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SUMMARY

Background. Neuroinfections increase the risk of developing epilepsy. For many years, it was believed that acute infectious
diseases, such as tick-borne encephalitis virus and meningococcus played a leading role in the emerging epileptic process of
postinfectious etiology. Regarding a role for chronically persistent infections, it has not been fully explored.

Objective: to identify clinical, diagnostic, and morphological features of locally induced postinfectious epilepsy, both at disease
onset upon emergence of the first epileptic seizures during acute infectious process and at their recurrence in a chronically
persistent infection.

Material and methods. The study included observations of 1500 patients with locally induced epilepsy admitted and treated
from 2007 to 2017 in various medical inpatient and outpatient institutions. Post-infection locally induced epilepsy with clear
causality link between previous neuroinfection and onset of epileptic seizure was found in 127 patients (Group 1). During initial
visits, infectious agents in a cohort of patients with recurrent epileptic seizures manifested as chronic persistent infection were
suspected in more than 1/3 of the 1373 subjects who sought medical care comprising 550 people (Group 2). In addition to the
clinical evaluation of patients, instrumental studies were performed, including routine electroencephalography (EEG), sleep
video-EEG monitoring, magnetic resonance imaging (MRI), and some patients underwent pathomorphological examination
using electron microscopy and histological techniques.

Results. Gross and marked diffuse disturbances in brain bioelectrical activity were most often detected (58% and 31%,
respectively) during video-EEG monitoring in Group 1, whereas moderate alterations were recorded less frequently (11% of
observations). In Group 2, the majority of diffuse disturbances in brain bioelectrical activity were of moderate level (79%)
followed by mild and irritative changes recorded less frequently (in 21% of cases). MRI data showed that disorders of the
amygdala-hippocampal system were observed in 41 (32%) and 211 (38%) patients in Groups 1 and 2, respectively. Histological
and electron microscopic data revealed a number of morphological disorders in patients with locally induced postinfectious
epilepsy common with earlier described mitochondrial encephalomyopathies (mitochondrial megaconia and pleioconia) as
well as a set of specific manifestations typical to such pathology.

Conclusion. The conducted clinical, neurophysiological, neuroimaging, and pathomorphological studies of postinfectious
epilepsy revealed specific features underlying its development at different stages, from its onset in acute infectious process
to chronization in persistent infection. It was found that a comprehensive analysis of the presence and impact of infectious
agents in patients with epileptic seizures is important for course and prognosis of postinfectious epilepsy, which is relevant
for timely diagnosis and development of specific pharmacotherapy.
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PE3HOME

AKTyanbHocTb. HelipouHeKLNI NOBLILIAKT PUCK Pa3BUTUS anunencui. MHOre rofibl CHUTanoCh, 4T0 BeAYLLYIO POJib B re-
He3e 3NUNeNnTUYecKOro NpoLecca NOCTUHMEKLMOHHON 3TUONOTUN UrPaOT OCTPbIe MH(EKLMOHHbIE 3a60N18BaHNS — BUPYC
KJIeLLeBOro HLedannTa u MEHNHIOKOKK. YT0 XKe KacaeTCsl XpOHUYECKM NPOTEKALLMX NEPCUCTUPYOLWINX UHADEKLNIA, TO UX
pOJb He [0 KOHLIA N3yyeHa.

Llenb: BbISBUTb KNMHWUYECKNE, ANATHOCTMYECKME N MOPONOrMYeckne 0CO6EHHOCTN NOKanbHO 06YCMNOBEHHON 3NKUaencum
(J103) noCTUHMEKLMOHHOM 3TUONOTK KaK B Ae6toTe 3a60N1eBaHNS NPY MOABIIEHUN NEPBbIX 3NUNENTUYECKUX NPUCTYNOB HA
¢hoHe 0CTPOro MHAEKLMOHHOMO NPOLLECCa, TaK U MPX UX MOBTOPEHNM HA (DOHE XPOHNYECKN MPOTEKAIOLLE A NepCUCTUPYHOLLEN
NHGeKLUN.

