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 MMP-9 1 -4 CCT1 Albumin.
(ng/ml). y :
6. F 03 NA 28 LRE NA 1406 1692  0.83 NA  NA NA  NA NA NA NA
7. M3 NA 14 LRE NA 929 1303 071 NA  NA NA  NA NA NA NA
8 F 1 NA 20 SGE NA 378 1019 037 NA  NA NA  NA NA NA NA
9. M 43 44 18 LRE 420 43 1389 031 NA  NA NA  NA NA NA NA
43 44 20 LRE 196 - 282 1916 0.5 NA  NA NA  NA NA NA NA
3. M 174 17.4 19 LRE 28 844 1241 068 NA  NA NA  NA NA NA NA
17.4 174 19 LRE 18 452 1496 030 0240 0320 0285 NA NA NA NA
3. F 21 23 23 LRE NA 1368 1866 073 ' 0405 0498 0444 0298 0301 0290  NA
2. M 15 15 15 LRE 12 956 1564 061 0219 0264 0234 NA NA NA 19.0
33. F 28 28 29 LRE 3 897 1732 052 0340 0607 0384 0089 0105 0113 210
3. F 04 2 13 Westsyn-  NA 1139 1040 110 0430 0784 1021 0448 0320 0282 86
drome
5. M 3 NA 5 LRE NA 1074 2363 045 0633 0939 0850 1104 1149 1000 224
36 F 28 NA 29 LRE 0 40 1340 030 0428 0519 0482 0466 0431 0438 NA
37. F 26 2 3 LRE 3 561 1736 032 0616 0634 0776 NA NA NA NA
2 26 33 LRE 4 180 1256  0.14 0334 0406 0571 NA NA NA NA
8 M 6 6 7 LRE NA 557 1427 039 NA  NA NA  NA NA NA 186
6 6 7 LRE 140 524 1355 039 NA  NA NA  NA NA NA NA
39. F 11 1 23 LRE 6 363 1102 033 NA  NA NA  NA NA NA NA
1 1 23 LRE 2 295 1174 025 NA  NA NA  NA NA NA NA
4. F 11 15 5 LRE 120 470 1146 041 NA  NA NA  NA NA NA NA
4. M 6 6 1 LRE 31 249 1058 024 1226 NA NA 0345 0299 0302 232
6 6 12 LRE 14 282 1273 022 NA  NA NA  NA NA NA NA
2 M 7 7 9 LRE 84 612 1542 040 0343 0480 0477 0253 0411 0437 NA
7 7 1 LRE 112 410 1690 024 NA  NA NA  NA NA NA NA
3. F 6 9 10 LRE 0 605 1405 043 NA  NA NA 0156 0163 0298 120
4. M 09 13 12 Westsyn- 140 1024 1910 054 3243 3224 3293 0700 0818 0871  NA
drome
45. M 28 28 37 LRE NA 2081 1131 184 NA  NA NA  NA NA NA NA
4. F 8 8 ¥ LRE 1 695 1069 065 NA  NA NA  NA NA NA NA

AEDs: antiepileptic drugs; C-CT1: antibodies against GluR epsilon 2-CT1 in the CSF; C-M3-4: antibodies against GluR epsilon 2-M3-4 in the CSF; C-NT2: antibodies against GIuR epsilon 2-NT2 in the CSF; LRE:
Localization-related epilepsy; NA: no data available; S-CT1: antibodies against GIuR epsilon 2-CT1 in the serum; 5-M3-4: antibodies against GIuR epsilon 2-M3-4 in the serum; S-NT2: antibodies against GluR
epsilon 2-NT2 in the serum; SGE: symptomatic generalized epilepsy; Y: years.
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Figure 2. A — Serum MMP-9 levels in PEE patients and control subjects; B — Serum MMP-9 levels stratified by age of
occurrence of encephalitis; C - Relationship between serum MMP-9 levels and time interval from encephalitis to study;

D - Serum TIMP-1 levels in PEE patients and control subjects; E - Serum TIMP-1 levels stratified by age of occurrence of
encephalitis; F — Relationship between serum TIMP-1 levels and time interval from encephalitis to study; G —~ Serum MMP-9/
TIMP-1 ratios in PEE patients and control subjects; H -Serum MMP-9/TIMP-1 ratios stratified by age of occurrence of
encephalitis; | - Relationship between serum MMP-9/TIMP-1 ratios and time interval from encephalitis to study. The longer
horizontal bars represent mean levels, and the shorter horizontal bars represent mean xstandard error values.

C = control subjects; enceph. = encephalitis; PEE =

postencephalitic epilepsy.

croglia (Sredni-Kenigsbuch, 2002). These particular ef-
fects of IFN 7y enhance the autoimmune cytotoxic proc-

Table 2. Antibodies to GluR epsilon 2 in controls (9 patients)

ess mediated by CD8* T cells in CNS. Elevation of these

cytokines in CNS facilitated by excessive BBB permeabil-

ity may result in increased seizure frequency.
Excessive BBB permeability results in increased lev-
els of albumin in CNS. Direct brain exposure to se-

rum albumin results in albumin uptake into astrocytes

: i 5,“;";&'

NT2 M34 CT NT2 M34 C(CT1
Mean con- 0415 0591 0496 0172 0200 0211
centration
(units?)
+SD 0.102 0.123 0.109 0.080 0.087 0.082
Number of 13 1 " 15 13 13
samples

through transforming growth factor-beta receptors, in-
duces NMDA-receptor—mediated neuronal hyperexcita-

SD - standard deviation

bility and subsequently epileptiform activity (Ivens et al.,
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2007). Therefore, elevated albumin levels in CNS may
contribute to the pathological mechanisms of intractable
epilepsy. However, in PEE, albumin levels in CSF were
not correlated to seizure frequency (Figure 41I).

