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Background and Objective: One third of children with epilepsy are refractory to

medications. Growing data support a role of common childhood infections with

neurotropic viruses and inflammation in epileptogenesis. Our objective was to determine

the frequency of Human Herpesvirus-6 (HHV-6) and Epstein-Barr Virus (EBV) infection

and cytokine levels in saliva from children with seizures compared to healthy controls and

to controls with a febrile illness without seizures.

Methods: In this cross-sectional multi-center study, we collected saliva from 115

consecutive children with acute seizures (cases), 51 children with a fever and no seizures

or underlying neurological disease (fever controls) and 46 healthy children (healthy

controls). Specimens were analyzed by a novel droplet digital PCR for HHV-6 and EBV

viral DNA and a bead-based immunoassay for neuroinflammatory cytokines.

Results: Cases included febrile seizures (n = 30), acute seizures without (n = 53) and

with fever (n= 4) in chronic epilepsy, new onset epilepsy (n= 13), febrile status epilepticus

(n = 3), and first lifetime seizure (n = 12). HHV-6 DNA was found in 40% of cases vs.

37% fever controls and 35% healthy controls, with no statistically significant differences.

EBV DNA was also detected with no differences in 17% cases, 16% fever controls, and

28% healthy controls. IL-8 and IL-1β were increased in saliva of 32 random samples from

cases compared with 30 fever controls: IL-8 casesmean (SD): 1158.07 pg/mL (1427.41);

controls 604.92 (754.04); p = 0.02. IL-1β 185.76 (230.57); controls 86.99 (187.39); p =

0.0002. IL-1β level correlated with HHV6 viral load (p = 0.007).

Conclusion: Increase in inflammatory cytokines may play a role in the onset of acute

seizures and saliva could represent an inexpensive and non-invasivemethod for detection

of viral DNA and cytokines.
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INTRODUCTION

Experimental and clinical findings suggest a crucial role of
inflammation in epileptogenesis (1). Inflammation is not targeted
by conventional antiepileptic drugs and may contribute to
breakthrough seizures and refractory epilepsy (2). An emerging
hypothesis postulates that various brain insults, including
common viral infections of childhood (3), can induce acute and
chronic inflammatory processes in the central nervous system
(CNS) and increased permeability of the blood–brain barrier,
leading to enhanced neuronal excitability, which may contribute
to epileptogenesis (4, 5). Prior studies demonstrate that elevated
levels of interleukin-1β (IL-1β), interleukin-6 (IL-6), interleukin-
8 (IL-8), and tumor necrosis factor (TNF) are linked to neuronal
hyperexcitability (1) and are found in serum and CSF of patients
with epilepsy (6–10).

Primary infection with human herpesvirus-6 (HHV-6) occurs

in almost 80% of children by age 2 years (11). There are two
species of this virus, HHV-6A and HHV-6B, which share 90%
homology at nucleotide level (12). Both species are pathogenic
and show different tropism, with HHV-6B being the primary
type causing disease in humans, while HHV-6A has been shown
to replicate more efficiently in neural cell lines than HHV-
6B (13). Previous studies detected HHV-6B DNA in blood
from patients with febrile seizures, accounting for a combined
frequency of 16.5% in systematic reviews of the literature (14),
from 54/169 (32%) of children with febrile status epilepticus
(15) and in resected epileptogenic tissue from 15/24 (62%)
of mesial temporal lobe epilepsy (MTLE) cases compared to

0/14 of brain specimens from other syndromes (16). Host gene
expression analysis of brain samples of patients with MTLE
revealed expression of monocyte chemoattractant protein 1
(MCP-1) and glial fibrillary acidic protein (GFAP) in the HHV-
6–positive vs. HHV-6–negative amygdala tissues, with positive
correlation with viral load, suggesting an inflammatory process
triggered by the virus (17). Inflammatory cytokines such as IL-1β
and HHV-6 infection can both induce dysregulation of glutamate
homeostasis in astrocytes and contribute to epileptogenesis

(18, 19). Moreover, studies investigating cytokine profiles in
serum and cerebrospinal fluid (CSF) from children with HHV-6
encephalopathy revealed an increase in IL-6, IL-8, Interleukin-10
(IL-10), and Matrix Metalloproteinase-9 (MMP-9), compared to
healthy children (20).

