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1. PUBLIKACJE ZAWARTE W ROZPRAWIE DOKTORSKIEJ

Rozprawa doktorska powstata w oparciu o monotematyczny cykl trzech artykutéw
opublikowanych w miedzynarodowych czasopismach naukowych indeksowanych w bazie
PubMed oraz znajdujgcych sie na liscie Journal Citation Reports (Thomson Reuters) o tgcznej
wartosci wspdtczynnika oddziatywania (IF) rdwnym 13,635 oraz 380 punktéw wedtug wykazu
czasopism naukowych Ministerstwa Nauki i Szkolnictwa Wyzszego. We wszystkich artykutach
jestem pierwszym autorem.

Prace wchodzace w sktad cyklu powstaty w oparciu o analize przebiegu COVID-19 u
pacjentow hospitalizowanych w Oddziale Choréb Infekcyjnych i Pediatrii Szpitala
Specjalistycznego im. Stefana Zeromskiego w Krakowie oraz w Uniwersyteckim Szpitalu

Dzieciecym Collegium Medicum Uniwersytetu Jagiellornskiego.

Na rozprawg doktorska sktadaja sig nastgpujgce artykuty:

I Artykut nr 1

Characteristics of Hospitalized Pediatric Patients in the First Five Waves of the COVID-19
Pandemic in a Single Center in Poland—1407 Cases

Lidia Stopyra, Aleksandra Kowalik, Justyna Stala, Ida Majchrzak, Justyna Szebla, Mateusz
Jakosz, Karolina Grzywaczewska, Przemko Kwinta

Journal of Clinical Medicine

Charakterystyka merytoryczna: praca oryginalna

(IF 4,964; MNiSW 140 punktow)

Whktad: opracowanie koncepcji pracy, okreslenie metodologii, przeprowadzenie badania,
rekrutacja pacjentéw do badania, zbieranie danych, analiza i interpretacja uzyskanych
wynikéw, napisanie manuskryptu, autor korespondencyjny.

Méj udziat procentowy szacuje na 65%.

Uzyskatam zgode wszystkich wspdétautoréw na wykorzystanie pracy.

Il Artykut nr 2
The Age-Related Course of COVID-19 in Pediatric Patients—1405 Cases in a Single Center



Lidia Stopyra, Aleksandra Kowalik, Justyna Stala, Ida Majchrzak, Justyna Szebla, Mateusz
Jakosz, Przemko Kwinta

Journal of Clinical Medicine

Charakterystyka merytoryczna: praca oryginalna

(IF 4,964; MNiSW 140 punktow)

Whktad: opracowanie koncepcji pracy, okreslenie metodologii, przeprowadzenie badania,
rekrutacja pacjentéw do badania, zbieranie danych, analiza i interpretacja uzyskanych
wynikéw, napisanie manuskryptu, autor korespondencyjny.

Méj udziat procentowy szacuje na 70%.

Uzyskatam zgode wszystkich wspdétautoréw na wykorzystanie pracy.

Il Artykut nr 3

Risk factors of severe course and fatality in children hospitalized for COVID-19 — two centers
cohort study.

Lidia Stopyra, Aleksandra Kowalik, tukasz Wentrys, Przemko Kwinta

Archives of Medical Science

Charakterystyka merytoryczna: praca oryginalna

(IF 3,707; MNiSW 100 punktow)

Whktad: opracowanie koncepcji pracy, okreslenie metodologii, przeprowadzenie badania,
rekrutacja pacjentow do badania, zbieranie danych, analiza i interpretacja uzyskanych
wynikéw, napisanie manuskryptu, autor korespondencyjny.

Méj udziat procentowy szacuje na 75%.

Uzyskatam zgode wszystkich wspétautoréw na wykorzystanie pracy.

t3czna warto$¢ merytoryczna cyklu prac IF 13,635; MNiSW 380 punktow.

Dwa pierwsze artykuty zostaty juz opublikowane w czasopismie Journal of Clinical Medicine.
Artykut nr 3 zostat 3 czerwca 2023 roku zaakceptowany do publikacji w czasopismie Archives
of Medical Science i zostat w niniejszej pracy wklejony w takiej formie, w jakiej zostat

zaakceptowany do publikacji. Dotagczona zostata decyzja o akceptacji.


https://www.editorialsystem.com/ams/article/341615/view/
https://www.editorialsystem.com/ams/article/341615/view/

2. WPROWADZENIE

W grudniu 2019 r. w Wuhan, w prowincji Hubei w Chinach, zanotowano pierwsze przypadki
ciezkiego zapalenia ptuc z niewydolnosciag oddechowg, obarczonego znaczng smiertelnoscia
[1]. 9 stycznia 2020 r. ogltoszono, ze w materiale pochodzgcym z drég oddechowych chorych
wykryto nowy rodzaj wirusa, w lutym nowy wirus zostat zidentyfikowany i z racji podobienstwa
genetycznego z SARS-CoV (severe acute respiratory syndrome coronavirus), ktory wywotat
epidemie w 2003 r., zostat nazwany SARS-CoV-2. Chorobe wywotywang przez SARS-CoV-2
nhazwano COVID-19 (coronavirus disease 2019). 11 marca w zwigzku z btyskawicznym
rozprzestrzenianiem sie wirusa WHO ogtosita pandemie COVID-19 [2]. Z czasem okazato sig, ze
wirus nie tylko charakteryzuje sie olbrzymim potencjatem pandemicznym, ale rowniez szybko
mutuje. Wiekszos¢ mutacji wywotywata niewielki wptyw na przebieg kliniczny choroby, ale z
czasem pojawily sie warianty wirusa wptywajgce na zwiekszenie zakaznosci i ciezkosci
zakazenia. 31 maja 2020 r. wprowadzono nomenklature wariantow wywodzaca sie od liter
alfabetu greckiego i kwalifikacje wariantdw wymagajacych szczegdlnego nadzoru

epidemiologicznego VOC (variant of concern) [3].

Poczatkowo jako gtowne objawy COVID-19 podawano kaszel, gorgczke i dusznosé, ale
szybko okazato sig, ze symptomatologia zakazenia jest znacznie bogatsza. Raportowano
objawy niezytu zofadkowo-jelitowego, zapalenie krtani, objawy neurologiczne, ale rowniez
typowe dla COVID-19 zaburzenia wechu i smaku. Mimo tego kliniczne rozpoznanie COVID-19
byto praktycznie niemozliwe. Dane odnoszace sie do pierwszego ,dzikiego” wariantu wirusa
mowity o fagodnym przebiegu zakazenia u 40% chorych, srednim réwniez u 40%, 15% chorych
wymagato suplementacji tlenu, 5% rozwijato objawy niewydolnosci oddechowej, ARDS,
posoczhicy, wstrzgsu septycznego, rozsiane wykrzepianie wewnatrznaczyniowe, niewydolnosé
krazenia i niewydolno$é nerek [4]. Smiertelnoé¢ w COVID-19 oceniano na 2-5%. Taka sytuacja
jest epidemiologicznie niezwykle niebezpieczna, gdyz wysoka liczba (80%) zakazonych z
tagodnymi i niewielkimi objawami powoduje, ze nie sg oni skutecznie diagnozowani i
izolowani, w zwigzku z czym dochodzi do btyskawicznego rozprzestrzeniana sie choroby,
natomiast stosunkowo niewysoka smiertelnosc przy wysokiej zakaznosci przektada sie na wiele
ofiar pandemii. Finalnie w ciggu 3 lat zaraportowano ponad 6,5 miliona zgonéw [5], natomiast

rzeczywista liczbe zgondw z powodu COVID-19 szacuje sie ha co najmniej 20 milionéw [6].



Taka sytuacja epidemiologiczna wymusita koniecznos¢ znalezienia szybkich rozwigzan
przede wszystkim w zakresie wtasciwe]j diagnostyki, zarowno w aspekcie skutecznych testéw
identyfikujgcych zakazenie, jak i rozwigzan organizacyjnych, oraz okreslenia zasad testowania,
kwarantanny i izolacji. Ruszyty réwniez intensywne prace zmierzajgce do wynalezienia lekdéw
przeciw SARS-CoV-2 oraz szczepionek przeciw COVID-19. W zwigzku z tym wazne stato sig jak
najszybsze opisanie przebiegu zakazenia, mozliwosci rozpoznania klinicznego, okreslenie grup
ryzyka ciezkiego przebiegu i zgonu, jak rowniez zasad leczenia i wskazan do hospitalizacji oraz
do profilaktyki. Ze wzgledu na to, ze pojawity sie pierwsze doniesienia, ze przebieg zakazenia
zalezy od wielu czynnikdéw — jak np. wiek, choroby wspdfistniejace, ale réwniez czynniki
genetyczne i np. przynaleznosc etniczna, wazne stato sie badanie przebiegu COVID-19 w kazdej
populacji. Ponadto ze wzgledu na szybkie mutacje SARS-CoV-2 i powstawanie nowych
wariantdw wirusa o zwiekszonej zakaznosci i patogennosci konieczne stato sie sprawne
aktualizowanie danych. Zostata opublikowana rekordowa liczba prac na temat jednej choroby

— wg danych WHO ukazato sie 721 621 publikacji [7].

