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CaxeTak

Mangemunja COVID-19 xapa of geuembpa 2019. roguHe, mehyTum pe-
NaTMBHO CKOPO Cy Ce MojaBunu cBeobyxBaTHM CTaHAapau 3a Tepanujy
nedvewa. Hapgaree, umajyhu y Bugy suecuctemcke nopemehaje u pa-
3nunymTe KNHnYke maHudectaumnje SARS-CoV-2, HEONXoOHO je CBakoM
naumjeHTy npucTynuTn nojeamHayHo. MNpeTtpaxmBanu cmo 6a3e nogarta-
Ka, ykrbydyjyhu PubMed, Scopus, Google Scholar, Medline v Elibrary vn
HVMCMO NpoHAaLLNM CTyAunje Koje ce 6aBe criyyajeBUMa MEHUHTUTUCA KOZ
JeLe koju je nzassao SARS-CoV-2, Tako ga 6u ce Hawa aHanusa morna
y3€eTMN Kao jeANHCTBEHMN KIIMHWUYKN CNyYaj akyTHOT XMAPOMEHUHIUTHACA NOo-
BE3aHOr ca MyNTUCUCTEMCKUM MHpnamaTtopHuM cuHapomom (MAC) koa
aecetoroguiurer geteta koje 6onyje og 036ursHor obnunka SARS-CoV-2.
Kako je kog SARS-CoV-2 3abenexeHa noBe3aHoCT U3Mehy HeyposoLuke
naTonoruje u akyTHMX NoBpeAa Mo3ra, y OBOM Npernegy criyyaja noHy-
heHe cy noteHuujanHe onuuje nevewa. Ctora Gucmo xenenu ga mano-
XMMO Hally aHanuay Hosor cnyyaja SARS-CoV-2 kog nauwjeHTa, Koju
KapakTepuLle akyTHO owTehewe ueHTpanHor HepeHor cuctema (LIHC) n
Texun obnuk MeHuHrmTuca. Tokom xocnuTanuaaumje naunjeHT je nokasu-
BAO TeLUKe CUMMTOME MEHVMHIUTUCA U ynopeao UMao 75-nocToTHO akyT-
Ho owrTehene nnyha. MNaunjeHT je nokasmeao HeyTpodunujy, noBehare
C-peakTtuBHor npotenHa y nnasmu (CRP), nitepneykunHa-6 (IL-6), nose-
haHe HMBOe eH3uMa (nakTaTt gexuaporeHasa LDH, acnaptat amuHoTpaH-
chepasa AST u anaHuH amuHoTpaHcdepasa ALT) n ymepeHe nokasa-
Terbe DICS (O-anmep, TpomboumToneHuja). YTBpheHo je Aa je nauunjeHt
nosutneaH Ha SARS-CoV-2 nytem RT-PCR aHanuse ysopka nauujeHTo-
Be LiepebpocnuHanHe Te4HoCTu. [aumjeHT je cBeobyxBaTHO NeYeH KOM-
OMHaumjom aHTMBMpPYCHe, aHTubaKkTepujcke 1 CUMNTOMaTcke Tepanuje u
KOHa4Ho je oTnywTeH 22 gaHa HakoH npujema. MHdekunja SARS-CoV-2
Kon Aele Moxe Aa AoBede A0 Telkux owTehewa LeHTpanHor HepBHor
cuctema (LUIHC) n ga y3pokyje pa3soj MeHnHrntuca. OBo 3anaxare je y
AVPEKTHOj BE3K Ca CrnyyajeBnMa AeMeHLUmje Kof Oapacnvx ycnea pasnu-
unTux y3poka (all cause dementia — ACD) n cyrepuiue notpeby npegysu-
Marba paHnx RT-PCR COVID-19 tectupana LepebpocnuHanHe TeYHO-
CTV KOA MauujeHaTa ca CUMNTOMUMA MEHUHIUTUCA.

KmbyuHe peun: COVID-19, SARS-CoV-2, gete, MynTucu-
CTEMCKWN MH(NAaMaTOpHU CUHAPOM, MEHUHIUTUC

Abstract

Background: COVID-19 pandemic has been ravaging since December
2019, however comprehensive standards for therapy have emerged
relatively recently. Furthermore, considering multisystem disorders and
various clinical manifestations of SARS-CoV-2, a personal approach to
each patient is required. We searched databases including PubMed, Sco-
pus, Google Scholar, Medline, and Elibrary and found no case study on
meningitis caused by SARS-CoV-2 in children, so our analysis might be
accepted as a unique clinical case of acute hydro meningitis associated
with multisystem inflammatory syndrome (MIS) in a 10-year-old child with
a severe form of SARS-CoV-2. Since SARS-CoV-2 is reported to mediate
neurological pathology and acute brain injury, this case report suggests a
potential treatment option. Therefore, we would like to present our anal-
ysis of a new case of SARS-CoV-2 patient, who was characterized by
acute damage to central nervous system (CNS) and severe meningitis.
During hospitalization the patient showed severe meningitis coincident
with 75% acute lung damage. The patient presented with neutrophilia,
an increase of plasma C-reactive protein (CRP), interleukin-6 (IL-6), el-
evated levels of enzymes (LDH, AST and ALT) and moderate signs of
DICS (D-dimer, thrombocytopenia). The patient was found SARS-CoV-2
positive by RT-PCR analysis of patient’s cerebrospinal fluid (CSF) sam-
ple. Patient was comprehensively treated by combination of antiviral, an-
tibacterial and supportive therapy, and finally discharged 22 days after
admissions. Conclusion: SARS-CoV-2 infection in children may result in
severe damage to the CNS and the development of meningitis. This ob-
servation is in line with all-cause dementia (ACD) occurrences in adults
and suggests a conduction of an early RT-PCR COVID-19 test for CSF
for patients with meningitis symptoms.

Keywords: COVID-19, SARS-CoV-2, child, multisystem
inflammatory syndrome, meningitis.
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YBop,

Op 2019. rogunHe cny4yajeBu obonesarwa og COVID-19 cy
Ce KOA oapacnux ekcnoHeHuujanHo nosehasanu, oK je
Kog feue buna mana ydectanoct obonesama [1, 2]. Yue-
ctanoct obonesawa geue og COVID-19 y Mocksu je oko
10% op ykynHor 6poja cny4yajeBa. ACMMNTOMATCKM O0MnmK
je 3abenexeH y 33% cnydajesa. [TocTojehun nogaum Tako-
he nokasyjy Aaa je, nodes og mapta 2020. roamHe, 6poj cny-
yajeBa rge cy obonenu og COVID-19 6unu geua 3HavajHO
nopacrtao [3, 4].

Pasnnuntn cumntomn naumjeHata obonenmx op SARS-
CoV-2 obyxBartajy oHe o rybutka 4yna mvpuca (aHoCMu-
ja) n ykyca oo pasBoja MynTucucTeMckor nHdnamatopHor
cnHgpoma (MUC), rybutka cyHkumje eHpoTenHe Gapuije-
pe, XMNOTEH3MBHOT LLOKa, ANCEMUHOBAaHE MHTpaBacKynap-
He koarynauuje (OWK) koja je moBesaHa ca CTEpPUITHOM
cencom [5-8]. Takohe, kog ogpacnux ocoba je 3abene-
)KEHO M HEKOMMWKO cryyajeBa owTehewa Mo3ra noBe3aHor
ca COVID-19 [9-11]. Buwe oa jegHe TpehnHe 3apaxeHunx
nauujeHata umarno je HeyposiowKe CUMMATOME Kao LWTO Cy
rmaBoborba, BpTOrmaBuua, xvmnocmuja, gucryctmja n Mo-
XOaHu yaap, buno ncxemmjckm unm xemoparmjcku [12—15].
JegHa ctyaumja koja je obyxsatuna suwwe og 200 ogpacnmx
naumjeHara je ytBpguna nojase pa3Boja MeHuHrutucay 13
cnyJvajeBa, ykasyjyhu ga SARS-CoV-2 moxe noteHuujan-
HO ga npehe kpBHOMOXAaHy Gapujepy n 3apasu Moxaa-
He henwuje [7]. Hagarbe, y Hekonuko crnydvajeBa je nytem
RT-PCR Ttectupara gemoHcTpupaH Buarue HMBo SARS-
CoV-2 RNK y uepebpocnuHanHoj TEYHOCTH, Kao U TOKOM
post mortem vncnMTUBaka MOXOAHOr TKMBa NauujeHaTa
Koju cy ympnu og COVID-19 [6, 9, 16—18].

