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Post-COVID-19 syndrome in children

Abstract
Background: Post-Acute Sequelac of SARS-CoV-2 Infection (PASC)
syndrome, often known as "long COVID", is a complex multisystem
complication caused by SARS-CoV-2 infection that also widely affects
children and adolescents.

Results: The prevalence of PASC in children varies between 1 and 27%,
and risk factors such as older age, female gender, severity of acute
infection, history of multisystem inflammatory syndrome of childhood
(MIS-C), underlying diseases (such as asthma, allergies, and obesity), and
reinfection play a key role in its occurrence. Neurological manifestations
include brain fog, chronic fatigue, headache, mood and anxiety disorders,
while vasculitic manifestations often present as MIS-C with coronary and
other vascular involvement. Immunological mechanisms include chronic
systemic inflammation, dysregulation of T and B cells, excessive
activation of innate immune cells (such as neutrophils via NETosis and
macrophages via the STING pathway), production of autoantibodies, and
a tendency toward a Th2 response, which predisposes to exacerbation of
allergic reactions. New studies emphasize that PASC can significantly
impair children's quality of life and mental health by increasing the risk of
severe anxiety, depression, and sleep problems.

PASC

multidisciplinary approach, early diagnosis, supportive interventions, and

Conclusion:  Successful management of requires  a
targeted therapies. With the emergence of new variants such as Omicron
and the effectiveness of vaccination in reducing the severity of PASC (up
to 50% in adolescents), the prognosis has improved, but the need for
longitudinal studies to develop novel treatments and prevention protocols
remains.

Kevwords: Post-COVID, Inflammation, Pediatrics, Pediatric

Journal of Medical Council

Akram Sadat Jaafarian!, Raheleh Assari? ,
Mahmoudreza Ashrafi2 , Masoud Movahedi?
,Hanieh Mojtahedi' , Maryam Sadr!, Sara
Assadiasl’, Narjes Soleimanifar’,
Mohammadali  Zolfaghari' Alireza
Esteghamati®, Abdolrahman Rostamian® |,
Rohola Shirzadi?® ,Mohammad Hossein
Nicknam'*

1 Molecular Immunology Research Center,
Tehran University of Medical Sciences,
Tehran, Iran

2 Department of Pediatrics, Tehran
University of Medical Sciences, Tehran,lran

3 Department of Internal Medicine, School
of Medicine, Imam Khomeini Hospital
Complex, Tehran University of Medical
Sciences, Tehran, Iran

* Corresponding Author:

Molecular Immunology Research Center,
No.142, Nosrat Street, Tehran, Iran,

Email:

mhnicknam@sina.tums.ac.ir



https://doi.org/10.22034/43.4.90

Lojsgozo  Fgjlas elsly ylyaes S|
P20 <(53gizo ol F(53>90 Sgeun (Fd bl
weep ¢ el gl Dl sl s
Lojle !5 lallgd  Glesazro '8 lopbw
ol 29 Fylwiwy glezJlsae  Foliiwl

*1 ol S > 3020  Figsl i

oSl «5JgSJgo (5jglgrgeul liadxs jSyo |
Ol «ligy (ol igs S jg pgle
pgle o8I (Suivjy oaSGals (Jlabl og S ¥

Ulil qglaed e i jz

g (oSajy esSdnls (ISls eg)S P
Pole oBinls ((8)) oS> pll (liuw,ley
Ol 0l gs ol gs GSub g

9o oxungy L *

Pgle ool «JgSIgo (sjglgrgasl ildid=s S0
Ol el sg7 «l g5 Sy

2 SgyaSIl L sbé

mhnicknam@sina.tums.ac.ir

Sz U lo jLw s g Jy — sole oo

Journal of Medical Council of Iran, Volume 43, Issue 4-2, 2025 i R
https://doi.org/10.22034/43.4.90 A\ EALF

Ob8g 10 18—wgg¥ 1 Lw P yiw

2SS

(Post-Acute Sequelae of SARS-CoV-2 Infection; 1a-ua;555ley pyoimw :dedis
STy iy )l Sy 0o ALl (Vb 955 lyie 4 el a5 PASC)
Sl w08 jeb 5w |y Gllsr g 9 535S a5 el SARS-COV-2 cigie 3l 3L
2039 35505 ) (b Slallss (Siglgmeinl uime ele salsd 4l gl 590 ol w0 o
syal, 5 plor; Soidsise] Slpmrlle (3T 5 SdsSuly (e omas sloaix
A8 o Jdo | bl Casmas o (S 0

Y Gy e (oylas Jalse 5 009y ke doys YV B ) (o olS555 10 PASC g5t il asily
s Lot AMIS-C) 45355 oummmoin gl pyiies dishs 3o Cigie Sbd «iho i
e Sl il Ga S A (T Se 50 dazme Sishe 5 (Bl 5 53T el o) sl
clyallss 45 o 40 wced lladl 5 S CYMES )0 s cipope (Sind cSiie 4o Jold
Slopucilie 055 0 ol G9ye plo 5 55 G9,e 65,0 L MIS-C o500 4 el (dsSuls
3 et 3o Jled By T slosbo elass j5 oS oo St bl Jols Sy3slsigenl
s Gt 31 aslas SLe 5 NETOSIS 3,0 51 Lo by isi asile ) 35 (imtl cslo Jolo o
ST sl STy Gt slodine) 45 sl Th2 gl 4 iles 5 lasoly Tsi1 adgs o STING
L olS3sS Sy, coodlor § (S5 oS Wilgs oo PASC a5 aisS o 08T oz wladllas 095 o0