The central nervous system (CNS) represents a potential site
of viral latency for HHV-6 (21). Similarly to what is seen with a
number of other neurotropic viruses, previous studies find that
HHV-6 may enter the CNS through the olfactory pathway. The
nasal cavity contains a group of specialized glial cells that have
characteristics of CNS astrocytes and Schwann cells, known as
olfactory-ensheathing cells (OEC). HHV-6 has a tropism for glial
cells and can replicate in vitro in OEC. Infected OEC showed
significant increase in production of IL-6, chemokine ligand-
1 (CCL-1) and chemokine ligand-5 (CCL-5) (21). Peripherally,
another proposed site of latency is in the tonsils, where HHV-6
has been shown to be actively shed in saliva (22). Interestingly,
the frequency of detection of HHV-6 DNA was not different
between nasal mucous and saliva (21), supporting the notion that

saliva is an in-vivo reservoir for HHV-6. Saliva is a useful clinical
specimen to collect and represents a non-invasive and low-cost
method of obtaining measures of inflammation (23) and viral
infection, particularly in children where blood is often difficult
to obtain. Saliva has been successfully utilized in pathological
conditions including cystic fibrosis (24), but not in epilepsy.

Similarly, Epstein-Barr Virus (EBV) is observed in children
with acute seizures. Twenty-one (6%) of 216 children in the
Encephalitis Registry at University of Toronto had positive
EBV serology and/or positive PCR, and 48% presented with
seizures (25). In a large Polish registry including 194 children
diagnosed with EBV infection with positive serology, febrile
seizures occurred in 3.1% of cases younger than 5 years (26).
Seizures during the course of EBV neuroinfection have been
described as generalized tonic-clonic (27), focal (28), convulsive
(29), and nonconvulsive (30) status epilepticus, and myoclonic
seizures (31). Expression of IL-6 and IL-1β was shown to
be strongly enhanced in interfollicular areas of tonsils of
children with infectiousmononucleosis (32), suggesting that EBV
infection results in the expression of specific cytokine genes
in EBV-infected and neighboring cells, but little is known on
the proinflammatory cytokine profiles in cases of neurological
manifestation of EBV infection.

The aim of this study is to determine the frequency of HHV-
6 and EBV infection and cytokine levels in saliva from children
with seizures and compare with children with a febrile illness
without seizures and in healthy children. We hypothesized that
HHV-6 and EBV viral infection is more frequent in children
with seizures. Our secondary hypothesis was that inflammatory
cytokines are increased in saliva of children with seizures.

METHODS

In this cross-sectional study, we enrolled three cohorts of
children between March 2016 and February 2017: 1. Children
aged 1 month −18 years presenting at Children’s National
Medical Center (CNMC) within 24 h of a single or multiple
seizures of any etiology or duration (cases); 2. Children aged
1 month −18 years presenting at CNMC for evaluation of a
fever (≥37.8◦C oral or ≥ 38.0◦C rectal) without seizures or
prior neurological condition (fever controls); 3. A cohort of
46 healthy children aged 7–18 years (healthy controls) that
were enrolled at University of California San Francisco and
had saliva collected with a different method that consisted of
a mouth rinse as previously described (33) and frozen upon
collection. Saliva from these children was analyzed at NINDS
following the same protocol for DNA extraction and ddPCR,
using the same materials and equipment. Internal validation in
our laboratory showed no difference in viral detection rate and
viral load when comparing the twomethods in healthy volunteers
(Supplementary Table 1).

Children with primary or acquired immunodeficiency or
taking immunosuppressant agents were excluded.