Pu3nk o BUpYCHOr LIMpera NyTeM KOHTaMuHauuje KpBu
yTBpheHor kog geue ca MynTMCUCTEMCKUM WMHnamartop-
HUM cuHgpomoM MUC noeesdaHum ca SARS-CoV-2 (koju
ce HaBoau kao MIS-C) obuyHo ce noBehaBa HakoH ase
BUpemMunje, 4yecto og 1 0O 6 Hegerba HakoH WHpekuuje.
MehyTtnm, ToO MOXe Oa ce gewaBa ynopeao ca akyTHUM
pecnupatopHum cumntomuma COVID-19 [20, 21]. Hekoh-
TponucaHa npou3BOAHa MPOUHMNIAMaTOPHUX LIMTOKUHA
(TNF-anda, IL-1, IL-2, IL 6, IL-8, IL-10, dpakTOop CTUMY-
nauvje nNpousBogHe KOMoHuje rpaHynoumTta) obmyHo Ha-
cTaje kao nocneauua nHdekumnje n ynane [22]. Oeaj me-
xaHn3am npetnoctaerba MIS-C kao cekyHOapHy BUPYCHO
WHOYKOBaHy NeykoumTosy y KoMOrHaumuju ca MOHOLUMTHO/
MakpodarHo MHAYKOBaHUM CUHAPOMOM CUCTEMCKOI WH-
dnamatopHor oprosopa (SIRS) [23]. KnuHunuke 3Hake
MWNC kapakTtepuwy debpunHe koHBynauje npaheHe ra-
CTpouHTecTuHanHum ([MN) cumnToMmMma, MUOKapAUTUC,
MPUCYCTBO 1 (UNN) OACYCTBO pecnupaTopHUX CUMMTOMA,
noepefe Mosra u bybpera, kKao u pas3nuuuTa yyecTtanoct

Introduction

Since 2019, worldwide cases of COVID19 were growing
exponentially in adult population while incidences in chil-
dren were lower [1,2]. The incidence of COVID-19 in chil-
dren in Moscow is about 10% of the total number of cases.
The asymptomatic form is recorded in 33% of cases.
Existing data also show that, starting from March 2020, the
number of cases among children has been grown substan-
tially [3,4].

Patients with SARS-CoV-2 with various symptoms ranging
from an isolated loss of smell (anosmia) and taste to the de-
velopment of multisystem inflammatory syndrome (MIS), a
loss of endothelial barrier function, hypotensive shock, dis-
seminated intravascular coagulation (DIC) related to sterile
sepsis [5-8]. Few cases of cases of COVID-19-associated
brain damage have been also reported in adults [9-11].
More than one-third of infected patients present with neu-
rologic symptoms such as headache, dizziness, hyposmia,
dysgeusia, and stroke, either ischemic or hemorrhagic [12-
15].0ne study involving more than 200 adult patients has
revealed incidences of meningitis developed in 13 cas-
es, indicating that SARS-CoV-2 can potentially cross the
blood-brain barrier and infect brain cells [7]. Furthermore,
several cases have demonstrated levels of SARS-CoV-2
RNA detectable by RT-PCR in CSF as well as during the
post-mortem examination of brain tissue of patients who
died from COVID-19 [6,9,16-18].

The risk of the blood-borne viral dissemination demonstrat-
ed in children with MIS associated with SARS-CoV-2 (ref-
erenced as MIS-C) frequently develops after the viremia
phase, often within 1-6 weeks after infection. However, it
can coincide with acute respiratory symptoms of COVID-19
[20,21]. Uncontrolled production of pro-inflammatory cyto-
kines (TNF-alpha, IL-1, IL-2, IL 6, IL-8, IL-10, granulocyte
colony-stimulating factor) usually occurs as a response to
infection and inflammation [22]. This mechanism suggests
MIS-C as a secondary virus-induced leucocytosis com-
bined with monocyte/macrophage induced systemic in-
flammatory response syndrome (SIRS) [23]. Clinical signs
of MIS are characterised by febrile seizures accompanied
by gastrointestinal (Gl) symptoms, myocarditis, the pres-
ence and (or) the absence of respiratory symptoms, brain,
and kidney injury, as well as varied frequency of rash, con-
junctivitis/sclerosis and alterations in oral mucous mem-
branes [24-26]. Typical laboratory markers of inflammation
that accompany this syndrome are high levels of CRP, pro-
calcitonin (PCT), ferritin and D-dimer, as well as high eryth-
rocyte sedimentation rate (ESR). As for disease severity,
patients require hospitalisation in the intensive care unit
due to hypotension development and the need for inotropic
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ocuna, KOHjyHKTMBUTUCA/CKIEPO3Ee U MPOMEHE Y OparHoj
Cny3oKoXu [24—26]. TunuuHm nabopatopujcku nokasa-
TerbW ynana koje nparte OBaj CUHOPOM CYy BMCOKM HUBOWU
CRP, npokanuutonunHa (PCT), deputuHa n I-gnmepa, Kao
N BUCOKM HMBO cegumeHTaumje eputpouuta (ESR). LWTO
ce Tnye 030MrbHOCTK BonecTn, oBe nauujeHTe je NnoTped-
HO XOCMMTanM30BaTu Ha Oferbery UHTEH3MBHE Here 360r
pasBoja XMnoTeH3auje n notpebe 3a NpumMareM MHOTPOMHE
Tepanuje [12, 13].

Mogaum O KNMHMYKUM MoKasaTerbMMa LeHTpanHor Heps-
Hor cuctema (LUHC) kog geue ca MIS-C cy orpaHnyeHn Ha
OHe u3 nap nseopa. Buwe og 800 geue je 6uno nog megu-
LMHCKMM Ha430poM TOKOM nepuoga naHgemuje og 9. map-
Ta 2020. go 20. asrycta 2020. rognHe y [eujoj rpanckoj
KNUHUYKO] BonHMum MockoBckor Opgerbewa 3apaBCTBEHE
sawTute ,3. A. bawrsaes” (LUUXB). Og anpuna 2020.
roguHe, y LULXB cy pervctoBaHn 0O30UIbHU U TELLKK
cny4yajesn COVID-19 kog 16 geue ca BUCOKMM HMBOMMA
umyHornodynuHa I (IgG) Ha SARS-CoV-2 koju cy anjarHo-
ctukoBaHu ca MUC kog 12 geue, 3aTm akyTHU pecnvpa-
TopHU guctpec cuHapom (ARDS, kog ABoje aeue) n cenca
(oBoje peue). Tewku cnyyajeBun koju norahajy pasnuunre
opraHe 1 cucteme (ykrbyudyjyhu mosak) mory fa ce passujy
N TOKOM aKyTHOr U TOKOM Mepuoda peKkoHBanecueHuuje,
Ha wTa Tpeba obpatutn naxwy npahewem naumjeHara
Koju ce onopasrbajy of npenexarHor COVID-19.

Linre Hawer npukasa crnyyaja je Aa ce AeMOoHCTpupa npsu
cnyyaj meHuHrntuca nospfheH RT-PCR Tectupamem Ha
npucyctBo SARS-CoV-2 y uepebpocnuHanHoj TeYHOCTH
Kog geue, Aa ce nokaxe nonuMmopdusam KIMHUYKMX Ma-
Hupectaumja MUC nosesaHmx ca COVID-19 kog Apeue,
yKibyvyjyhn HacTaHak akyTHux nospeda mosra (ABI) u
cBojctBa nesnja LUHC-a Hactanux ycnen ABI. Hawa cty-
Omja Harnawasa HeonxXOoA4HOCT  MyNTUAMCLMNINHaPHOT
npucTyna y ujarHoctuum HeyporoLkux nopemehaja no-
Be3aHux ca COVID-19.