Od poczatku pandemii dzieci byty traktowane jako grupa niestanowigca problemu w
pandemii, poczatkowo pojawiaty sie hawet doniesienia, ze dzieci nie odgrywaja istotnej roli
nawet w przenoszeniu zakazenia [8]. Raportowano, ze dzieci stanowig zaledwie 1-2%
zakazonych SARS-CoV-2, a przebieg zakazen jest u nich asymptomatyczny lub fagodny. Z czasem
jednak okazato sig, ze liczba dzieci z ciezszym przebiegiem i hospitalizowanych zaczeta wzrastaé
[9]. Mato byto publikacji na temat przebiegu COVID-19 u dzieci: w trakcie catej pandemii tylko
ok. 5,5% opublikowanych prac na temat COVID-19 dotyczyto dzieci [7]. W pierwszym okresie
tych doniesien praktycznie nie byto. W maju 2020 r. pojawity sie pierwsze wiadomosci o
pojawieniu sie ostrego powiktania zakazenia SARS-CoV-2 u dzieci, nhazwanego PIMS-TS
(pediatric inflammatory multisystem syndrome temporally associated with SARS-CoV-2) lub
MIS-C (multisystem inflammatory syndrome in children) [10]. Z czasem, wraz z
wprowadzeniem szczepien i zarejestrowaniem lekdw przeciwwirusowych u dorostych, jak
réwniez w zwigzku z uzyskaniem odpornosci populacyjnej, COVID-19 w duzej mierze stat sie

choroba wieku dzieciecego.

Od poczatku pandemii, gdy Oddziat Chordb Infekcyjnych i Pediatrii Szpitala im. Stefana
Zeromskiego w Krakowie zostat zobowigzany decyzja Wojewody Matopolskiego do objecia

leczeniem pacjentow z COVID-19, rozpoczeto badanie zmierzajgce do okreslenia przebiegu



choroby i skutecznosci wdrazanych metod postepowania. W trakcie 3 lat pandemii

hospitalizowano okoto 3 tysiecy pacjentéw z powodu COVID-19.

Dane dotyczace tak duzej liczby pacjentéw hospitalizowanych w jednym osrodku, ze spdjna
oceng, jak rowniez jednolicie okreslonym postepowaniem, stanowia istotng podstawe do
podejmowania decyzji diaghostycznych i terapeutycznych, tym bardziej ze ze wzgledu na
odmienny przebieg zakazenia w réznych populacjach nie jest wfasciwe bezposrednie

ekstrapolowanie zalecen z innych krajéw czy tez z populacji dorostych.



3. STRESZCZENIE PRACY

3.1. Wstep

11 marca 2020 r. Swiatowa Organizacja Zdrowia (WHO) ogtosita pandemie COVID-19
(coronavirus disease 2019). W ciggu pierwszych trzech lat pandemii do WHO zgtoszono ponad
6,5 miliona zgonéw z powodu tej choroby, ale zgtoszenia te pochodzity gtéwnie z Europy i

Ameryki Pétnhocnej. Ocenia sig, ze rzeczywista liczba zgondw byta okoto trzykrotnie wieksza.

Od poczatku pandemii z catego swiata naptywaty doniesienia, ze przebieg zakazenia SARS-
CoV-2 u dzieci jest bezobjawowy lub objawy s3 tagodne. Dzieci stanowity 1-2% pacjentéw z
COVID-19 i rzadko wymagaty hospitalizacji. Niemniej w kolejnych latach, wraz z pojawieniem
sie bardziej zakaznych wariantéw wirusa oraz wprowadzeniem szczepien u dorostych, procent

ten zaczat wzrastac. Pojawity sie tez doniesienia o zgonach u dzieci.

Spowodowato to koniecznos¢ scistego monitorowania sytuacji epidemiologicznej, jak i
opracowywania biezgcych  wytycznych dotyczacych postepowania z  pacjentami
pediatrycznymiz COVID-19, a takze identyfikacji grup ryzyka, kryteriéw testowania i okreslania

wskazan do hospitalizacji.

3.2. Cel badan, problemy badawcze

Gtéwnym celem prowadzonych badan byt opis przebiegu COVID-19 u hospitalizowanych
dzieci w zakresie obrazu klinicznego, wynikéw badan laboratoryjnych, zmian w kolejnych falach
pandemii i nastepstw zakazenia, przeprowadzony na podstawie danych pochodzacych od

ponad 1400 pacjentéw pediatrycznych.

Na podstawie zebranych danych podjeto prébe odpowiedzi na nastepujgce szczegdtowe

pytania badawcze:

1. Jakie byty zmiany przebiegu choroby u dzieci w kolejnych falach pandemii, jako ze obraz
kliniczny zmieniat sie w zaleznosci od cech kolejnych wariantéw wirusa oraz rosnace;j

odpornosci populacyjnej.

2. Czy byly réznice w przebiegu COVID-19 zalezne od wieku pacjentow, gdyz od poczatku
pandemii we wszystkich doniesieniach podnoszono, ze wiek jest najwazniejszym

czynnikiem ryzyka ciezkiego przebiegu, hospitalizacji i zgonu z powodu COVID-19.



Zostato to wielokrotnie potwierdzone u dorostych, natomiast nie byto takie

jednoznaczne u dzieci.

3. Czym charakteryzowali sie pacjenci z najciezszym przebiegiem choroby. Szczegdlnie
skupiono sie na kwestii, czy mozliwe jest przewidywanie ciezkosci przebiegu COVID-19

u pacjentéw pediatrycznych na podstawie danych zebranych przy przyjeciu do szpitala.

3.3. Badana populacja

Do badania byli wtaczani pacjenci w wieku 0-18 lat z potwierdzonym laboratoryjnie
zakazeniem SARS-CoV-2 hospitalizowani w Oddziale Chordéb Infekcyjnych i Pediatrii Szpitala
Specjalistycznego im. Stefana Zeromskiego w Krakowie oraz w Uniwersyteckim Szpitalu
Dzieciecym Collegium Medicum Uniwersytetu Jagiellonskiego. Wszyscy pacjenci prezentowali

objawy COVID-19.

3.4. Definicje

Zakazenie SARS-CoV-2 byto potwierdzone dodatnim wynikiem reakcji odwrotnej
transkryptazy tancuchowej polimerazy (RT-PCR). Od 30 pazdziernika 2020 r. zaczeto stosowacd
zgodnie z rekomendacjami testy antygenowe |l generacji. Materiatem do badan ww. byt

wymaz z nosogardta. Badania przeprowadzono w certyfikowanych laboratoriach.

Ciezki przypadek COVID-19 rozpoznawano u pacjentow w wieku 0—18 lat z potwierdzonym
zakazeniem SARS-CoV-2, z zapaleniem ptuc wymagajgcym tlenoterapii (biernej lub
mechanicznej) lub w przypadku pacjentdw stosujgcych tlenoterapie przewlekle,
wymagajacych zwiekszonego zapotrzebowania na tlen. Pacjenci z wielouktadowym zespotem

zapalnym (MIS-C) byli wykluczani z badania.

Kryteria przyjecia do szpitala byty podobne do stosowanych w innych infekcjach wieku
dzieciecego, jak np. odwodnienie w przebiegu goraczki, wymiotdow i biegunki, dusznos¢, stan
po drgawkach. Zgodnie z rekomendacjami Polskiej Grupy Ekspertéw przyjmowano do szpitala
réwniez dzieci z chorobami wspétistniejgcymi, takimi jak: wrodzone wady serca, choroby
neurologiczne, genetyczne, przewlekte choroby nerek, mukowiscydoza, dysplazja oskrzelowo-
ptucha, immunosupresja po przeszczepach narzadowych i cukrzyca. Wg rekomendacji wsréd
pacjentdw wymagajgcych hospitalizacji byty réwniez noworodki, niemowleta i dzieci z

rozpoznang otytoscia, szczegdlnie z BMI powyzej 30 kg/m?2.