We collected saliva utilizing a validated pediatric swab
(SalivaBio Oral Swab, Salimetrics). Samples were frozen at−80◦C
immediately after collection and shipped on ice to the National
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Institute of Neurological Disorders and Stroke (NINDS) for
analysis. After thawing the samples, they were centrifuged at
2,300 g for 10min and DNA was extracted from 200 µL saliva
utilizing a commercially available kit (DNeasy Blood and Tissue
Kit, Qiagen). Viral DNA in saliva was quantified in all three
cohorts using a novel digital droplet PCR (ddPCR) platform that
was recently shown to be a precise and reliable method for virus
DNA load quantification and for detection of viral mutants in the
target gene sequence (34). Primers from highly conserved regions
were selected for HHV-6 (u57) and EBV (lmp1): NC_001664 for
HHV-6A (strain U1102), NC_000898 for HHV-6B (strain Z29)
andNC_007605.1 for EBV (strain B95-8). Ribonuclease P protein
subunit P30 (RPP30) was used as a cellular housekeeping gene.

Undiluted saliva from randomly selected 32 cases and 30
fever controls was analyzed for cytokine levels with a bead-
based immunoassay (BD Biosciences CBAHuman Inflammatory
Cytokines Kit) that included IL-8, IL-1β, IL-6, IL-10, TNF, and
IL-12p70 utilizing a BD Biosciences LSR II flow cytometer.

Samples were handled following standard biosafety
procedures, including appropriate hand washing, use of
protective equipment such as gloves and gowns, careful
manipulation of specimens to avoid spilling and contamination,
careful manipulation, and disposal of sharps, decontamination
of laboratory equipment to avoid contamination.

Medical records were reviewed for clinical, laboratory,
imaging and EEG results, if available. Study data were collected
and managed using a password-protected database (REDCap
electronic data capture tools hosted at CNMC).

Written informed consent was obtained from parent or legal
guardian and written assent from the patient, when applicable.
Children’s National Medical Center and University of California
San Francisco Institutional Review Boards approved the study.

The raw data supporting the conclusions of this manuscript
will be made available by the authors, without undue reservation,
to any qualified researcher.

Statistical Analysis
The primary outcomes were frequency of detection of HHV-
6 and EBV DNA and cytokine levels in cases vs. controls.

Statistical analysis was conducted utilizing R version 3.4.1. For
our primary outcome, we utilized Pearson Chi-squared test and
Fisher’s exact test to disprove the null hypothesis that frequency
of viral DNA detection is the same in cases and controls. For our
secondary outcome, we tested the null hypothesis that cytokine
levels are the same in cases and controls by means of Wilcoxon
rank-sum test. Secondary analyses included: 1. non-parametric
analysis of covariance (ANCOVA) to test differences in viral
load in cases vs. fever controls and non-age-matched healthy
controls; 2. Pearson’s correlation to analyze the possible influence
of fever grade and age on cytokine levels; 3. polyserial correlation
to analyze the possible influence of viral load on cytokine
levels. Cytokine levels below the threshold of quantification were
assumed as mean between 0 and the lower limit of quantification
based on the standard curve for each analyte. A p < 0.05 was
considered significant.

RESULTS

Demographic and Clinical Data
We enrolled 115 consecutive cases [mean ± standard deviation
(SD) 6.3 ± 5.1 years, 67% male] and 51 fever controls (5.9 ±

5.5 years, 53% male). Table 1 shows diagnoses and age of all
cases and controls. The majority of cases (n = 90, 78%) had
seizures lasting < 5min and 36 cases (31%) had more than one
seizure. 17 controls (33%) presented with one or more upper
respiratory infection (URI) symptoms (sneezing, congestion,
rhinorrhea), 17 (33%) had one or more lower respiratory
infection (LRI) symptoms (cough, labored breathing, tachypnea).
Mean temperature was 38.9◦C (SD 0.67) and 31 (61%) had had
fever for more than 24 h at time of enrollment. Thirty seven cases
(32%) had a fever (mean 38.8◦C, SD 0.57) and 34 (29%) had URI
symptoms; only 3 cases (3%) had LRI symptoms.