Our data reveals that antibodies against GluR epsi-
lon 2-NT?2 in CSF have a weak relationship with seizure
frequency (figure 4G). Anti-double-stranded DNA an-
tibodies in CSF from patients with systemic lupus ery-
thematosus cross-react with the N-terminus of GluR ep-
silon 2 and cause neuronal apoptosis in the rat hippoc-
ampus {DeGiorgio et al., 2001). It is, therefore, possible
that antibodies against GluR epsilon 2 may also cause
apoptosis in the hippocampus. Furthermore, antibodies
against the N-terminus of GluR epsilon 2 have been re-
ported to cause hippocampal neuron damage with ensu-
ing memory impairment (Kowal et al., 2006) and amy-
gdala neuron damage with emotional behavior impair-
ment (Huerta et al., 2006). In Rasmussen syndrome, an-
tibodies against GluR epsilon 2 are detected in the acute
stage with higher frequencies of epileptic seizures (Taka-
hashi et al., 2009). Therefore, antibodies against GluR
epsilon 2 may contribute to the intractability of epilep-
tic seizures and neurological sequelae in PEE via induc-
tion of apoptosis.

TP {ng/ml)

B. TIMP-| & seizure frequency
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Figure 3. A - Relationship between serum MMP-9 levels
and seizure frequency; B - Relationship between serum
TIMP-1 levels and seizure frequency; C — Relationship
between serum MMP-9/TIMP-1 ratios and seizure
frequency. The longer horizontal bars represent mean
levels, and the shorter horizontal bars represent mean
+standard error values.

A study in young patients with influenza-associated
encephalopathy showed that a higher MMP-9/TIMP-1
ratio in the acute stage is related to a poorer clinical con-
dition (Ichiyama et al., 2007). PEE patients with early
onset encephalitis appeared to sustain BBB dysfunction
late after encephalitis in the chronic epileptic stage. Sus-
tained abnormality of MMP-9/TIMP-1 may contribute
to a continuous influx of cytokines, antibodies, and oth-
er blood constituents into the CNS, and subsequently to
higher frequencies of epileptic seizures and their neuro-
logical sequelae. Children are more prone to BBB dys-
function than adults, because BBB is not fully developed
in children. BBB development and maintenance is tight-
ly regulated by permanent interaction of endothelial cells
with the tissue microenvironment (i.e. extracellular ma-
trix) (Engethardt, 2003). Acute encephalitis would dis-
turb the maturation process, break down the BBB integ-
rity and reduce the effectiveness of recovery.

Other than excessive permeability of BBB, MMP-9
contributes to the remodeling of dendritic spines and ab-
errant synaptogenesis, resulting in epileptogenesis in an-
imal models of epilepsy (Wilczynski et al., 2008). These
effects of MMP-9 in excitatory neuron network forma-
tion may be necessary for intractability of PEE.
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Figure 4. A - Relationship between serum MMP-9 levels and CSF/sera ratio of antibodies against GIuR epsilon 2-NT2;

B - Relationship between serum TIMP-1 levels and CSF/sera ratio of antibodies against GIuR epsilon 2-NT2; C - Relationship
between serum MMP-9/TIMP-1 ratios and CSF/sera ratios of antibodies against GIuR epsilon 2-NT2; D - Relationship
between serum MMP-9 levels and antibodies against GluR epsilon 2-NT2 in CSF; E - Relationship between serum TIMP-1
levels and antibodies against GIuR epsilon 2-NT2 in CSF; F — Relationship between serum MMP-9/TIMP-1 ratios and
antibodies against GIuR epsilon 2-NT2 in CSF; G - Relationship between antibodies against GIuR epsilon 2-NT2 in CSF and
seizure frequency; H — Relationship between CSF/sera ratios of antibodies against GIuR epsilon 2-NT2 and seizure
frequency; | - Relationship between albumin levels in CSF and seizure frequency.

Ab - antibody; S - serum.

Our study suggested serum MMP-9/TIMP-1 and CSF/
sera ratio of GluR epsilon 2-NT2 antibodies as probable
markers of BBB dysfunction. S100B protein has report-
ed as the serum marker of BBB dysfunction from data
in patients with osmotic disruption of BBB (Marchi et
al., 2007, 2012). However, data in traumatic brain inju-
ry or subarachnoid hemorrhage could not show any con-
tribution of a compromised BBB or blood-CSF barrier
to S100B serum levels (Kleindienst, et al., 2010). There-
fore there is a need to identify more reliable serum mark-
ers of BBB disruption.

The results of this study may bring new insight into
the pathogenesis and intractability of PEE, and may have
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important implication on the choice of intervention for
PEE. Agents that alter BBB permeability are candidates
for PEE prevention and the control of epilepsy progres-
sion (Dormdn et al., 2007; Yamaguchi et al., 2007). Re-
cently, we have reported that pranlukast may reduce ep-
ileptic seizures by normalizing serum levels of MMP-9
(Takahashi etal., 2012). Further studies of BBB dysfunc-
tion and intractability of epileptic seizures using levels of

MMP-9 in CSF are needed.
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Abstract

Objective: This study aimed to elucidate the electro-clinical characteristics of epilepsy and immunological
markers in patients with epilepsy after influenza-associated encephalopathy/encephalitis (IAE). Methods:
Eighteen patients with epilepsy after JAE (8 males, 10 females; mean age of onset 6.4x6.4 years)
were studied. Antibodies to glutamate receptor (GluR) €2 (NR2B) were examined by immunoblot
and ELISA. Cytokines were measured by BioPlex. Results: Mean interval between IAE and epilepsy
onset was 63.2 + 95.0 days (mean + SD). In 16 of 18 patients, complex partial seizures were observed.
Most complex partial seizures were of short durations and showed few lateralizing signs. Interictal
discharges were seen in the frontal area in 7 of 14 patients. Ictal EEG showed rapid propagation to
bilateral hemispheres. Patients with higher cerebrospinal fluid levels of anti~-GluRe2 antibodies, higher
cerebrospinal fluid levels of IL-1f, soluble tumor necrosis factor receptor 1 and IFN-y during chronic
stage, had higher frequency of epileptic seizures.