Marepuan n metogel. MaTtepuanom Ans AaHHOTO UCCef0BaHUsA nocnyxuno HaénoaeHue 1500 nauneHToB ¢ J109, Haxo-
JOUBLUKXCA HA CTALMOHAPHOM 1 aMOYnaToOpHOM neYveHnn B PasninyHbIx NedebHbIxX yupexxaeHuax s nepuog ¢ 2007 no 2017 rr.
MocTuHekunonHasa J103 ¢ 4eTKON NPUYNHHO-CNEACTBEHHOI CBA3bIO MeXY NepeHeceHHbIM HEMPOUHMEKLNOHHbIM 3a60-
neBaHueMm 1 fe60TOM dNUIENTUYECKMX NPUCTYNOB UMena MecTo y 127 60nbHbIX (1-a rpynna). B koropTe naymeHToB ¢ No-
BTOPSAKOLMMMUCA 3NUAENTUYECKMMN NPUCTYNAMi NPW NePBUYHLIX 06paLLEHUAX Hannyne NHEEKLMOHHbIX (DaKkTOPOB B reHese
J103 B BAe XPOHUYECKN NMPOTEKAOLLEN NePCUCTUPYIOLLE MHdeKLMI 6b110 3anoo3peHo 6onee Yem y 1/3 nuu n3 1373 ve-
NOBEK, 06PaTUBLUNXCS 32 MEAMLMHCKON NOMOLLbIO, 4TO cocTaBuno 550 yenosek (2-a rpynna). Takum 06pasom, UTOroBas Bbi-
60pkKa BKJIt04YMNa 677 4enosek. [TOMUMO KIIMHUYECKON OLEHKN COCTOSHUSA NALUEHTOB ObINK BbIMOJIHEHbI UHCTPYMEHTASIbHbIE
1ccnepoBaHns, B TH. pYyTUHHASA 3nekTpoaHLedanorpaua (330), Buaeo-33-MOHUTOPUHT CHA, MarHUTHO-PE30HAHCHAA TO-
morpacus (MPT), a psay nauneHTOB TakXXe 6bIs10 NPOBEAEHO NATOMOPEOSIOTMYECKOE UCCIIeL0BaHNe C NPUMEHEHNEM 3NeK-
TPOHHO-MUKPOCKOMUYECKMX U TUCTONIOTUYECKUX METOLMK.
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Pe3synbratsl. Mpy BUAL0-I3-MOHUTOPUHIE Y NALMEHTOB 1-1 rpynnbl HAM60NEE YacTO BbISBNAANNCH PYObIE U BbIPAXKEHHbIE
Ondy3Hble HapyLLEeHUs 6U03NTEKTPUYECKON aKTUBHOCTM rof10BHOMO Mo3ra (58% 1 31% COOTBETCTBEHHO), @ YMEPEHHO
Bblp2XXeHHble ukcupoBanuch pexe (11% HabnogeHnin). Bo 2-i rpynne 601bWUHCTBO ANGMY3HBIX HAPYLLUEHUA GMO3NeK-
TPWUYECKON aKTUBHOCTM FOJSI0BHOIO MO3ra 6b11M YMEPEHHO BblpaXKeHHbIMU (79%), a JIerKne 1 UppMTaTUBHbIE PErnCTPUpPOBa-
nuck pexe (8 21% cny4vaes). Mo ganHeiM MPT, HapyLLeHus co CTOPOHbI AMUTLAN0-TUNNOKaMNanbHON CUCTEMbI HAONSANNCh
y 41 60onbHoro (32%) B 1-it rpynne ny 211 (38%) Bo 2-it rpynne. B pesynbrate rucTonornvecknx 1 3IEKTPOHHO-MUKPOCKOMNN-
Y4ECKMX MccnefoBaHmii y 60nbHbIX ¢ JTOO NOCTUH(EKLMOHHON 3TUONOTUK BbISBNEH PA 06LWMUX MOP(ONOrMYeCKNX HapyLle-
HWIA C OMUCAHHBIMW B NUTEPATYPE MUTOXOHAPUATIbHBIMU 3HLEedanoMmonaTuamy (MerakoHus n nienoKOHNSA MUTOXOHLPUIA),
a TaKXXe COBOKYMHOCTb CNeLnUYecknx nposBfieHuil, XxapakTepHbIx 415 aHHOW NaTonoruu.

3aknrouenne. BoiNoSIHEHHbIE KMHWYECKME, HEeipOMU3N0N0rnieckune, HelipoBN3yann3aLnoHHble 1 NaTOMOPdON0rnyeckune
1ccnenoBaHns Npyu NOCTUHAEKLUMOHHON 3NMNENCUI NO3BOANAN BbIBUTbL CNeLndunyYeckne 0CO6EHHOCTU Pa3BUTUS JAHHO-
ro 3a60s1eBaHNS Ha Pa3HbIX €ro 3Tanax — 0T 3apOXAEHNS Ha (hOHE 0CTPOro MHAEKLMOHHOMO NpoLecca A0 XpoHM3auum npu
nepcucTupytoLein MHAEKLNN. YCTaHOBMEHO, YTO KOMMEKCHbIA aHanu3 Hainm4Yns 1 BO3AENCTBMA MH(DEKLMOHHbIX areHToB
y NaLWEHTOB C 3NUAENTUYECKUMI MPUCTYNaMn UMeeT 60NbLIOE 3HAYEHNE B TEYEHMN 1 NPOrHO3e NOCTUHMEKLMOHHON 3MK-
nencumn, YTo NPeAcTaBNseTcs akTyanbHbIM 4151 CBOEBPEMEHHON ANArHOCTUKN 1 pa3paboTku cneundnyeckon MeankameH-

TO3HOW hapmakoTepanuu.

KNHOYEBBIE CJIOBA

WH®OPMALINA O CTATBE

KoH(hnuKT niTepecos

Bknap asTopoB

LAns uMTupoBaHus

HeliponHdekumns, NHPEKLNOHHbIE 60NE3HK, ANUNENCUs, NOKanbHO 06YCNOBEHHAs ANUNEncus.

MocTynuna: 19.05.2023. B popa6oTtanHom suae: 22.12.2023. Mpundara k neyatu: 12.02.2024. Ony6nukoBaHa onnaiin: 20.02.2024.

ABTOpbI 3aABNAOT 06 OTCYTCTBUN HEOOXOAUMOCTU PACKPLITUSA KOH(PSIMKTA MHTEPECOB B OTHOLUEHWUN SAHHON Ny6NKaLuun.