Brain MRI was available for 55 cases (48%), of which 7 had
first acute seizures (28% abnormal), 35 had acute seizures in
chronic epilepsy (60% abnormal), 9 had new onset epilepsy
(22% abnormal), 2 had febrile seizures (both normal) and 2 had
status epilepticus (both abnormal). Abnormal findings included
structural anomalies/epileptogenic foci. EEG was available for

TABLE 1 | Diagnosis, demographic data and frequency of detection of viral DNA in cases and controls.

n Age (y)

M (SD)

Fever

n (%)

HHV-6A

n (%)

HHV-6B

n (%)

EBV

n (%)

Co-det

n (%)

All cases 115 6.3 (5.1) 37 (32) 1 (1) 46 (40) 20 (17) 8 (7)

Febrile seizure 30 2.1 (1.0) 30 (100) 0 15 (50) 5 (17) 2 (7)

Epilepsy seizure without fever 53 8.5 (5.1) 0 1 (2) 22 (41) 10 (19) 4 (7)

Epilepsy seizure with fever 4 4.0 (1.2) 4 (100) 0 2 (50) 0 0

New epilepsy 13 5.9 (3.7) 0 0 2 (15) 3 (23) 2 (15)

Status epilepticus 3 8.6 (3.1) 3 (100) 0 1 (33) 1 (33) 0

1st acute seizure 12 7.9 (6.8) 1 (8) 0 4 (33) 1 (8) 0

All fever controls 51 5.9 (5.5) 51 (100) 0 19 (37) 8 (16) 4 (8)

Fever controls < 4 years 24 1.4 (1.2) 24 (100) 0 8 (33) 2 (8) 1 (4)

UCSF healthy controls 46 14.1 (2.8) 0 0 16 (35) 13 (28) 7 (15)

y, years; M, mean; SD, standard deviation; Co-det, co-detection of HHV-6B and EBV.
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77 cases (67%), of which 51 (66%) were abnormal due to the
presence of slowing (n = 10), epileptiform discharges (n = 20)
or both (n= 21).

Healthy controls without fever consisted of 46 healthy,
asymptomatic, older children aged 7–18 years (mean 14.1 years,
SD 2.8).

Viral PCR Results
Overall, 46/115 cases of children with seizures of any etiology
tested positive for HHV-6B DNA in saliva (40%) (Table 1). Of
all 115 cases, 30 presented with febrile seizures and 50% were
positive for HHV-6B. While this frequency was higher than age-
matched controls with fever or older healthy controls (50% vs.
37% vs. 35%), the difference did not reach significance. The rate
of detection of EBV DNA in saliva was homogeneously lower
across groups: 17% in all children with seizures, 16% in fever
controls, and 28% in older healthy controls (Table 1). Of the
53 children with epilepsy and no fever presenting with an acute
seizure, 22 (41%) tested positive for HHV-6B, 1 for HHV-6A (co-
infected with HHV-6B and only HHV-6A positive case in the
study) and 10 (19%) for EBV. Representative ddPCR plots for
HHV-6 and EBV are shown in Figures 1A,B.

Analysis of HHV-6B and EBV viral load adjusted for age
showed no significant difference across groups. Similarly, we did
not observe differences in viral loads in patients with single vs.
multiple or < 5min vs. ≥ 5min seizures.

In addition to serving as a highly reliable tool for
quantifying herpesvirus DNA, ddPCR was also shown to be
useful for detecting viral mutations in the target gene. As
described previously, the fluorescence amplitude of the positive
droplets reflects primer/probe binding and is specific to each

primer/probe set. This is exemplified in Figure 1C, in which the
amplitude of the EBV lmp1 probe is lower for an 8 years-old child
with epilepsy and acute seizures compared with prototype EBV in
Figure 1B. In our population of children with epilepsy presenting
with acute seizures (n = 53), 10 had EBV DNA in saliva and
of these, 4 had a low-amplitude lmp1 mutation (40%). Three
children with a new diagnosis of epilepsy were infected by EBV
and we detected both HHV-6B and EBV DNA in two of them,
both with low-amplitude lmp1 mutation. Similarly, 5/13 (38%)
of healthy children whowere positive for EBV had low-amplitude
lmp1 mutation.