Conclusion: This study indicates that the frontal lobes are susceptible to rapid epileptogenesis after
IAE, and that epileptic partial seizures after IAE had characteristics resembling generalized seizures.
Presence of anti-GluRe2 antibodies and elevated 11.-1§3, TNFaq, and IFN-y in cerebrospinal fluid may
be associated with intractability of epileptic seizures.

INTRODUCTION

Sequelae affecting the central nervous system are
common after influenza-associated encephalopathy
/ encephalitis (IAE). The death rate of acute
disease is approximately 30%. Even among
the surviving patients, approximately 25%
have neurological impairment!, and epilepsy
occurs at a high frequency.? Rather than a
direct effect of viral infection, TNFoa and other
inflammatory cytokines are reported to play
an important role in the mechanism of IAE,
and rapid progressive apoptosis of neuron is
responsible for IAE.? Therefore, the mechanism of
epilepsy after IAE may differ from epilepsy after
encephalitis with direct viral involvement of the
cerebral parenchyma, as seen in herpes simplex
virus (HSV)-1 encephalitis. The semiological
characteristics, pathophysiology and seizure
outcome of epilepsy after IAE remain unclear.
Glutamate receptor (GluR) is a receptor
for glutamic acid, a neurotransmitter, and is

classified into ion channel types and metabotropic
types.*> lon channel type GluRs are classified
pharmacologically into NMDA and non-NMDA
types. NMDA type GluRs (NR) have a tetrameric
structure of heterogeneous subunits, composed
of the essential GluRE{1 (NR1) subunits and
GluRel-4 (NR2A-2D) or GluRy1-2 (NR3A-3B)
subunits. Antibodies to GluRe2(NR2B) have been
detected in patients with various conditions such
as Rasmussen syndrome and non-herpetic acute
limbic encephalitis. Antibodies to NMDA type
GluRs have been reported to cause internalization
of NMDA type GluR complexes, resulting in
dysfunction of various neurological pathways.5
Recent immunological research in epilepsy
has revealed the contributions of cytokines to
epileptogenesis and ictogenesis.” Interleukin (IL)-
1 and tumor necrosis factor (TNFa) are known
to be proconvulsant factors. Here we studied
the clinical features, ictal and interictal EEGs,
MRI findings and outcome of epileptic seizures
after IAE, and examined immunological markers
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including anti-GluRe2 antibodies and cytokines
in cerebrospinal fluid (CSF). Since TNFa is
unstable, soluble tumor necrosis factor receptor
1 (STNFR1), which is the receptor of TNFa and
indicates the levels of TNFa was also measured
in our study.

METHODS

Patient background

Between January 2000 and July 2009, 15 patients
were treated in our hospital for epilepsy after IAE,
and 8 patients had samples and clinical data sentto
our center for the purpose of autoantibody testing.
Of these 23 patients, those with only convulsions
induced by fever and those with a follow-up period
less than 3 months were excluded. Eventually, 18
patients (8 males, 10 females) were studied. The
age (mean + SD) at the last clinical follow-up
for epilepsy was 11 = 9 years, and the interval
(mean * SD) from IAE to last follow-up was 5.4
+ 6.3 years. The type of IAE was widespread
encephalitis in 4 patients, localized encephalitis
in one patient, acute necrotizing encephalopathy
in one patient, Reye syndrome in one patient,
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mild type encephalopathy in 2 patients, unknown
in 8 patients.

Influenza virus infection was diagnosed by a
positive rapid test for influenza antigen in 17 of
18 patients, and by a two-fold increase of serum
antibodies to influenza virus in the remaining
patient. The causative influenza virus was type A
in 8 patients, type B in 2 patients, and unknown in
the remaining 8 patients because the information
was not provided by the referring doctors. Three
patients received influenza vaccination for that
season, 6 patients did not receive vaccination, and
no information was available from the remaining
9 patients.

Soon after the onset of influenza, all
patients subsequently developed encephalopathy/
encephalitis. The age (mean + SD) at onset of
IAE was 6.4 = 6.4 years, and 11 patients (61%)
were aged 1-5 years at onset (Figure 1A). The
first neurological symptom of TAE was febrile
convulsive seizures in 50% of patients with onset
age at 1-5 years, and impaired consciousness
in 25% of patients with onset age at 6-15
years (Figure 1B). Behavioral abnormality was
frequently the first neurological symptom in

B. Initial symptom by IAE onset age
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Figure 1. Clinical data of patients with epilepsy after influenza-associated encephalopathy (IAE). A: Onset age
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of IAE. B: Initial symptom of IAE according to IAE onset age. C: Intervals from IAE to epilepsy
according to TAE onset age. D: Seizure outcome according to TAE onset age. Score 0 (daily seizures),
1 (weekly seizures), 2 (monthly seizures), 3 (yearly seizures), 4 (no seizures).
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patients with onset age older than 11, which
mimics the initial symptom of limbic encephalitis.
Of 11 patients whose initial neurological symptom
was convulsive seizure, 4 had status epileptics.
Motor development outcome demonstrated a
bipolar trend, with three of 16 patients having
severe quadriplegia, and 13 patients free from
motor function impairment. The degree of
cognitive outcome varied.

Electro-clinical evaluation of epileptic seizures

Ictal semiology of epileptic seizures was evaluated
by reviewing medical records and video-EEG
recordings (seven patients). Ictal EEGs were
evaluated by reviewing video-EEG recordings
in seven patients.

Outcome evaluation

Seizure outcome was classified into five categories,
score O (daily seizures), 1 (weekly seizures), 2
(monthly seizures), 3 (yearly seizures) and 4 (no
seizures).