S Jie s BB ol 4 ol SIS 5 5o bl eyt sl s L

Sae pllrog) el (candtaiz 0,505, sl PASC 38ge o pon 16 S Az
256 5 Omicronasle was sbbedbyly b b .cwl siedin slaple,s 5 oles
Lol sl 48l 090t 85Tt (O Llszg5 50 duoyo B¢ 1) PASC o ials jo ygumslinSTs
el Glaes 62Kt b JSSsn 5 (e slopleyd as Gl Jsb Sldlae 4 LS

D9

OUsS (sotmpmiz (2l @ pois (JUbl (Ll 955 Ly 1 g0alS” (5o 0319


https://doi.org/10.22034/43.4.90

SxSsle g8 Sy codlu g ady p e wily slasoly

AR ET
98 33912 SO 9 (S55lgmem! ¥

S5enl > 4 5345 ;0 PASC gouis 4 bgsye (slad gl

aoly saoxe WYL 0 adllas S (W) ) Canl purie Hluws
Lol sl 03,8 5,155 2o d YV U doyn V5l 28 5l ) gouis
P o YYD U 1) god YoV Jlo p» yuis cldlas
S8 oo 359l (da0 Cigis b (S35 o) Jlad s clmog S
Sl Blow & Syn (o sz adle S (V) Y)
YY1y MIS-C 5l e PASC j5,0 0,8 o oy |y codo
Sl Cigie ailo b S5 5 o Jlo 55 a5 2ygly o

(VA b o il do 3 Vo= VD & 5 ol s

B YYYS o 1) oddglscnl goud 58 €agy Yy S
o il b g ol & 5,8 aST Lol ol Lis as s YOXF
@ sty BB sk 4 (b WY e Jle plys 4) xR0
@ ey b Vb opdpms ool b B aey VAR
Post- 1y WHO oy aile ) osds g il lasliw] iy ylas
oy b Sean] s plul o (COVID Condition

LYY ) o5l o S8l Sle SV b (6 S
LS B @yl S 1 b O pallas Y

9 ggie Hlaw (5295

Sl g (duasd 2)Sles (SN CutsS g Gl odumuwlis

VA dgsSly oyt 53 @e 555l

(A) w30 )3 il cov cnd a4 |y edld

Seosmmw 9 o908 Ol 2l L)LY

91

CVRY-VY

OB295 )3 995 lan 09 )i -

SARS-COV—Y usps j| il VioigsS (s pSdan
23,5 dbnl plea pulpw 3 |y labilo g (il sl il
OYLS)h 4 Cuns 355 ASoe jpad Ll 5 2 ST ol
oS 15 pastie o yepe 4 Lol WS e )5 Wb cov S
dor I 2y JB ole Mg 5 B8 Cumer
Iy PASCusle cse sVsb (o)lse b canid s slacsgae
3 b 4 (PASC) Vamsag58 5 oy pytivs oV )) 45 a0 29
2)9 j bt & 33,5 (oo I pottane b 0aiiS398 it @3Me
Bl on 5 Wb oo polis (i VY B ¥ Vgons) Cigie 2l 3900
2 oadsl S yes a2)S1F ) a8 S0 ) eoseie lagiine
5 O3 & wmde Gl lodnlis daled g (VWS
B) 5,5 JE pyti ol b o Wlge 5 ol
13 pyties ol 5YL gond 5l Sl YoYD Jlu 5 ] il
5 o Sz Y] L o bloy) g Jlo & ) o568
Ji> 2 (15365 15 PASC g0 (sl jgl o AV F) ol i
S xSy slabyy 5 Clllhe (Shb i)l ) (SeXenls
YV oy o lis oo (Ko iUl glaosly Lol ccunl puxio
o> joye o9l (A A) el MIS-C L s pops sop Ve b
5 o5y Snp ol Clllas sl cuS 5 Lol b
Spusle gl el (2l lallss (siglgmeinl 5l 5e)4
Ao &l 8348 15 PASC b e (slas paly 5 SG5elgige0]
g 34m0 Cigie il a5le bds e (39381 L ol g ogdle
S 3)Sg) 4l p e cnl (Sl YN

b a8 o 8T plate (6)S0bye g odblugh (guslinsly 5o



Doy S oldS il oMSie 5 SleMb

Slgs o g9 0dd )5 (lg>gs )3 efg 4 CaMe

(V8) 223 51,3 b cov ond 4 |y Luass 3 Sles

el g 13l e b 5 g5 51 A1 e 13,0 paw
Eond Mg ooyl oaiiSdee b polie oo
b ¥ o PASC pyuis 4 Mo (83587 1 3)3 50

(WY A) Cowl o | 45,55 do 0 YO
UNIP o)

prels plicdld Jood pas g Suns
&S Canl G55 VA-mSluy pyw O CwMe
13l ganlyen (PEM) ol 5l (5550 b ]

(VY)

Eomi  Llil gldasl 4 Al OWWSI
2 i Olleg 5 b0 o 5ol ol sl
ol oddlie VA-WgeSluy piw 4 Mine 8dsS

(V2 Q) cul

(V) Wb o

ol Sl glis g by s OYWRI
4 5858 (S bl wl rls ol 5B 0 SMe
V) b o 4ol o0 Cyouo

Swiliwlei )l (63,5 SU o 0w aliio poMe
Ol xSy Jols 3Me ol ((POTS)  suradg

92

o Eord o ol (St ol o Sl 1N
So (DY) cl s U3)S VA B A/ )
“«cddld Gl g B3 lhlew 51 olB 095 5
ol adls CoMe &S WS o 450 1y (PEM)

