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Abstract

Purpose: Human Herpes Virus-6, is a common cause of febrile seizures in infancy and has been associated
with meningitis in this age group. Human Herpes Virus-7, may also cause meningitis in children. The role and
frequency of HHV-6 and HHV-7 in children's central nervous system diseases is unclear and is an area of
ongoing research. In our study, we aimed to contribute to the literature about effects of Human Herpes Virus-6
and Human Herpes Virus-7 in central nervous system infections, in children.

Materials and methods: A retrospective study was conducted between March 2021 and March 2022. The
study included children diagnosed with central nervous system infection and those found to have Human
Herpes Virus-6 and or Human Herpes Virus-7 in their cerebrospinal fluid by multiplex real-time polymerase
chain reaction.

Results: In our study, 86 children were hospitalized with the diagnoses of central nervous system infection. We
detected Human Herpes Virus-6 and/or Human Herpes Virus-7 in cerebrospinal fluid in 12 (13.9%) children.
When the patients were grouped according to their age, 75% were under the age of 2 years. Seizure was the
presenting complaint in all patients with Human Herpes Virus-6 and 50% patients with Human Herpes Virus-7.
Although the frequency of seizures was lower in the Human Herpes Virus-7, 75% of the seizures in this group
were status epilepticus. Cerebral venous thrombosis was observed in 3 patients. All patients with thrombosis
were found to be infected with Human Herpes Virus-7.

Conclusion: Our study findings show that Human Herpes Virus-6 and Human Herpes Virus-7 may be associated
with central nervous system infections and severe neurological diseases in childhood. Our study makes an
important contribution to the literature in this respect and shows the need for multicenter prospective studies.
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Oz

Amag: Ekzantem subitum'un etiyolojik ajani Human Herpes Virus-6, bebeklik déneminde atesli ndbetlerin
yaygin bir nedenidir ve bu yas grubunda menenijit ile iliskilendiriimistir. Human Herpes Virus-7’de g¢ocuklarda
ekzantem subitum ve atesli nébetlerle iligkili olup menenjite de neden olabilir. Human Herpes Virus-6 ve Human
Herpes Virus-7'nin merkezi sinir sistemi hastaliklarindaki roll ve sikligi belirsizdir ve devam eden bir arastirma
alanidir. Galismamizda Human Herpes Virus-6 ve Human Herpes Virus-7 etkenlerinin gocukluk ¢adi merkezi
sinir sistemi enfeksiyonlarindaki etkileri konusunda literatlire katki saglanmasi amaglanmistir.

Gereg¢ ve yontem: Calismamiza Mart 2021-Mart 2022 tarihlerinde, merkezi sinir sistemi enfeksiyonu dntanilari
ile yatirilan, beyin omurilik sivilarinda polimeraz zincir reaksiyonu ile Human Herpes Virus-6, Human Herpes
Virus-7 saptanan ¢ocuk hastalar alindi. Calismaya dahil edilen hastalarin epidemiyolojik, klinik, laboratuvar
bulgulari, tedavileri ve prognozlari incelendi.

Bulgular: Calismamizda toplam 86 ¢ocuk merkezi sinir sistemi enfeksiyonu ontanilari ile yatirildi. Merkezi
sinir sistemi enfeksiyonu éntanisi ile yatirilan ¢cocuklardan 12’sinde (%13,9) beyin omurilik sivisinda polimeraz
zincir reaksiyonu ile Human Herpes Virus-6 ve/veya Human Herpes Virus-7 saptandi. Hastalarin 9'u (%75) iki
yas altindaydi. N6bet Human Herpes Virus-6 ile enfekte olanlarin timinde, Human Herpes Virus-7 ile enfekte
olanlarin 4’inde (%50) bagvuru yakinmasiydi. Nébet sikhdi Human Herpes Virus-7 grubunda daha az olmasina
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ragmen bu grupta ndbetlerin %75’i status idi. Kraniyal manyetik rezonans gériintileme ile 3 hastada serebral
vendz tromboz goruldi. Tromboz saptanan hastalarinin timinin Human Herpes Virus-7 ile enfekte oldugu

saptandi.