Examination of antibodies to GluRe2 (NR2B)

Antibodies against the GluRe2 molecule were
assayed as described previously, by immunoblot
using whole molecule of GluRe2 (NR2B) protein
as antigen (anti-GluRe2 antibody)® and by ELISA
using synthetic peptides of the N-terminal and
C-terminal of GluRe2 as antigens (anti-GluRe2-
NT2 antibody and anti-GluRe2-CT antibody,
respectively).” Control levels of anti-GluRe2
antibodies were obtained by measuring the
antibody levels in the CSF of control patients
without epilepsy or IAE (n = 9).

Measurements of cytokines, chemokines and
growth factors

The following immunological markers were
measured by the BioPlex system (BioRad): IL-1§,
IL-1r, 1L-2, 1L-4, IL-5, 1L-6, IL-7, IL-8, IL-9,
IL-10, IL-12, IL-13, IL-15, IL-17, eotaxin, basic
fibroblast growth factor, granulocyte colony-
stimulating factor (CSF), granulocyte macrophage
CSF, interferon (IFN)-y, interferon gamma-
induced protein (IP)-10, monocyte chemotactic
protein (MCP)-1, MIP-1a, MIP-18, platelet-
derived growth factor (PDGF)g, regulated upon
activation, normal T cell expressed and secreted
(RANTES), TNFo, and vascular endothelial
growth factor (VEGEF). Soluble TNFR1 was
determined using an ELISA kit (Cosmo Bio

BMSO03). Control levels of these markers were
obtained by measuring the respective levels in
the CSF of control patients without epilepsy or
TAE(n=9)

Statistical analyses

Statistical analyses were performed by Mann-
Whitney test. Data are expressed as mean =*
SD.

RESULTS

Clinical features of epilepsy

The mean interval from IAE to onset of epilepsy
was 63.2 +95.0 days (Table 1). Epilepsy occurred
within one month after IAE in two-thirds of all
patients, but some patients with onset of IAE
around S years of age had longer intervals of
more than 100 days (Figure 1C).

The epileptic seizure type at the last follow-up
could be studied in 17 of 18 patients, while the
data of one patient was not available. The seizure
type was complex partial seizure (CPS) alone in
9 patients, CPS plus secondary generalized tonic-
clonic seizure (sGTC) in 5, CPS plus simple partial
seizure (SPS) in 2, and sGTC alone in one,

Epilepsy was classified as symptomatic
localization-related epilepsy in all 17 patients
with confirmed seizure types.

Interictal EEG

Interictal discharges could be studied in 14
patients. Discharges in bilateral frontal lobes were
observed in 3 patients, discharges in unilateral
frontal lobe in 2 patients, and bilateral independent
frontal spikes in 2 patients (Table 1). In 2 patients
who had no interictal discharge, seizures were
controlled for several years after IAE.

Semiology of epileptic seizures

Of 2 patients with SPS, one manifested nausea, and
the other inability to sustain thoughts. No patients
had “postural seizures”; i.e., supplementary motor
seizures, focal motor seizures or other typical
seizures of frontal lobe origin, although interictal
discharges were frequent in frontal regions. In
seizures documented by video-EEG recordings,
lateralizing signs were not observed in the very
initial stage, but 4 of 7 patients became to show
lateralizing signs after initial stage in the recorded
seizures (Table 1).
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Table 1: Clinical characteristics of the study patients

Onset of epilepsy Classification Yideo- EEG recordings Antibodies to GluRe2 (CSF) f:::::e
Pt Sex Typeof Age Latency Interictal EEG Ictal EEG Ictal semiology IgG IsM NT2 CT Age Score
IAE (yr) fromJIAE Seizure Epilepsy (IB) (IB) (ELISA) (ELISA)
(days)
1 M ANE 2.9 270 sGTC unknown  bilateral frontal sharp, ND ND
bilateral diffuse spike ND ND ND ND 9 4

3 F unknown 3 7 unknown unkoown  unknown

5 F WE 11 SPE bilateral frontal spike Fig. 3B: sharp wave in F3— open eyes—>extension of right upper
with slow diffuse attenuation—low voltage  extremities, twitching right mouth ND ND ND ND 25 2
thythmic waves in bil frontal corner->right version of eyes and
regions right limb hypermovement

7 M unknown 4 60 CPS SPE bilateral frontal Fig. 3C: slow waves vibration of bilateral upper limbs + - 0624 0619 15 0
dominant spikes predominantly in bilateral frontal  in sleep
regions—>diffuse attenuation

9 F unkmown 6 5 CPS SPE feft frontal spikes ND ND ..

0298 10 3

Reye syd. right frontal sharp waves

15 M WE 5 7 CPS SPE bilateral independent Sp2 rhythmic waves at onset loss of consciousness—>tonic + £ 0345 0302 13 1
frontal spikes convulsion of right upper limb

17 F WE 19 7 Ccps SPE unknown ND ND ND ND ND ND 19 4

ANE; acute necrotizing encephalopathy; WE, widespread encephalitis; LE, localized encephalitis; SPS, simple partial seizure; CPS, complex partial seizure; sGTC, secondarily generalized tonic-clonic seizure; ND, not done; CSF,
cetebrospinal fluid; Sp-W, spike with slow; Age, years old; Latency, lutency from IAE to epilepsy onset (days); score, score of epileptic seizure in Tablel; IB, immunoblot assay; SP, sphenoidal electrode.
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Ictal EEG

The time lag (mean + SD) from the start of
ictal discharge to appearance of clinical seizure
symptoms was 1.90 = 1.36 seconds. The mean
duration of ictal event was 80.1 = 73 seconds. In
4 (Patient. 2, 5, 7 and 8) of 7 patients evaluated
for ictal EEG, initial epileptic discharges appeared
simultaneously in 4 or more leads of the frontal
regions (Table 1). The frontal dominant ictal
discharges were followed by diffuse or focal
attenuation of electrical activity bilaterally, with or
without fast activities for usually several seconds
(Figures 2A-D). In 2 other patients (Pts. 10, 16),
initial ictal discharges appeared in the left frontal
region. In the remaining patient (Patient 15),
initial ictal discharges were recorded as rhythmic
waves in right sphenoidal electrode. Multifocal
epileptic foci were not found on ictal EEG in any
of the patients, although multifocal or bilateral
and diffuse interictal discharges were observed
in almost all patients.