Dane kazdego przyjmowanego pacjenta byly wprowadzane do bazy wg standardowego
protokotu. Przy przyjeciu zbierano wywiad, przeprowadzano badanie fizykalnhe i pobierano
standardowy komplet badan identyczny dla wszystkich pacjentéw: morfologie, CRP, ALT, LDH,
CK, ferrytyne, prokalcytoning (PCT). Wszystkie dzieci z ciezkim przebiegiem COVID-19 miaty
wykonywane badania obrazowe: USG ptuc, RTG klatki piersiowej lub HRCT. Wszystkie dzieci
byty objete Scistg obserwacjg i byly leczone zgodnie z aktualnymi rekomendacjami. Dane
odnosnie do przebiegu hospitalizacji (dtugosé¢ hospitalizacji, czas tlenoterapii, leczenie
przeciwwirusowe, sterydoterapia systemowa, hospitalizacja w oddziale intensywnej terapii,

wentylacja mechaniczna i zgony) byly gromadzone wg jednolitego schematu.

3.5. Materiat i metody (dotyczy artykutu 1)

Badanie objeto 1407 pacjentéw hospitalizowanych od marca 2020 r. do kwietnia 2022 r. w
Oddziale Choréb Infekeyjnych i Pediatrii Szpitala Specjalistycznego im. Stefana Zeromskiego w
Krakowie: 112 (8%) w pierwszej fali pandemii (od 1 marca do 30 wrzesnia 2020 r.), 175 (12,4%
w drugiej fali (od 1 paZdziernika 2020 r. do 31 stycznia 2021 r.), 195 (13,8%) w trzeciej fali (od
1 lutego do 31 maja 2021 r.), 511 (36,3%) w czwartej fali (od 1 paZdziernika 2021 r. do 15
stycznia 2022 r.) i 414 (29,5%) w piatej (od 16 stycznia do 30 kwietnia 2022 r.).

U pacjentéw hospitalizowanych w kolejnych falach pandemii wywotanych przez rézne
warianty SARS-CoV-2 poréwnywano obraz kliniczny choroby, wyniki badan laboratoryjnych i

obrazowych, przebieg zakazenia oraz diagnozy korcowe.



3.6. Materiati metody (dotyczy artykutu 2)

Do badania zostato wigczonych 1405 pacjentéw z COVID-19, hospitalizowanych miedzy
marcem 2020 r. a kwietniem 2022 r. w Oddziale Chordb Infekcyjnych i Pediatrii Szpitala
Specjalistycznego im. Stefana Zeromskiego w Krakowie. Aby oceni¢ przebieg choroby w
zaleznosci od wieku, pacjenci zostali podzieleni na 3 grupy: 567 niemowlat (0-12 miesiecy),
470 kilkulatkow (1-5 lat) i 368 dzieci (5-18 lat). Obraz kliniczny, wyniki badan laboratoryjnych
i obrazowych, dane o przebiegu choroby oraz diagnozy koncowe byly poréwnywane miedzy

pacjentami z tych grup.



3.7. Materiat i metody ( dotyczy artykutu 3)

70 sposrod 2338 dzieci (3%) hospitalizowanych w dwadch osrodkach od 23 marca 2020 r. do
30 wrzesnia 2022 r. spetnito kryteria ciezkiego przebiegu COVID-19.

W pierwszej czesci badania szczegbtowo opisano grupe dzieci z ciezkim przebiegiem

COVID-19.

Nastepnie grupe dzieci z ciezkim przebiegiem COVID-19 na potrzebe dalszych analiz
podzielono na 3 podgrupy:

1. dzieci, ktore nie wymagaly wentylacji mechanicznej;
2. dzieci wymagajgce wentylacji mechanicznej;
3. dzieci, ktére zmarty z powodu COVID-19.

Na koniec przeprowadzono analize poréwnujaca grupe dzieci z ciezkim przebiegiem
COVID-19 z dzie¢mi, ktére wymagaly hospitalizacji, ale nie spetnity kryteriow ciezkiego

przebiegu choroby.

3.8. Analiza statystyczna

Analize statystyczng przeprowadzono za pomocg SPSS wersji 27 (Armonk, Nowy Jork, USA).
Wyniki przedstawiono na podstawie parametrow statystyki opisowej, w tym wartosci Srednich
i odchylen standardowych (SD) dla zmiennych ilosciowych o rozktadzie normalnym lub

wartosci median o rozstepie miedzykwartylowym dla danych o rozktadzie innym niz normalny.



Zmienne kategoryczne przedstawiono w postaci liczb z procentami. Wartosci jakosciowe
poréwnano za pomoca testu chi-square. Do analizy zmiennych cigglych w badaniu
wykorzystano test Kruskala-Wallisa. We wszystkich przypadkach istotnosci statystycznej
przeprowadzono poréwnanie parami miedzy grupami za pomoca testu post-hoc. We

wszystkich analizach wartos¢ p < 0,05 uznano za istotng statystycznie.

3.9, Etyka

Badanie zostato przeprowadzone zgodnie z wymogami etycznymi Deklaracji Helsinskiej z
pdzniejszymi poprawkami. Badanie uzyskato zgode Komisji Bioetycznej Okregowej lzby

Lekarskiej w Krakowie Nr OIL/KBL/18/2020 w dniu 10 marca 2020 .

3.10. Podsumowanie wynikéw
3.10.1.  Artykut 1 opublikowany w Journal of Clinical Medicine

W tym badaniu przedstawiono wyniki analizy przebiegu COVID-19 w kolejnych pieciu falach

pandemii u 1407 pacjentdw, ktorzy spetnili kryteria wtaczenia.

Charakterystyka demograficzna pokazata niewielkg przewage chtopcéw we wszystkich
pieciu falach pandemii bez istotnych réznic pomiedzy kolejnymi falami. Duze rdznice
zaobserwowano w wieku hospitalizowanych pacjentéw. Srednia wieku byta najwieksza w
pierwszej fali (95,8 miesiecy) i znaczgco nizsza w pozostatych, zmniejszajac sie stopniowo w
kolejnych falach (w pigtej srednia wieku wynosita 14,6 miesigca). Ciezkie przebiegi choroby u
dzieci byty rzadkie, bez istotnych réznic pomiedzy kolejnymi falami, niemniej obserwowano
znaczace zwiekszenie liczby hospitalizacji w czwartej i pigtej fali. Choroby wspétistniejgce byty

podobne u wszystkich pacjentdéw niezaleznie od czasu zachorowania.

Gtéwne rdznice w obrazie klinicznym obejmowaty zmiany w uktadzie oddechowym (katar,
kaszel, dusznos¢, zmiany ostuchowe nad polami ptucnymi oraz zapalenie dolnych drég
oddechowych rozpoznawane na podstawie badan obrazowych), ktérych czestosé wzrastata od
drugiej do czwartej fali pandemii. W przeciwienstwie do tego objawy ze strony uktadu
pokarmowego (wymioty i biegunka) byty najczestsze w drugiej fali i w kolejnych nie wzrastaty.

Najwiecej objawdw neurologicznych obserwowano w czwartej fali.

Jesli chodzi o rozpoznania przy wypisie, to w piatej fali pandemii hospitalizowano najwiece;j

pacjentow z infekcjg gérnych drég oddechowych (gtéwnie z zapaleniem krtani) i objawami ze



strony przewodu pokarmowego, podczas gdy najwiecej infekcji dolnych drég oddechowych
wystepowato w pierwszej fali. W piatej fali stwierdzono wiecej infekcji gérnych niz dolnych

drég oddechowych i krétszy czas hospitalizacji.

Miedzy pierwszymi piecioma falami pandemii stwierdzono réwniez istotne statystycznie
réznice w wartosciach badan laboratoryjnych w zakresie CRP, dehydrogenazy mleczanowej

oraz liczby ptytek krwi.

3.10.2.  Artykut 2 opublikowany w Journal of Clinical Medicine

Do badania oceniajgcego zalezno$¢ pomiedzy przebiegiem COVID-19 a wiekiem dziecka
wilaczono 1405 pacjentéw. Wsréd hospitalizowanych pacjentéw obserwowano znacznag
przewage najmtfodszych dzieci. Pacjenci w pierwszym roku zycia stanowili 40,35%, a dzieci w

wieku ponizej 5 lat 73,8% pacjentow pediatrycznych hospitalizowanych z powodu COVID-19.

Choroby wspdtistniejgce, zwigzane ze zwiekszonym ryzykiem ciezkiego przebiegu COVID-

19, czesciej wystepowaty u dzieci powyzej pigtego roku zycia (42,3%).