U3BewTaj cnyyaja

Y HacTaBKy je M3NoXeH KNuHMYku cnydaj passoja MAUC u
aKyTHe noBpeae moasra kopg aeteta o 10 roguHa 3apaxe-
Hor SARS-CoV-2. flete b., mywko, ctapo 10 rognHa, npu-
MIbEHO je Ha oferbere UHTEH3MBHe Here [euyje rpaacke
KNUHUYKe 6onHunue mockoBckor Operbera 3a 30paBCTBEHY
sawTuty ,3. A. bawrsaes” (LLULXE) u3 LieHTpanHe okpy-
XHe bonHuue 3a PervoH Mockee (MPLIOX) wector faHa
of, HacTynawa oborbema, 28. jyHa 2020. roguHe, ca cne-
nehom gujarHosom: nHgekumja SARS-CoV-2, COVID-19
(amjarHo3a nocTtaBrbeHa Ha OCHOBY MEOMLMHCKUX MOKa-
3aTerba, knactep oborbewa cpogHux COVID-19, tunu-
YaH Hanas Henpo3upHOCTKM ,OpyLLEHOr CTakna” Ha KoMMjy-

support [12,13].

Data regarding clinical signs of children CNS with MIS-C
are limited to a few sources. Over 800 children were un-
der medical observation during the pandemic period from
March 9, 2020 to August 20, 2020 at Children's City Clin-
ical Hospital of the Moscow Healthcare Department n. a.
Z.A. Bashlyaev (CCCHB). Since April 2020, CCCHB has
registered severe and critical forms of COVID-19 in 16
children with high levels of IgG to SARS-CoV-2 that were
diagnosed with MIS in 12 children, acute respiratory dis-
tress syndrome (ARDS, 2children) and sepsis (2children).
Severe cases that affect different organs and systems in-
cluding the brain can develop during both the acute and
the convalescence period, which should be accounted for
while observing COVID-19 convalescent patients.

The purpose of our case report is to demonstrate the first
case of meningitis confirmed by RT-PCR SARS-CoV-2 of
CSF in children and the aim is to show the polymorphism
of the clinical manifestations of the MIS associated with
COVID-19 in children, including a development of acute
brain injury (ABI) and features of ABI-induced CNS le-
sions. Our study highlights the necessity of a multidisci-
plinary approach to diagnose neurological disorders relat-
ed to COVID-19.

Case Report

Presented below is a clinical case of the development of
the MIS and acute brain injury in a 10-year-old child with
the SAR-CoV-2 infection. Child B., male, 10 years old, was
admitted to the intensive care unit of Children's City Clinical
Hospital of the Moscow Healthcare Department n. a. Z.A.
Bashlyaev (CCCHB) from the Moscow Region Central Dis-
trict Hospital (MRCDH) on the day 6 after disease onset on
June 28, 2020 with the following diagnosis of SARS-CoV-2
infection, COVID-19 (diagnosis made on the basis of med-
ical signs, family cluster of COVID-19, typical ground-glass
opacity on CT), polysegmental pneumonia (CT-1), sterile
sepsis, multi-inflammatory response syndrome.

The child patient experienced an acute respiratory infec-
tion (ARI) in May 2020. Anti-SARS-CoV-2 antibody IgM
and 1gG were detected in the mother by enzyme-linked im-
munosorbent assay (ELISA) method.

Patient’s early life medical history: the first pregnancy
without complications, natural precipitous childbirth. Birth,
vaccination and development: 3,600g; birth length: 51cm.
Developmental milestones were reached within normal
range. Recommended vaccinations received according
to the National Immunisation Schedule. Nearly all flu vac-
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Tepckoj Tomorpadmju CT), BuwecermeHTHa ynana nnyha
(CT-1), ctepunHa cenca, CUHAPOM MyNTUMHIaMaToOpHOr
ofgroesopa.

[eTe naumjeHT je UMano akyTHy pecrnmpaTopHy MHdEKUU)Y
(APW) y majy 2020. roguHe. Kog werose majke je oTkpu-
BEHO MpucycTBO aHTU-SARS-CoV-2 aHTuTEna MMyHormno-
oynuH M-IgM n nmyHornobynmH G-IgG y3 nomoh metoge
eH3umckor nmyHocopbeHTHor Tecta (ELISA).

AHamHe3a naumjeHTOBOr paHor XMBOTa: mpBa TpyaHoha,
6e3 komnnukawmja, npupodaH npepaHu nopohaj. Poherse,
BakumHauuja n paspoj: 3600 g; gyxuHa Ha pohemwy: 51
cm. ®ase y pa3Bojy Cy ce ofBujarie HOpMarHUM TOKOM.
[MpenopyyeHe BakuMHe Cy NpuMIbeHe y cknagy ca Hauu-
OHanHMM nporpamom nmyHusaumje. MNpumrbeHe cy cKkopo
CBe BakuuHe nNpoTuB rpuna. Hema nctopuje nospega unu
XMPYPLIKUX 3axBaTa. AHamHe3a MNpeTxoaHux oborbema:
mane 6oruwe, akyTHa pecnupatopHa uHdekumja (APW).
Hema nosHaTtux anepruja. He nponasu ctanHe mMeguUmMH-
cKke npernege.

AHaMHe3a cagalner oborbera: MmyLiko gete og 10 rogu-
Ha je umano cuMmnToMe rnaeobosbe, ymopa, ocehaj cna-
6ocTtn 1 Bucoky Temnepatypy o 38 °C og 23. jyHa 2020.
roguHe. TenecHa TemnepaTtypa ce Apyror AaHa nonena Ha
39 °C. Tpeher gaHa ce Temnepatypa nonena Ha 40 °C un
Ouna je npaheHa ynanom rpna u nporpecuBHnm ocehajem
cnaboctu. [lobuo je napaueTtamon n nbynpodeH Koju HUCy
hanu ecpekra 1 yeTBpTor gaHa (26. jyHa 2020. roguHe) na-
LMjeHT je NpUMIbeH Ha oferbeHwe MHTEeH3nBHe Here LleH-
TpanHe okpyxHe GonHuue 3a PervoH Mockse (MPLIOX).
HakoH WTO je npuMIbeH Ha ogerbete MHTEH3NBHE Here,
nauwjeHTy je AaujarHoctukoBaH COVID-19, oboctpaHa
ynana nnyha, pecnupatopHa WHcyduumjeHuunja tnna 2.
Huje nokasao nobGosbluake HAKOH LUTO je NPUMUO aHTu-
6uroTtuk (LledbTprakcoH), aHTuBupycHu nek (YmudeHosup),
nHdY3njy n cumnTomatcky Tepanwujy. Llector gaHa (28.
jyH 2020), npebadeH je Ha ogerbere VMHTEH3MBHE Here
LUUUXB. Ha gaH npujema nauujeHT je 61o y KpUTUYHOM
CTamy 300r 030MIbHUX CUMNTOMa MHTOKCUKauuje, pecnu-
paTopHe MHcyduumjeHLmje Tuna 2, ctagujyma 26 3atajena
uupkynauuje, metabonuuke aucdyHkumje n nopemehaja
paBHOTEXe enekTponuTa. TenecHa TemnepaTtypa naumjeH-
Ta npunukom npujema je 6una 37,4 °C, 3acuhere kuceo-
Hukom SpO2 89-90%, 6p3n SOFA ckop: gSOFA 12 noeHa.
KnuHuuky cnvky Gonectu je kapaktepucana npogyxeHa
rpo3HuLa Koja je Tpajana Bulle of NeT AaHa, MHTOKCUKa-
uuja, pasBoj NopoguyHe mMeguTepaHcke rposHuue (nonu-
CEpPOCUTUC) N YeCTU ocun po3eona (roseola infantum) koju
nckrbyyyje MUC. Pesyntatn nabopaTtopujckor ncnutuea-
Ha Ccy caxeTn y Tabenu 1.

cines were given. No history of injuries or surgeries. His-
tory of past iliness: chickenpox, ARIs. No known allergies.
Not under continuous medical check-up.