Sonug: Calismamizdan elde edilen sonuglar Human Herpes Virus-6 ve Human Herpes Virus-7 etkenlerinin
cocukluk caginda merkezi sinir sistemi enfeksiyonlari ve agir noérolojik hastaliklar ile iliskili olabilecegini
gOstermektedir. Cocuklarda Human Herpes Virus-7 iligkili vaskulopatiler, otoimmun ve otoinflamatuar suregcler
ile ilgili henliz yeterli sayida veri bulunmamaktadir. Calismamiz bu agidan literatiire 6nemli bir katki saglamakta,
cok merkezli ve ileriye yonelik calismalar yapiimasi gerekliligini gdéstermektedir.

Anahtar kelimeler: Human Herpes Virus-6, Human Herpes Virus-7, menenijit, pediatri, ndbet.

Sener Okur D, Pota U, Giingér O, Oner ZS. Beyin omurilik sivisinda Human Herpes Virus-6 ve/veya Human
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Introduction

The brain parenchyma is surrounded by
three membranes: dura mater, arachnoid mater,
and pia mater. Infection of the brain parenchyma
is called “encephalitis”, whereas infection of the
meninges is called “meningitis”. Infection of
both is called “meningoencephalitis”. Bacterial
meningitis is less common with the use of
conjugate vaccines. However, aseptic meningitis
is more common, and viruses play a major role.
The incidence of viral meningitis ranges from 10
to 20 cases per 100.000 children per year [1-4].

The incidence is highest in infants under 1
year of age. A second peak is seen in children
over 5 years of age [3, 4]. In temperate climates,
most cases occur in summer and autumn [5-7].

All members of the Herpesviridae family
can cause viral meningitis; however, herpes
simplex viruses are classically associated with
neurological infection. Human herpes virus-6
(HHV-6) is a member of the Herpesviridae
family. HHV-6 infects most children in the first
2 years of life [4, 5]. Primary HHV-6 infection
often presents as a febrile illness without
rash. Sometimes the rash occurs typically
immediately after the fever has subsided. HHV-
6, the etiologic agent of roseola or exanthema
subitum, is a common cause of febrile seizures
in infancy and has been associated with
meningitis in this age group [8, 9].

Human herpes virus-7 (HHV-7), which is also
associated with exanthema subitum and febrile
seizures in infancy, may also cause meningitis
in children. However, HHV-7 infection is usually
asymptomatic. Infection with HHV-7 usually
occurs in childhood but peaks at a later age
than infection with HHV-6, usually around 3
years of age [10, 11]. An association between
HHV-7 and febrile seizures is reported [9-11].
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The role and frequency of HHV-6 and HHV-
7 in children’s central nervous system (CNS)
diseases is unclear and an area of ongoing
research.

Inourstudy, we investigated the epidemiology
and the course of CNS infection due to HHV-6
and/or HHV-7 in children followed up between
March 2021 and March 2022. We aimed to
contribute to the literature about roles and
effects of HHV-6 and HHV-7 in CNS infections,
in children, with the light of the findings of our
study.

Materials and methods

A retrospective study was conducted at
the Pamukkale University Faculty of Medicine
Department Pediatric Infectious Diseases
and Pediatric Neurology between March 2021
and March 2022. The study included children
diagnosed and hospitalized with CNS infection
and those found to have HHV-6 and or HHV-7 in
their cerebrospinal fluid (CSF) by multiplex real-
time polymerase chain reaction (PCR) (FTD
Neuro9, Fast Track Diagnostics, Luiksemburg)
method.

This study was approved by Medical
Ethics Committee, Non-Invasive Clinical
Research Ethics Committee of Pamukkale
University Faculty of Medicine and conducted
in accordance with the Declaration of Helsinki.
Written informed consent to participate in the
study was obtained from the patients enrolled
or their parents.

SPSS (Statistical Package for the Social
Sciences) 23.0 software (IBM SPSS Statistics,
IBM Corporation) was used for performing chi-
square test, Student’s t-test, and Mann-Whitney
U-test; p<0.05 was considered to indicate a
significant difference.
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Results

In our study, 86 children were hospitalized
with the diagnoses of CNS infection in
Pamukkale University Faculty of Medicine,
Pediatric Infectious Diseases and Pediatric
Neurology services. Of these eighty-six patients,
15 had viral meningitis. Multiplex real-time
PCR detected HHV-6 (n=4, 4.6%) and/or HHV-
7 (n=8, 9.3%) in CSF in 12 (13.9%) children
hospitalised with the diagnosis of CNS infection.