Najczesciej stwierdzanymi objawami, szczegdlnie u pacjentéw ponizej pigtego roku zycia,
byty goraczka, kaszel i katar. U dzieci ponizej pierwszego roku zycia kaszel i dusznosé
wystepowaty gtdwnie w przebiegu infekcji gérnych drég oddechowych, a najczesciej stawiang
diagnoza byto zapalenie krtani. Wysoka gorgczka, wymioty i biegunka byty najczesciej
diagnozowane u pacjentow w wieku 0-5 lat, ale ostry niezyt zotgdkowo-jelitowy najczesciej
rozpoznawano u pacjentéw powyzej pieciu lat. Objawy neurologiczne wystepowaty gtéwnie u

dzieci powyzej pigtego roku zycia.

W badaniach laboratoryjnych u wiekszosci pacjentéw obserwowano leukopenie,
neutropenie, limfocytoze, trombocytopenie i podwyzszone wartosci CRP, CK, LDH, ALT i D-
dimerdw, co jest typowe dla pacjentéw z COVID-19, ale znacznie czesciej wystepowato u dzieci

ponizej pigtego roku zycia.

Srednia dtugo$¢ hospitalizacji wynosita 3—4 dni i byta znaczaco wieksza wsréd noworodkéw

i niemowlat.

3.10.3.  Artykut 3 opublikowany w Archives of Medical Science
Sposrod 2338 hospitalizowanych pacjentow pediatrycznych 70 spetnito kryteria ciezkiego

przebiegu COVID-19 i zostato poddanych analizie.



W grupie pacjentéw wymagajacych wentylacji mechanicznej odnotowano znaczaca
przewage tych z chorobami wspétistniejgcymi, natomiast w grupie dzieci, ktére zmarty,
wszystkie miaty obcigzenia. Najczesciej, podobnie jak w innych badaniach, obserwowano:
schorzenia genetyczne, choroby neurologiczne, metaboliczne, kardiologiczne, otytosé,
cukrzyce, przewlekte choroby ptuc, immunosupresje. W grupie dzieci wymagajgcych
wentylacji mechanicznej przy przyjeciu do szpitala czesciej obserwowano kaszel i

odwodnienie.

W zakresie badan laboratoryjnych stwierdzano wyisze wartosci wskaznikéw zapalnych,
limfopenie oraz trombocytopenie, a takze wyzsze poziomy ferrytyny i LDH. U dzieci, ktore
zmarty, wartosci wskaznikéw zapalnych LDH i ferrytyny byty ekstremalnie wysokie. Rowniez

leukopenia i trombocytopenia byty znacznie nasilone.

Wsréd dzieci z ciezkim przebiegiem COVID-19 12% nie byto szczepionych BCG, podczas gdy
w grupie dzieci hospitalizowanych, ktére nie spetnity kryteridw ciezkiego przebiegu, tylko 3%

byto niezaszczepionych BCG.

Zadne z dzieci z ciezkim przebiegiem COVID-19 nie byto zaszczepione przeciw COVID-19.

3.11. Whioski

1. Przeprowadzone badania potwierdzity, ze zagrazajgcy zyciu przebieg COVID-19 jest u
dzieci stosunkowo rzadki. Niemniej dzieci z zapaleniem ptuc, odwodnieniem w
przebiegu goraczki, objawow zotagdkowo-jelitowych i utraty smaku, jak réwniez dzieci z
objawami neurologicznymi czesto wymagaty hospitalizacji. Liczba bezwzgledna dzieci
leczonych w szpitalu byta znaczagco wyzsza w czwartej i pigtej fali pandemii niz w
pierwszych trzech falach. Przebieg kliniczny choroby zmieniat sie pomiedzy marcem
2020 r. a kwietniem 2022 r., adekwatnie do pojawiania sie howych wariantow wirusa i

wzrastajgcej odpornosci populacyjne;j.

2. Wiele statystycznie istotnych réznic w obrazie klinicznym choroby obserwowano
pomiedzy grupami wiekowymi. Najczesciej hospitalizowanymi pacjentami
pediatrycznymi byty niemowleta. Wskazaniami do hospitalizacji najczesciej byta
koniecznos$¢ nawadniania dozylnego w przebiegu odwodnienia w nastepstwie wysokiej
goraczki, wymiotdow, biegunki i zaburzen taknienia. Ciezkie przebiegi wymagajgce

tlenoterapii i leczenia przeciwwirusowego byty czestsze u nastolatkéw.



3. Czynnikami ryzyka ciezkiego przebiegu COVID-19 u pacjentéw pediatrycznych byly:
mtody wiek, brak szczepien BCG i przeciw COVID-19 oraz stwierdzane przy przyjeciu do
szpitala dusznos¢ i zmiany ostuchowe nad polami ptucnymi. Choroby wspdtistniejace,
wysokie CRP, LDH i ferrytyna byty czynnikami ryzyka wentylacji mechanicznej i zgonu.
Sposrdéd dzieci wentylowanych mechanicznie nastolatkowie mieli wiekszg szanse
wyzdrowienia, natomiast niemowleta z chorobami wspédtistniejgcymi byty w grupie

ryzyka zgonu.

Wyniki przeprowadzonego badania w duzej grupie ponad 1400 hospitalizowanych dzieci
moga by¢ pomocne w formutowaniu zalecen postepowania z dzie¢mi z COVID-19, okreslaniu

grup ryzyka oraz zasad profilaktyki.



4. STRESZCZENIE PRACY W JEZYKU ANGIELSKIM

4.1. Introduction

On 11 March 2020, the World Health Organization {(WHO) announced the COVID-19
pandemic. In the first three years, over 6.5 million deaths for COVID-19 were reported to WHO,
mainly from Europe and North America. The real number of deaths in the world is assessed to

be three times larger.

From the beginning of the pandemic, children were reported all over the world to present
with an asymptomatic or mild course of the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection. Children were reported to constitute 1-2% of COVID-19 patients and
it was very rare that admission to hospital was required. Nevertheless, during the following
years, the percentage of hospitalization among children has increased since the emergence of
more contagious (SARS-CoV-2) variants and the achievement of a high vaccination rate in

adults. The first pediatric deaths were reported.

Such situation required thorough surveillance and ongoing update on COVID-19
management for children, and also risk group identification, testing criteria, and indications

for hospitalization.

4.2. Research purpose, research problems

The main aim of the study was to describe the COVID-19 characteristics of hospitalized
children based on findings from over 1400 pediatric patients, especially in terms of clinical

presentation, laboratory findings, trends in pandemic waves, and outcomes.
Specifically, the following issues were analyzed:

1. What were the differences among the subsequent pandemic waves due to SARS-CoV-
2 variants — because the clinical presentation of COVID-19 has been changing due to

the following SARS-CoV-2 variants and raising herd immunity.

2. What was the relation between the course of pediatric COVID-19 and age — because
from the beginning of the pandemic, age was reported as one of the most important

risk factors for a severe course, hospitalization, and death due to COVID-19.



3. What were the characteristics of the patients with a severe course of the disease.
Especially, | focused on the possibilities for prediction of the severity of COVID-19 on

admission to the hospital.

4.3. Studied population

Patients aged 0-18 vyears with laboratory-confirmed COVID-19, hospitalized in the
Department of Infectious Diseases and Pediatrics, Zeromski Specialist Hospital in Krakow, and
The Children University Hospital, Jagiellonian University Collegium Medicum, Krakow, Poland

were included in the study. All patients were symptomatic.

4.4, Definitions

SARS-CoV-2 infection was diaghosed using a positive reverse transcription and real-time
polymerase chain reaction (RT-PCR) test. Since 30 October 2020, second-generation antigen

tests from a nasopharyngeal swab were performed in certified laboratories.

The severe case was diagnosed in patients with pneumonia, age 0—18 years, laboratory-
confirmed SARS-CoV-2 infection, and a new requirement for supplemental oxygen or increased
requirement from baseline without new or increased need for ventilatory support
(noninvasive or invasive). Patients diagnosed with Multisystem Inflammatory Syndrome in

Children {(MIS-C) were excluded.

Criteria for hospital admission were similar to other pediatric infectious diseases, such as
dyspnea, seizures, dehydration from fever, vomiting, and diarrhea. According to Polish Expert
Group recommendations, hospital referrals were also required for children with congenital
heart defects, neurologic diseases, genetic disorders, chronic renal diseases, mucoviscidosis,
broncho-pulmonary dysplasia, immunodeficiency after organ transplantation, and diabetes
mellitus. Included also were newborns, infants, and children with obesity, especially with a

body mass index (BMI) >30 kg/m?.

