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Abstract

ase chain reaction and immunofluorescence.

endothelial cells of the central nervous system.

Background: Whether human herpesvirus 6B (HHV-6B) can affect mesial temporal lobe epilepsy (MTLE) remains
controversial. The present meta-analysis was aimed to evaluate whether HHV-6B is significantly associated with MTLE.

Methods: Six studies were included in this meta-analysis, comprising 183 MTLE patients and 75 controls. In these
studies, HHV-6B infection in astrocytes and brain samples of MTLE patients and controls was investigated by polymer-

Results: The frequency of HHV-6B infection detection is significantly higher in the MTLE group than in the control
group (OR=9.42, 95%Cl: 3.66-24.25), P<0.00001). Although febrile convulsion is strongly associated with MTLE, the
formation of febrile convulsion leading to MTLE is not associated with HHV-6B infection (OR=2.68, 95%Cl: 0.93-7.73),
P=0.07). Moreover, the HHV-6B-specific antigen is co-localized to cells positive for GFAP that morphologically resem-
ble astrocytes. HHV-6B mainly infects astrocytes, oligodendrocytes and microglia, and could damage the vascular

Conclusions: There is an association between HHV-6B infection and MTLE. Future large-scale, multi-center, con-
trolled, prospective studies are required to confirm these findings. In addition, the exact mechanism underlying the
effects of HHV-6B infection on MTLE needs to be further investigated.

Background

Mesial temporal lobe epilepsy (MTLE) is a common
intractable type of epilepsy. Patients with MTLE often
present with various types of psychiatric, behavioral, and
cognitive comorbidities. Previous studies have suggested
that MTLE occurs most frequently in children with a
long history of febrile seizures [1]. The most common
cause of refractory MTLE is mesial temporal sclerosis
(MTS), which is usually treated by resection of the tem-
poral lobe and hippocampus.
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Human herpesvirus 6 (HHV-6) is an enveloped DNA
virus that belongs to the p-herpesvirus family and com-
monly infects oligodendrocytes and astrocytes, with
rare neuronal infections. HHV-6 can establish a lifetime
incubation period in peripheral blood mononuclear cells,
salivary glands, and the central nervous system, leading
to encephalitis. In immunocompromised adults, enceph-
alitis usually develops through reactivation or second-
ary infection [2]. HHV-6 can be classified into subtypes
A and B. HHV-6A is associated with multiple sclerosis,
while HHV-6B infection generally leads to the occur-
rence of exanthem subitum in infants, which causes
febrile seizures and encephalitis.

The association between HHV-6B and MTLE has not
been studied extensively. In the few studies, research-
ers obtained pathological samples from MTLE patients
who underwent surgery, detected viral DNA and

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0003-3904-410X
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s42494-022-00083-3&domain=pdf

Tong et al. Acta Epileptologica (2022) 4:19

messenger RNA (mRNA) in relation to astrocytes
using real-time polymerase chain reaction (PCR),
reverse-transcriptase PCR, and immunofluorescence
approaches, and compared the results with non-MTLE
samples from other sources. PCR is a molecular biolog-
ical technology that amplifies specific DNA fragments,
a process of special DNA replication in vitro. PCR can
greatly increase the amount of DNA. The principle of
PCR is that DNA is denatured into single-stranded
chains at 95 °C in vitro; then at low temperature (usu-
ally~60 °C), primers attach to the single-stranded
chains according to the principle of base complemen-
tary pairing; then the temperature is adjusted to the
optimal reaction temperature of DNA polymerase
(~72 °C), and DNA polymerase synthesizes the com-
plementary chains along the 5’-to-3’ direction [3]. Nev-
ertheless, some case—control studies pointed out that
the relationship between HHV-6B and TLE was not
statistically significant, which was further confirmed
by a meta-analysis study [4]. In addition, other stud-
ies used reverse-transcriptase PCR to detect the pres-
ence of mRNA to detemine whether the infection of
HHV-6B virus in MTLE patients is caused by long-term
incubation or reactivation after infection, obtaining dif-
ferent conclusions [5, 6].

Therefore, the association between HHV-6B and
MTLE remains controversial. In this meta-analysis study,
we searched databases for case—control studies and ana-
lyzed the association between HHV-6B and MTLE based
on the results of these studies.