ABTOPbI CABNANN 3KBUBASIEHTHbIA BKJa B NOATOTOBKY NyGnMKaLWN.

Bacunenko A.B., Ynutun A.KO., Onnuwenko J1.C., AHanbeBa H.U., Tpe6eHwmkoBa P.B., Makosa 0.H., isaHeHko A.B., Konocos C.C.,
Typanos C.A., Hyaunesuy C.H. MocTUH(EKLMOHHAA 3NUNencus: 0CO6EHHOCTW KIIMHUKU U AUATHOCTUKW. 3ruaencus u napokcu3-
masibHble cocTosiHua. 2024; 16 (1): 18-32. https://doi.org/10.17749/2077-8333/epi.par.con.2024.157.

INTRODUCTION / BBEAEHUE

According to some authors, the basis of several neuro-
logical disorders, including epilepsy, lies in the neuro-
infection agents [1-5]. For many years, it was believed that
acute infectious diseases such as tick-borne encephalitis
and meningococcus played a leading role in the genesis
of the epileptic process of postinfectious etiology [5-11].
As for chronically persistent infections that are somewhat
tropic to the central nervous system and cause chronic
inflammation, such as human herpes simplex viruses
(mainly types 1, 2, 6, 7, and their various combinations),
cytomegalovirus, Epstein—Barr virus (mononucleosis),
human immunodeficiency virus, as well as toxoplasma and
mycoplasmas, their role in the development of the epileptic
process has been studied in experimental and clinical
conditions [12-18].

However, the phenomenon of infection persistence
is a variant of macro- and microorganism interaction at
the cellular level, allowing the pathogen to remain in the

human body for an extended period. These processes may
be facilitated by weakened genetic control of the immune
response [12, 19, 20]. Prolonged antigen stimulation
in the presence of persistent infection leads to chronic
inflammation and the formation of an immune deficiency-
like reaction, which, combined with inherited immune
system deficiencies, particularly factors predisposing to
epilepsy, and the initiation of demyelination mechanisms,
can lead to the chronicization of the pathological process
and the development of epilepsy [21-24]". Some authors
have suggested a relationship between chronic inflammation
and the development of hippocampal sclerosis, which not
only leads to the occurrence of epileptic seizures but also to
a severe, often status epilepticus course of the disease and
even drug resistance [25-27].

In addition, a significant amount of scientific research
shows that oxidative stress, which causes damage to the
major components of the cell (lipids, proteins, nucleic
acids, glycogen, etc.), also plays an important role in
the pathogenesis of epilepsy [28, 29]. Thus, chronic

" Gaykova 0.N. Changes in the white matter of the brain in temporal lobe epilepsy. Thesises of Dr. Med. Sc. Diss. Saint Petersburg; 2001.
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inflammation and oxidative stress caused by persistent
neuroinfection may not only contribute to the formation of
the epileptic process but also influence the development
of drug resistance in patients with postinfectious forms of
epilepsy. However, evidence of neuroplasticity in the central
nervous system has been obtained, which, in some patients,
can result in a relatively favorable course of the disease,
albeit temporary, even in the presence of comorbid epilepsy
and chronic persistent neuroinfection [30].

Despite many studies on the epileptogenesis of post-
infectious etiology, the correlation between clinical, diag-
nostic, and morphological features remains insufficiently
explored, which is the focus of this study.

Objective: to identify clinical, diagnostic, and morpho-
logical features of locally induced postinfectious epilepsy,
both at disease onset upon emergence of the first epileptic
seizures during acute infectious process and during their
recurrence in a chronically persistent infection.

MATERIALAND METHODS / MATEPHAJI
N METOJbI

This retrospective, non-randomized study observed 1500
patients with epilepsy from 2007 to 2017 who were receiving
inpatient and outpatient treatment at various clinics of Saint
Petersburg and the Leningrad Region.

Inclusion and exclusion criteria / Kpurepuu
BKJIIOYCHHS U HCKIIOYCHUS

The inclusion criteria were the onset of epilepsy during
acute infection and recurrent seizures during persistent
infection. Patients who refused hospitalization with lumbar
puncture or complete diagnostic testing for verification of
the pathogen were excluded.

Patient groups / I'pyIIIIsl HaIIHEHTOB

Group 1 consisted of 127 patients with post-infection
epilepsy, where there was a clear cause-and-effect
relationship between a previous neuroinfectious disease
(such as acute meningitis or meningoencephalitis) and the
onset of epileptic seizures. Group 2 included 550 patients
who presented with recurring epileptic seizures at their initial
visit and had suspected infectious factors in the genesis of
their epilepsy, such as chronic persistent infection. This
group consisted of over one-third of the 1373 patients
seeking medical care.

Therefore, the final sample size included 677 individuals
divided into two study groups.

Examination methods / MeToabI 00C/I€OBAHUA

All patients included in the study underwent clinical-
neurological examinations, neurophysiological evaluations
(including electroencephalography (EEG) with mandatory
sleep recording), neuroimaging (brain magnetic resonance
imaging (MRI) using a specialized epilepsy program),
laboratory tests (blood, cerebrospinal fluid, and saliva
analysis for infectious markers), and in some cases,

anunencus n NapokcnamMasibHble COCTOSAHUS

histological and electron microscopy examinations prepared
according to standard protocols [31, 32].