Data were collected in all successively admitted patients, based on a standard protocol. On
admission, after taking the medical history and performing a physical examination, a planned
set of laboratory tests was taken in all patients, including complete blood count (CBC)
parameters, C-reactive protein (CRP), alanine transaminase (ALT), lactate dehydrogenase

(LDH), creatine kinase (CK), ferritin, procalcitonin (PCT). All children with severe course of



COVID-19 had imaging tests taken (i.e., lung ultrasound (LU), chest X-ray, and high-resolution
computed tomography (HRCT)). All children were subject to careful medical observation and
treatment in accordance with current guidelines. Data on the course of hospitalization was
also recorded in a planned and strictly structured manner in a specially designed database (the
length of hospitalization, the length of oxygen treatment, antiviral treatment, systemic steroid

therapy, pediatric intensive care unit (PICU) admission, respiratory therapy, and deaths).

4.5. Patients and methods (applies to article No 1)

This study comprised 1407 patients with COVID-19, hospitalized between March 2020 and
April 2022 in the Department of Infectious Diseases and Pediatrics, Zeromski Specialist
Hospital in Krakow: 112 (8%) from the first wave (1 March to 30 September 2020), 175 (12.4%)
from the second (1 October 2020 to 31 January 2021), 195 (13.8%) from the third (1 February
to 31 May 2021), 511 (36.3%) from the fourth (1 October 2021 to 15 January 2022), 414
(29.5%) from the fifth (16 January to 30 April 2022).

Demographic characteristics, clinical presentation, laboratory findings, lung imaging,
outcomes, and final diagnoses were compared between the subsequent pandemic waves

caused by different SARS-CoV-2 variants.



4.6. Patients and methods (applies to article No 2)

1405 patients with COVID-19 hospitalized between March 2020 and April 2022 in the
Department of Infectious Diseases and Pediatrics, Zeromski Specialist Hospital in Krakow were
included in the study. To assess the COVID-19 characteristics depending on age, they were
assigned to three study groups: 567 infants (0-12 months), 470 toddlers (1-5 years), and 368
children (5-18 years).

Demographic characteristics, clinical presentation, laboratory findings, lung imaging,

outcomes, and final diagnoses were compared between the age groups.

4.7. Patients and methods (applies to article No 3)

70 among 2338 children (3%) hospitalized in two centers between 23 March 2020 and 30

September 2022 met the criteria of COVID-19 severe course.

In the first stage of the analysis, the population of children with severe COVID-19 was

described in detail.

Next, among children diagnosed with severe COVID-19, the following subgroups of

patients were identified for further analysis:
1) children who did not require mechanical ventilation;

2) children requiring mechanical ventilation;



3) children who died due to severe COVID-19.

In the final stage of the analysis, the data of children with severe COVID-19 was also
compared with the data of children who were hospitalized due to COVID-19, but did not meet

the criteria for severe COVID-19.

4.8. Statistical analysis

The statistical analysis was performed using SPSS ver. 27 software (Armonk, NY, USA).
Results were presented based on the parameters of descriptive statistics, including the mean
values and standard deviations (SD) for the quantitative variables with a normal distribution
or median values with the interquartile range for non-normally distributed data. Categorical
variables were presented as numbers with percentages. Qualitative values were compared by
the chi-square test. The Kruskal-Wallis test was used for the analysis of the continuous
variables investigated in the study. In all cases of statistical significance, a pairwise comparison
between the groups was performed using a post-hoc test. In all analyses, a p-value < 0.05 was

considered statistically significant.

4.9. Ethics

The study was performed in accordance with the ethical standards of the Declaration of
Helsinki and its later amendments. It was approved by the Ethics Committee of the Regional

Medical Chamber in Krakow No OIL/KBL/18/2020 on 10 March 2020.

4.10. Summary of the results

4.10.1.  Article No 1 published in Journal of Clinical Medicine
In the study, results of data analysis of the COVID-19 course in the first five waves of the

pandemic, obtained from 1407 patients who met the inclusion criteria, were presented.

The demographic characteristics showed a slight prevalence of boys in all five waves.
Significant differences in the age of patients were found between the following pandemic
waves. The median age was the highest in the first wave (95.8 months) and significantly lower
in others, decreasing in the following waves (it was 14.6 months in the fifth wave). Severe
courses of the disease were rare, and there were no significant differences in severity between
the five waves, although we did observe increased hospitalizations in the fourth and fifth

waves. The comorbidities were similar.



The basic differences in the clinical presentation were the frequency of respiratory
symptoms (rhinitis, cough, dyspnea, auscultatory changes, and lower respiratory infection
diagnosed by imaging), which increased from the second to the fourth waves. In contrast,
gastrointestinal symptoms (vomiting and diarrhea) were the most common in the second

wave. More neurological symptoms occurred in the fourth wave.

Regarding the final diagnoses of the hospitalized COVID-19 pediatric patients, the number
of children with upper respiratory or gastroenterological symptoms was the highest in the fifth
wave, while that of lower respiratory infection was most common in the first wave. We
observed more upper than lower respiratory infections and shorter lengths of stay in the

hospital in the fifth wave.

Statistically significant differences in the first five waves of the pandemic in terms of CRP,

blood platelets, and lactate dehydrogenase were found.

4.10.2.  Article No2 published in Journal of Clinical Medicine

In this study, concerning the relation between the course of COVID-19 and the child’s age,
1405 patients met the inclusion criteria. The large predominance of the youngest children
were observed. Patients in the first year of life constituted 40.35% of the sample, and children

younger than five years accounted for 73.8% of the hospitalized patients with COVID-19.

Comorbidities associated with the increased risk of severe disease mainly affected children

older than five years (42.3%).

The most frequent symptoms were fever, cough, and rhinitis, especially in infants and
toddlers. In infants, cough and dyspnea were more common symptoms of upper respiratory
tract infection, and the most common diagnosis was laryngitis. High fever, vomiting, and
diarrhea were observed much more frequently in patients aged 0-5 vyears, but
gastroenterocolitis in our cohort was diagnosed as most common in children older than five
years. Neurologic symptoms were significantly more common in the group of children older

than five years.

Regarding to laboratory findings, we observed leucopenia, neutropenia, lymphocytosis,
thrombocytopenia, and elevated CRP, CK, LDH, ALT, and D-dimers as typical in most pediatric

patients with COVID-19, especially in patients 0-5 years old.



The median length of hospitalization in our cohort was 3—4 days and was significantly

longer in the group of infants.

4.10.3.  Article No 3 published in Archives of Medical Science
70 among 2338 hospitalized pediatric patients met the severity criteria established for the

study and were enrolled in the analysis.

In the group of patients requiring invasive oxygen treatment the prevalence of those with
underlying conditions was significant, and 100% of children who died because of COVID-19
had comorbidities. The most often were the same as in other studies — genetic conditions,
neurologic conditions, metabolic conditions, cardiovascular disease, obesity, diabetes mellitus,
chronic pulmonary diseases, immunosuppression. Children who required mechanical

ventilation manifested cough and dehydration on admission more often.

As regards laboratory results, higher markers of inflammation, lymphopenia, and
thrombocytopenia with higher concentrations of ferritin and LDH were observed. In children
who died because of COVID-19 inflammation markers, leucopenia, thrombocytopenia, LDH,

and ferritin level were extremely high.

The lack of BCG vaccination was found in 12% of children with severe COVID-19 and 3% in

other hospitalized children.

None of the children with severe course of COVID-19 were vaccinated against COVID-19.

4.11. Conclusions

1. The study confirmed that a life-threatening course of COVID-19 in children was
relatively rare. However, children with pneumonia, dehydration from fever,
gastrointestinal symptoms, and loss of smell and taste, as well as those with

neurological symptoms, represented most of the patients requiring hospitalization.

The absolute number of hospitalizations was significantly higher in the fourth and fifth
waves than in the first three waves. The clinical course of the disease changed between
March 2020 and April 2022 due to the predominance of different SARS-CoV-2 variants

and raising herd immunity.



2. Many statistically significant differences in disease sighs and symptoms were observed
between age groups. Infants were the most often hospitalized patients in the first two
years of the pandemic. The reasons for infant hospitalization were the necessity of
intravenous rehydration because of dehydration in the course of high fever, vomiting

and diarrhea, and appetite disorders.

Severe courses requiring oxygen supplementation and antiviral therapy were more

common in adolescents.

3. Risk factors for the severe course of COVID-19 were: young age, lack of COVID-19 and

BCG vaccination, auscultation changes, and dyspnea on admission.

The presence of comorbidities, high CRP, LDH, and ferritin levels were the predictors of
mechanical ventilation necessity and death. Among children mechanically ventilated
teenagers were the patients with a prognosis of recovery, but infants with

comorbidities were at the highest risk of death.