Cytokine Analysis Results
Demographic and clinical characteristics and cytokine profiles
of the random sample of age-matched cases and fever controls
that was analyzed are summarized in Tables 2–4. Compared
to fever controls and in agreement with our hypothesis, saliva
from children with seizures exhibited higher levels of IL-8
(median cases = 861.5 pg/mL, median fever controls = 327.3
pg/mL, W = 641, p = 0.02) and IL-1β (median cases =

97.48 pg/mL, median fever controls = 24.63 pg/mL, W =

738, p = 0.0002) (Figures 2A,B). The two groups had similar
frequency of HHV-6B infection. IL-6, IL-10, TNF, and IL-12p70
profiles were not different between groups and were overall
low.

Because we found higher levels of cytokines, we were then
interested in determining possible associations with clinical and
demographic variables.

We hypothesized that cytokine levels in saliva from 39
children that had a fever (including 9 cases and 30 controls)
would be correlated with temperature, but this was not the case

FIGURE 1 | (A, top) Representative two-dimensional ddPCR plot from a 2 years old boy with febrile seizure who tested positive for HHV-6B (green dots, right lower

quadrant) in saliva. The x-axis displays the amplitude of fluorescence, corresponding to HHV-6B, while the y-axis displays the fluorescence amplitude of HHV-6A.

Different probes were used to distinguish between HHV-6A (FAM) and HHV-6B (VIC). (B, bottom left) Representative plot for the detection of EBV DNA (blue dots, left

upper quadrant) in saliva from a 14 years-old young man with an acute seizure in the context of chronic epilepsy. (C, bottom right) Example of low-amplitude lmp1

mutation in a 8 years-old child with epilepsy and acute seizures. ddPCR is a novel technique that allows for the direct absolute quantification of a target gene in a

given sample, providing a precise and reliable method for quantification of proviral load, particularly when applied to samples with low numbers of cells.
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TABLE 2 | Demographic characteristics of a randomly selected cohort of cases

and controls whose saliva was analyzed for cytokine levels.

Cases, n = 32 Controls, n = 30 P-value

Age, y (M, SD) 6.8 (5.3) 5.5 (4.6) n.s.

Sex, M (n, %) 18 (56%) 17 (57%) n.s.

Fever (n, %) 9 (28%) 30 (100%) <0.0001

Fever grade, ◦C (M, SD) 38.8 (0.4) 38.9 (0.6) n.s.

HHV-6B positive 12 (37%) 13 (43%) n.s.

M, mean; SD, standard deviation; n.s., not significant.

TABLE 3 | Clinical characteristics of the 32 randomly selected cases whose saliva

was analyzed for cytokine levels.

All cases

EEG obtained (n, %) 24 (75%)

Abnormal EEG (n, % of EEGs) 18 (75%)

Brain MRI obtained (n, %) 18 (56%)

Abnormal brain MRI (n, % of

MRIs)

4 (22%)

Seizure type: focal onset with

altered awareness (n, %)

15 (47%)

Seizure type: generalized onset

(n, %)

17 (53%)

HHV-6 positive HHV-6 negative

N, % 12 (37%) 20 (63%)

Diagnosis

Febrile seizure (n, %); Age, y (M,

SD)

5 (42%); 1.9 (0.4) 2 (10%); 2.1 (0.6)

Acute seizure in epilepsy (n, %);

Age, y (M, SD)

6 (50%); 8.7 (5.3) 11 (55%); 6.9 (5.8)

1st acute seizure (n, %); Age, y

(M, SD)

1 (8%); 8.4 3 (15%); 10.7 (4.6)

New diagnosis epilepsy; Age, y

(M, SD)

– 4 (20%); 8.8 (1.8)

M, mean; SD, standard deviation; y, years.