Magnetic resonance imaging

The MRI scans were performed at Bekhterev National
Medical Research Center of Psychiatry and Neurology using
Atlas Exelart Vantage XGV scanner (Canon, Japan) with a
magnetic field strength of 1.5 Tesla. A standard 8-channel
head coil was used for brain imaging. The MRI protocol
included fast spin echo (FSE) sequences to obtain T1-
weighted images (T1WI) and T2-weighted images (T2WI),
as well as fluid attenuated inversion recovery (FLAIR)
sequences to suppress the signal from free water while
preserving the baseline T2WI.

The parameters for obtaining T2WI were as follows: TR
(repetition time) 4300, TE (echo time) 105, FOV (field of view)
25.0, MTX (matrix) 320, ST (slice thickness) 6.0, Gap 1.2,
FA (flip angle) 90/160. The parameters for obtaining T1WI
were as follows: TR 540, TE 15, FOV 5, MTX 256, ST 6.0,
Gap 1.2, FA 90/180. The FLAIR sequence had the following
parameters: TR 1000, TE 105, FOV 25, MTX 224x320, ST 6.0,
Gap 1.2, FA 90/180.

For targeted examination of the medial basal regions
of the temporal lobes, an additional protocol was used,
including FLAIR-oblique Cor and Ax: Real IR-oblique Cor
sequences with a slice thickness of 2.2 mm. These images
were acquired in oblique axial (parallel to the long axis of the
hippocampus) and oblique coronal (perpendicular to the long
axis of the hippocampus) planes, which demonstrated the
structures of the medial basal regions of the temporal lobes,
including the entorhinal cortex, head, body, and tail of the
hippocampus, and the temporal horns of the lateral ventricles
and basal cisterns. The parameters for the FLAIR sequence
were as follows: TR 8000, TE 105, FOV 22.0, MTX 30, ST 2.2,
Gap 0.6, FA 90/180. The parameters for the Real IR sequence:
TR 3450, TE 18, FOV 22, MTX 320, ST 2.2, Gap 0.6, FA 90/160.

Histological and electron microscopic studies

Biopsy specimens of the quadriceps muscle were taken
from patients of both groups under local anesthesia for light
microscopy and electron microscopy. For light microscopy,
the biopsy fragments were fixed in 10% neutral formalin,
washed in water, dehydrated in ascending concentrations
of alcohol (from 70 to 96 degrees), and then embedded in
paraffin. The resulting paraffin sections, with a thickness
of 7-10 microns, were stained with hematoxylin and eosin,
analyzed under a light microscope, and photographed at
magnifications of 200-600 times.

For electron microscopy, the material was fixed in a 2.5%
solution of glutaraldehyde prepared in a phosphate buffer for
4-18 hours, and then post-fixed for an hour in a 1% solution
of osmium tetroxide in the same phosphate buffer (the buffer
pH was 7.4 in both cases). After rinsing in the same buffer
and dehydration in ascending concentrations of alcohol 70—
96 degrees and acetone, the specimens were immersed in
a mixture of epoxy resins and subjected to polymerization
in a thermostat at temperatures ranging from 37 to 60

https://epilepsia.su
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degrees for 2—3 days. The resulting semi-thin sections,
with a thickness of no more than one micron, were stained
with a 1% solution of toluidine blue using the Nissl method,
analyzed and photographed under a light microscope
at magnifications ranging from 200 to 1000 times. Ultra-
thin sections, with a thickness of 200-400 nanometers,
were then prepared from the same blocks for analysis in
a transmission electron microscope JEOL 100 CX (Japan)
at magnifications ranging from 8 to 33 thousand times, and
these were photographed to obtain electronograms. The
electronograms were digitized to obtain illustrations.

Ethical aspects / DTUUeCKHE ACITEKThI

The study was consistent with the principles of the
Helsinki Declaration of the World Medical Association
(Fortaleza, Brazil, 2013). All included patients have signed
a form of written informed consent to participation in the
study and the results publication.

Statistical analysis / CTAaTHCTHYECKHIT AHATH3

Statistical data analysis was performed using the Statis-
tica for Windows software package (StatSoft Inc., USA)
in accordance with recommendations for processing the
results of medical-biological research [33]. All research
results underwent multifactor analysis, based on matrices
of pairwise correlations between elements of the original
data matrices. Numerical results of morphological and
cytochemical studies were processed using variation
statistics methods. The differences were considered
statistically significant at p<0.05.

RESULTS AND DISCUSSION / PE3YJIBTATbI
N OBCYKJAEHHUE

Laboratory and instrumental studies /
JIaGopaTOpHEIEC H HHCTPYMEHTATBHEBIE
HCCJIEAOBAHUA

In 127 patients from Group 1, in 30% of the observations,
serous meningoencephalitis was observed in the debut of
epileptic seizures, in 3.5% — purulent meningoencephalitis, in
11.5% — infectious mononucleosis, in 9% — cytomegalovirus
infection, in 15% — childhood infectious diseases contracted
in adulthood (most often chickenpox), in 3% — chlamydia,
in 7% —tick-borne encephalitis, in 1% — borreliosis, in 3% —
human herpes simplex virus with clinical manifestations,
in 1% — active chronic mycoplasmal infection, in 16% —
unspecified and mixed infections.