MRI

In the chronic stage of epilepsy, atrophic MRI
lesions were observed in 5 of 18 patients, and
high intensity lesions on FLAIR MRI were found
in 2 of 18 patients. The lesions were frontal lobe
dominant in 3 of the 7 patients (atrophy in one,
and high intensity lesion in 2).

There was no correlation between characteristics
of MRI and clinical manifestation of IAE.

Epileptic seizure outcomes

At the last follow-up, epileptic seizures persisted in
8 of 18 patients, and patients with younger onset
of IAE tended to have frequent seizures (Figure
1D). Patients with onset age up to 5 years had
bipolarized seizure outcome: almost half (7 of
12) of these patients were seizure-free, while the
other half had high seizure frequencies at weekly
or daily levels.

Nine patients received prophylactic antiepileptic
drugs after IAE, but their epileptic seizure outcome
was not different from that of patients not treated
prophylactically. Antiepileptic drugs succeeded
to control seizures in 9 patients: carbamazepine
was effective in 4 patients, and valproic acid in
5 patients.

Seizure outcome and immune markers in CSF

In the chronic stage after IAE, CSF study was
performed in 9 patients at 46 + 53 months
(mean +SD) after onset of IAE. Of 9 patients,

5 were positive for anti-GluRe2 IgG antibodies
(immunoblot), and 2 were positive for anti-GluRe2
IgM antibodies (immunoblot). Seizure frequency
(score of epileptic seizures) was not related to the
presence of anti-GluRe2 IgM antibodies in CSF
(p =0.13), but was significantly higher in patients
with anti-GluRe2 1gG antibodies in CSF (p =
0.02) (Figure 3A, B). Seizure frequency was not
related to the presence of IgM or IgG antibodies
to GluRe2 in serum (Figure 3C, D). Measurements
of CSF levels of anti-GluRe2-NT2 and -CT
antibodies in CSF showed that patients with
higher levels of antibodies to GluRe2 appeared
to have poorer seizure outcome (Figure4A, B).
Exceptionally, Patient 8 had antibody levels of
control subjects, but this patient had daily seizures
(score 0) (Table 1).

Study of cytokines in CSF showed that seizure
outcome appeared to be poorer in patients with
higher levels of IL-1f, IFNy and sTNFR1 in CSF
(Figure 4C-E). Other cytokines, chemokines or
growth factors examined by BioPlex were not
related to seizure outcome (data not shown).
Although Patient 8§ who had daily seizures had
low anti-GluRe2 antibodies at control levels, she
had extremely high levels of IL-1f (2.22 pg/ml),
IFNy (81.52 pg/ml), and sTNFR1 (1.16 ng/ml).
Patient 7 who also had daily seizures had high
levels of anti-GluRe2 antibodies and low sSTNFR1
at control level. Patient 16 with weekly seizure
had medium levels of antibodies to GluRe2, and
low IL-1B, IFNy and sTNFR1 at control levels.
Patient 15 with weekly seizure had higher levels
of antibodies to GluRe2-NT?2, and low cytokines
and sTNFR1 at control levels. Patient 12 with
weekly seizure had low anti-GluRe2 antibodies
and cytokines at control levels.

DISCUSSION

Epileptic seizures in patients with epilepsy after
encephalitis/ encephalopathy (EAE) are often
intractable. Among 383 pediatric patients admitted
between 1993 and 1994 to our epilepsy center
for the treatment of intractable epilepsy, the most
frequent causal disease was EAE (10.4%).1° In
67 consecutive patients with EAE in our center,
the major causal microbe was influenza virus
(21%), followed by HSV (10%).!° Therefore,
understanding of the clinical characteristics and
pathophysiology of epilepsy after IAE is important
to improve outcome of the disease.

The mean Interval from IAE to epilepsy onset
was 63.2 days, and all patients had onset of
epilepsy within one year after IAE. On the other
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Figure 2. Ictal BEEG recordings of patients with epilepsy after influenza-associated encephalopathy (IAE).
A: Ictal-EEG of Patient 2 (female) recorded at 2 years of age. This patient developed IAE on the first
day of Influenza infection and epilepsy 30 days later. Almost immediately after ictal EEG onset (A),
seizure appeared as slight extension of shoulders and body trunk (B) followed by anterior flexion of
head and body trunk, and tonic contraction of upper limbs forward.

Figure 2B
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B: Ictal-EEG of Patient 5 (female) recorded at 11 years of age. This patient developed IAE on the 5th day of
influenza A infection, and afebrile seizure on the 6th day. Soon after ictal EEG onset (A), seizure appeared as

eye-opening (B1) followed by extension of right upper extremity (B2), twitching of right mouth corner, and
abduction and hyperactive motor movement of right upper limb.
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C: Ictal-EEG of Patient 7 (male) recorded at 4 years of age. The patient developed IAE two days after influenza
A infection, followed by afebrile seizure 60 days after the influenza infection. Soon after ictal EEG onset (A),
seizure appeared as synchronous vibratory movement of bilateral upper limbs in sleep (B).
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D: Ictal-EEG of Patient 8 (female) recorded at 5 years of age. The patient developed IAE on the first day of
influenza A infection, and subsequently developed epilepsy at 180 days after IAE. Soon after ictal EEG onset
(A), seizure appeared as tilting of the head backward (B), followed by falling forward.
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Figure 3. Seizure outcome and antibodies to GluRe2 detected by immunoblot
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patients (n = 9) was 24.0 = 53.4 pg/ml. E: sSTNFRI in CSF. Mean level in control patients (n = 9) was
0.488 + 0.095 ng/ml.
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hand, the mean interval from EAE to epilepsy
onset in 67 patients was 6.4 months (0 month to
7 years and 3 months).!! This finding suggests
that epileptogenesis might take a shorter time
after JAE comparing with EAE by microbes
other than influenza.’> Acute encephalitis with
refractory, repetitive partial seizures (AERRPS)
is known to show continuous evolution from
encephalitis to residual epilepsy without a latent
period.’*!* Epilepsy after JAE and AERRPS may
share common factors such as immunological
factors that contribute to early establishment of
epileptogenesis.