The history of the present iliness: The 10-year-old male
had symptoms of headaches, fatigue, weakness, and fever
up to 38°C since June 23, 2020. Body temperature rose to
39° C on the second day. By the third day, the temperature
rose to 40° C and was accompanied by a sore throat and
progressive weakness. He received paracetamol and ibu-
profen that showed no effect and, and on day 4 (June 26,
2020) was admitted to the ICU of the Moscow Region Cen-
tral District Hospital (MRCDH). Upon admission to the ICU,
he was diagnosed with COVID-19, bilateral pneumonia,
type 2 respiratory failure. He showed no improvement after
receiving an antibiotic (Ceftriaxone), an antiviral (Umifeno-
vir), infusion, and symptomatic therapy. On the day 6 (June
28, 2020), he was transferred to the ICU of CCCHB. On the
day of admission, he was in critical condition due to severe
intoxication symptoms, type 2 respiratory failure, stage 2b
circulatory failure, metabolic dysfunction and blood electro-
lyte imbalance. Body temperature at the time of admission
was 37.4° C, SpO2 89-90%, pSOFA 12points. The clinical
picture of the disease was marked by a prolonged fever
that lasted over 5 days, intoxication, development of poly-
serositis and a common roseola rash that excluded MIS.
Laboratory results are summarized in Table 1.
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Tabena 1. Jlabopatopujckvu Hanasu Ha npujemy

Table 1. Laboratory findings on admission.

KnuHnykm cnyyaj PechepeHTHE BpepgHOCTH

Tpom6ouuTtu (x10x9/L) / Thrombocytes (x10x9/L)
HeyTtpodomnu (%) / Neutrophils (%)

NeykounTtn (x10x9/L) / Leukocytes (x10x9/L)
CRP (mg/L) / CRP (mg/L)

O-pumep (ug/dL) / D-dimer (ug/dL)

®eputuH (ug/dL) / Ferritin (ug/dL)
UHTepneyknH-6 (ng/ml) / Interleukin-6 (ng/mi)

TponouwuH | (pg/ml) / Troponin I (pg/ml)
MpokanuutoHuH (ng/ml) / Procalcitonin (ng/ml)
LDH (jeamnnuualdL) / LDH (units/dL)

AST (jeamnunualdL) | AST (units/dL)

ALT (jegunuualdL) / ALT (units/dL)

CRP: C-peaktuBHu npoteunH; LDH: naktat aexvaporeHasa; AST:
acnapTat amvHoTpaHcdepasa; ALT: anaHvH amnHoTpaHcdepasa

Mopaum ykasyjy Ha Texak obnmk COVID-19, koju nsasuea
XeMOCTa3He KOoMMnukaumje (TpomMOouuToneHunja, BUCOKE
BpegHoctn [-aumepa n cdeputnHa), xunepuHdnamarop-
HW cMHAPOM (BMCOKe BpedHocTu C peakTUBHOr npoTenHa
CRP, HeyTpoduna n npokanuutoHnHa PCT), xunepuuto-
knHemujy (IL-6), ymepeHy xunepdeputuHemujy (naktar ge-
xungporeHasa LDH, acnaptart TpaHcamuHasa AST, anaHuH
TpaHcamuHasza ALT). [uHamuka nabopaTopujckMx Hanasa
je npukasaHa Ha rpacuKkoHy 1.

MpadumkoH 1. nHamumka Heknx of KnnHuYko-nabopaTtopuj-
ckux Hanasa. KpB je 3a y3opke nna3sme y3eTta n aHanumsmpa-
Ha y Ha3HayeHe JaHe HaKOH MaunjeHToBe XocnuTanu3aum-
je. LDH (upHo, jeguHuue/L), CRP (3eneHo, mg/L), depntmH
(nnaBo, pg/dL), O-aumep (upBeHo, ug/dL) cy mepeHu cTaH-
[apOHOM KITMHMYKOM flabopaTtopmjckoM OnpeMom

400

w
U
o

250
200
150

100

Units/dL; mg/L; ug /dL
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OaH 2.
Day 2

OaH 3.
Day 3

OaH 4.
Day 4

HOaH 6.
Day 6

Case Reference
78,0 150,0-320,0
80,0 27,0-65,0
8,3 4,0-9,0
219,0 <10,0
350,0 0-20,0
82,0 0,7-14,2
103,9 0-0,7
0,33 0-0,16
1,84 0-0,05
66,0 12-24,6
11,6 0-6,1
14,3 0-3,0

CRP: C-reactive protein; LDH: lactate dehydrogenase; AST: as-
partate aminotransferase; ALT: alanine aminotransferase

Data points to a severe form of COVID-19, which causes
hemostasis complications (thrombocytopenia, high levels
of D-dimer and ferritin), hyper inflammatory process (high
levels of CRP, neutrophils and PCT), cytokine storm (IL-6),
moderate hyperfermentemia (LDH, AST, ALT). Dynamics
of laboratory findings are shown in Figure1.

Chart 1. Dynamics of some clinical laboratory findings.
Blood for plasma collections were performed and analyses
on indicated days after patient hospitalization. LDH (black,
Units/L), CRP (green, mg/L), Ferritin (blue, pug/dL), D-dimer
(red, ug/dL) were measured by standard clinical laboratory
equipment.

OaH 9.
Day 9

OaH 14.
Day 14

OaH 19.
Day 19
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NMPUKA3 CJTYHAJA NMOBPEAE MO3rA Y MYNITUCACTEMCKOM

NHOJIAMATOPHOM CMHAPOMY KOJU JE U3A3BAO SARS-CoV-2

E. P. CamutoBa, M. M. OcmaHoB, M. A. AHTcynosa, O. |0. LUvunynnHa, Jb. H. Ma3aHKoBa, A. A. MNnockmpesa, E.M. BopoHuH, B.T. AKUMKI1H

[Mopen KNUHWYKMX cuMnTOMa, KoA AeTeTa je OujarHOCTu-
KoBaH Tewkn obnuk COVID-19 nHgekumje ca MUC, obo-
cTpaHa ynana nnyha (CT-3) notBpheHa pesyntatuma Kom-
njytepmnsoBaHe Tomorpadumje rpygHor kowa (ypaheHa 28.
jyHa 2020. roguHe anapatom Toshiba Aquillion RXL 16)
KOja je nokasana TamMHy HENpPO3UPHOCT MaTMpaHor ctakna
y OowuM pexteBuMa rae cy nnyha 6una og 50 go 70%
npekpuBeHa neaujama (cnuka 1).

A

Cnuka 1. KomnjytepnsoBaHu Tomorpadckm npukas obo-
cTpaHe BupycHe ynane nnyha naumjeHta b Ha gaH 28.
jyHa 2020. rogunHe (A — bpoHTanHu npernea, B — nonpey-
HW Npecek) Ha KojeM ce BUAM TaMHa HEMpO3MPHOCT MaTu-
paHor CTakna y AOHUM pexHeBuma, npu Yyemy cy nnyha
oa 50 pgo 70% npekpuseHa nesunjama. CHumak je ypaheH
nomohy ypehaja Toshiba Aquillion RXL 16

Llector paHa je ypaheHa n exokapauorpadwmja (28. jyH
2020) koja je nokaszana nepukapaHu nanue aebromHe 2,3
Mm Ha [eCcHoj cTpaHu cpua. [umeHsunje cpyaHnx komopa
cy bune y HopManHum pacnoHvMa 1 ogroBapane cy geny
Tena Ha NoBpLUMHWU. Bnarbmem cerMeHT KopoHapHMX ap-
Tepwja cy 6unu HeTakHyTu. [NokasaTerbsy CMCTOMNHE (PYHK-
uvje neese KOMope cy 6unun y Aowem MMUTY HOpMarHMX
BpegHocTu. CpyaHu 3anmcum HACY MManu BUATbUBUX NPO-
MeHa, a KOpoHapHe apTepuje Hucy oune norohexe. MNpu-
MMKOM Mpujema nauujeHT je NMoKasueao onwTe CMMNToMe
noBpefe Mosra, Kao LITO Cy KOTHUTUBHA AuMcdyHKuwmja,
BpeaHocT [MacroBcke ckane kome je buna 14, nmao je ma-
BoOOIbY, MoBpahao je, a UMao je 1 CUMNTOME MEHUHIUTU-
ca 360r yera je y no4eTKy 61No TELLKO UCKIbYYNTN NnoBpeany
mogsra. JlymbanHa nyHkuuja npaheHa aHanM3om nvKBopa
je ypaheHa 28. jyHa 2020. rognHe kako 6y ce UCKIby4unno
noctojake MeHnHruT1ca. AHanusa je nokasana ga je ue-
pebpocnuHanHa TeyHocT 6e36ojHa 1 NOTNYHO MPO3MpHa.
LlenynapHocTt nuksopa je u3Hocuna 98/1 ym, numdoum-
Tn cy 6unu Ha 11%, HeyTpodmnu cy 6unu Ha 87%, epu-
TPOLUUTK Cy M3HOCUNK 7 um, BpeaHocT npoteunHa 0,55 g/L,

Together with the clinical signs, the child was diagnosed
with a severe form of COVID-19 infection with MIS, bilat-
eral CT-3 pneumonia supported by results from a chest
computed tomography (conducted on June 28, 2020,
made with a Toshiba Aquillion RXL 16) that showed a dark
ground-glass opacity in the lower lobes with 50% to 70% of
lungs with lesions (Image 1).