In Group 2 (patients with recurrent epileptic seizures),
the presence of chronically persistent infection was
suspected based on the prolonged (persistent) subfebrile
condition, which was often observed in the prodrome of
epileptic seizures, as well as the encephalitic and asthenic
symptomatology with signs of inflammation according to
general clinical and instrumental studies.

Laboratory examination of biological media in patients
from Group 2 with recurrent epileptic seizures and a diagno-

https://epilepsia.su

sed epilepsy revealed herpetic mixed infection, confirmed by
positive polymerase chain reaction analysis with antigens
of herpes simplex virus types 1 and 2, Epstein—Barr
virus, cytomegalovirus, human herpes virus types 6 and
7 in various combinations (Table 1). The absolute majority
consisted of patients with recurrent epileptic seizures and
the presence of human herpes simplex viruse types 6 and
7, Epstein—Barr virus, and cytomegalovirus, as well as their
various combinations.

It should be noted that in clinical observation of patients
with detected mixed infection, epileptic seizures occurred as
complex partial, secondarily generalized tonic-clonic seizures
with high frequency (11.79+5.65 per month), with a tendency
towards serial and status course, and 70% of patients had
pharmacoresistance. At the same time, in patients with
one type of identified chronic infection and/or infection in
an inactive phase (after a course of treatment), epileptic
seizures more often occurred as simple and complex partial
seizures, and secondarily generalized seizures were observed
less frequently (4.60+1.75 per month) (Table 2).

In addition, most patients in from Group 1, according to
clinical-neurological examination, had focal neurological,
pyramidal, encephalopathic, and even meningeal symptoms,
which were etiological reflections of a previous acute
infectious process — 127 patients (100%).

In Group 2 (patients with chronically persistent infection),
neurological symptoms were less significant and in
most cases (478 (87%)) were represented by asthenic,

Table 1. Results of laboratory diagnostics for neuroinfection-
related markers in biological fluids (polymerase chain
reaction analysis)

TaGauma 1. Pe3ynbrarsl 1a60paTOPHOM JMATHOCTHKI
MapKePOB HEMPOUHMEKIIUN B GUOJIOI'MUECKUX CPEAX
(aHAIM3 TOJTMMEPA3HOM LIETTHOM PEAKITUH)

. Number of patients, % /
Antigens / AHTHTEHbI YMCNO NLHEHTOB, %
HPV 6,29
Mycoplasma antigens /
A 9,45
HTUTEHbI MUKOMJIA3Mbl
Chlamydia antigens / 707
AHTUreHbI Xnamuani ’
HSV 1/2 10,24
cmv 19,69
EBV 51,97
HHV 6 69,29
HHV 7 39,37

Note. HPV — buman papillomavirus; HSV — berpes simplex
virus; CMV — cytomegalovirus; EBV — Epstein—Barr virus;
HHYV — buman berpes virus.

ITIpumeuanue. HPV (anen. human papillomavirus) — supyc
nanuanomel wenrosekad, HSV (anen. berpes simplex virus) —
supyc npocmozo 2epneca; CMV (anaa. cytomegalovirus) —
yumomezanosupyc; EBV (anen. Epstein—Barr virus) — eupyc
Dnmumetina—-bapp; HHV (anen. buman berpes virus) — eupyc
2epneca ues06exd.
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Table 2. Infectious agent-related clinical characteristics of epileptic seizures

T36JII/III2 2. Knuaunueckas XAPAKTCPUCTUKA AMUJICITUYCCKUX ITPUCTYIIOB B 3aBUCUMOCTH OT 3TUOJIOTUN I/IH(,pCKLH/IOHHOFO

BO3OYAUTEIS

Infectious agent /
WHheKUMOoHHbIA areHT

Number of patients, n /
Yucno naynenTos, n

Frequency of epileptic seizures per month, n /
YactoTa anunenTu4ecKux NPUCTYNoOB B MecAl, n

Simple focal
(without seizures) /
MpocTbie hokanbHbiE
(6e3 cyaopoXHOro

Complex focal, including

secondary generalized / p

CnoxHblie (hoKanbHble,
B T.M. C BTOPMYHOM

KOMNOHEHTA) reHepanusaymen
Type 1 infection / 1-i Tun nHdpekunn 225 4,45+3,95 4,60+1,75 0.01
<y,
Mixt-infection / MukcT-uHekuns 452 1,5+2,35 11,79+5,65

vegetative-dystonic, moderate hypertensive-hydrocephalic,
and/or cephalalgic syndromes, which limited their usual
activities (p<0.05).

Video-EEG monitoring / Bugeo-33I-MOHHTOPUHT

During video-EEG monitoring in patients from Group 1
with the onset of epileptic seizures against the background of
an acute infectious process, gross and pronounced diffuse
disturbances in the bioelectrical activity of the brain were
most frequently detected (58% and 31%, respectively), while
moderately pronounced disturbances were less commonly
observed (11% of observations). As for local and paroxysmal
disturbances, most patients in this group showed changes
with the most frequent localization in the temporal and/or
fronto-temporal regions, and the epileptic (epileptiform)
activity in the form of individual sharp waves, sharp-slow
and spike-slow wave complexes were not characterized
by stability and relative constancy, indicating an immature
focus of epileptiform activity (p<0.001).

