecal DNA detection of HHV-6 virus. Through
these cases, physiopathology, investigations, and outcome of the disease will be
described. Finally, specific treatment will be discussed.

represents a mechanism by which these viruses might
achieve latency. HHV-6 reactivation may be favored by
depletion of CD4+ cells and therefore, affects mainly immu-
nocompromised patients; however, serious infections in
immunocompetent patients have been described.

HHV-6 infection may be accompanied by central nervous
system (CNS) disease. Here, we report four pediatric cases to
highlight the wide spectrum of clinical presentation, medical
care, and outcomes.

Patients and Methods

Patients

Children under 18 years were drawn from a retrospective
study on central neurologic infection, performed in the
Centre Hospitalier Chrétient (CHC) Esperance in Liege, dur-
ing the year 2015.

Methods

A quantitative human HHV-6 polymerase chain reaction
(PCR) was performed on the cerebrospinal fluid (CSF) sam-
ples of 10 children who present fever and central neurolo-
gical manifestations. Among them, four patients had no
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Table 1 Laboratory findings of cases reported

Case Blood test Cerebrospinal fluid Cultures and other PCR
WBC CRP HHV-6 WBC RBC Glu Protein HHV-6
0 | (mo/) T =] (mm) | (mm?) | (mgjdL) | level (copy/
mm?) g g (mg/L) | mL)
1 15 200 + - 73 3 83.4 560 3,660 | There was no other infectious
agent detected in cultures, or by
2 v 9.6 / / >9 3 69.5 406 2,770 multiplex PCR (Biofire) excluding
3 2 38.4 / / 1 51 53.4 668 2,390 | the presence of Escherichia coli,
Haemophilus influenzae, Listeria
4 16 6.4 / / 2 1 85.1 142 1,480

monocytogenes, Neisseria
meningitides, Streptococcus
agalactiae, Streptococcus
pneumoniae, Cryptococcus
neoformans, and gatti,
cytomegalovirus, enterovirus,
herpes simplex 1 and 2, human
parechovirus, and varicella
zoster virus in the CSF

Abbreviations: CRP, Greactive protein; CSF, cerebrospinal fluid; Glu, glucose; HHV-6, Human Herpesvirus 6; PCR, polymerase chain reaction; RBC, red blood cell;

WBC, white blood cell. /, per.

HHV-6 DNA detected in the CSF, two had a positive result
with fewer than 100 copies, and four had a positive result
with a numerous of copies (cases 1, 2, 3, and 4). Results and
discussion will so focus on these four patients, their labora-
tory findings are summarized in =Table 1.

Results

Case 1

The first case is a 4-year-old boy who came at the emergency
services for fever since 24 hours with headaches and altera-
tion of its general condition. Clinical examination revealed a
stiff neck without any other sign of infection. The child was
lethargic but awake and oriented, he showed no sign of
neurological focus. The brain computerized tomography
(CT) scan was normal. Biological findings demonstrated an
important inflammatory syndrome with pleocytosis for
which a treatment with cefotaxime was started. Despite
the treatment, clinical deterioration occurred 48 hours after
his admission with emergence of a generalized pyramidal
syndrome: tetraparesis with hyperreflexia and extended
plantar reflexes. Intrathecal PCR of HHV-6 returned positive.
Brain magnetic resonance imaging (MRI) was performed on
the 3rd day and demonstrated T2-hyperintense lesion evok-
ing an acute demyelinating encephalomyelitis (~Fig. 1). In
this context, a treatment with intravenous immunoglobulin
(Ig) was administered during 2 days but was not effective. At
day 6, a combination of high-dose corticosteroid therapy
with ganciclovir for 3 days was administered. Subsequently,
the child was progressively improved and his neurological
examination returned to normal on the 13th day. A decrease
of the MRI lesions was observed during the control per-
formed 6 months later.