(ME/CFS) Sile Codoogllansl yojo (S

g (Y7 B XY s (S5 3 qundid— oS oW
LYY Q) s e cpl dles 5l dlw dudd 3

s St ey alis

6xS» 3l st (POTS) «nsy Sluulgs)l
ok> (Dysautonomia) jlswsgs was i

CAME] luaba ae gladys 1,555 MY
A) Bload (515 @IS @ 5 ()l @M 5 g

(Y

(Neurological

Manifestations)

o5ty el cadd el 8345 13 sl COVID-VA 45 31
Al Glp 2y JB B Sy oo Jame 5 555 e (s
2 VSl pitiw mas Olally bl cogae I

(VFN0) 2,5 o o 0 1y oMo 3l mewg i 48348

r b (Sialy) g omas pidle b (A

oy slp Mol oyl :(Brain FOg) sike 4o
P oMo Jols 3ls oYMS! I glasgome

ooy G (S (deoligS aladls JMis| ¢3S ya5

& 30— omas u‘)ibUaS JYy



395 el ade oludl 4 asl gy ade LS
g e Ui GuSly 58 (mas 8L dex ) o
ool lgl 2y wlillae a8 Adg (ool olgl
wle G-protein coupled  (cleox S ale
ohles » 1) Sb)luge 5 5,0 IBY- 0x,S
ool wsledly lis VA-wgeSluy  pydiw 4 M
v el Js) 5 sy b
e 4 e 5 e bl M)
4 5 Sws « POTSuskDysautonomia

(V) B9 535

O o905 3 MBI 5 JLga! cuw!
o JWbgnl slaJshe Wl gy tgySwe
5 (1S, oledl) cudionil cly 5 5 o391 1, g
crl D98 (Sog8 (55 Sbad) jomg g, Sue S
9 M Je |y he 4y (Spge 55 by Sl e el
Jor 2 Sl e ms (mSgmp pl Ded 5S]
Ml sl jid sls oYM wad Sl

(Y+)

3 slpdigh il )3 ey $slub
socdl 1> wgng RNAL gy clabd (g)luly
s il 5 3,158 olSto e ) ¢y il
ol ol ol 45158 s Cogre jl uy Waole ( mas
by oege 2l g ol Bl S g olly

(YY) LS g0 pglss 1y w5Me g Sl y so o]

93

Jedsd  was s S

(V¥ ) w3l (Dysautonomia)

G g @dd 3l dlse i Tligme 9 S
b jlow dalllas G Ll ods )55 55 SHae
Y8) SMas s g (Mopd FO) muls olpl
b Sejelyyy Clples (ppals olye 4y (3o
Sl Yeva Sldlae (V) 5,5 (55 o1 5 e
ras e Jlo 0 5 3 ) &S wmd e

(5) 23L olyon a3y 50 23U b conl (s

gmas LAl S59le il Bewile (@

Cigie s g siams lisb 5 Sotans S|
e mul K wlge SARS-COV-Y b
iy b WS e )bl el
g TNF-o L5 sole Sl i (sl oS g
5 wlg e el slaJsSge ) ol o] ,anCRP
Jie |y ol (Sl b o0 e (s3rem SsS s
SF e ras e & LS gl (nl 29)9 S
U N TSR K
ol ol ags(Neuroinflammation)
0bloy ol locyg)g & puitas b 4 WG
e bgl sl g 1S ks |y b juglipes 3,Skas

DA F) 250 s Olyos o (Siwd (o520 do Lo

e gsSge 5 et STy
4 Jige calus cwl (Seo (wgpg la,tsle
(Mis (slaJsSge) 223l sl (ljre slocuByy

G b ool i D9 el Ll o caalid oyl



D95 Ges m oode 1D (89,6 553 e
o B9 g adS grRe @9y (650

(V) sl s s )5

5 SPI5)) Llate @Me jop 1 Suolmms e o
Shsed) Say spS 5 s glady (cu )l

(V) a2 &) ol (S (Jig)l

J—:;J-) & )_) )"'>“’: “~ se leht.}'*“’ °
Wlo o gl glagjlan ple b Mo calis
j9lein)l g g e Seb (SdS (STl

(YY) ol ol Spoitamns

i om CdgSwly Sujgleise] samsile (o

995

SARS-COV- s STING yuue (g5l lad o
oo il Jld & pxie Al oo ACEY 50 aY

ol 2sd (gl gy Sye STING )
soplle My G eel gl
IFN-y 5 IL-\B TINF-a sl okl i

ol w5 4 dlge ol & 0S5

(YA) dalmiy 55)S B9, ) eyl Dbl 5 (958

sy iged] udyeS dhwly b ColgSily e
JSts g wgpg ade 1BA (b il plimdy;
4 e Sy @bl slapsSleS
Siledlb 5 Gaye oy ) SlaS (pl o)

5 ThY ol (il Jld 3,5 oo Cledl sl 5 3950

%94

Sldles 30 STgrlio g pumo 3 JWST o
i & Mo (YWS)h > (s (53D pga
Gr P S pedalie el Vsl
Sy oo puudgilioged cpl dilodly lis 1y 520 bl
(YY) 15l Lo o (g o do g dyid Stud olas! L

Sostig s s b 2l o IMB ol (olS568 55

V) 28l gy
(Vasculitic sWeSwly  ofally .Y
Manifestations)

ol 5 edsie dlse NAmwgsS (opSden S L
OIS Mags SV gl cod lew ol e Yk
(OB 1 WgeS Y g Ll b wlpally | (S calosds
S8 B9y 635 b Nlge o5 Cunl clgSly elgl o
el Clpallss cpl (YY) Al olyen 39,5 (9 (> 5 Lawgte
S (MIS-C) (5355 ) otptiz 2ol pydis B >
o3 sl (dgSuly sl Shg b (et lon Ko 395