Demographic features

The study included 5 (41.7%) girls and 7
(58.3%) boys, with a mean age of 39.5+56.1
months (median age, 13 months; range, 1-192
months). When the patients were grouped

Table 1. Summary of Cases

according to their age, 9 (75%) were under the
age of 2 years, and 6 of them were 1 year old
or younger (Table 1). One of the other 3 children
was 16 years old (Table 1). The mean age of the
patients with HHV-6 in CSF was 8.915.9 months
(median, 8.9 months; range, 1-14 months),
and the mean age of patients with HHV-7 was
54.8+64.2 months (median, 19.5 months; range,
11-192 months). No statistically significant
difference was found between the children
with HHV-6 and HHV-7 in terms of gender
(p=0.58) and age (p=0.19). When the seasonal
distribution of the patients was examined, 8
(66.7%) were hospitalised in January-February,
3 (25%) in October-November, and 1 in May
(Table 1).

No of Cases Age (mo) Sex Season HHVtype CNS symptoms Cranial MRI
1 14 G Winter HHV-6 Seizure, unconsciousness, Normal
2 84 B Winter HHV-7 Headache Cerebral ven
thrombosis
3 11 B Autumn HHV-7 Seizure Normal
4 9 G Autumn HHV-6 Seizure Normal
5 1 B Winter HHV-6 Seizure, unconsciousness -
6 192 G Autumn HHV-7 Headache Normal
7 16 G Spring HHV-7 Unconsciousness Normal
8 12 B Winter HHV-6 Seizure Normal
9 23 B Winter HHV-7 Seizure (status), Cerebral ven
unconsciousness thrombosis
10 88 B Winter HHV-7 Headache, unconsciousness Cerebral ven
thrombosis
1" 12 G Winter HHV-7 Seizure (status), Normal
unconsciousness
12 12 B Winter HHV-7 Seizure (status), Normal

unconsciousness

Mo: months, HHV: human herpes virts, G: girl, B: boy, CNS

Clinical findings

Among the complaints of children, fever was
reported in all patients. Headache was reported
in 3 (25%), vomiting in 5 (41.2%), convulsions
in 8 (66.7%), and unconsciousness in 7 (58.3%)
patients. The mean number of days with fever
was 2.75+1.8 (median, 2; range, 1-7) days.

When patients were grouped according
to HHV types, headache was reported in 3
(37.5%) patients with HHV-7. Seizure was the
presenting complaint in all patients with HHV-6
and 4 (50%) patients with HHV-7. Although the
frequency of seizures was lower in the HHV-7
group, 75% of the seizures in this group were

: central nervous system

status epilepticus. Status epilepticus was not
observed in patients with HHV-6.

Physical examination revealed fever in all
patients, nuchal rigidity in 9 (75%) patients, and
altered consciousness in 7 (58.3%) patients.
In addition, 1 patient had fontanel bulge and
pulsation, 1 had exudative crypt in the tonsils,
and 1 had swelling and limitation of movement
in the right knee. Fontanel bulge and pulsation
was accepted as a significant and positive
examination finding for meningitis because it
was accompanied by fever, projectile vomiting,
seizure, restlessness, and nuchal rigidity, and
no other condition was found to explain.
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The mean body temperature, of the patients
were 38.81+0.5 (median, 39; range 38-39.5)°C.

Laboratory and radiological findings

When the complete blood count tests of the
patients included in the study were examined,
8 (66.7%) had leucocytosis, none of them had
leukopenia, platelet values were within normal
ranges in all, 9 (75%) were anaemic, mean
hemoglobin values were 11.3+1.2 (median,
11.2; range 9.2-13.4) g/dL, respectively. The
mean CRP level was 65.2+92.3 (median, 5.1;
0.2-212) mg/L, and it was elevated in 7 (58.3%)
patients.