(Figure 3). Similarly, we did not observe a correlation between
duration of fever and cytokine levels. However, we did find
a positive correlation between age and IL-8 (t = 2.3, 95% CI
0.04–0.50, p = 0.02) and IL-1β (t = 2.3, 95% CI 0.04–0.50, p
= 0.002) (Figure 4) but not for the other cytokines. Since we
had found that children with febrile seizures had high frequency
of HHV-6B DNA detection, and it has been previously shown
that this virus induces cytokine expression (35), we next asked
if there was a correlation between virus detection and cytokine
levels in saliva. Of 25 children (cases and fever controls) that
tested positive for HHV-6B DNA in saliva, we observed a
positive correlation between viral load and cytokine level for IL-
1β (cor = 0.34, p = 0.007) but no difference for IL-8 (cor =

0.21, p = 0.09) (Figure 5). Breakdown of diagnoses and ages
is included in Table 2 and shows no difference in HHV-6B
positive vs. HHV-6B negative children. Cytokine profiles did not
differ in children with single vs. multiple or <5min vs. ≥ 5min
seizures.

TABLE 4 | Cytokine levels in saliva of a randomly selected cohort of cases and

controls.

Cases (n = 32) Controls (n = 30)

Cytokine M (SD) pg/mL M (SD) pg/mL P-value

Interleukin-8 1158.07 (1427.41) 604.93 (754.05) 0.02

Interleukin-1β 185.76 (230.57) 86.99 (187.39) 0.0002

Interleukin-6 42.06 (70.85) 36.18 (76.69) n.s.

Interleukin-10 0.55 (0.66) 0.40 (0.47) n.s.

Tumor Necrosis Factor 1.04 (1.10) 0.95 (0.87) n.s.

Interleukin-12p70 1.57 (1.10) 1.87 (1.31) n.s.

M, mean; SD, standard deviation; n.s., not significant.

DISCUSSION

In our study, we employed a novel ddPCR technique to assess
presence of HHV-6 and EBV viral DNA in saliva and we did
not find a significant difference in frequency of viral infection
comparing children with seizures and those with acute febrile
illness or older healthy children. Consistent with our secondary
hypothesis, we demonstrated higher levels of IL-8 and IL-1β in
saliva of children with seizures compared with age-matched fever
controls and showed a positive correlation between HHV-6 viral
load and IL-1β level in saliva.

Previous studies reported a highly variable frequency of
seizures in children where HHV-6 DNA was detected in blood,
ranging from 8 to 100% (36–38). This broad range is potentially
the result of several factors, including different sensitivity of
PCR techniques, different assays, DNA extraction methods,
population tested, and interpretation may be limited due to lack
of control populations, and often times lack of testing for co-
infections with other viruses. Studies using blood and pediatric
controls with a febrile illness (39) agree with our findings in
saliva, and reported no difference in frequency of HHV-6 DNA
detection in children with vs. children without seizures (35%
vs. 50%, respectively). These results support our hypothesis that
saliva may be a good surrogate for blood testing. Our data are also
in agreement with a large population-based study that followed
277 infants from birth until age 2 years, analyzed serial saliva (and
when available blood) samples by PCR, and showed a cumulative
incidence of HHV-6 infection of 77% by 24 months of age—but
none of these children had seizures (11).

The FEBSTAT study detected by qPCR HHV-6B blood
viremia in 54 of 169 children (32%) aged 1 month −5 years
presenting with febrile status epilepticus (15). The study used
historical controls and reported an HHV-6 DNA detection rate
of 9.7% in young children with acute febrile illness (40), and
concluded that HHV-6 infection is commonly associated with
febrile status epilepticus. Our results in saliva, with a novel
ddPCR technique, highlight that the frequency of HHV-6 DNA
detection in children with acute febrile illness may be higher
(37%), and comparable to the FEBSTAT observations in blood
from children with status epilepticus. This difference needs to
be interpreted with caution, considering the different biological
compartments that were analyzed, but highlights the need for
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FIGURE 2 | Higher levels of IL-8 (A, left; Wilcoxon rank-sum test, W = 641, p = 0.02) and IL-1β (B, right; Wilcoxon rank-sum test, W = 738, p = 0.0002) in children

with seizures vs. controls with fever.