1 gSwly (Sl Ol ()

4 e 355 5l (il 1S9 A 0 pkinn 0
|y S5 s plems a3 b JalS (sl LaoMIS—C
S8 dacd ()8 S5 bl o dlex Sl )l
Sy chad 3l St s pltl )3 it ool
gl b glusl Spgo & Ko & 98" Ggye

(YO VF) ab allas 59,8 (59,



e g oblozgs g 55 (g5 (g g @ Sy i wlyd ol 5 eobml a i Ay

olgie 4 Olllas 3 ol b 4 g iz (¥ 1)

O )Y A) Wlodiuo Lol ylas >og,5 . B . .
( ) Rl bz slaosS il o by i B9y sl )3 NETOSIS i85 o

4 VA-y568 4 LD Ml Dl Chghe Al e 3 PRY 5 (laSlpshe ) MPO  clag 3l s>
L s L5 om0 s 0 0 s ) NETosis i3 b 51 b ks
(WY 2) ol lagye Vamyg98y s S92 ) ol Slgion ((Ldgyy Jobo )b slads

] L o Sy ol Ggpe JUbgul & g wats )
@9 Il el dgrgislanmey s g low o
b by sbedsSuly 359h 5 ohy 4 el

9 Col zyhao (( by 0o (eawdlginw JANCA

Cgue ol At Jalse Sl el el b Sk

Ay i adllas S Jlio Glgie 4 (VW) Bgd oo
X)) caslars 5)l5 56 MIS-C 5)lse Sy 5

b Vsl pysis 4 Moo 838 ol g5n
) Sl maw Long COVID L 8555 j5 (VY

Comox il ply g b)E oeds Olalys
I eje ©ogo 4 NETS 5 Ldg i (g3lo Jlub

(1) 292 (o90e
(YY) ol sl

MIS- otmmosiy R @) dlsbw o
S5 mas iSu &S jghilen :Ubd.:l.g‘:'b'i}?l .
ly GV s (opme p3 dible cpl b 508 :C
5 Jubsnl baJsls ale ool ilgl wg W
() tiad Hlul (Bgye 5 ool Y
P s b & Slgige Msen il glanTyy

N9l oyl SQjgleige] (Bpmsile O llleo A3l iy (i85 Sl ol Slox
o35 ,5(PASC) 2l JWssl sladsls ads ool lgl s
(VF) w5165,5 a0l MIS-C & Mo 8568
Sl S PASC jloiee; Sojglsiser] (lapusilSe S
Gloaslid aaled cuwl as)le pl xBge 4 floy 9 awsis

oo Slw Jled b 8355 3 1geS Y &S aad o LS . e X
PRS )«.J o 9§) 99§ U M*'f,)")"ﬁ‘)h’d"?c'f

ol olyon bS] 5 1 Lias] Lisks 95 o ekt > M3

(¥ 1) S She Sy aS o lis dalllas pais glaosly oo

0368 )3 1y PASC gy 59 Jiol wilgi o (63,8 9 (b
(Tedshw ) Johw gosl j3 JYAT.Y.D

Wy il

95



5 ol e slagiil wib) on bl
asliols (g3l Jleb oximsplis & Cal (o L

(V¥ YY) cwl B slacuuwssad

2 i B Johw gBAcgosme ) 43 Ol gt
dox 5l B (laciuwgid sladcgerey; g uigid
B sladsh (ials 5 oasJlé B sla oo il

(YY) 295 o0 0133 LgeSlus 8545 5 (Naive) S5

ST oal Sl 3,Shas ,3 ST Y0

e b 5258 {(NK) (b 00iuilS” (glo Sl
G ¢SS! 5  Sius ofgds cdgsS SV
W39 095 NKGbJgho Jlol 8 )5 jblse ials
Wl pials g laJshe opl SenSgigian clld

L SL L L

PASC 5 ,s00 & Mino 8358 {(NETS) gadg 3 93

B by 53

IVl o adsl cosie I ol o>
e glmpl 5 Jdgyy lodd slaysle
NA) 5503358 pys 5> (MPO) 5l Tslio 5 sl
" kg g Jshe s el ! age St (YA
Gl 5 ooie B Cldl 4 wlg o(NETS)

(V7)1 S8 8l

oy Sl 1o glul o i S
4 e Slg5 o polie (gilw b oyl ams #,PASC

b e g edlotn oS HlNL &by

96

Jobw sasgozmep; > Sl pus
PASC & Miwe 8355 s oo lis Sl T
S5 T ool (s fials jlad canl (Sae
T sladshe iledld bl 5(CDY+)
b o888 [YA XY Y] W9 (CDA+) Ko g
g5 ol b olul Sloympas @M
slogls w5 (TCR) T Jslrepertoire
Tl odmd i Cunl Sen &S Mg eolaidl
oany soinl 4 pgle SESTy b aloss

(¥DYF) 15l olagdly

» ks :(Treg) (ooddis T (s o ialS
L 5558 (B 3 Treg ook 5 Slas |y ol
Slge Ll )l b il PASC widle
9 &re Al (el Jood (i3 cusd I oo