In CSF examinations obtained by lumbar
puncture, 70 leukocytes per mm?® were seen in
1 patient, and no cells were seen in the others.
Four patients (33.3%) had high CSF protein,
and none of the patients had CSF glucose
lower than 50% of the serum glucose value.
Mean CSF protein was 0.75%1.25 (median,
0.28; 0.11-4.42) g/L, mean CSF glucose was
66.3+16.2 (median, 60; 46-92) mg/dL. There
was no growth in the CSF culture of any patient,
and no bacteria were detected by PCR. BOS
PCR analysis of children included in our study
detected HHV-7 in 8 patients (66.7%) and HHV-
6 in 4 patients (33.3%).

In order to detect other foci that may
accompany meningitis that may cause fever
in patients younger than two years of age, and
to exclude vasculopathy and autoinflammatory
conditions that may involve lungs in 3 children
older than two years of age, chest radiographs
were taken for all patients. Chest radiographs of
all patients were normal.

Cranial MRI was performed in 2 of our
patients because of severe headache, in 3
patients because they had focal seizures, and
in 6 patients because of unconsciousness.
Cranial magnetic resonance imaging (MRI)
was performed in all but 1 patient, and cerebral
venous thrombosis was observed in 3 (27.2%)
patients. All patients with thrombosis were found
to be infected with HHV-7. The frequency of
cerebral vein thrombosis in patients with HHV-7
was 37.5%.

Treatment and prognosis

During the follow-up, 4 patients needed
intensive unit care. These patients were followed
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up in the intensive care unit for an average of
6.25+3.95 (median, 5; range 3-15) days. HHV-
6 was found in 1 (25%), and HHV-7 was found
in 3 (75%) of those who needed intensive care.
The mean hospital stay of the patients included
in the study was 9.83+8.94 (median, 8.5; range,
3-35) days.

The mean hospital stay was 6.25+5.85
(median, 3.5; range, 3-15) days in patients with
HHV-6 and 11.63+9.99 (median, 9; range, 3-35)
days in patients with HHV-7, and no statistically
significant difference was observed (p=0.35).
Ganciclovir was administered to a patient with
sepsis and a 1-month-old patient with a history
of prematurity whose seizures could not be
stopped.

Other patients did not receive antiviral
treatment. In the follow-up, 1 patient with
exudative tonsillitis was evaluated as having
HHV-7 meningitis and PFAPA (periodic fever,
aphthous stomatitis, pharyngitis, adenitis)
attack, and 1 patient with swelling in the right
knee and limitation of movement was evaluated
as having HHV-7 meningitis and oligoarticular
JIA (juvenile idiopathic arthritis) attack. LMWH
(low molecular weight heparin) was started
in patients with cerebral vein thrombosis on
cranial MRI, and their thrombosis regressed in
the follow-up. No patient died, and all patients
were discharged without sequelae.

Discussion

The rate of detection of HHV-6 and/or HHV-
7 in the CSF of children hospitalised in our
centre with diagnoses of CNS infection was
13.9%, which was similar to the frequency
reported in the literature [11, 12]. Although it
varies according to season, geography, and
age, the frequency of HHV-6 and/or HHV-7 in
CNS infections is reported to be between 14%
and 17% in the literature [11, 12]. Of the patients
included in our study and followed up during our
study, 4.6% were infected only with HHV-6 and
9.3% with only HHV-7. These two agents were
not detected together in any patient. The rate
of detection of HHV-6 in the CSF of children is
reported in the range of 0.3-32% in the presence
of sepsis, seizures, and neurological findings
with fever and in the range of 3.3-4.2% in the
presence of meningitis [11-25]. HHV-7 is a rare
aetiological agent in CNS infections in children,
the rate of detection in CSF varies between
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1% and 14.8%, and its incidence increases
especially with increasing age [11, 12, 16, 22,
25-35].

The mean age of the patients included in
our study was 39.5+56.1 months (median, 13
months; range, 1-192 months), and 75% of
them were under 2 years of age, similar to the
age of patients reported in the literature. There
was no statistically significant difference in
age between children with HHV-6 and HHV-7
(p=0.19). However, the mean age and median
age of patients with HHV-7 were higher than
those in patients with HHV-6. The median age of
children with CNS infection and HHV-7 detected
in the CSF are reported to be higher than those
in patients with HHV-6 [12, 24, 28, 36, 37]. In
addition, the detection of HHV-7 in 3 children
older than the others brings to mind that HHV-
7 reactivation may have developed in these
children. It has been reported in the literature
that reactivation of HHV-7 is seen rather than
primary infection in adults [11, 12, 16, 22, 24-
37].