Materials and methods

Literature search

Literature search was performed in PubMed, MED-
LINE, Cochrane Libary, EMBASE, Web of Science
and WanFang databases, using the following search
terms: ("Mesial Temporal Lobe Epilepsy"[Mesh]
OR "MTLE"[Mesh] OR "Mesial Temporal Lobe Epi-
lepsy” [Title/Abstract] OR "MTLE" [Title/Abstract])
AND ("Human Herpesvirus-6" [Supplementary Con-
cept] OR "Human Herpesvirus-6" [Title/Abstract] OR
"HHV-6" [Supplementary Concept] OR "HHV-6" [Title/
Abstract] OR "HHV-6B" [Supplementary Concept] OR
"HHV-6B" [Title/Abstract]). To be as comprehensive as
possible, no restrictions were set on the year or language
of the study. The references and related reviews were
scanned for related studies. The literature search was
made by the date of February 1, 2021.

Study selection and quality assessment
Two reviewers independently assessed the eligibility of
studies according to the inclusion and exclusion criteria,
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and at the same time, evaluated the quality of included
literature and the bias risk according to the Newcas-
tle—Ottawa Scale. In order to avoid divergence, we also
invited a third reviewer to judge the divergence. For
studies that met the inclusion criteria, we further read
through the full text and abstract for detailed informa-
tion, and contacted the author by phone or email to
obtain more information if necessary. Information such
as title, the first author’s full name, year of publication,
number of participants, age of participants, previous his-
tory of febrile convulsion, assessment of the risk of bias,
and outcome indicators, was extracted and recorded
from each study.

Patients

The study subjects were divided into the MTLE group
and the non-MTLE group (control group). In the MTLE
group, pathological samples were collected from resist-
ant MTLE patients who underwent epilepsy surgery in
China, the United States, and Japan between 2003 and
2020. All cases included in this group were histologically
confirmed with MTLE. In the control group, brain tissue
samples were from non-MTLE patients, patients with
trauma and cerebral hemorrhage. All the studies were
approved by their corresponding Ethics committees (Li
[5] and Huang [7]: Ethics Committee of the West China
Hospital of Sichuan; Donati [8]: The Institutional Review
Board of the National Institute of Neurological Disorders
and Stroke; Fotheringham [9]: NINDS and CNMC Intra-
mural Clinical Research Committees; Kawamaru [10]:
Fujita Health University School of Medicine). In addition,
all procedures were carried out in accordance with the
Declaration of Helsinki. All patients gave informed writ-
ten consent.

Data collection and analysis

Data were combined by using the RevMan software (Ver-
sion 5, 2008, The Nordic Cochrane Center, The Cochrane
Collaboration, Copenhagen, Denmark). Odds ratio (OR)
and its 95% confidence interval (CI) were calculated
for dichotomous data. This meta-analysis used ran-
dom effect model to avoid interstudy heterogeneity. The
pooled effect was considered as statistically significant
if P<0.05. Raw data were displayed in Forest plots, with
OR (displayed as blocks) and CIs (displayed as lines) for
the chosen effect, the heterogeneity statistic (?), the total
number of participants per group, and the overall OR in
the random effect model.
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[ 324 records identified through database searching ] [ No additional records ]
| [
[ 108 records after duplicate removal ]
[ 24 records screened H 84 records excluded ]
[ 7 full-text articles assessed for eligibility 17 full-text articles excluded due to:
Duplicate publication(n=3)
No major outcome measures (n=4)
. - . - Inconsistent study subjects(n=6)
7 studies included in qualitative synthesis ] Animal experiments(n=4)

J

[ 7 studies included in quantitative synthesis(Meta-ANALYSIS) ]

the study

Fig. 1 Flowchart of literature search. "Duplicate removal" refers to the removal of the same documents searched from different databases. After
going through the titles, abstracts and full-texts of the 108 included literatures, 84 papers that were obviously inconsistent with the research theme
were excluded. The "Inconsistent study subjects" refer to the fact that medial temporal lobe sclerosis was not associated with HHV-6B infection in

Results

Study characteristics

The flowchart of literature search is shown in Fig. 1.
The literature search resulted in 324 articles. After
removing duplicates, irrelevant papers, and those did
not meet the inclusion criteria, 7 case—control studies
were included in this systematic review, comprising 258
participants, who were divided into the MTLE group
(n=183) and the non-MTLE group (n="75).

Table 1 summarizes the basic information of the
included studies and characteristics of the included
study group and the control group. The included
studies were published between 2003 and 2020 and
had a sample size of 15-65 patients. All of the MTLE
patients had cryptogenic causes of MTLE. Pre-surgical
evaluation included ictal video electroencephalogram
monitoring, magnetic resonance imaging, and posi-
tron emission tomography. There was no significant
difference in age or sex between the MTLE group and
the non-MTLE group. Compared with the non-MTLE
group, patients in the MTLE group had a history of
febrile convulsion.