We found that epileptic seizure outcome is
poorer in patients positive for anti-GluRe2 IgG
antibodies (immunoblot) in CSF, and that CSF
levels of anti-GluRe2-NT2 and anti-GluRe2-CT
antibodies are negatively associated with seizure
outcome. We also found that seizure outcome
was apparently poorer in patients with higher
CSF levels of the inflammatory cytokines IL-
- 1B, sTNFR1, and IFNy. In 2 patients with daily
epileptic seizures, one (Patient 8) had increased
levels of cytokines only, and another (Patient 7)
had increased levels of both cytokines and anti-
GluRe2 antibodies. In 3 patients with weekly
epileptic seizures, 2 (Patients 15 and 16) had
increased anti-GluRe2 antibodies levels only, and
one (Patient 12) had normal levels of antibodies
and cytokines in CSF. These data suggest that
antibodies to GluRe2, IL-1f, IFNy, and TNFa
in CSF may be associated with the intractable
seizures, in an additive manner. Because patients
with daily seizure frequently had increased
levels of proinflammatory cytokines, these
cytokines (IL-1f, IFN-y, TNFa) in CSF may
have stronger impact on seizure frequency than
anti-GluRe2 antibodies. Cytokines in brain flow
into subarachnoid space, and are diluted by CSF
produced in choroid plexus to significant degree.
Although the increased levels of cytokines were
slight in epileptic patients after IAE, the actual
increased cytokine levels in brain was assumed
to be dozens of times of those in CSF.

IL-1B secretion is prolific in perivascular
astrocytes and is thought to destroy tight
junctions, induce production of NO or matrix
metalloproteinases (MMPs) in vascular endothelial
cells and increase permeability of the blood-brain
barrier, resulting in elevated albumin concentration
in the central nervous system.'s Increased
albumin level in the central nervous system
leads consequently to neuronal excitability.!
IL-1B activates the NR2A/NR2B subunits in
N-methyl-D-aspartate (NMDA) type GIuR

complex, thereby contributing to glutamic acid-
induced neurodegeneration.'” IL-1f is known to
inhibit glutamic acid uptake by glia and enhance
glutamic acid release from glia mediated by TNFa
production, leading to elevated glutamic acid
concentration in the synaptic gaps and ultimately
to neuronal excitation.'"® These findings suggest
that IL-13 may contribute to neuronal excitation
by multiple mechanisms, probably also in epilepsy
after IAE.

This study revealed that sSTNFR1 in CSF may
be associated with seizure frequency in epileptic
patients after IAE. SolubleTNFR1 level in CSF
has been reported to affect pediatric neurological
prognosis in acute encephalitis / encephalopathy.*
TNFa is the ligand of sTNFRI1, and dose-
dependently regulates the scizure threshold. A
certain concentration range of TNFa is thought
to enhance susceptibility to acute seizure.?*?
High concentrations of TNFa have been shown to
increase excitotoxic death of neurons by increasing
synaptic AMPA receptors and decreasing GABA
receptors®, and cause spasms in TNFa transgenic
mice.? Based on these findings, it is possible that
TNFa gradually increases neuronal excitability
and contributes to epileptogenesis in patients after
IAE.

This study suggested that INFy in CSF might
impact seizure frequency in epileptic patients
after IAE. INF-y predicts poor prognosis in
HSV encephalitis®, and appears in early stages
of Rasmussen syndrome.?® INF-y may support
production of TNFa in microglia or act on tight
junctions. These findings suggest that INFy may
contribute to the production of TNFa, resulting
in neuronal excitabilities.

Several functions of antibodies to NMDA-
type GluR have been reported. Antibodies to
NMDA-type GluR complex cause internalization
of NMDA-type GluR complex resulting in
dysfunction of various neurological pathways.®
Antibodies to ds-DNA, which cross-react with
GluRe2, induce apoptosis of neurons, resulting in
memory dysfunction and behavioral changes.?”?
The diverse functions of anti-GluR antibodies may
contribute to cognitive impairment and behavioral
changes in epileptic patients after IAE. Probable
association of seizure outcome and the levels of
antibodies to GluR and inflammatory cytokines
may suggest that immunological injury by
antibodies and inflammatory cytokines is causally
related with pathogenesis of epilepsy after IAE.
There was a study that active neuro-inflammation
and marked cellular injury occur in pediatric
epilepsy and may play a common pathogenic role
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or consequences in childhood epilepsy of diverse
etiologies.*

In conclusion, we report the clinical
characteristics and prognostic factors of epilepsy
after TAE in 18 patients. Anti-GluRe2 antibodies
and proinflammatory cytokines including IL-1p,
TNFa, and INFy in CSF may impact seizure
outcome in an additive manner.
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We identified human bocavirus (HBoV) DNA by PCR in
cerebrospinal fluid from adults and children with encepha-
litis in Sri Lanka. HBoV types 1, 2, and 3 were identified
among these cases. Phylogenetic analysis of HBoV1 strain
sequences found no subclustering with strains previously
identified among encephalitis cases in Bangladesh.

Encephalitis is a serious infection causing high rates
of illness and, in industrialized countries, has a case-
fatality rate of 6.5%~-12% (/,2). However, the situation
in developing countries is largely unknown. Globally, the
causes remain unrecognized in 60%-85% of encephalitis
cases (/,2). Recently, human bocavirus (HBoV) has been
implicated in causing life-threatening encephalitis in Ban-
gladeshi children (3). In Sri Lanka, information about the
causative agents of encephalitis is scarce. The aim of this
study was to determine the occurrence of HBoV and other
possible pathogens in children and adults with encephalitis
admitted to a tertiary care hospital in Sri Lanka.