{7F) 395 aslogs (slagasly jlas ol

eyt 3 i T (Sdgmy8 o (K | lgnl
Al Sy Jols el See o501 ¢ VA-igsSluy

T 286 5,8dee L" (Exhaustion) Se.s"
b b oang Jo iS4 3B o L3l b J

(YF) s o] ely

S5k ) Jygogh sl o e (53ls JUsb Y-

(sl sl 9B
ISty sl sl GiliEl e

— 2995 Luy pydiw M b (453957 )5 (oS (slaaidly



IRl lbpasds 3y 5 (N dble (35 Jb g8 Sl 4 45 390 (M) oledlgy s ) jlég Sl

) ol sz (VA D) 555 o K plio
i) 2 Gl laleal; rgldid )i b5, e 9 VA-mgo5luy @ ahw o SUjglgigen] Mg F.0

(F 2) 5wkl 5 5elgleg) aolasl

Wlo paass sloyge)] i s gBCwT o Lo Sy dbml b g 835 why |y orl pies gmb o
alo 5367 5 520 MRI (POTS (1)) cpoliay] Joss (¥4) 55

A) 395 oo o3litwl Hlow WMo 4 Aty B g0

(Vo

L Laye sl S g 5l 65V gl syl PASC
oS s pSoilul 1S eleige] (b5, e Sylse Sy s (ILIY 5 IL-0 dL-¥ wils JThy
SoySlo g wsit) sladegome s dasab ol gl ¥R XY (s oo IBE s

Glolis > g el el il

VYY) il tde (glaie ) oYM

:SARS-CoV-y bjw cwlb gilw]lad o

Jbb 1) b Cuols puiinpi by Logiinns Sl o

2 Syte 5 hles baes gl 1 loyd Caprae o plo g Sty omeliass pbg 4 e g AS
Copdey Jolds Wlg o Copre cpl Ll SMe (¥ ) 290 ol sla ke

PEM I S 4l (Pacing) «sjy!
Cighs ipgmgSue 9 (blw w0 SWST e

o))' WT ) 9039 u.]al?u dw ..\)19:@ \O\—..\J99§

2 odlatwl 3y50 slaloyy Ao Sleydg)ly (ol

Ol ol 298 pongSue 1> B! cage s

Wl e L ol slaglh POTS
ol g g 0303 (al38l 1) 6 dide8s wl55 oo

LFY 0¥ 2) 13b by g agiges

(FY) w3 )13 (gt slopyil o yme 5
15 5501 5 oidgSusly 1 aES S g ypto Y

OB 355 w9y o i

u’&g‘)g‘.éagmuﬁdlh:)&‘” 5

Sl gp s cal il Laskds Ky PASC oS bl

Wl 2 i 3,y )l dex ol Sl eolaidl

97



#Sle) mg/kgiday Yeiglgmid pdue (il o

IMBT LS9 bdylge (sly 5oy Y0 Sdo &y (p)5)

(VO) wads ey 5 Slas
LS S | PEOCL ) B | IS R P YSOUVE o v31 B

Slasuio b pglie 3)lge ¢l cils »; mg/kg/day

(f) Lk inflammasome

H(og sebpussi) IL-F i JUglSsige (53l 31 o

(FF) oS g sl Slaseiio b 3)lge <l
WSS 9 il

win V=¥ jo g (Jglolo 3 (Sim (SIS0, 581 @

b ¥ b

slale g8 g goals 3 8oe (bj)

sl loy oasScdl y (855 0 JolS g uy isl @

(W) ©ae SV b

AR

1857 gole iy VT

5 Slisuol L;L’aoj).n Ulp Sp g slbcws o

i
obaisl s JUg IE cpSojsl o

sl 4 S5 0)l50 )3 (ST by (g S0 Cus @

98

—32995 Uy @yt L lad po CodgSunly Co e Y

4
5 B9 S wad 4 PASC I il cusSuly ooy

eaaSiNy (63)509) Mejls g b (Siuw 1S a5l

rols sl gyl )Y

ol sl Jhpe SIS S81 tg b ppgai o

S5 35 iy sl CT LS a3l 9,8 Goye

.(Y\c) &3 B9y ‘_;I)g MRI/MRA

o yd ESR ¢ CRP 4,5, 1 2! dl.s’b,_,&klo)‘i

(¥o) D-dimer ,

P B A 2 L 331

(7Y ) el sl g
1ol ol Y)Y
ausgio b cighs (68 > (o
099553y aSgelsSls)sS (A g g yo5 @

ain Y-¥ Sde & Mg/kg/day V- 50 L Sy

(FY) s F-A b oo yw el

glkg ¥ 590 Li(IVIG) g9 cgglSgigen] o
xS bl a5y leS S 4 pglie 3)lge (ol

(¥Y) 595 Gsye

rOle BAS AT b i (6,45 3 (&



1S5 By 98 Cy e LYY

sboisly Gy gl Gl edlatel  bjsel e

ST
‘—i-’))ﬂ dlﬂ’w)gﬁ Lgl).g ERWEVWY J.Q.r_ 4.91.;).3 °
Srogyml b g2y 0 )Slas late il

9 OpwlawSly womg L,y . A

Lo Wi slacal,ly jorls b oS wimd o lis adgl salad
Oes Wi olyon (g 5cads S g)lew L ASOmicron

2 0gMe L(VY) Ll ials 418365 3 PASC s g 59 ol
Bl Jole G plgie 4 VAmay958 1S gralinSTy o)
job daey cpl 40 8358 slaodly ST sl oud zylao ogalls
b Gomwlionsly puS (53 &S Caol dbaie Lol unl dgame
P (S )L GRalS a4 Kl oo ol Cigie b g jep AalS
Oldllas (FA,1Y) w8 oS 80368 Caxes 0 VA-Wg5lay
oiblS 3 amolienSTly (chopy O LI sxaslis YeYO
ol a8l S0 S ST i (YY) conl blg> g5 > PASC