Case 2

The second case is a 3-year-old boy who had a left lateralized
convulsion episode occurred during a first fever peak. The
epileptic seizure stopped after 15 minutes, following the
administration of intravenous diazepam. There were no
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signs of neurological or infectious focus, except headache.
Biological assessment showed a mild inflammatory syn-
drome with pleocytosis. The brain CT scan was normal.
The electroencephalogram demonstrated right posterior
slowing. According to the institution’s protocol, the child
was hospitalized and treated with cefuroxime and acyclovir.
Brain MRI, done on the day after admission, was normal.
Cultures and herpes PCR returned negative at day 3, the
antibiotherapy was stopped. Intrathecal PCR of HHV-6 was
positive. There was no seizure recurrence.

Case 3

The third case is an 18-month-old boy who presented a
generalized tonic-clonic status epilepticus during a first
fever peak. In emergencies, the brain CT scan was normal,
the biological assessment demonstrated a mild inflamma-
tory syndrome and a normal cytorachia, and the electro-
encephalography (EEG) demonstrated widespread spike
discharges developed from the left hemisphere. The seizure
lasted 150 minutes and was controlled after intravenous
administration of phenobarbital and continuous infusion of
midazolam. Cerebral MRI realized 6 hours after the seizure
onset showed T2-hypersignal and T1-hyposignal lesion
focused on the corpus callosum. Antibiotic therapy with
cefotaxime and acyclovir was given for 3 days, until herpes
PCR and cultures returned negative. Intrathecal PCR of HHV-
6 was positive. Given the major febrile asthenia and the
persistence of electrical discharge, intravenous ganciclovir
was given for 7 days (from day 4 to day 11). Subsequently, the
child’s condition progressively improved without neurolo-
gical sequelae highlighted. EEG returned to normal, and
cerebral MRI performed 6 months later revealed a sequential
cavitary lesion (~Fig. 2).

Case 4

The fourth case is a 2-year-old girl presented with brief but
repeated lateral convulsions of her upper right limb in a
febrile context. Clonic manifestations stopped after admin-
istration of intravenous midazolam, giving way to right
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Fig. 1 Cerebral MRI of case 1 demonstrated T2/FLAIR hyperintense signals disseminated mainly in the bilateral internal capsule, the posterior
corpus callosum, the left temporoparietal junction (A), and the brainstem (B). The location and appearance of the lesions corresponds to an
acute disseminated encephalomyelitis (ADEM). FLAIR, fluid attenuation inversion recovery. MRI, magnetic resonance imaging.

Fig.2 Cerebral MRI of case 3 demonstrate a sequelar cavity (arrow) that appears normo/hyperintense in T1 (A) and hyperintense in T2 (B). MRI,

magnetic resonance imaging.

hemiparesis which spontaneously resolved after a few hours.
Biological findings and brain MRI were normal. EEG showed
a postcritical slowing of the left hemisphere. Antiepileptic
treatment with phenobarbital was initiated. Intrathecal PCR
of HHV-6 returned positive.

Discussion

Neurological Manifestations
Primary HHV-6 infection may be accompanied by CNS
disease. Clinical presentations are numerous and mainly
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include complicated febrile convulsions and encephalopa-
thy.> In immunocompromised patients, HHV-6 encephalo-
pathy typically presents as acute limbic encephalitis with
MRI changes in the hippocampus and amygdala.® In addition
to direct infection, HHV-6 has been proposed as a possible
cofactor for the development of some demyelinating dis-
eases, including acute disseminated encephalomyelitis.’
Consequently, it is logical to consider two possible mechan-
isms by which HHV-6 infection could cause neurological
complications; direct invasion of the virus into the CNS* and
immune mediated CNS damage following HHV-6 infection.?