Figure 1. Computed tomography picture of bilateral viral
pneumonia of patient B. on June 28, 2020. (A — frontal sec-
tion, B — cross section) showing a dark ground-glass opac-
ity in the lower lobes with 50% to 70% of lungs with lesions.
Made with a Toshiba Aquillion RXL 16.

An echocardiography was also performed on the sixth day
(June 28, 2020) which showed pericardial effusion that
measured 2.3 mm thick in the right side of the heart. Cardi-
ac chamber dimensions were within the normal range and
corresponded to the body surface area. Visible segments
of coronary arteries were intact. Markers of systolic func-
tion of the left ventricle were at the lower limit of normal
levels. The heart valve had no visible changes, and coro-
nary arteries were not involved. Upon admission, the pa-
tient presented with general brain injury symptoms, such
as clouding of consciousness, the Glasgow Coma Scale
of 14 points, headache, vomiting, as well as the meningitis
symptoms; making it difficult to initially rule out a brain inju-
ry. Lumbar puncture followed by a CSF analysis was per-
formed on June 28, 2020 to rule out meningitis. It showed
that CSF was colourless and fully transparent. CSF cellu-
larity was at 98/1 um, lymphocytes counted for 11%, neu-
trophils counted for 87%, erythrocytes were at 7um, protein
was at 0.55¢g/L, CSF glucose was at 3.3mmol/L. RT-PCR
detected SARS-CoV-2 RNA in CSF and confirmed viral
(SARS-CoV-2) meningitis. Since the presence of neutro-
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rnykosa y nukeopy je 6una Ha 3,3 mmol/L. RT-PCR TecrT je
oTkpuo SARS-CoV-2 RNK y LlepebpocnunHanHoj Te4HOCTH
1 notepauno BupycHn (SARS-CoV-2) meHuHrntuc. Kako je
NPUCYCTBO HeyTpoMUnHe nrneounTo3de Takohe ykasano Ha
moryhu cnoj 6akTepumjCkor n BUPYCHOr MEHUHIrMTMCa, ypa-
heHo je geTarbHO ncnuTMBake KpBU U LepebpocnuHanHe
TeyHocTu (Tabena 2) Koje je NCKIby4nro 6akTepujcky kom-
NoHeHTY MeHuHrnTca. O 3Havaja y norneady passoja Me-
HUHIUTUCA: NOBpeda Mo3ra, MHTpaKpaHWjarHo KpBapehe
unun dpaktype nobarwe HUCY OTKpMBEHU ypaheHOM KOM-
njytepmsoBaHom Tomorpadgumjom (CT) mosra (CT je ypa-
heH wecTor aaHa, 28. jyHa 2020. roguHe. Mogaum n3 CT-a
HWUCY NpurKasaHu).

Tab6ena 2. icnutuBame LepebpocnmMHanHe TeYHOCTU Te-
ctom RT-PCR Ha COVID-19 (kBanutaTvBHe M KBaHTUTa-
TUBHE BPEOHOCTH)

RNK SARS-CoV-2 (kBanutaTMBHa oLeHa)
RNA SARS-CoV-2 (qualitative assessment)

LntomeranoBupyc DNK / Cytomegalovirus DNA
EnwTajH-BapoBs Bupyc DNK / Epstein-Barr virus DNA
Bupyc xepneca 4yoBeka Tun 6 DNK / Human herpesvirus 6 DNA
Neisseria meningitidis DNK /| DNA

Streptococcus pneumoniae DNK | DNA

Haemophilus influenzae DNK | DNA

HSV-1 n HSV-2 DNK / HSV-1 and HSV-2 DNAs
Listeria monocytogenes DNK | DNA

Toxoplasma gondii DNK / DNA

Bapuuena 3octep Bupyc DNK/ VZV DNA
Mycobacterium tuberculosis DNK | DNA

Candida albicans DNK | DNA

Candida glabrata DNK | DNA

Candida krusei DNK /| DNA

EHTepoBupyc DNK / Enterovirus DNA

BpuceBn HaszodapuHKkca 1 opodapuHKca TecTUpaHu ny-
Tem RT-PCR Ttecta cy 6unu HeratueHm Ha SARS-CoV-2.
Tectnpawa Ha SARS-CoV-2 aHTuTena kopuwhewem
ELISA TecTa cy ypaheHa cegmor gaHa HacTynawa bone-
CTM 1 pana cy cnegehe BpegHOCTU: MMyHOrnobynuH M
(IgM), 1,06 (pedepeHTHa BpeOHOCT je <2) 1 BUCOKM HMBO
umyHornobynuxa I (IgG), 98,17 (pedhepeHTHa BpegHocT je
<10). Ha ogerbewy MHTEH3NBHE Here 036UIbHOCT 3apaB-
CTBEHOT CTaha je yTBpheHa Ha ocHoBy COVID-19 okapak-
TePUCAHOr KNUHUYKUM NOSTMMOPU3MOM, Tj. MEHUHTUTUC,
ca oboctpaHom ynanom nnyha, TMnom 2 pecnupaTtopHe
WHcyduLumjeHumje, cTagujymmma 2 n 3 Woka ycnen 3aTa-
jerba umpkynauvje n MMC-om y akyTHOj dhasm npaheHnm
paHuM pa3BojeM crneundunyHmx aHtutena IgG u cuHgpoma
cucTeMcKor nHdnamaTopHor ogrosopa — SIRS).

philic pleocytosis also indicated a possibility of mixed bac-
terial and viral meningitis, a comprehensive assessment
of blood and CSF was performed (Table2) which excluded
bacterial component in the meningitis. Importantly for de-
velopment of meningitis, no extensive brain injury, intra-
cranial bleeding, or skull fractures were found at brain CT
(CT conducted on day 6, June 28, 2020. Data not shown).

Table 2: CSF examination with RT-PCR COVID-19 (quali-
tative and quantitative values)

28. jyH 2020.
June 28, 2020

4. jyn 2020.
July 4, 2020

HaReHo / Found

Huje HaheHo / Not found
Huje naheno / Not found
Huje HaheHo / Not found
Hwuje HaheHo / Not found
Hwuje naheno / Not found
Huje naheno / Not found
Hwuje HaheHo / Not found
Hwuje naheno / Not found
Huje HaheHo / Not found
Huje naheno / Not found
Huje naheHo / Not found
Hwuje HaheHo / Not found
Hwuje naheno / Not found
Huje naheHo / Not found
Hwmje HaheHo / Not found

Hwuje naheno / Not found

Hwmje HaheHo / Not found
Huje naheno / Not found
Hwuje HaheHo / Not found
Hwuje HaheHo / Not found
Hwuje naheno / Not found
Huje naheHo / Not found
Hwuje HaheHo / Not found
Huje naheno / Not found
Hwmje HaheHo / Not found
Huje naheno / Not found
Huje HaheHo / Not found
Hwuje HaheHo / Not found
Hwuje naheno / Not found
Huje HaheHo / Not found
Hwuje HaheHo / Not found

Nasopharyngeal and oropharyngeal swabs were negative
for SARS-CoV-2 by RT-PCR. Tests for SARS-CoV-2 anti-
bodies utilizing an ELISA were performed on the 7th day of
the disease with the following values: IgM, 1.06 (reference
value is <2) and high 1gG level, 98.17 (reference value is
<10). In ICU, the severity of the condition was based on
COVID-19 characterised by clinical polymorphism, i.e.,
meningitis, bilateral pneumonia, type 2 respiratory failure,
stages 2 and 3 circulatory failure and MIS in the acute
phase accompanied by the early development of specific
IgG antibodies and SIRS.