Table 2 summarizes the methods and materials in
each study. The pathological tissues in the studies were
obtained from the brains of patients undergoing sur-
gery for drug-resistant MTLE, mostly from hippocam-
pus, amygdala, parahippocampal gyrus and temporal
neocortex. Most of the methods included extracting
DNA and RNA first, followed by real-time quantitative
PCR analysis and immunochemistry for HHV-6B and

GFAP (a cytoskeletal protein specifically used to mark
gliosis during epileptic response).

Meta-analysis

Relationship between HHV-6B infection and MTLE

Six case—control studies were included (Fig. 2), compris-
ing 258 participants, who were divided into the MTLE
group (n=183) and the non-MTLE control group
(n=75). The frequency of HHV-6B detection in the brain
tissues of MTLE patients was statistically significant from
that of the control group (OR=9.42, 95% CI 3.66—24.25),
suggesting a clear relationship between MTLE and HHV-
6B infection.

Relationship between HHV-6B and febrile convulsion

Three case—control studies were included, enrolling
a total of 29 participants with a previous diagnosis of
MTLE and a history of febrile convulsion. The rela-
tionship between HHV-6B and febrile convulsion was
assessed by comparing the ratio of HHV-6B-positive par-
ticipants to the ratio of HHV-6B-negative participants
(OR=2.68, 95% CI 0.93-7.73) (Fig. 3). This suggests that
HHV-6B infection in the MTLE patients may be not only
present as febrile convulsion but may have other manifes-
tations as well.

Localization of HHV-6B antigen in brains of MTLE patients

To characterize the cell type harboring HHV-6B infec-
tion in the brain samples of HHV-6B-positive MTLE
patients, six studies that have used formalin-fixed
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Fig. 2 Forest plots showing the relationship between HHV-6B and MTLE

HHV-6 POSITIVE ~ HHV-6 NEGATIVE 0Odds Ratio 0Odds Ratio

Study or Events Total _ Events Total Weight M-H. Fixed. 95% CI MH. Fixed. 95% CI

Fotheringham 2007 3 5 2 5 191%  225(018,28.29

Huang 2014 8 13 5 13 46.0%  2.56(0.53,12.43 —T

Li2011 7 1 4 1 348%  3.06(0.54,17.40) B B
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Test for overall effect. Z=1.82 ¢ = 0.07) Favours [HHY-BNEGATIVE] Favours [HHV-6POSITIVE]
Fig. 3 Forest plots showing the association between HHV-6B and febrile convulsion

paraffin-embedded tissue sections for simultaneous
GFAP and HHV-6B gp116/54/64 staining were reviewed.
Significant staining for HHV-6B antigen is observed in
the hippocampal tissues of MTLE patients. HHV-6B is
localized in GFAP-positive cells that morphologically
resemble astrocytes, mainly distributed around or in the
nucleus of the cells.

Nuclear factor-kB (NF-«B) is an important transcrip-
tion factor regulating viral replication, inflammation and
immune response. In 2011, Li et al. [5] demonstrated a
possible association between HHV-6B positivity and acti-
vation of NF-kB. In 2014, Huang and colleagues [7] sug-
gested that ApoE may be not involved in MTLE epilepsy,
but ApoE4 can promote HSV-1 reactivation and nerve
invasion by increasing the viral concentration. In addi-
tion, Fotheringham et al. [9] found that astrocytes may be
involved in epilepsy through excitatory toxicity caused by
loss of glutamine synthetase, an enzyme that metabolizes
glutamate in astrocytes.

Discussion

MTLE is one of the most common types of refractory
epilepsy, and its occurrence is considered to be related to
hippocampal dysfunction, such as hippocampal sclerosis
[11]. The pathology of hippocampal sclerosis has been
associated with atrophy of the hippocampus, which may
be the cause of epilepsy or the result of long-term epilep-
tic seizures [12]. Here, we found that most of the patients
in the MTLE group had a history of febrile seizures,
which is also a common indication for MTLE surgery.

HHV-6 is an enveloped DNA virus that can be clas-
sified into HHV-6A and HHV-6B subtypes. Previous
studies have shown that HHV-6A is associated with mul-
tiple sclerosis. HHV-6B mainly affects infants between
6 months and 2 years. It is associated with febrile con-
vulsions in infants and young children and is the cause of
acute rashes in children. By investigating the risk factors
for epilepsy, we found that a previous history of febrile
seizures, especially in infants, is associated with a ten-
fold increase of risk of epilepsy compared to the general
population, and about 13% of those with a febrile seizure
history may have seizures [13]. Therefore, we assume that
the onset of MTLE is related to HHV-6B infection.