My observations of the large group including over 1400 hospitalized children may be useful
for defining the high-risk group for severe COVID-19 and could help to guide hospital admission

and prevention of COVID-19 in pediatric patients.
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Abstract: This is a single-center, prospective study that compared the clinical presentation and labo-
ratory findings of hospitalized children during the first five waves of the COVID-19 pandemic. Data
were collected, according to a standardized questionnaire, from 1407 children from 23 March 2020 to
30 April 2022. Significant differences in clinical courses were found among the five waves probably
due to different SARS-CoV-2 variants. The median age was 95.8 months in the first wave versus
14.6-23 months in the others. The number of patients with upper respiratory infection was the
highest in the fifth wave (74.4% versus 43.8-56.9% in the others) and for lower respiratory infec-
tion in the first wave (50.0% versus 16.4-32.5%). Gasttoenterocolitis was more common in the fifth
wave (24.4% versus 8.9-16.5%); neurological diagnoses appeared more frequently in the fourth
wave (16.6% versus 0.6-9.9%), while anosmia and ageusia were higher in the fifth wave (13% versus
1.5-4%). Life-threatening courses were relatively rare. However, children with pneumonia, dehydra-
tion from high fever, gastrointestinal symptoms, loss of smell and taste, and neurological symptoms
required hospitalization.

Keywords: COVID-19; SARS-CoV-2; children; pandemic; waves; hospitalization; clinical presentation

1 Introduction

In February 2020, the World Health Organization (WHO) designated a new strain of
betacoronavirus as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the
causative agent of coronavirus disease 2019 (COV1D-19) [1]. Fever, cough, and dyspnea
were initially indicated as the presenting symptoms of SARS-CoV-2 infection. Severe
pneumonia with respiratory failure reported on 31 December 2019 in the region of Wuhan,
China, was the reason for hospitalization and life-threatening situations [2].

In the first reports of COVID-19, the frequency of disease in children appeared much
lower than in adults. Both in China and in Italy, only 1% of cases were pediatric [2,3]. In
the following months, the number of pediatric patients gradually increased. For instance,
in the U.S., at the beginning of the pandemic, 2.2-4.2% of the reported cases were pediatric;
then, according to reports from the American Academy of Pediatrics (AAP), the rate
increased to 14,3% and in 10 states, children accounted for over 18% of cases [4,5]. Data
from the European Centre for Disease Prevention and Control (ECDC) showed that up to
17.6% of cases were pediatric [6]. /A lot of studies published have confirmed the clinical
impression that COVID-19 in children typically presents as a mild (37%) or moderate
(45%) upper respiratory tract infection and is rarely severe or critical [7]. Other signs and
symptoms described in children include gastrointestinal, anosmia, ageusia, neurological,
and dermatologic manifestations [2,3,7-17].

https:// www.mdpi.eom/journal/jcm
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Numerous SARS-CoV-2 variants have circulated globally since the beginning of the
pandemic, and differences in their courses have been reported [1,4,10-12,16-29]. The
increasing number of pediatric cases and changing clinical disease presentations might
require changes in COVID-19 management for children, risk group identification, testing
criteria, and indications for hospitalization.

The aim of this paper was to describe the COVID-19 characteristics in hospitalized
Polish children during the first five waves and to assess whether there were any differences
among the different waves. In particular, the trends in the demographic data, clinical
presentation, laboratory findings, and COVID-19 outcomes over two years of the pandemic
were analyzed. Our observations may be useful for ongoing guidance for the evaluation,
management, and prevention of COVID-19 in children.

2. Materials and Methods

Because of the WHO's announcement of a pandemic and the increasing cases of
COVID-19 in Poland, the Department of Infectious Diseases and Pediatrics was instituted
to be the central unit for treating pediatric COVID-19 cases in the southern region. The
first two children were admitted to hospital on 23 March 2020, which is when this study
commenced. Every patient from 0 to 18 years of age with confirmed COVID-19 hospitalized
between March 2020 and April 2022 was included.

Following the recommendations from the WHO and the National Institute of Public
Health [30,31], COVID-19 was diagnosed using a positive reverse transcription and real-
time polymerase chain reaction (RT-PCR) test. Since 30 October 2020, second-generation
antigen tests from a nasopharyngeal swab were performed in certified laboratories. Several
kits were used: (1) GeneFinder™ COVID-19 Plus RealAmp, Elitech, Biomedica (Oxford,
UK); (2) Liferiver, Novel Coronavirus (2019-nCoV) Real Time Multiplex; (3) VIASURE
CerTest, Biotec (Zaragoza, Spain); (4) Maccura SARS-CoV-2 Fluorescent PCR, Maccura
Biotechnology (Sichuan, China); (5) Homemade DIAGtest SARS-CoV-2 real time RT-PCR;
(6) Labsystems Diagnostics (Vantaa, Finland). COVID-19 Real Time Multiplex RT-PCR and
the second-generation Abbott Panbio-COVID-19 Ag Rapid Test Device (WHO laboratory
2020, AOTM).

Criteria for hospital admission were similar to other pediatric infection diseases, such
as dehydration from fever, vomiting, and diarrhea. According to the Polish Ministry of
Health [32], hospitalization was compulsory for every patient with diagnosed SARS-CoV-2
infection up to September 2020. According to Polish expert group recommendations,
hospital referrals were also required for children with congenital heart defects, neurologic
diseases, genetic disorders, chronic renal diseases, mucoviscidosis, broncho-pulmonary
dysplasia, immunodeficiency after organ transplantation, and diabetes mellitus. Included
also were newborns, infants, and children with obesity, especially with a body mass index
(BM1) >30 kg/m 2 [33],

Discharge criteria were two negative PCR tests taken within 24 h. After 2 September 2020,
the only criterion was the condition of the patient.

The disease severity assessment in this analysis was based on the need for oxygen,
intravenous rehydration or steroids, and the length of stay. Antiviral therapy was also as-
sessed. Systemic steroid and antiviral therapy were used according to the recommendations
from the beginning of the pandemic [33-39] with the following changes: Dexamethasone
was used according to the European Medicines Agency's (EMA) recommendations in
hospitalized patients, especially in those treated with remdesivir at a dose of 0.1 mg/kg
for a maximum of 4 mg/24 h [34]. Dexamethasone was also used in some patients with
laryngitis according to references from previous studies [40,41].

Remdesivir was used in our department according to the Food and Drug Administra-
tion's (FDA) and EMA's recommendations [35,42]. According to the product characteristics,
remdesivir was used in patients 12 years of age and older weighing at least 40 kg. It was
also used in pediatric patients weighing at least 3.5 kg with positive results for direct
SARS-CoV-2 testing with pneumonia and requiring oxygen supplementation. Baricitinib
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was used in patients aged 2-18 years who required non-invasive or invasive mechanical
ventilation with recommended dosages under the Emergency Use Authorization (EUA): for
patients aged nine years or older, 4 mg once daily, and for those aged two to less than nine
years, 2 mg once daily [43]. Data were collected and reported by the physicians working
in the department according to a standardized case history questionnaire and a physical
examination for every patient. Symptoms were recorded at the time of hospitalization.
Standard laboratory tests were conducted for every child diagnosed with COVID-19.
All patients included in the study were symptomatic. The questionnaire included:

1. Demographic data: age, sex, ethnicity, recent contact with patients with COVID-19,
and comorbidities (e.g., heart, chronic lung, neurological, or genetic diseases; asthma;
developmental delay; diabetes; immunodeficiency, or malignancy).

2. Signs and symptoms: fever, cough, rhinitis, dyspnea, sore throat, weakness, diarrhea,
abdominal pain, vomiting, headache, conjunctivitis, nausea, myalgia, rash, ageusia,
anosmia, chest pain, or irritability.

3. Disease outcome data: length of hospitalization, complications, oxygen treatment,
casual treatment, pediatric intensive care unit (PICU) admission, or death.

4. Laboratory data: complete blood count (CBC) parameters, C-reactive protein (CRP),
alanine transaminase (ALT), lactate dehydrogenase (LDH), creatinine kinase (CK),
ferritin, vitamin D3 level, prothrombin time, D-dimers, nasal swabs for other viral
pathogens (co-infection), and imaging (i.e., lung ultrasound (LU), chest X-ray, and
high-resolution computed tomography (HRCT)).

5. Final diagnoses: Upper or lower respiratory tract infection, gastroenterocolitis, or
neurological diagnoses.

Lower respiratory infections were diagnosed based on clinical presentation and LU,
chest X-ray, and HRCT. The examination taken most often, especially in the youngest
children, was LU. The presence of focal, multifocal, and confluent B lines and pleural irreg-
ularities were the most common LU findings for diagnosing pneumonia from COVID-19.
In chest X-ray examinations, bilateral and multifocal lesions were found most frequently,
especially in the lower lobes. The pure ground-glass appearance was also typical for
COVID-19 lower respiratory-related findings [44-46]. Regarding gastrointestinal infection,
diagnosis was based on clinical presentation (i.e., vomiting or diarrhea) and the exclusion
of any other etiolog)" such as rotavirus, adenovirus, and norovirus.