In Group 2 (patients with post-infectious epilepsy and
the presence of chronically persistent infection), according
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to video-EEG monitoring, most diffuse disturbances
in the bioelectrical activity of the brain were moderately
pronounced (79%), while mild and irritative disturbances
were less frequently observed (in 21% of cases). Repeat
EEG studies showed that in the absolute majority (72%) of
patients in the second group, localized epileptiform activity
in the form of a persistent focus was detected, and in 28%
of observations, more than one focus of epileptiform activity
was identified (Fig. 1).

Brain MRI / MPT roJioBHOI'O MO3ra

Brain MRI in patients with locally induced postinfectious
epilepsy revealed internal and/or external compensatory
hydrocephalus (43%), asymmetry of lateral ventricles and/
or enlargement of the temporal horn of one of them (72%),
expansion of subarachnoid space fissures (33%), local or
diffuse cortical atrophy (32%), craniovertebral anomalies
(32%), hippocampal sclerosis and its various structural
variations such as inversion or rounded shape (36%),
cystic-gliotic changes (27%), intracerebral arachnoid cysts
(5%) (Table 3).
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Figure 1. Results of electroencephalographic monitoring in two patients from Group 1 (a) and Group 2 (b)

PucyHOK 1. Pe3y/bTaTbl 2/1eKTPO3HLC(DATOrpahuecKOro MOHUTOPUHTA Y IBYX MALIMEHTOB U3 1-if (a) u 2-1 (b) rpynn
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Table 3. Infectious agent-related clinical characteristics of epileptic seizures based on magnetic resonance imaging (MRI) data

Ta6muna 3. KIImHN9eCcKas XapakTepPUCTHKA SIUIENTHYECKIX IIPUCTYIIOB B 3aBUCHMOCTH OT STHOJIOTHH HH(PEKITHOHHOTO
BO30YUTENA IIO PE3YIBTATAM MAaTHUTHO-PE3OHAHCHOM TOMOrpadun (MPT)

Number of patients, n / Yucno naumenTos, n
MRI pathology / MPT-usmeHenus p
Group1/1-arpynna | Group 2 /2-arpynna

Internal and/or external substitutional hydrocephalus //

127 164 <0,01
BHYTpeHHAA n/unn Hapy>xHas 3aMmecTuTenbHasa rugpouedanus
Asymmetry of lateral ventricles / AcummeTpus 60KOBbIX XXeNyA04KOB 124 363 <0,05
Expanded arachnoid space fissures / PaciuupeHnue wienei 103 120 0,01
cy6apaxHoMAanbHOro NpOCTPAHCTBA
Local or diffuse cortical atrophy / JlokansHas nnu guddysHas 99 194 <0,05
atpousa Kopbl
Craniovertebral anomalies / KpaHnosepTe6pasibHble aHOManuu 4 176 <0,01
Impaired hippocampi / HapyweHus runnokamnos 32 211 <0,01
Cystic-gliotic changes / Kncto3HO-rnnmo3Hble MU3MeHEHUS 21 161 <0,05
Intracerebral arachnoid cysts / BHyTpumo3roBble apaxHonaanbHble 5 29 0,05
KUCTbI
Foci of demyelination / O4arn gemuenuHnaagum 3 184 <0,05
Others / Others 28 >0,05

Disorders of the amygdalo-hippocampal system were
observed in 41 patients (32%) from Group 1 and 211 patients
(38%) from Group 2, indicating a predisposition to epileptic
seizures in both observation groups.

Patients with locally induced postinfectious epilepsy
and multiple sclerosis showed a predominance of cortical
and subcortical demyelination foci, focal cortical atrophy of
various locations, and pseudotumorous demyelination foci
(Fig. 2) [34].

Histological and electron microscopic
studies / THCTOIOTHYECKOE H AIEKTPOHHO-
MHKPOCKOIIHYECKOE HCCIEJOBAHH A

Histological examination of muscles in patients from
Group 2 with locally induced postinfectious epilepsy
revealed lymphomacrophagal infiltrates, indicating moderate
muscle inflammation that correlated with the duration of the
infectious process. Cross-striation was weakly expressed.
Many muscle fibers were split, sometimes appearing snake-
like and showed signs of hypotrophy (Fig. 3). Multinucleation,
which is a genetic reflection of chronic pathological
(infectious) process, was occasionally observed. In some
muscle fibers, nuclei were located in the center of the fiber,
which may indicate genetic rearrangements triggered by
persistent chronic infection.

In electron microscopic examination of biopsies in
patients from Group 2 with post-infectious locally induced
postinfectious epilepsy etiology, the transverse striation
of muscle bundles was often absent, and in some areas,
the myofibrils were arranged chaotically. In the examined
biopsies, I-discs were less defined than Z-discs, however,
the thickness of the latter was variable, and their fragments
were found in the space between the bundles of myofibrils.
This fact indicates a decrease in the contractile ability of
the muscles, which can be caused by prolonged (chronic)

https://epilepsia.su

exposure to infectious agents. This is also evidenced by
the varying thickness of the myofibrils, their thinning and
ruptures, as well as the serpentine-like structure of the
fibers. In addition, in certain areas, images of lysis of entire
bundles of myofibrils, often at the level of I-discs, were
observed. In these areas, large transparent vacuoles of the
sarcoplasmic reticulum were present, and glycogen was
practically absent (Fig. 4).