During ICU, a 10-day treatment was performed according
to the Guidelines of the Ministry of Health of the Russian
Federation «Clinical characteristics and management of
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TokoM xocnutanu3auvje Ha Oferbewy WHTEH3VMBHE Here
naumjeHT je nedeH 10 gaHa y cknagy ca CmepHuuama
MwuHuncTtapctBa 3apasrba Pycke ®epepaumje ,KnunHuu-
Ke KapakTepucTuke K TpeTupawe oborberwa nsasBaHor
HEeJOBOSBLHO YMNO3HATOM MHAEKLMjOM KOpOHa BUPYCOM
(COVID-19) koo peue”, opyra Bep3uja og 3. jyna 2020.
roguHe [29]. Jledernse je obyxBaTtano cnenehe aHTnbakTe-
pujcke MeankameHTte: meporneHem 60 mg/kg/aaH 1 BaHKo-
muumnH 40 mg/kg/gaH; pekombrHaHTHM uHTepdepoH an-
(pa-206 ca aHTMOoKcMaaHcma 1 ppm (jeauHnua Ha MUITMOH)
OBa nyTa Ha faH; UMyHOrnobynuH i.v., nponvcaHa Jo3a of
1,0 g/kg; Tepanuja nynca 6p. 3 meTunnpegHu3onoHom, 20
mg/kg Ha faH; XenapuH cpefH-e MOMEKyricke TEXUHe ca
OnpekTHUM gejctBom, 5-10 jeaunHnua/kg/pan (UMIbHO ak-
TMBMpPaHO napuujanHo TpombonnacTuHcko Bpeme (aPTT)
on 50 pgo 60 cekyHam). ObaBrbeHe cy Tepanuja HY3njom
(0,9% pactBop HaTtpujym-xnopuga 500,0 ml, 5% pacTteop
rnyko3e 500,0 ml, kanunjym-xnopwug (KCl) 4% 50,0 ml, 25%
marHeanjym-cyndgat MgS04 1,5 ml), KNCEOHMK 1 MHOTPON-
Ha Tepanuja npaheHa cpyaHuMm cTumynaHcuma (7,5-10
pg/kg/Ha paH gonamuHa) n Basonpecopuma (1 pg/kg/min
HopenuHedpPWH Y3 NOCTENEHO CMaknBaHe A03e). Mamehy
Tpeher n neTor gaHa, CTariHOM TepanujoM Ha OAerbewy
WHTEH3MBHE Here, ybnaxeHa je rpo3HuLa u ocna (ersaHTe-
Ma). PecnnpaTtopHa u cpyaHa nHcyduumnjeHumnja cy pele-
He TOKOM Tpu AaHa fnedena. VictoBpemeHo, npumeheHo
je cnopo anu NocTeneHo CMakVBarke H1MBOA NokasaTerba
CMHOpOMa cucTeMcKor MHdramaTtopHor ogrosopa (rpa-
dukoH 1). Hueon [-anmepa n peputnHa cy octanum muctu,
KNUHUYKN 1 BMOXEMUJCKM WMHAMKATOPW KpBM (acnaprar
TpaHcamnHasa AST 1 anaHuH TpaHcamuHasa ALT), kao
N NPOKanuUTOHUH Cy ce HopManusoBanu nsamehy ocmor
N geceTor AaHa nedewa. Hanasm pobujeHn tectnpamem
CTEPWIHOCTU KPBU, donynaa u ypuHa HUCY nokasanu npu-
CYCTBO MUKpoba. [IBaHaecTor AaHa, AMHaMnYKo npahene
CTawba [JeTeTa ykasarno je Ha NO3UTUBHE NpOMeHe Heypo-
TNOLLKMX CUMMNTOMa M Huje Buno HeperynapHux Hanasa y
nukeopy (Tabena 3).

Tabena 3. OueHa o npomeHama kof uepebpocnuHanHe
TEYHOCTU

the disease caused by the novel coronavirus infection
(COVID-19) in children», version 2 of July 3, 2020 [29].
Treatment included the following antibacterial drugs:
meropenem 60mg/kg/day and vancomycin 40mg/kg/day;
recombinant interferon alpha-2b with antioxidants 1ppm
2 times a day; immunoglobulin 1V, course dose of 1.0 g/
kg; methylprednisolone pulse therapy No.3, 20mg/kg/
day; direct-acting medium-molecular-weight heparin, 5-10
units/kg/day (the target aPTT range of 50 to 60sec). Infu-
sion therapy (0.9%sodium chloride solution 500.0 mL, 5%
glucose solution 500.0 mL, KCI 4% 50.0ml, 25% MgSO4
1.5ml), oxygen and inotropic therapy accompanied by car-
diotonic agents (7.5-10ug/kg/day dopamine) and vaso-
pressors (1ug/kg/min norepinephrine with a gradual dose
reduction) were performed. Between day three and day
five, the ongoing treatment in ICU reduced the fever and
exanthema. Respiratory and heart failures resolved with-
in 3 treatment days. At the same time, there was a slow
but gradual decrease in the level of systemic inflammatory
response syndrome markers (Figure1). D-dimer and fer-
ritin levels remained at the same high level, clinical and
biochemical blood markers (AST and ALT), as well as pro-
calcitonin normalised at days 8 to 10 of treatment. No mi-
crobial findings were made at sterility tests of blood, fluid,
and urine. On Day 12, the dynamic monitoring of the child
showed positive changes in neurological symptoms; and
there were no abnormal findings in the CSF (Table3).

Table 3: Assessments of changes in CSF

28. jyH 2020.

8. jyn 2020.

June 28, 2020 July 8, 2020

RNK SARS-CoV-2 (kBanuTaTuBHa oueHa)
RNA SARS-CoV-2 (qualitative assessment)

Boja / Colour

Mpo3upHocT / Transparency

LlenynapHoct CSF (henujal/L) / CSF cellularity (cells/L)
NumdounTn (%) I Lymphocytes (%)

HeyTtpodomnu (%) / Neutrophils (%)

MpoteuH (g/L) / Protein (g/L)

mykosa (mmol/L) / Glucose (mmol/L)