FIGURE 3 | Lack of correlation between fever grade and IL-8 (A, left; Pearson’s correlation, r = 0.03, 95% CI –0.2804–0.3498, p = 0.81) and IL-1β level (B, right;

Pearson’s correlation, r = 0.06, 95% CI –0.2611–0.3679, p = 0.72). Red dots = cases; black dots = fever controls.

FIGURE 4 | Positive correlation between age and IL-8 (A, left; Pearson’s correlation, t = 2.3, 95% CI 0.04–0.50, p = 0.02) and IL-1β (B, right; Pearson’s correlation, t

= 2.3, 95% CI 0.04–0.50, p = 0.002).
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FIGURE 5 | Positive correlation between HHV-6B viral load and IL-1β level (B, right; polyserial correlation, cor = 0.34, p = 0.007) and absence of correlation for IL-8

(A, left; polyserial correlation, cor = 0.21, p = 0.09). PVL = proviral load.

further exploration with simultaneous blood and saliva samples
from cases and controls. Interestingly, previous studies showed
similar results when comparing HHV-6 DNA detection in saliva
and blood from febrile infants (41), healthy adults (42, 43)
and patients with drug reaction with eosinophilia and systemic
symptoms (DRESS) (44).

We report the presence of HHV-6A DNA in one
immunocompetent child with epilepsy who presented with
an acute seizure. This observation is significant since HHV-6A
is thought to be acquired later in life and infection is often
asymptomatic (13), with the exception of Sub-Saharan Africa,
where it has been described as the prevalent viral pathogen
responsible for a febrile illness in immunocompromised hosts
and infants (45). While previous studies had detected HHV-6A
DNA in blood from adult patients with multiple sclerosis (46)
and rhombencephalitis (47), its role in epilepsy has not been
established. Previous studies on blood from children with febrile
status epilepticus (15) and brain tissue from MTLE patients (16)
did not identify acute HHV-6A infection in their participants.

Neurological complications of EBV infection are rare,
however they have been reported in up to 7% of hospitalized
patients for mononucleosis (48). Previous large series have shown
an association with acute seizures, mostly symptomatic, often in
the context of acute encephalitis. The Hospital for Sick Children
encephalitis registry found evidence of acute EBV infection in
9.7% of children admitted with acute encephalitis, often without
infectious mononucleosis syndrome (25). The role of this virus
in epileptogenesis is less well established (49). Diffuse slowing
on electroencephalogram (EEG) in patients with infectious
mononucleosis in the absence of significant clinical neurologic
manifestations has been reported (50). Themechanisms by which
the virus causes neurological manifestations are incompletely
understood, but may involve a disrupted immune response
toward the infection (51). As an example, an expansion in
humoral response to EBNA1 was associated with an increased
risk of developing multiple sclerosis (52). The low frequency of
detection of EBV DNA in saliva from cases and fever controls
compared to older healthy controls can probably be attributed to

the fact that EBV infection is uncommon before the age of 5 years
(53–55). These differences will need to be further elucidated by a
larger cohort of children, preferably including saliva, blood, and
ideally CSF.

Another aim of our investigation was to explore a potential
association between onset of seizures in children and cytokine
levels in saliva. Overexpression of several cytokines, including
IL-1β and IL-8, has been previously reported in brain tissue,
serum and CSF of patients with epilepsy (4), but data on
saliva are lacking. Increase in these inflammatory mediators
may be the result of seizure activity itself (1), but experimental
findings in mice also suggest that IL-1β, TNF, and IL-6
contribute to seizure generation and recurrence (56, 57). As
a consequence, several triggers for inflammation, including
viruses, may initiate a self-perpetuating cascade of events that
may ultimately lead to epileptogenesis (58). Previous pediatric
studies that analyzed blood and CSF of children with seizures
and animal models have described a potential role of IL-1β in
the genesis of seizures and later development of epilepsy (59–
63). Our findings support these observations, and for the first
time show that IL-1β and IL-8 expression in saliva could be
a biomarker of acute activation of the neuroendocrineimmune
system (64) in response to the acute stress generated by
seizures in children, as increased levels were not present
in the control population which had a similar frequency of
HHV-6B infection. While acute seizures can be the result of
different underlying etiologies, identification of a potential novel
biomarker in saliva may contribute to the overall understanding
of the inflammatory response in acute seizure generation and
recurrence.