(V) Jb oo Siali8l WMe (g)lul Jlas dasee Coges d)lge 53 Lol

(8 35 4ol

9 oddmn «Bly as)le K VA Gl e pylie
Oblsrg 9 8348 3 SARS-COV-Y cigie jl otummwiis
i g oy o Ko oMy divas Sl Wy o &S ol

bl sl goio s o] ool a5l azals oles S8

99

Cusle (Gilold oy p Sl ooy Sl 5 g pSojlal o

() b oo

S S i g sl OV Lo 1ol s o

S o gloi ) 5 Gl g olelis 151 Bds

w35 clalie Bl iopolinnd oS (2138 o5, o

5308 551 ¢ 55,8 4365 ¢ olyd slalis o

Gy Oyl oo s Olyed 1892y SlP3L e

(Y0) 552y 25os 350
Jol Bd (29,15 sLale,3 1093 al> 5o

o

A 5 lskl 503 b U]
) 092 2 (220

b oot 1093 S ool 3T o

U5l i Uil sy iS5 o

SosAl ety g ol
5 ol lp ClSslige 10 980 (S0AS oo @
(F5) st
P9lae 3)l90 (152 (panass (Sle )3 ipgus dl 5o

5 050 3S 9 S5 s wwl ol iorlog jllog] e

(Fv)IgE

YLl zobaw b dlse (gl 5 loyd IBE 5T o

(YA) IgE



SiPnibsl Jl e S kS & Lbpiagh ey
W5le) (¢ pSig (slad paly drwgi (gl (sll asly wimd o &)
5 (Dame Cogie I nSsle 9 oMdCasE  (emwlinnSTy
oS s ailo) (gland iy g dedin Sloy sl STy
oles )3 (V1) 29 wialgd (Slgjh slaaslyy 5 ol (el
Sln e 5 le> Capde 5 aBge 4 pareds (b )E
ol Bl slasely 51 B cal Sls PASC & M S548
b g (spSgle bl lgy cadlo g (2gSid by ()low
wile) (VLS 5o & s 5355 )3 PASC socglis 4 ax55
obasl b glaleial) 4 5l )l Ll sads e

(V) 2980 ol JUbl (sl

25 e g e de (S a5bo) (e gpas (W
)‘ (MIS—C k.AJL'B 2 0)49 4)) UJ9§W|9 u‘).QLL:J d.))lyo
Sojglgigen

2 M) sze el el Sy > ey PASC gy

SlpuslSe iwn lse 05l n il
slodsho polie (lold B o T slacuuwgid) 5 Sloe o Jols
Mgy (e cwle dajlig Sl daddyig) S el
) SewodS 5Me s &5 giou] (Slobusls ol 23,1 L ool 5l gs]
9 o3l sla STy L5 b jop jledise; aSb S o an g
Jo i cllas (A F) Cunis ealdss slacslow
b sl gSes o365 3 PASC & wiS o aST Y-Y0
@ 5 el ol &8 sl olyan Spogtiny 5 Sake YS!
dz ) Sl Sablign Wlo (pg (paseis oo Sy,

b Soai] wldllas plosl inoj oyl ) Cdpti (sl (V) 25 o

Sogpe b g Sjdlgsel Y9 Sbsy (lp e SV

&be

-

D Gotzinger F, Santiago-Garcia B, Noguera-Julian A,
Lanaspa M, Lancella L, Carducci FIC, et al. COVID-19 in
children and adolescents in Europe: a multinational, multicentre
cohort study. The Lancet Child & Adolescent Health.
2020;4(9):653-61.

Al Zhang B ,Wu Q, Jhaveri R, Zhou T, Becich MJ,
Bisyuk Y, et al. Long COVID associated with SARS-CoV-2
reinfection among children and adolescents in the omicron era
(RECOVER-EHR): a retrospective cohort study. The Lancet
Infectious Diseases. 2025.

¥ Coughtrey A, Pereira SMP, Ladhani S, Shafran R,
Stephenson T. Long COVID in children and young people: then
and now. Current Opinion in Infectious Diseases.
2025;38(5):487-92.

£ Soriano JB, Murthy S, Marshall JC, Relan P, Diaz JV.
A clinical case definition of post-COVID-19 condition by a Delphi
consensus. The Lancet infectious diseases. 2022;22(4):e102—
e7.

.0 Buonsenso D, Munblit D, De Rose C, Sinatti D,
Ricchiuto A, Carfi A, et al. Preliminary evidence on long COVID

in children. Acta Paediatrica (Oslo, Norway: 1992)
YA (Y Y

100

A Lawler NG, Yonker LM, Lodge S, Nitschke P, Leonard
MM, Gray N, et al. Children with Post COVID-19 Multisystem
Inflammatory Syndrome Display Unique Pathophysiological
Metabolic Phenotypes. Journal of proteome research. 2025.

v Perestiuk V, Kosovska T, Volianska L, Boyarchuk O.
Prevalence and duration of clinical symptoms of pediatric long
COVID: findings from a one-year prospective study. Frontiers in
Pediatrics. 2025;13:1645228.

A Gross RS, Thaweethai T, Salisbury AL, Kleinman LC ,
Mohandas S, Rhee KE, et al. Characterizing Long COVID
Symptoms During Early Childhood. JAMA pediatrics. 2025.