CSF: uepebpocnuHarnHa TeYHOCT — NIMKBOP

HaRheHo / Found Hwuje naheHo / Not found

Be36ojHa / Colourless Be36ojHa / Colourless

NotnyHa / Full MotnyHa / Full
98 14
1,0 13,0
87,0 1,0
0,55 0,35
3,3 5,8

CSF: cerebrospinal fluid
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MauujeHT je nogeprHyT RT-PCR Tectnpany Ha COVID-19,
KojuM je pobwjeH HeraTMBaH pesynTaT 3a y3opaK JIMKBO-
pa TectupaH Ha SARS-CoV-2. Hberoeso onwTe cTawe ce
nobosbLuano: LuenynapHocT n HeyTpodunmja nukeopa cy
cTabunnsoBaHe, a HUBO MpOTeMHa je cmakeH. MehyTum,
W Jarbe je npeoctao CMHAPOM acTeHuje, Koju ce MaHude-
CTyje kao cnabocT, ymop U CMareHW aneTut. TpuHaecTor
naHa (9. jyn 2020) nevemna, gete je npebadeHo ca ofe-
bera UHTEH3UBHE Here Ha oderbere 3a NHdekTneHe 6o-
necTu rge je neyerwe HacTaBrbeHO crnegehom Tepanujom:
Tepanuja aHTubnoTuumMma Tpajawa go 14 gada, Tapanuja
WHY3MjOM U JeceTogHeBHa Tepanvja pekoMOVMHAHTHUM
XyMaHUM nHTepdepoHoMm anda-26 ca aHTMOKCUOATUBHUM
cynosutopujama y go3um og 2.000.000/n.j. Ha gaH. OQuHa-
Mu4yka exokapguorpaduja (16. jyn 2020): nepukapgujan-
HU 13NuB oA 2,6 mm je NpeocTao y AeCHOj MPETKOMOpPU.
[rmeHsmnje cpyaHe wWynsbuHe cy Gune y HopManHoMm pa-
cnoHy. Buarsvem cermeHTy KOpoHapHuX apTepuja cy unum
HeTakHyTU. IHOukaTopm cucTornHe OyHKLMje nieBe Komope
cy 6unu y HopmanHom pacnoHy. Ha cpuyaHoMm 3anucky Huje
6uno BuarbnBux npomeHa. Mimajyhu y Bugy Bncoke HuBoe
[-omumepa n oepuTrHa HaKoH MoBfayYeHa xenapuHa Koju
yKaayjy Ha Tpombodwmnujy, nponucaHa je jegHomeceqHa
Tepanuja aueTuncanuuuMinHOM KUCENUHOM (acnupuH) of
50 mg cBaku gaH (Quaque die) y3 npahewe koarynauuje,
kpBHe cnvke (CBC) n buoxemujckor cactasa kpsu. eTe je
oTnywTeHo 13 6onHuue 17. jyna 2020. rognHe y ctabun-
HOM cTaky ca crnegehoM KnmHu4koM amjarHosom: U 07,1
— SARS-CoV-2, texxak cnyyaj COVID-19. O6bocTtpaHa yna-
na nnyha (CT-3), Tun 2 pecnupartopHe nHcyduumjeHumje,
ctagujym 2-3 wuHcyduumjeHumje umpkyrnaumje, BUPYCHM
MeHuHiMTUC (SARS-CoV-2 RNK), cuHapom cuctemckor
WHbramaTopHor oarosopa.

KaTtamHesa

Y Meceuy Kkoju je ycrneamo cTawe nauujeHTa je ouno 3a-
JosorbaBajyhe n Huje ce HM Ha WwTa )anuo. Komnjytepu-
3oBaHa Tomorpacduja (CT) rpygHor kowa Huje nokasana
Hukakee nnyhHe nHUNTpaTe UM HUNTPUPaHe CeHKe.
Koarynauuja, kpBHa cnuka (CBC) 1 6uoxemujckn nokasa-
Terbu cy 6Unu y HopMariH1MM OKBUpUMa.

Ouckycuja

Kog naumjeHata obonenunx og COVID-19 cy 3abenexeHa
aKkyTHa uepebpoBackynapHa oborberwa Yykibyudyjyhn uc-
XEMUJCKM MOXAaHW yaap, eHuedanutuc, Tpombosy Lepe-
©panHor BeHcKor cnHyca v uepebpanHo kpeapewe [6, 7, 9,
19]. Moryhe je npetnoctaBuTy a rnasBHy MexaHnu3mMm Mo-
XOaHux owTehewa y3pOKOBaHWX KOBMAOM YKIbydyjy Ou-
pekTHe (HeypoTpOMHEe) U MHAMPEKTHE pesynTate TPoM-
BouMTUYKMX KOMMMMKaLMja, Heypo3anarbera, XMnokcuje u

The patient underwent a RT-PCR COVID-19 test, which
came back negative on SARS-CoV-2 for the tested CSF
sample. His general condition improved: CSF cellulari-
ty and neutrophilia stabilized, and amount of protein had
decreased. However, asthenic syndrome manifested as
weakness, fatigue and decreased appetite persisted. On
day 13 (July 9, 2020) of the treatment, the child was trans-
ferred from the ICU to the infectious disease unit where
the application of the following therapeutics continued: an-
tibiotic therapy up to 14 days, infusion therapy and recom-
binant human interferon alfa-2b treatment with antioxidant
suppositories at a dose of 2,000,000/IU/day for 10 days.
Dynamic echocardiography (July 16, 2020): 2.6 mm peri-
cardial effusion remained in the right atrium. Heart cavity
dimensions were within the normal range. Visible segments
of coronary arteries were intact. Left ventricular systolic
function markers were within the normal range. The heart
valve had no visible changes. Considering high D-dimer
and ferritin levels following heparin withdrawal that indicat-
ed hypercoagulability, acetylsalicylic acid 50mg QD for 1
month was prescribed controlled by coagulation, complete
blood count (CBC) and blood biochemistry monitoring. The
child was discharged from the hospital on July 17, 2020
in a satisfactory condition with the following clinical diag-
nosis: U 07.1— SARS-CoV-2, severe COVID-19. Bilateral
pneumonia (CT-3), type 2 respiratory failure, stage 2-3 cir-
culatory failure, viral meningitis (SARS-CoV-2 RNA), multi-
system inflammatory syndrome.

Catamnesis

One month follow up demonstrated satisfactory conditions
with no patient complaints. Chest CT did not show any pul-
monary infiltrates or infilirate shadows. Coagulation, CBC
and biochemistry were within the normal range.

Discussion

Patients with acute cerebrovascular disease including
ischemic stroke, encephalitis, cerebral venous sinus
thrombosis and cerebral hemorrhage have been reported
in COVID-19 [6,7,9,19] .It is feasible that the main mech-
anisms of COVID-induced brain damage can include a
direct (neurotropic) or indirect result of thrombotic compli-
cations, neuroinflammation, hypoxia and arterial hyperten-
sion [6,19].

Earlier studies on coronavirus infection including HCoV-
0OC43, suggest that SARS-CoV-2 may enter brain through
the olfactory nerve by a trans-synaptic transfer through in-
fected neurons utilizing ACE2 receptors [6,7,9,16,19]. Vi-
ral brain entry mechanisms associated with a diminished
blood-brain barrier function resulting from the endothelial
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apTtepwjcke xunepTteHsuje [6, 19].

PaHuje cTyaouje o uHdeKUmju KopoHa BUPYCOM YKIby4yjy-
hn HCoV-OC43, tBpaoe oa SARS-CoV-2 moxe ga pohe
A0 Mo3ra nyTemM MUPUCHMX KuBaua TPaHCCUHAMTUYKUM
TpaHcepom Kpo3 MHpULMpaHe HeypoHe kopuctehn pe-
LenTope aHrmoTeHsnH-koHBepTyjyher eHsnma 2 (ACE2) [6,
7,9, 16, 19]. MexaHu3mu ynacka Bupyca y Mo3ak nosesa-
HM ca cMakeHOM hyHKLMjOM KpBHOMOXAaHe Gapuvjepe cy
pe3yntaT gucdyHkumje eHaoTenHnx henunja 36or wuxose
nHduympaHocTu n owTteherwa y3pokoBaHnm SARS-CoV-2
[7,9, 16, 19].

MpucyctBo SARS-CoV-2 PHK y LiepebpocnunHanHoj Te4Ho-
CTWU AeceToroguliker geTeta ca TeXuM 06rnmMKoM UHGEK-
uvje HeJOBOSbHO MO3HATMM KOpPOHa BMPYCOM npaheHum
MYMTUCUCTEMCKMM MHpnaMmaTopHum cuHgpomom (MUC) n
obocTtpaHoM ynanom nnyha moxe ga ykaxe Ha COVID-19
ca BUPEMUjOM U MEHMHIMTUCOM. [1aToreHe3a oBe Gonectun
3axTeBa CrNpoBofere Aarbux UCTPaXuBakba.