Statistical analysis was performed using SPSS ver. 27 software (Armonk, NY, USA).
The results are presented based on the parameters of descriptive statistics, including
either the mean value and standard deviation (SD) for the quantitative variables with
normal distribution or the median value with the interquartile range in the opposite case.
Categorical variables are presented as numbers with percentages. Qualitative values were
compared using the chi-squared test. For the analysis of continuous variables, a Kruskal-
Wallis test was used. In all cases of statistical significance, a pairwise comparison between
groupswas performed using a post hoc test. In all of the analyses, p < 0.05 was considered
statistically significant.

This study was performed in accordance with the ethical standards of the Declaration
of Helsinki and its later amendments. It was approved by the Ethics Committee of the
Regional Medical Chamber in Krakow, No. © IL/KBL/18/2020, on 10 March 2020.

3. Results

We compared the data characteristics of those children and adolescents admitted with
acute COVID-19 during the first five waves of the pandemic.

3.1. Study Groups

This study comprised 1407 patients: 112 (8%) from the first wave (1 March to 30 Septem-
ber 2020); 175 (12.4%) from the second (1 October 2020 to 31 January 2021);
195 (13.8%) from the third (1 February to 31 May 2021); 511 (36.3%) from the fourth (1 October
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2021 to 15January 2022); 414 (29.5%) from the fifth (16 January to 30 April 2022) (Figure 1).
All but one of the children were white European; the other was of Asian background.

Figure 1. COVID-19 cases in our region: (a). Daily COVID-19 cases in the Matopolska region based
on [47]. (b). Number of hospitalized children with COVID-19, (c). The proportion of the total number
of SARS-CoV-2 variants over time in Poland based on [4S].

Table 1 shows the demographic characteristics of the hospitalized patients.

Table 1. Demographic characteristics of those COVID-19 pediatric patients hospitalized during the
first five waves of the pandemic.

First Wave Second Wave Third Wave Fourth Wave Fifth Wave Value Post Hoc
« =112 «=175 « =195 « =511 « =414 P Analysis
57 (50.9) 99 (56.6) 100 (51.3) 258 (50.7) 228(55.1) 0.569 *
1vs. 2: <0.001
95.8 230 20.1 176 146 __ 1vs. 3: <0.001
(17-130) (5.7-85) (5.4-55) (5.3-68) (5.4-43) <0.00% s 4 <0001
1vs. 5: <0.001
39 (34.8) 37 (21.1) 63 (32.3) 111 (21.7) 107 (26.8) 0.06*
2(1-9) 6(3.5) 5(2.6) 4(08) 4(1.0) 0.064 *
97 (96) 159 (98) 178 (98) 483(96) 399 (97) 0.59%

*Chi-squared test; # Kruskal-Wallis ANOVA.

In all waves, more boys than girls were hospitalized (from a low of 50.5% in the
fourth wave to a high of 56.6% in the second), with no statistical significance between
waves. The median age was the highest in the first wave (95.8 months) and significantly
lower in others, decreasing in the following waves: 23 months in the second, 20.1 months
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in the third, 17.6 months in the fourth, and 14.6 months in the fifth (p < 0.001). Chronic
comorbidities, which related to high risk of severe COVID-19 were present in 21.1% of
patients in the second wave to 34.8% in the first, and there were no statistically significant
differences in the comorbidity frequency between waves (p = 0.06).

3.2. Clinical Presentation

The clinical presentation of pediatric COVID-19 during the first five waves of the
pandemic is shown in Table 2.

Table 2. Clinical characteristics of those COVID-19 pediatric patients hospitalized during the first
five waves of the pandemic.

First Wave Second Wave Third Wave Fourth Wave Fifth Wave

n=112 «=175 « =195 « =511 « =414 p-Value
76 (69) 117 (67) 146 (75) 347 (68) 296 (71) 0.327
24 (21) 48 (28) 78 (40) 266 (52) 193 (47) <0.001
42 (38) 62 (36) 119 (61) 326 (64) 221 (53) <0.001
11 (10) 13 (7.4) 2 (12) 73 (14) 46 (11) 0.143
7(6.3) 37 (21) 27 (14) 91 (18) 126 (30) <0.001
22 (20) 54 (31) 39 (20) 91 (18) 105 (25) 0.002
327 7(4) 3(L5) 8(1.6) 54 (13) <0.001
2(1.8) 5 (29) 3(L5) 102 54 (13) <0.001
15 (14) 19(11) 9 (4.6) 52 (10) 38 (9.2 0.077

*Chi-squared test.

The most frequent symptom in all waves was fever. (68% in the fourth wave to 75%
in the third), with no statistically significant differences between waves. The fever was
defined as a temperature above 37.5 oC (99.5 oF) in axillary, ear, and forehead temperature
measurements. In the case of respiratory symptoms, rhinitis was most frequently reported
in the fourth wave (52% of patients), and significantly the least in the first (21%), whereas
cough was most common in the third (61%) and fourth waves (64%) (p < 0.001). Dyspnea
was a relatively rare symptom, although the study included only hospitalized patients—
7.4% in the second wave to 14% in the fourth, with no statistically significant differences
between waves.

In the case of gastrointestinal symptoms, vomiting was the rarest in the first wave
(6.3%) and the most common in the fifth (30%) (p < 0.001), and diarrhea was the most
common in the second wave (31% versus 18-25% in the others) (p = 0.002).

Anosmia and ageusia, the most specific COVID-19 symptoms, were rare in the children
in the first four waves (1.5-4% of children), but the frequency of these symptoms was much
higher in the fifth wave (13%) (p <0.001).

Neurological manifestations (seizures and impaired coordination and balance) ap-
peared in 4.6% of the patients in the third wave to 14% of the patients in the first wave, and
the differences between waves were statistically insignificant. Table 2 shows the symptoms
by wave.

3.3. Laboratory Findings

The laboratory findings from the children during the first five waves of the pandemic
are shown in Table 3. There were no statistical differences between the groups at the CRP
level or in the number of neutrophils, but there were differences between the waves in
seven parameters. The number of leukocytes was the lowest in the first wave (median
of 6.4 x 103 pL) (p < 0.001), similar in the others (7.75-8.9 x 103/uL). The number of
lymphocytes was also the lowest in the first (median of 2.3 x 103y L vs. 3.49, 3.96, 3.61,
and 3.39 x 103/ L (p <0.001) in waves 2-5, respectively). The first-wave patients also had
the lowest platelet count (median of 247 vs. 309,303, 279, and 281 x 103/ pL in waves 2-5,
respectively (p <0.001). There were also differences in alanine transaminase and creatinine
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kinase (p < 0.001), but the post hoc analysis revealed them to be significantly higher in the
fifth wave.

Table 3. Laboratory findings in those COVID-19 pediatric patients hospitalized during the first five
waves of the pandemic according to the Kruskal-Wallis and chi-squared tests.