The Study

The study was conducted at Colombo North Teaching
Hospital, Ragama, Sri Lanka, during July 2009-Novem-
ber 2010. A total of 233 patients (110 adolescents/adults
>12 years of age and 123 children) were enrolled. Adoles-
cents and adults were admitted to adult wards. Cerebrospi-
nal fluid (CSF) samples were available from 191 patients.
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Criteria for enrolment were as follows: any combination
of the triad of fever, headache, and vomiting, along with
altered level of consciousness, seizures, focal neurologic
deficits, altered behavior, and signs of meningeal irritation.
Clinical and laboratory information was available for 164
patients. The male:female ratio for adolescents/adults was
1.3:1; ages ranged from 12 to 90 years (mean 42 years); For
children, the male:female ratio was 0.7:1; ages ranged from
2 to 144 months (mean 48 months). The ethics committees
of the University of Kelaniya and Oita University approved
this study.

CSF samples were subjected to macroscopic exami-
nation, total and differential leukocyte counts, bacterial
culture, Gram staining, and measurement of protein and
glucose. Blood was cultured for bacteria and examined
for total and differential leukocyte counts, erythrocyte
sedimentation rates, and hemoglobin and C-reactive
protein levels.

Classical encephalitis-causing pathogens (Table) and
diarrheagenic viruses, such as HBoV, rotavirus, astrovirus,
norovirus, parechovirus, and human adenovirus (HAdV),
were determined in CSF by PCR (online Technical Ap-
pendix, wwwnc.cdc.gov/EID/articlepdfs/19/11/12-1548-
Techappl.pdf) (3—5). Anti-N-methyl-p-aspartate receptor
(NMDAR) encephalitis was diagnosed by on-cell Western
analysis (6). For HBoV PCR-positive patients, HBoV types
1-4-specific IgG and IgM responses in CSF samples were
measured by enzyme immunoassays (7).

Nucleotide sequences of all amplicons were deter-
mined to confirm the PCR products, to distinguish geno-
types, and to perform phylogenetic analysis (3). BLAST
analysis (www.ncbi.nlm.nih.gov/blast) was used to identi-
fy the viruses and genotypes. Multiple sequence alignment
was conducted by using ClustalW2 (www.ebi.ac.uk/clust-
alw). The phylogenetic analysis was done with a neighbor-
joining tree by using MEGAS (www.megasoftware.net). A
bootstrap analysis of 1,000 replicates was performed to test
the reliability of the branching pattern.

The causes of encephalitis were type 2 dengue virus
in 1 (0.5%) patient, human echovirus (HEcoV) type 9 or
25 in 2 (1%), HBoV (Table) in 5 (3%), and HAdV 41 in
7 (4%): all were sole detections. None of the other viruses
and no bacteria were detected. Samples positive for HBoV
by primers designed from viral protein 1/2 also were posi-
tive by primers designed from nonstructural protein (NP) 1
gene. HEcoV was detected in 2- and 9-year-old children.
HAQV 41 was not confined to children; ages of infected
patients ranged from 13 months to 55 years. Of 81 CSF
samples, anti-NMDAR encephalitis was detected in 2 (2%)
adults (42 and 72 years of age). All patients in this study
recovered and were discharged, except for one 13-month-
old boy with HAdV 41 encephalitis who left the hospital
against medical advice.
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DISPATCHES

Table. Characteristics of patients with HBoV encephalitis, Sri Lanka, 2009-2010*

Sample no.

Characteristic 93018 56684 84770 64502 285
Virus in CSF

Virus detectedt HBoV1 HBoV1 HBoV1 HBoV2 HBoV3

HBoV IgM and IgG Neg Neg Neg Neg Neg
Patient demographic

Sex F F M M F

Age 66y 46y 5mo 17y 8 mo

Place of residence Kaleliya Wattala Mirigama Makola Heiyanthiduwa
Hospitalization

Time between illness onset and hospitalization NA 48 h 24 h 48 h 48 h

Duration of hospitalization 7d 4d 12d 4d 3d
CSF test resultt

Color Clear Clear Clear Clear Clear

Leukocyte count, cells/ul. 1 0 380 0 0

PMNs 0 0 130 0 0
Lymphocytes 1 0 250 0 0

Protein, mg/dL ) NA 113 170 38 25

Glucose, mg/dL 65 160 48 63 83

Resuits of Gram stain Neg Neg ND Neg Neg

Bacterial culture ND ND Neg ND ND
Blood tests§

Leukocyte count, cells/pL 10,000 15,200 36,500 15,900 13,200

PMNs, % 63.2 70 62 ND 52

Lymphocytes, % 21.6 21 35 ND 47

Hemoglobin, g/dL 12.2 12 7.7 13.2 13.2

ESR, mm/h 27 68 ND ND ND

CRP, mg/dL ND ND >12 ND <6
Glasgow coma score <15 No Yes, 12 No No No
Qutcome Discharged  Discharged Discharged Discharged Discharged

*HBoV, human bocavirus; CSF, cerebrospinal fluid; Neg, negative; NA, not available; PMN, polymorphonuclear neutrophii: ND, not done; ESR,

erythrocyte sedimentation rate; CRP, C-reactive protein.

+The following viruses were tested for herpes simplex virus (HSV) type 1, HSV-2, varicella-zoster virus (HSV-3), Epsetin-Barr virus (human herpesvirus
[HHV] type 4), cytomegalovirus (HHV-5), (HHV-6), HHV-7, HHV-8, dengue virus, Japanese encephalitis virus, rubella virus, West Nile virus, yellow fever
virus, tick-borne encephalitis virus, Nipah virus, measles virus, mumps virus, parainfluenza virus, respiratory syncytial virus, metapneumovirus,
Chikungunya virus, Sindbis virus, Semliki Forest virus, eastern equine encephalitis virus, western equine encephalitis virus, poliovirus, Coxsackie virus,
echovirus, enterovirus, lyssaviruses, and Chandigura virus. Bacteria were tested by PCR amplification of 16S rRNA, followed by sequencing.

tReference values: leukocyte count <5 cells/mm® and all lymphocytes; PMNs, none; protein, 20—45 mg/dL.; giucose, 50-80 mg/dL or >50% of blood

glucose level.