Finally, latent HHV-6 can sometimes reactivate and cause
severe neurological complications in immunocompromised
but also immunocompetent patients.4

Investigations

Serological response to a primary infection is characterized by
aspike inIgMin the 1st weekof illness, followed by arise in IgG
approximately 2 weeks later, which persists indefinitely. Any-
way, several factors restrict the use of viral serology, including
the delayed antibody response, the cross reactions between
HHV-6A, HHV-6B, HHV-7, and cytomegalovirus (CMV) anti-
bodies, the absence of a specific serological test is able to
distinguish HHV-6A infections from HHV-6B infections, the
absence of correlation between the absolute value or varia-
tions of the antibody titer and the presence of an active viral
infection, and the alteration of the humoral immune response
in some immunocompromised patients. Serological assays are
indicated in only two cases, primary infection detected
through seroconversion and through the identification of
specific IgM and seroprevalence studies where seropositivity
is indicative of a chronic latent infection.

An abnormal CSF profile is often but not always reported.’
Therefore, it would be imprudent to limit HHV-6 testing only
to patients with abnormal CSF profiles.

Detecting genomic DNA by gene amplification (PCR) is
currently the reference technique; it is accessible, specific,
and very sensitive. Quantitative PCR methods, notably real-
time PCR, constituted a significant advance as they reduced
the risk of contamination by amplified DNA and provided a
relatively precise value of the viral load in a given body organ
or compartment. Detecting HHV-6 DNA in the CSF is highly
indicative of an active infection of the CNS, especially of
encephalopathy. This diagnosis must be considered even if
the results of the concomitant DNAemia analysis are not
significantly high (under a million copies of genomic DNA per
milliliter of whole blood) as reactivation limited to the CNS
may occur. However, since there have been reports of HHV-6
DNA detected in CSF specimens of immunocompetent indi-
viduals without CNS disease,'? it has been suggested that a
positive PCR result should be interpreted on the basis of the
clinical situation, after excluding others pathological agents.
Nevertheless, a relatively high copy number (greater than
103/mL) of HHV-6 DNA in CSF measured through quantita-
tive PCR strongly suggests HHV-6 active encephalitis.'’.

So, in our cases, the presence of more than 1,000 copies of
genomic DNA per milliliter in the CSF is highly indicative of
an active infection. However, seroconversion and chromo-
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somal integration have not been considered, and there has
been no control to assess the course of viremia.

Treatment
Clinical diagnosis of viral encephalitis before HHV-6 identi-
fication is usually suspected to be of herpes simplex virus
(HSV) or varicella zoster virus (VZV) origin. Acyclovir therapy
is administered but it has a very limited effect or no effect at
all against roseoloviruses.'? When reactivation of HHV-6 is
recognized, anti-roseolovirus medication has to be initiated.
Foscarnet and ganciclovir (valganciclovir) are the first line of
defense and cidofovir is the second. Successful treatment has
been published but randomized placebo-controlled trials are
lacking.'® Given their potential side effects, whether anti-
virals are used depends on the patient’s clinical situation.
As ganciclovir was proved to be effective and safe in the
treatment of HHV-6 encephalitis, we chose to use this
treatment in the two patients who present significant neu-
rological involvement. A good therapeutic response has been
observed without reported side effects.

Outcome

The outcome for HHV-6-positive patients is generally favor-
able, with most patients recovering fully. However, mild to
moderate neurological impairment as well as death due to
complications of neurological disease has been reported.'*

Conclusion

HHV-6 has been demonstrated to be a neurotropic virus and
has been linked to several neurological complications asso-
ciated with a wide range of clinical outcomes.'”

HHV-6 can invade the CNS inimmunocompetent children.
Therefore, the possibility of HHV-6 infection should be
considered in children who present complex febrile seizure
and acute encephalitis with white matter damages.

A combination of molecular detection and serology is
ideal for study cases. Early detection of actively replicating
HHV-6 in patients with clinical signs of encephalitis is
important so that antiviral therapy can be initiated to
attempt to resolve the neurological symptoms.

To our knowledge, ganciclovir treatment is safe and
efficacious against severe neurologic disability. However,
given the potentially severe nature of HHV-6 infections,
we stress the need for developing and conducting therapeu-
tic studies with a well-designed method to validate treat-
ments for HHV-6 infections.
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