Previous studies have used PCR and immunofluores-
cence techniques to investigate HHV-6B infection in
astrocytes and brain tissues of MTLE patients and non-
MTLE patients. To verify the main type of cell that the
virus invades after it infects the central nervous system,
most of the studies used anti-GFAP antibody for immu-
nofluorescence labeling.

In 2015, Esposito et al. found no difference in the fre-
quency of HHV-6B DNA detection between temporal
lobe epilepsy patients and the control group, through
a large-scale analysis of viral DNA/RNA spectrum
in brain tissues of the patients. These results did not
support the hypothesis of persistent HHV-6B infec-
tion as a major pathogenetic factor in MTLE. In this
meta-analysis, we further clarified the relationship
between HHV-6B infection and MTLE through case—
control comparison. Compared to the non-MTLE con-
trol group, the frequency of HHV-6B detection in the
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brain tissues of MTLE patients was significantly higher
(OR=38.21, 95%CI 3.66-18.43), indicating a clear rela-
tionship between MTLE and HHV-6B infection. More-
over, although febrile convulsion is strongly associated
with MTLE (OR =8.09, 95%CI 2.79-23.45, P=0.0001),
the occurrence of febrile convulsion leading to MTLE
was not associated with HHV-6B infection (OR =2.68,
95%ClI 0.93-7.73, P=0.07). These data suggested that
HHV-6B infection in MTLE patients may not only be
present as febrile convulsion, but also have other mani-
festations as well.

Moreover, our study revealed that the HHV-6B-specific
antigen is co-localized to cells positive for GFAP and
morphologically resembling astrocytes. HHV-6B causes
damage to vascular endothelial cells in the central nerv-
ous system mainly by infecting astrocytes, oligodendro-
cytes and microglia. One hypothesis is that HHV-6B
establishes an infection in glial precursor cells in the
brain during childhood. It may replicate incompletely
yet sufficiently to cause changes in the host cell. Another
possibility is that the recurrent incomplete reactivation
occurs after the incubation period, sufficiently impeding
astrocyte function of neurotransmitter clearance, leading
to epileptic symptoms.

Previous studies have shown that after HHV-6B
invades the central nervous system, it can establish a life-
long latency. Reactivation of HHV-6B, which is latent in
the nervous system, can cause organ dysfunction, includ-
ing damage to limbic lobes, brainstem, and hippocam-
pus. Several studies have investigated whether infection
of the HHV-6B virus in MTLE patients is caused by long-
term incubation or reactivation after infection, by using
reverse-transcriptase PCR analysis. Previous studies have
found that the HHV-6B DNA is higher in MTLE patients
(40.48%) than in non-MTLE patients, suggesting that
HHV-6B plays an important role in the pathogenesis of
MTLE. In contrast, Kawamura et al. found no HHV-6B
mRNA expression in temporal lobe samples from MTS
patients, suggesting that no viral reactivation occurred in
the MTS patient [10].

Several factors have been reported to be involved
in MTLE with HHV-6B infection, including NF-«B,
APOE, and glutamine. Huang et al. suggested that
ApoE may not be involved in epileptogenesis of MTLE,
but ApoE4 can promote HSV-1 reactivation and neu-
ral invasion by increasing the viral concentration [7].
In addition, Fotheringham and colleagues found that
astrocytes may be involved in epilepsy through their
excitatory toxicity induced by loss of glutamine syn-
thetase [9]. Yet, more studies are needed to clarify the
relationship between HHV-6B infection and MTLE.

Ganciclovir, foscarnet and cidofovir are three drugs
that have been shown to be active against HHV-6B
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in vitro, and are approved for use against human cyto-
megalovirus infection. Recently, valaciclovir at a high
dose has been shown to prevent HHV-6B reactivation
[14]. HHV-6B has effects on cortical development,
medial temporal lobe and hippocampal sclerosis, and
neural homeostasis in human embryos. This study
reveals new pathogenic factors for the occurrence and
development of MTLE, emphasizing the importance of
preventing viral infection, and provides new ideas for
the diagnosis and treatment of MTLE.

Conclusions

This meta-analysis study demonstrated an association
between HHV-6B infection and MTLE. Yet, future
large-scale, multi-center, controlled, prospective stud-
ies are needed to confirm these findings, and clarify
the exact mechanisms underlying the role of HHV-6B
infection in MTLE.
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