Bucoku HuBown C peaktusHor npoteuHa (CRP), deputuHa,
O-ovmvepa n mHTepneykmHa-6 (IL-6) ykasyjy Ha cuctem-
CKy ynany ca 030MUIbHO MOBMLUEHUM nabopaTopujckum
nHavkaTopuma xuvnepumtoknHemunje nosesaHe ca MWC.
MaumnjeHT ce onopaBMo HaKOH KommnrekcHe Tepanuvje (IV
WUMYHOrNOOYNMHK, FIYKOKOPTUKOMAM U Tepanuja xenapwu-
HOM), LITO je NOTBPHEHO KOHAYHWM HeraTMBHUM Hanas3om
Ha npucyctBo SARS-CoV-2 RNK y uepebpocnvHanHoj
TeYyHoCTU. PaHn pasBoj MynTucmucTemcKkor nHdnamarop-
Hor cuHgpoma (MAC) y3 Bucoke BpegHOCTU LIMTOKUHA Kao
nHTepneykuH-6 (IL-6) je BepoBaTHO JOMPUHEO AUCHYHK-
umjn enpotenujanHux henuvja n kpBHoMoXxaaHe Gapujepe
M NOroaMo MOXAaHe OMHe LIeHTpariHor HepPBHOM cuctema
(L4HC) [20]. Hawa je mpetnocTtaBka ga Bupemuja, Kao u
ocrnoboheHn mMonekynapHu obpacumu noBe3aHu ca oLuTe-
hewnma — anapmuvHn (DAMPS), noguxy HMBO ny4vera
npovHdamaTopHOr UMTOKMHA LWTO noBehasa BackynapHy
NponycTIbMBOCT KpBHOMOXAAHe Bapujepe omoryhaajyhu
LMpeHe BUpyca y MOXOAHO TKMBO M pa3Boj 3anarbewa
HepBHOr TKMBa (HeypouHamaumja).

SARS-CoV-2 — kopoHa Bupyc mMoxe Aa byge HeypovHBa-
3UBaH ycne nHdekumje MoxagaHor eHaoTena npeko eHao-
TenuarHor aHrmoTeHsuH-koHBepTyjyher eHsnma 2 (ACE-
2) n npotemHa CD209, unjum ce noseharwem y henunjama
Tako Hagarbe cMamyje oyHKLMja KpBHOMOXAaHe Gapujepe
[30]. SARS-CoV-2 RT-PCR TecTtupatbe LepebpocnunHanHe
TeyHocTu nauymjeHata ca COVID-19 koju nmajy Heyporo-
LUKO 3anarbene je NocTano cTaHgapgHa npakca 3a guja-
rHo3dy COVID-19 npaheHor ctedyeHnm owwTeheweMm mosra
(ABI) n 3a gndepeHumnjanHy gujarHody M pacrnosHaBare
COVID-19 og gpyrux uepebpoBackynapHux donecTu.

cell dysfunction due to their infection and SARS-CoV-2 in-
duced damage [7,9,16,19].

SARS-CoV-2 RNA detected in CSF of a 10-year-old child
with a severe form of the novel coronavirus infection ac-
companied by MIS and bilateral pneumonia can indicate a
COVID-19 with viraemia and meningitis. Its pathogenesis
requires further research.

High levels of CRP, ferritin, D-dimer and IL-6 indicate sys-
temic inflammation with severely elevated laboratory mark-
ers of a cytokine storm associated with MIS. The patient
recovered after the complex therapy (IV immunoglobulins,
glucocorticosteroids and heparin therapy) with a final neg-
ative CSF SARS-CoV-2 RNA result. Early development of
MIS with high levels of cytokines such as IL-6 was likely
facilitating to endothelial cell blood-brain barrier dysfunc-
tion and affecting meninges of the CNS [20]. We hypothe-
sis that viraemia as well as damage-associated molecular
patterns (DAMPSs) release upregulate proinflammatory cy-
tokine secretion which increases vascular permeability of
the blood-brain barrier facilitating viral dissemination into
the brain tissue and development of neuroinflammation.

SARS-CoV-2 coronavirus can be neuro-invasive due to in-
fection of brain endothelia though endothelial ACE-2 and
CD209, amplified in the cells thus further reducing the
blood-brain barrier function [30]. SARS-CoV-2 RT-PCR
for CSF of COVID-19 patients with neurological inflam-
mation has become the gold standard for the diagnosis
of COVID-19 accompanied by ABI and for the differential
diagnosis of COVID-19 from other cerebrovascular diseas-
es.

Conclusion

We are the first to present a clinical case of acute men-
ingitis associated with MIS in a 10-year-old patient with
a severe form of SARS-CoV-2. So far as there are no
standards for the treatment of multisystem inflammatory
syndrome in children, it should be considered that some
children have critical cases of MIS-C which need personal
approach to diagnosis and treatment. This paper suggests
potential treatment approaches proven successful in the
reported case. At present, it is possible to prevent a severe
course of COVID-19 accompanied by acute brain injury at
an early stage consistent with neuroinvasive and neuro-
tropic SARS-CoV-2 characteristics; taking high laboratory
markers of a systemic inflammatory response and timely
treatment into account. In patients with meningeal irrita-
tion signs during COVID-19 should be tested for RT-PCR
SARS-CoV-2 of CSF which is crucial, so that SARS-CoV-2
can be found in time and appropriate treatment can begin.
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3akrby4ak

Mwn cMO NpBM KOjU CY U3NOXUNN KITMHUYKK CIyYaj aKyTHOr
MEHUHIUTUCA MOBE3AHOr Ca MYNTUCUCTEMCKMM UWHdNa-
mMatopHum cuHgpomom (MC) kopg gecetoroguiker na-
umjeHTa ca Telkum obnvkom oborbera og SARS-CoV-2.
[ocana He nocToje cTaHAapAW 3a fiedere MynTUCUCTEM-
CKOT MHbnamaTopHOr CMHAPOMa Ko Aele, n Tpeba numatm
y BUZy 4a uma geue ca KputndHum obnmumma MIS-C, wrto
3axTeBa MHAMBMAYANHW NPUCTYN AujarHo3un 1 nedery. OBa
cTyamja ykasyje Ha noTeHuujanHe npucTyne neyewy Koju
Cy Ce Yy U3NOoXeHoM criyyajy nokasanu ycnewHum. Caga je
moryhe cnpeuntu ga ce COVID-19 pasBuje y Telukm obnmk
npornpaheH akyTHMM owTehewem Mo3sra y paHoj dasu y
CKknagy ca HeypOMHBA3MBHUM W HEYPOTPOMHUM KapakTe-
puctnkama SARS-CoV-2, yaumajyhu nputom y 063up Bu-
COKe BPedHOCTU nabopaTopujcKMX MHAMKaTopa CUCTEM-
CKOT MHbNamMaTopHOr Of4roBopa 1 GnaroBpeMeHo fevetse.
MayunjeHTMa ca 3HauMma uputaumje og MEHUHrMTUCA TO-
KoM nHdekumje COVID-19 Tpeba Tectupatu uepebpocnu-
HanHy TedyHocT nomohy Tecta RT-PCR Ha SARS-CoV-2,
LWITO je oA npecygHor 3Havaja kako 6u ce SARS-CoV-2
OTKPUO Ha BpeMe U Kako Ou ce oTnoyeno ca ofrosapa-
jyhom TepanujoMm. ctoBpemeHo, 1 nopes OpojHMX CTy-
Ouvja o owTehewnma HEpPBHOr cuctema, nocToje U garbe
HepasjalheHa NMTaka BesaHa 3a nartoreHesy, caktope
pusmka n penauujy namehy Heyponowkmx nopemehaja un
MHgEeKUMje ca HeLOBOSbHO MO3HATUM KOPOHa BUPYCOM.
lMoTpebHo je cucTemaTm3oBaTy nogatke o owTehewnma
ueHTpanHor HepeHor cuctema (LHC) yspokoBaHum o6o-
sewem COVID-19.

3axBanHuua: 3axBarbyjeMo ce LEenoKynHoM MeguvuuH-
CckoM ocobrby [euje rpaacke KnMHU4Yke 6OMHMLIE MOCKOB-
ckor Opgerbewa 3a 3gpaBCcTBeHy 3awTuTy ,3. A. bawrba-
eBa’ Koje je y4ecTBOBarno y fnevyewy 1 He3u nawuuvjeHta us
oBe cTyaumje.
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At the same time, despite numerous studies of damage to
the nervous system, questions regarding the pathogene-
sis, risk factors, and the relationship between neurological
disorders and the new coronavirus infection are still un-
clear. It is necessary to systematize data on CNS damage
during the COVID-19.
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