A Miller CM, Borre C, Green A, Funaro M, Oliveira CR,
Iwasaki A. Postacute sequelae of COVID-19 in pediatric
patients within the united States :A scoping review. American
Journal of Medicine Open. 2024;12:100078.

AR Noij LC, Lap CR, Luijten MA, Hashimoto S, Teela L,
Oostrom KJ, et al. Quality of life and mental health in children
with long COVID. Communications Medicine. 2025;5(1):271.

AR Mandel H, Yoo YJ, Allen AJ, Abedian S, Verzani Z,
Karlson EW, et al. Long COVID Incidence Proportion in Adults
and Children Between 2020 and 2024: An EHR-Based Study



From the RECOVER Initiative. Clinical Infectious Diseases.
2025:ciaf046.

NY Esposito S, Deolmi M, Ramundo G, Puntoni M,
Caminiti C, Principi N. True prevalence of long COVID in
children: A narrative review. Frontiers in Microbiology.
2023;14:1225952.

NY Heidar Alizadeh A, Nurchis MC, Garlasco J, Mara A,
Pascucci D, Damiani G, et al. Pediatric post COVID-19
condition: an umbrella review of the most common symptoms
and associated factors. European journal of public health.
2024;34(3):517-23.

AR Toepfner N, Brinkmann F, Augustin S, Stojanov S,
Behrends U. Long COVID in pediatrics—epidemiology,
diagnosis, and management. European Journal of Pediatrics.
2024;183(4):1543-53.

Ne Memar EHE, Heidari M, Ghabeli H, Pourbakhtyaran
E, Haghighi R, Hosseiny SMM, et al. Neurologic Manifestations
of Coronavirus Disease 2019 in Children: An Iranian Hospital-
Based Study. Archives of Iranian medicine. 2023;26(3):166.

M Putri ND, Laksanawati IS, Husada D, Kaswandani N,
Prayitno A, Triasih R, et al. A systematic review of post COVID-
19 condition in children and adolescents: Gap in evidence from
low-and-middle-income countries and the impact of SARS-
COV-2 variants. PloS one. 2025;20(3):e0315815.

Y Lechien JR, Chiesa-Estomba CM, Beckers E, Mustin
V, Ducarme M, Journe F, et al. Prevalence and 6-month
recovery of olfactory dysfunction: a multicentre study of 1363
COVID-19  patients. Journal of internal medicine.
2021;290(2):451-61.

A Arunachalam PS, Wimmers F, Mok CKP, Perera RA,
Scott M, Hagan T, et al. Systems biological assessment of
immunity to mild versus severe COVID-19 infection in humans.
Science. 2020;369.Y =Y\ «:(Te+A)

A Wallukat G, Hohberger B, Wenzel K, Furst J,
Schulze-Rothe S, Wallukat A, et al. Functional autoantibodies
against G-protein coupled receptors in patients with persistent

Long-COVID-19  symptoms. Journal of  Translational
Autoimmunity. 20.£:)++ Y+ +;Y)
AN Ackermann M, Verleden SE, Kuehnel M, Haverich A,

Welte T, Laenger F, et al. Pulmonary vascular endothelialitis,
thrombosis, and angiogenesis in Covid-19. New England
Journal of Medicine. 2020;383(2):120-8.

AR Gaebler C, Wang Z, Lorenzi JC, Muecksch F, Finkin
S, Tokuyama M, et al. Evolution of antibody immunity to SARS-
CoV-2. Nature. 2021;591(7851):639-44.

LYY Guedj E, Campion J, Dudouet P, Kaphan E, Bregeon
F, Tissot-Dupont H, et al. 18F-FDG brain PET hypometabolism
in patients with long COVID. European journal of nuclear
medicine and molecular imaging. 2021;48(9):2823-33.

Yy Riphagen S, Gomez X, Gonzalez-Martinez C,
Wilkinson N, Theocharis P. Hyperinflammatory shock in children
during COVID-19 pandemic. The Lancet.
2020;395(10237):1607 .A—

AR Dufort EM, Koumans EH, Chow EJ, Rosenthal EM,
Muse A, Rowlands J, et al. Multisystem inflammatory syndrome
in children in New York State. New England Journal of
Medicine. 2020;383(4):347-58.

Yo Verdoni L, Mazza A, Gervasoni A, Martelli L, Ruggeri
M, Ciuffreda M, et al. An outbreak of severe Kawasaki-like
disease at the lItalian epicentre of the SARS-CoV-2 epidemic:
an observational cohort study. The Lancet.
2020;395(10239):1771-8.

AN Whittaker E, Bamford A, Kenny J, Kaforou M, Jones
CE, Shah P, et al. Clinical characteristics of 58 children with a
pediatric inflammatory multisystem syndrome temporally
associated with SARS-CoV-2. Jama. 2020;324(3):259-69.

LYY Sancho-Shimizu V, Brodin P, Cobat A, Biggs CM,
Toubiana J, Lucas CL, et al. SARS-CoV-2-related MIS-C: A key

101

to the viral and genetic causes of Kawasaki disease? Journal of
Experimental Medicine. 2021;218(6):e20210446.

YA Zheng M, Karki R, Williams EP, Yang D, Fitzpatrick E,
Vogel P, et al. TLR2 senses the SARS-CoV-2 envelope protein
to produce inflammatory cytokines. Nature immunology.
2021;22(7):829-38.

Y4 Consiglio CR, Cotugno N, Sardh F, Pou C, Amodio D,
Rodriguez L, et al. The immunology of multisystem
inflammatory syndrome in children with COVID-19. Cell.
2020;183(4):968-81. e7.