In addition, electron microscopic examination of biopsies
in patients from Group 2 with post-infection epilepsy
revealed numerous altered mitochondria (pleioconia) with
transparent contents due to the disappearance of matrix
and cristae, and some of them had visible small granules.
Giant-sized mitochondria (megakonia) with disrupted cristae
and granules of unclear origin were frequently observed
in the examined biopsies, as well as mitochondria with a
denser structure but without clear differentiation of matrix
and cristae. Similar mitochondria were found among bundles
of myofibrils with complete absence of striations. Vacuoles
containing dense bodies, which were likely mitochondria
with poorly distinguishable matrix and cristae, were also
present in these areas of myocytes. Transparent vacuoles
with disrupted membranes, representing tubules of the
sarcoplasmic reticulum, were found in immediate proximity
to the altered mitochondria (Fig. 5).

One particularly interesting fact is that, in addition to the
aforementioned changes in muscle fibers, there were also
large formations that had thickened walls and contained
various organelles of muscle cells, including individual
tubules of the sarcoplasmic reticulum, altered mitochondria,
glycogen, ribosomes, and polysomes (Fig. 6). This fact,
in our opinion, may be characteristic of post-infectious
epilepsy, as it is not characteristic of other nosological
forms based on our observations and literature data. The
presence of such mitochondria may also indicate mutations

Epilepsy and Paroxysmal Conditions
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Figure 2. Magnetic resonance images of patients with locally induced epilepsy and multiple sclerosis

PI/ICYHOK 2. MarauTHO OHAHCHBIC TOMOT'PAMMBI I'OJIOBHOT'O MO3Tr'd Y TTAITUCHTOB C JIbHO O6YC]'[OBHCIIHOI‘I AMUJIETICUEN
1 PACCCAHHBIM C O30M
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Figure 3. Biopsy specimen of a patient from Group 2 showing
fiber splitting, weak transverse striation, and moderate
lymphocyte-macrophage infiltration (hematoxylin and eosin
staining, magnification x600)

PucyHOK 3. Y4acTOK 610nTaTa narueHTa u3 2-1 rpymnisl
C PaCHIENJIEHUEM BOJIOKOH, C1a00H IIONEPEUHON
HUCYEPUEHHOCTBIO M YMEPEHHOH JIMM(POMAKPOPAraIbHON
UHUIBTPALUEN (OKPACKA I'EMATOKCUIMHOM U 303UHOM,
yB. x600)

Figure 4. Electronogram of biopsy specimen of a patient from
Group 2 with post-infection locally induced epilepsy showing
chaotic arrangement of myofibrils (magnification x20,000)

PucyHOK 4. D11eKTpoHOrpaMma GMoNTaTa nauenTa

13 2-H IPYHIIBI C JIOKAJIBHO OOYCIOBIEHHON AMIJIETICHEH
MOCTUHMEKITMOHHOM ATHUOJIOTUH C XA0TUYECKUM
pacnonoxenueM Muopuopuii (yB. x20 000)

26

Figure 5. Electronograms:
a — large weakly osmiophilic vacuoles of varying contents (magnification x33,000); b — lipids and numerous mitochondria with
disrupted matrix and cristae (magnification x13,000)

PHCYHOK 5. DJIIEKTPOHOI'DAMMBL:

a — KPYIHBIE 1260 OCMUODUIIBHBIE BAKYOJIH C PA3JIHYHBIM COAEPKUMBIM (YB. X33 000); b — JIMIH/B 1 MHOTOYHCIICHHBIE
MUTOXOH/IPUHU C PA3PYHIEHHBIMA MATPUKCOM U KpUCTAMU (YB. x13 000)

in mitochondrial DNA that occur under the influence of
chronic inflammatory and/or infectious processes.

Besides, in severely damaged areas of myocardial cells,
there were observed accumulations of glycogen on one hand
and accumulations of small transparent bubbles of unclear
origin on the other. We would venture to suggest that they
may be associated with the ongoing infectious process in
the examined patients (Fig. 7).

Patients from Group 1 presented extensive areas of
myolysis, which were often found near the sarcolemma in

https://epilepsia.su

the biopsy of the quadriceps muscle under light microscopy,
and nuclei in the form of chains were located at a certain
distance inside the muscle (Fig. 8a). In addition to these
structural abnormalities, the muscle fibers themselves often
had a snake-like loose arrangement, and large lympho-
macrophage infiltrates, stained purple with hematoxylin,
were found inside bundles of myofibrils (Fig. 8b).

No fully preserved muscle cells without any changes to
their organelles were found in the bioptate under electron
microscopy. On the contrary, both mild and severe myolysis

Epilepsy and Paroxysmal Gonditions
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Figure 6. Atypical inclusions (arrows) among myofibrils in biopsy specimens:

a — magnification x10,000; b — magnification x20,000

PucyHOK 6. HeTHITHYIHBIC BKIIOYCHHUS (CTPEIKN) CPEAN MEO(HOPHILT B yIACTKAX GHOITATA:

a—yB.x10 000; b —yB.x20 000

were detected in the myocytes of the bioptate. The presence
of a large number of capillaries in the endomysium and their
close contact with muscle cells is noteworthy. These contact
areas often have a layer of loose collagen, which may be an
indirect sign of inflammatory changes in the muscle. Areas
of myolysis are often observed beneath the sarcolemma,
and they typically contain accumulations of mitochondria
(pleiokonia) with altered matrix and cristae, lipids, and
lysosomes (Fig. 9a). Extensive areas of myolysis within the
muscle are also found, and longitudinal splitting of bundles
of myofibrils with loss of Z-discs, and less frequently I-discs,
can be observed in these areas (Fig. 9b).