Similar to our findings in saliva, high levels of IL-8 and IL-
1β were recently described in blood from a cohort of children
initially enrolled in the FEBSTAT study (10). We demonstrated
that level of these cytokines is not influenced by fever, and
therefore may be directly related to seizure activity. The trigger
for cytokine dysregulation in children with epilepsy remains
to be elucidated, but the role of infection with HHV-6 may
be significant, particularly in cases of febrile seizures, where
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the frequency of viral detection is high. In a small sample, we
observed a positive correlation between HHV-6B viral load and
IL-1β levels in saliva. While the same correlation could not
be demonstrated for IL-8, these observations require further
exploration with a larger cohort of patients and could potentially
contribute to our understanding of how neurotropic viruses
such as HHV-6 may participate in cytokine dysregulation and
epileptogenesis. While our cohorts analyzed for cytokine levels
were age-matched, we observed a positive correlation between
age and IL-8 and IL-1β levels in saliva. Previous studies in blood
analyzing the influence of age on cytokine levels report mixed
results: IL-6, IL-10, and TNF-alpha were studied in 79 healthy
children stratified by age and showed that IL-6 is significantly
lower during the second year of life than later (65). Another study
analyzed 22 cytokines in healthy cohorts of 55 patients above
age 65 years and 55 patients under the age of 45; soluble CD40
ligand (sCD40L) and transforming growth factor alpha (TGF-α)
levels were significantly higher in the elderly patients, whereas
granulocyte colony-stimulating factor (G-CSF), granulocyte-
monocyte colony-stimulating factor (GM-CSF), and monocyte
chemoattractant protein-1 (MCP-1) levels were lower (66). A
large study showed significant correlation between age and IL-
6 from age 25 to 80 years (67). Another research showed that
age positively correlated with TNF-alpha expression in healthy
volunteers, kidney transplant patients and dialysis patients and
with IL-2 expression in healthy volunteers and kidney-transplant
patients (68). Data in saliva and in children are lacking and larger
pediatric studies are needed to confirm the findings of the current
preliminary study.

Limitations of this exploratory study include the small sample
size of cases and fever controls that were analyzed for cytokine
levels and lack of cytokine analysis in healthy children. The
latter cohort was older than cases and fever controls. Cytokine
levels may be influenced by time from last seizure and further
studies are needed to define how time interval contributes to this
difference. Because saliva was the only biological compartment
analyzed, serological analysis for HHV-6B and EBV was not
performed. It is possible that these data may not reflect virus
representation in the serum, CSF or brain tissue. The data
generated from these preliminary observations served as the
basis for an ongoing study where we are analyzing simultaneous
saliva and blood samples from children with acute seizures and
age-matched healthy controls for detection of viral DNA and
a broader cytokine panel. As in most cross-sectional studies,
despite all efforts to minimize the possibility of selection bias,
certain subgroups of children with acute seizures may have
been under—or over-represented, compared to the background
population.

Future larger studies are needed to help elucidate how
cytokine expression is influenced by time from seizure onset,
duration of seizure, seizure type, etiology (if known), and
prospectively to monitor how these profiles change over time
in children who for example presented with a first unprovoked
seizure and later develop epilepsy or in those whose epilepsy
becomes medically refractory over time. These studies may
help in the design and development of novel therapies targeting
neuroinflammation rather than symptomatically treating
seizures.

CONCLUSION

Our study demonstrated increased levels of inflammatory
cytokines in saliva of children with seizures, collected with
an inexpensive and non-invasive technique. These results
will require validation with a larger cohort of patients and
simultaneous healthy controls, analyzing a broader panel of
viruses and cytokines both in saliva and blood.

Our preliminary findings may represent a first step toward
highlighting the importance of a novel potential biomarker that
could help stratify children with seizures who might best benefit
from anti-inflammatory treatments and a non-EEG measure of
the recent experience of a seizure.
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