§Reference values: leukocyte count, 4,000-11,000 cells/mm?®; PMNs, 40-60% of leukocyte count; lymphocytes, 20%—40% of leukocyte count;
hemoglobin, men: 14-18 g/dL, women, (121 SJ/dL, children: 11-16 g!dL; ESR, <20 mm in1st hr., CRP, <12 mg/dL.

The severity of symptoms in the HBoV-positive pa-
tients did not differ from those of patients with other infec-
tions. None of the patients who had positive PCR results
for HBoV1-3 had corresponding HBoV1-4 IgM or IgG
in their CSF. Phylogenetic analysis (Figure) of the viral
protien 1/2 gene showed that the Sri Lanka HBoV1 strains
did not subcluster with encephalitis-associated Bangladesh
strain, although they had 97%-98% nt identities. The Sri
Lanka HBoV1 strains had 98%-99% nt identities among
themselves and with other HBoV1 strains. The Sri Lanka
HBoV2 strain was closely related to the Tunisia strain
(96% nt identity). The Sri Lanka HBoV2 had 90%-91%
nt identities with the Bangladeshi encephalitis-causing
strains and 90%-96% nt identities with other HBoV2
strains. The Sri Lanka HBoV3 strain was closely associ-
ated with the cluster formed by viruses from the United
Kingdom, Australia, Tunisia, and China and had 96%—
97% nt identities with those strains. The sequence of NP1
gene is conserved and had 98%—100% nt identities among
the Sri Lanka strains.

1860

Conclusions

The study in Bangladesh suggested that HBoV-as-
sociated encephalitis might be restricted to malnourished
children (3). However, our study demonstrates that HBoV
also can be detected in well-nourished children and adults
with encephalitis. How HBoV might trigger encephalitis is
unclear. HBoV viremia has been documented, and the virus
might therefore have the potential to cross the blood-brain
barrier. The NP1 of HBoV inhibits interferon-§ production
by the host, suggesting evasion of the innate immune re-
sponse during infection (§).

Unlike the Bangladesh study, where 2 of 4 encephalitis
patients in whom HBoV was detected died (3), all patients
in our study recovered. In addition to HBoV1 and HBoV?2,
we detected HBoV3 in a child with encephalitis, which to
our knowledge, has not been reported as a cause of the dis-
ease. Although HBoV infections occur mainly in children,
among the 5 Sri Lanka patients with HBoV encephalitis, 3
were adults or adolescents. None of the patients with HBoV
encephalitis had HBoV IgM or IgG in their CSF, indicating
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Figure. Phylogenetic tree of the
partial VP 1/2 gene (nucleotide
positions 3233--3808, amplicon
size 575 bp) of HBoVs constructed
by using nucleotide sequence
by neighbor-joining method. The
strain name is followed by country
of origin and year of sample
collection in parentheses, followed
by the DDBJ/EMBL/GenBank
accession no.; xxx indicates that
the year of sample collection is
undocumented. Sri Lanka and
Bangladesh encephalitis-causing
bocaviruses are indicated by
circles and diamonds, respectively.
The number adjacent to the node
represents the bootstrap value,
and values <70% are not shown.
Scale bar indicates genetic
distance expressed as nucleotide
substitutions per site. (The DDBJ/
EMBL/GenBank accession
numbers of nonstructural protein
1 gene of strains KUHBoV93018,
KUHBo0V285, KUHB0oV84770,
KUHBoV64502 and KUHBoV58684
were  AB822999, AB823000,
AB823001, AB823002 and
ABB823003, respectively).
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how rapidly disease onset occurred and how little time the
immune system had to respond. Generally, the specific se-
roprevalence rate of HBoV1 antibodies in infected persons
is 59%, followed by HBoV2, 3, and 4 (34%, 15%, and 2%,
respectively) (7).

Our detection rate of viruses as a cause of encephalitis
was 7.5%, and adding anti-NMDAR encephalitis, the detec-
tion rate increased to 10%, which is similar to that of another
study (9). Anti-NMDAR encephalitis is becoming a domi-
nant cause of encephalitis in certain population (70); how-
ever, in Sri Lanka, it is 1%—4%, similar to other studies (11).

Dengue virus is the leading endemic cause of encepha-
litis in Brazil (12). This infection is also endemic to Sri
Lanka and, before our study, dengue encephalitis was sus-
pected but unconfirmed in the population. Enteroviruses
frequently cause CNS infection, and the HEcoV 9 and 25
found here are known to cause encephalitis (13).

Among the HAdVs, serotype F is mainly responsible
for gastroenteritis, whereas encephalitis is caused mainly
by serotypes B, C, and D (/4,15). The large number of
HAJdV 41 encephalitis cases indicates a unique epidemiol-
ogy in Sri Lanka.

Herpes simplex and varicella-zoster viruses are impli-
cated as the major causes of encephalitis. However, these

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 19, No. 11, November 2013

viruses were not responsible for encephalitis in our study
or in the studies in Bangladesh. HBoV is dominant in both
Bangladesh and Sri Lanka. The limitation of our study is
that causation could not be proven by the presence of HBoV
antibody during infection or the absence of HBoV DNA in
the CSF when recovered. The HBoV DNA detected in our
study may represent persistent DNA from past infection;
however, history of recent respiratory or diarrheal infec-
tion was absent. Future studies using quantitative PCR and
serology are warranted to better establish the etiologic role
of HBoV infection and encephalitis.
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