Myolysis often occurs near disrupted Z-discs, and there,
pairs of altered mitochondria with elongation, resembling
dumbbells, are frequently found, as if replacing these discs
(Fig. 10).

Figure 7. Biopsy specimen with profoundly altered pattern
of myofibrils and overall structure of myocytes (magnification
x20,000)

PuCyHOK 7. Y4aCTOK 6GUONTATA C CUJIBHO U3MEHEHHDBIM
PUCYHKOM MUO(PHUOPHUILI U BCEH CTPYKTYPBl MUOITUTA
(yB. x20 000)

dnnnencms n NapoKcm3MasbHble COCTOAHNSA

Figure 8. Results of light microscopy:

a — extensive area of myolysis (*) (magnification x400;

b - lymphocyte-macrophage infiltrate within a bundle
of snake-like myofibrils at the center of the image (center,
magnification x1,000)

PrcyHOK 8. Pe3ybTaTsl CBETOBOM MUKPOCKOITHH:

a — OOIIMPHBIN YYaCTOK MHOJIN3a OTMEYEH 3BE3/I0UKOI
(yB.x400); b — B iIeHTpE CHUMKA — JINM(DO-MAKPODATraJIbHBII
MH(PUIBTPAT BHYTPHU MTYUKA 3MEEBU/THBIX MUO(DUOPUILT

(yB. x1000)
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Often in areas of myolysis against the background of
disrupted myofibrils, Z-discs are randomly arranged or
absent. Mitochondria exhibit pronounced disruptions in the
matrix and cristae, resulting in vacuolization. Quite often,
these mitochondria have a ring-like structure, inside and

Figure 9. Results of electron microscopic examination:

a — area of myolysis beneath sarcolemma filled with
numerous semi-disrupted mitochondria (M) and a capillary
fragment (asterisk) in close contact with the muscle
(magnification x8,000); b — large area of myolysis (arrow)
within the muscle with disc disruption and fully disappeared
myofibril bundles (magnification x8,000)

PucyHOK 9. Pe3ybTaThl 37IEKTPOHHO-MUKPOCKOIIYECKOTO
HCCIIEIOBAHNS:

4 — y4aCTOK MUOJIM34 110J] CAPKOJIEMMON, 3AII0JIHEHHBIN
MHOT'OYHCIEHHBIMU ITOJIYPA3PYIHIEHHBIMU MUTOXOH/IPUAMHU
(M) u pparmMenT Kanuuiapa (OTMEYEH 3BE3[J0UKOH) B TECHOM
KOHTAKTE C MblIIet (yB. x8000); b — KpyITHbII yu4acTOK
MHOIN3a (CTPEJIKA) BHYTPU MBIIIIIBI C PA3PYIIEHUEM JIUCKOB
1 IOJIHBIM UCYE3HOBEHUEM ITYIKOB MUODUOPHILT (yB. x8000)
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outside of which lipids are located (Fig. 11), in close contact
with the mitochondria. Myofibrils are absent in these areas.

Thus, during morphological analysis of biopsies from
patients with post-infection epilepsy, clear damage to the
typical muscle structure can be observed, with pronounced
changes in organelles in certain areas. This, in turn, can lead
to significant impairments in muscle function in patients
with epilepsy and chronically persistent infection.

Overall, our histological and electron microscopic studies
in patients with post-infection etiology of epilepsy revealed
a number of common morphological abnormalities seen in
literature-described mitochondrial encephalomyopathies
(megakaryocytes and pleiokaryocytes of mitochondria),
as well as a combination of specific manifestations
characteristic of this pathology.

CONCLUSION / 3AK/IIOYEHHE

Thus, the clinical, neurophysiological, neuroimaging,
and pathomorphological studies conducted in post-
infection epilepsy allowed us to identify specific features
in the development of this disease at different stages —
from its inception during an acute infectious process
to its chronicization with persistent infection. It has
been established that a comprehensive analysis of the
presence and impact of infectious agents in patients with
epileptic seizures is of great importance in the course and
prognosis of post-infection epilepsy, which is relevant
for timely diagnosis and the development of specific
pharmacotherapy.

Figure 10. Altered mitochondria (M) in the place of muscle
Z-discs (magnification x10,000)

Pucynoxk 10. M3menennble MUTOXOHApUM (M) Ha MecTe
Z-pcKoB Mpipl (yB. x10 000)

Epilepsy and Paroxysmal Gonditions
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Figure 11. Irregularly shaped mitochondria (M) with altered structure in areas of myolysis (lipids are marked with asterisks):

a — magnification x8,000; b — magnification x10,000

Pucynoxk 11. Mutoxonzpuu (M) HENPaBUILHON (POPMBI C UBMEHEHHOH CTPYKTYPOI B y4aCTKAX MUOJIM3A (3BE3/I0UKAMU

OTMCYCHBI JIUTTH/IBI):
a—yB.x8000; b — ys. x10 000
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