AN Gruber CN, Patel RS, Trachtman R, Lepow L,
Amanat F, Krammer F, et al. Mapping systemic inflammation
and antibody responses in multisystem inflammatory syndrome
in children (MIS-C). Cell. 2020;183(4):982-95. e14.

AR Skendros P, Mitsios A, Chrysanthopoulou A,
Mastellos DC, Metallidis S, Rafailidis P, et al. Complement and
tissue factor—enriched neutrophil extracellular traps are key
drivers in COVID-19 immunothrombosis. The Journal of clinical
investigation. 2020;130(11):6151-7.

yY Zuo Y, Yalavarthi S, Shi H, Gockman K, Zuo M,
Madison JA, et al. Neutrophil extracellular traps in COVID-19.
JCl insight. 2020;5(11):138999.

Y Veras FP, Pontelli MC, Silva CM, Toller-Kawahisa JE,
de Lima M, Nascimento DC, et al. SARS-CoV-2-triggered
neutrophil extracellular traps mediate COVID-19 pathology.
Journal of Experimental Medicine. 2020;217(12):e20201129.

AR Ramaswamy A, Brodsky NN, Sumida TS, Comi M,
Asashima H, Hoehn KB, et al. Immune dysregulation and
autoreactivity correlate with disease severity in SARS-CoV-2-
associated multisystem inflammatory syndrome in children.
Immunity. 2021;54(5):1083-95. e7.

Yo Porritt RA, Paschold L, Rivas MN, Cheng MH, Yonker
LM, Chandnani H, et al. HLA class |-associated expansion of
TRBV11-2 T cells in multisystem inflammatory syndrome in
children. The Journal of clinical investigation. 2021;131.() +)

AN Chen Z, John Wherry E. T cell responses in patients
with COVID-19. Nature Reviews Immunology. 2020;20(9):529—
36.

Yy Vella LA, Giles JR, Baxter AE, Oldridge DA, Diorio C,
Kuri-Cervantes L, et al. Deep immune profiing of MIS-C
demonstrates marked but transient immune activation
compared with adult and pediatric COVID-19. Science
immunology. 2021;6(57):eabf7570.

YA Carter MJ, Fish M, Jennings A, Doores KJ, Wellman
P, Seow J, et al .Peripheral immunophenotypes in children with
multisystem inflammatory syndrome associated with SARS-
CoV-2 infection. Nature medicine. 2020;26(11):1701-7.

.ya Wechsler JB, Butuci M, Wong A, Kamboj AP,
Youngblood BA. Mast cell activation is associated with post-
acute COVID-19 syndrome. Allergy. 2021;77(4):1288.

EX Weisberg SP, Connors TJ, Zhu Y, Baldwin MR, Lin W-
H, Wontakal S, et al. Distinct antibody responses to SARS-CoV-
2 in children and adults across the COVID-19 clinical spectrum.
Nature immunology.¥)—=Yo:(V)YY; YY) |

8 Yonker LM, Gilboa T, Ogata AF, Senussi Y, Lazarovits
R, Boribong BP, et al. Multisystem inflammatory syndrome in
children is driven by zonulin-dependent loss of gut mucosal
barrier. The Journal of clinical investigation. 2021;131(14.(

Y Henderson LA, Canna SW, Friedman KG, Gorelik M,
Lapidus SK, Bassiri H, et al. American College of Rheumatology
clinical guidance for multisystem inflammatory syndrome in
children associated with SARS—CoV-2 and hyperinflammation
in pediatric COVID-1 :dversion 3. Arthritis & Rheumatology.
2022;74(4):e1-e20.

EY Hentgen V, Vinit C, Fayand A, Georgin-Lavialle S.
The use of interleukine-1 inhibitors in familial Mediterranean
fever patients: a narrative review. Frontiers in Immunology.
2020;11:971.



R3 Xu X, Han M, Li T, Sun W, Wang D, Fu B, et al.
Effective treatment of severe COVID-19 patients with
tocilizumab. Proceedings of the National Academy of Sciences.
2020;117(20):10970-5.

.£o Reese |, Schafer C, Kleine-Tebbe J, Ahrens B,
Bachmann O, Ballmer-Weber B, et al. Non-celiac gluten/wheat
sensitivity (NCGS)—a currently undefined disorder without
validated diagnostic criteria and of unknown prevalence:
Position statement of the task force on food allergy of the
German Society of Allergology and Clinical Immunology
(DGAKI). Allergo journal international. 2018;27(5):147-51.

1 Bousquet J, Humbert M, Gibson PG, Kostikas K,
Jaumont X, Pfister P, et al. Real-world effectiveness of
omalizumab in severe allergic asthma: a meta-analysis of
observational studies. The Journal of Allergy and Clinical
Immunology: In Practice. 2021;9(7):2702-14.

102

L&Y Burch J, Griffin S, McKenna C, Walker S, Paton J,
Wright K, et al. Omalizumab for the treatment of severe
persistent allergic asthma in children aged 6—11 years: a NICE
single technology appraisal. Pharmacoeconomics.
2012;30(11):991-1004.

EA Chipps BE, Lanier B, Milgrom H, Deschildre A, Hedlin
G, Szefler SJ, et al. Omalizumab in children with uncontrolled
allergic asthma: review of clinical trial and real-world
experience. Journal of Allergy and Clinical Immunology.
2017;139(5):1431-44.

€4 Razzaghi H, Forrest CB, Hirabayashi K, Wu Q, Allen
AJ, Rao S, et al. Vaccine effectiveness against long COVID in
children. Pediatrics. 2024;153(4):e2023064446.