Contrary to what is reported, most of our
patients were hospitalized during the winter
months. Cases of meningitis caused by HHV-
7 and/or HHV-6 are reported in spring and
summer months, and those of HHV-6 in the
autumn months [38].

Regarding the clinical findings of our
patients, complaints and examination findings
were not different from those reported in the
literature. However, the absence of febrile
status epilepticus (FSE) in patients with HHV-6
differed what is reported in the literature. HHV-6
is also reported as an important causative factor
of FSE, and in one study it was responsible for
32% of all FSE cases [11-25].

When laboratory findings were examined,
leucocytosis was more common than
leukopenia, and the mean CRP value was high,
which is expected in bacterial infections and not
in viral infections. In addition, the frequency of
detection of thrombosis in the cerebral veins in
our patients infected with HHV-7 was different
what is reported in the literature in terms of
HHV-7-related vasculopathies in the paediatric
age group [26, 39, 40]. The detection of HHV-
7 in CSF PCR in all patients with cerebral
thrombosis was another important finding.
While HHV-7-related cerebral vasculopathies

are reported in adults, there is not enough data
in children [26, 32, 29-40]. Our study makes an
important contribution to the literature in this
respect.

In CSF examinations obtained by lumbar
puncture, 70 leukocytes per mm?® were seen in
1 patient, and no cells were seen in the others.
In viral meningitis, the leukocyte count in CSF
is usually found to be between 10-500 cells/
mm?3. However, increased leucocyte counts
cannot be seen in CSF in meningitis caused
by enteroviruses, parechoviruses and rarely
human herpes viruses especially early in the
course of infection [41-43]. In addition, the small
number of leukocytes in the CSF of our patients
may have been lysed until the microscopic
examination.

HHV-7-infected patients needed intensive
care more frequently, and these patients stayed
longer, but not significantly, in the hospital than
patients infected with HHV-6. These findings
suggest that HHV-7 causes more severe
disease and CNS involvement. Primary infection
of HHV-7 at a young age is reported to often
cause mild symptoms and clinical pictures, but if
it is diagnosed at an older age, it causes severe
neurological pictures such as encephalitis and
encephalopathy [11, 12, 16, 22, 24-37].

The development of a PFAPA attack in one
of our patients infected with HHV-7 and the
development of an oligoarticular JIA attack in
another patient raises the possibility that this
virus may also be associated with autoimmune
and autoinflammatory processes. HHV-7-
related autoimmune vasculopathies and events
are also mentioned in the literature [12, 24,
26, 31, 32, 39-40]. Our study contributes to
the literature in terms of raising awareness
about HHV-7-related vasculopathies and
autoimmune processes and highlights the need
for multicentre and prospective studies.

The main limitation of our study is the low
number of patients with HHV-6 and/or HHV-
7 detected in the CSF. However, when the
pre-pandemic two-year period and the 1-year
pandemic period before our study were
compared, CSF was obtained from a total of
165 children, and HHV-6 and/or HHV-7 were
detected by PCRin only 12 of 165 CSF samples.
It was determined that these 12 patients were
those included our study. Another important
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limitation is the retrospective analysis of the
cases. Therefore, a prospective multicentre
study is necessary.

In conclusion, our study findings show that
HHV-6 and HHV-7 can cause CNS infections
and severe neurological diseases in childhood.
The frequency of HHV-7 and the severity of
its neurological findings increase with age.
Although HHV-6 is an important cause of FSE,
HHV-7 can also result in the same picture. HHV-
7 should also be considered in the etiology of
children presenting with FSE.

There is not enough data on HHV-7-
related vasculopathies and autoimmune and
autoinflammatory processes in children. Our
study makes an important contribution to the
literature in this respect and shows the need for
multicentre prospective studies.

Conflict of interest: No conflict of interest was
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