First Wave Second Wave Third Wave Fourth Wave Fifth Wave Value Post Hoe
n=112 n=175 n=195 n =511 n=414 P Analysis
CRP (mg/dL) 205 2.1 2.05 2.9 3.7 011*
(normal value = 0-5 mg/dL) 1-9) (1-12.6) (1-14) (1-10) (1-11) .
CRP >5 mg/dL 37 (38) 57 (38) 67 (36) 187 (38) 160 (41) 0.799 *
1vs. 2: <0.001
Leukocytes (10°/ uL) 64 82 89 80 7.75 <0.001 * 1 vs. 3: <0.001
(normal value = 6-10 x 10° /L) (5-8.1) (6-11.6) (6.1-12.5) (5.8-11) (59-112) ; 1 vs. 4: <0.001
1vs. 5: <0.001
Leukocytes (10%/ uL)
<15 18 (18) 19 (13) 19 (10) 59 (12) 35 (9)
45135 79 (78) 106(69) 131(69) 368 (75%) 301(37)
>135 1) 27 (18) 39 (21) 63 (13) 54 (14)
Neutrophils (10°/ uL) 289 2.62 2.62 2.59 2.7 0005 #
(normal value = 15-7 x 103/ uL) (1.8-4.2) (1.2-4.7) (14-49) (1.6-4.7) (1.6-4.8) -
Neutrophils (10°/ uL)
<10 78) 26 (18) 29 (16) 65 (13) 45 (12) 0.016*
1.0-6.5 79 (87.6) 95 (64) 119 (68) 348 (74) 284 (73)
565 444 26 (18) 28 (16) 64 (13) 57 (15)
1vs. 2: <0.001
Lymphocytes (10%/ uL) 23 346 3.96 3.61 339 <0.001 # 1 vs. 3: <0.001
(normal value = 2.5-8.5 x 10%/ uL) (1.5-3.2) (2.1-5.3) 24-64) (2.1-5.7) (1.7-5.7) . 1 vs. 4: <0001
1vs. 5: <0.001
Lymphocytes (10°/ uL)
<10 10 (11) 12(8) 6(34) 25 (5.3) 13(11) <0.001*
1070 78 (26) 117 (80) 139 (77) 381 (80.4) 297 (75)
>70 3(3) 17 (12) 33 (19) 68 (143) 18 24)
1vs. 2: <0.001
Blood platelets (10°/ L) 247 309 303 279 281 <0.001 1 vs. 3: <0001
(normal value = 210-560 x 103/ uL) (192-298) (247-411) (243-360) (215-363) (222-351) : 1 vs. 4: 0,005
1vs.5:0.01
Blood platelets < 100 x 10°/uL 44) 3(Q) 3(1.6) 10 2) 3(0.8 0.265*
5vs. 1: <0.001
Alanine transaminase (U/L) 16 18 19 20 22 <«0.001 # 5vs. 2: 0.015
(normal value = 0-55 U/L) (12-24) (12-28) (13-29) (13-29) (15-32) - 5vs.3: 003
5vs. 4:0.017
Alanine transaminase
55 (U/L) 3(3.2) 9(6.3) 8(45) 21 (4.5) 33(8) 0.065 *
Creatinine kinase (U/L) 80 84 108 04 115 omit ool
(normal value = 30-170 U/L) (55-114) (63-125)] (71-157) (65-146) (83-168) ’ 5 VS. 4: <0'001
Creatinine kinase
170 (U/L) 59.4) 12 (12.5) 31(19) 66 (153) 82 24) 0.005*
1vs. 3: <0.001
Lactate dehydrogenase (IU /L) 2385 2685 2860 2720 203.0 0001 * 113’5‘ ;:3600231
(normal value = 125-220 (U/L) (192-293) (210-311) (236-323) (221-313) (252-333) <0 5 55 2 0 601
5vs. 4: <0.001
Lactate dehydrogenase
5220 TU/T. 51 (57) 101 (70) 148 (88) 316 (85) 280 (86) <0.001 %
D-dimers (ng/mL) 107 582 471 550 611 w1t 1is.Z 0008
(normal value = 0-500 ng/mL) (256-694) (377-1142) (294-908) (331-1082) (397-1065) : 1vs '5: <0 001
D-dimers > 500 ng/mL 33 (38) 80 (60) 72 (47) 205 (54) 184 (61) <0.001 %

* Chi-squared test, data are presented as 7 (%); * Kruskal-Wallis ANOVA, data are presented as the median
(25th-75th percentile).
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The Kruskal-Wallis test showed significant differences between the groups in LDH
level (p < 0.001); however, in the post hoc analysis, the first and fifth wave groups differed
from the others. D-dimers were significantly lower in the first wave versus the second,
fourth, and fifth waves (p < 0.001). In the chi-squared test, significant differences were
found in the leukocyte (p = 0.003) and lymphocyte levels (p < 0.001), creatinine kinase

(p = 0.005), and lactate dehydrogenase and D-dimers (p < 0.001).

3.4. COVID-19 Severity

The COVID-19 severity data are included in Table 4. Oxygen therapy was required in
0% (firstwave) to 4% (fourth wave) of the patients and there were no statistically significant
differences between the five waves (p = 0.071). Differences were found in the need for
intravenous rehydration—most common in the fifth wave (59%) and least in the third wave
(9%) (p < 0.001). Systemic steroid therapy was used the least in the second wave (1.1%) and
the most in the fourth wave (11.2%) (p < 0.001). The length of stay was significantly shorter
in the fifth wave (median of three days). The post hoc analysis revealed differences between
the fifth and all other waves (p <0.001). Only one (0.5%) patient in the third wave and two
(0.3%) in the fourth were referred to a PICU, but no one died. One patient in our department
needed high-flow nasal oxygen therapy (HFNOT). Nine (1.7%) patients in the fourth wave
were treated with remdesivir (0.64% during the whole pandemic) and 1 (0.19%) with
baricitinib according to FDA and EMA recommendations [25,30,31]. Two (0.4%) patients in
the fifth wave were treated with baricitinib (0.21% during the whole pandemic).

Table 4. COVID-19 outcomes in those hospitalized pediatric patients during the first five waves of

the pandemic.

First Wave Second Wave Third Wave Fourth Wave
« =112 « =175 « =195 « =511
0 2(1.1) 8(4) 19(4)
24 (21) 62 (35) 18(9) 243 (48)
7(6) 2(1.1) 18(9) 57(112)
10 (1.9)
0 0 0 (remdesivir—9,
baricitinib—1)
4 4 3 4
(2-6) (3-5) (2-6) (3-5)

*Chi-squared test;# Kruskal-Wallis ANOVA.

3.5. Final Diagnoses

Fifth Wave
K =414

922
243 (59)
20 (4.8)

2 (0.4)
(baricitinib—2)

(@2-0)

p-Value

0.071 *
<0.001 *
<0.001 *

0.67*

<0.001 #

Post Hoc
Analysis

5vs.
5vs.
5vs.
5vs.

<0.001
<0.001
<0.001
<0.001

Because of the overlap, there were 1862 diagnoses in the 1407 patients, of whom
235 (16.7%) had more than one final diagnosis: urinary tract infection (UTI) combined
with gastroenterocolitis, pneumonia and gastroenterocolitis, and upper respiratory tract
infection and seizures or suicide attempts. In the first and second waves, there were
1.2 diagnoses per patient, but that increased in the following waves to 1.26 in the third,
1.35 in the fourth, and 1.39 in the fifth. The average for the whole period was 1.32. This
means that through subsequent waves the symptomatology of COVID-19 in children was

becoming richer.

The most common final diagnoses were upper respiratory, lower respiratory, and
gastrointestinal infections (Table 5). Upper respiratory infections were the most common
in the fifth wave (74.3%) and the least in the first wave (43.8%) (p < 0.001). Rhinitis and
laryngitis were reported the most frequently. Lower respiratory infections were diagnosed
based on clinical presentation and LU, chest X-ray, and HRCT. Lung imaging data from the
children during the first five waves of the pandemic is shown in Table 6. It was the most
common in the first wave (50%) and least common in the fifth wave (16.4%) (p < 0.001),
whereas gastroenterocolitis was the most frequent in the fifth wave (24.4%) and the least
in the first wave (8.9%). Significant differences were observed between the five waves in
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the frequency of neurological diagnoses, especially between the second (0.6%) and fourth
(16.6%) waves (p < 0.001).

Table 5. Final diagnoses during the first five waves of the pandemic.

First Wave Second Wave  Third Wave  Fourth Wave Fifth Wave Value
n=134 «=212 « =247 n =694 «=57 p-valu
49 99 %5 277 304
43.8% 56.9% 49.0% 54.6% 73.4% <0.001
56 53 63 162 68
50.0% 30.5% 32.5% 32.0% 16.4% <0.001
10 26 32 68 101
8.9% 15.1% 16.5% 13.4% 24.4% <0.001
5 1 16 84 41
4.5% 0.6% 8.2% 16.6% 9.9% <0.001
14 33 41 103 61 007
12.5% 19.1% 21.1% 20.3% 14.7% ’

n, number of diagnoses. Data are presented asn (%); p-value for chi-squared test.

Table 6. Lung imaging in COVID-19 pediatric patients hospitalized during the first five waves
of the pandemic.

First Wave Second Wave Third Wave Fourth Wave Fifth Wave
« =112 « =175 « =195 « =511 « =414
52 33 33 265 71
24 (46) 25 (76) 33 (100) 149 (56) 51 (72)

7 37 42 256 212
1(14) 28 (76) 37 (83) 134 (52) 54 (18)

0 0 2 1 0
0 0 2 (100) 11 (100) 0

4. Discussion

To the best of our knowledge, this is the largest single-center study of children hos-
pitalized due to COVID-19 and the first one comparing clinical presentations in children
during the first five waves of the pandemic. Although children are considered to be less
affected [12,18,19,49-51], 1407 were hospitalized between 23 March 2020 and 30 April 2022.
This might have been due to the higher prevalence of SARS-CoV-2 in our local community
and the central organization of hospital care in our region. The first wave of the pandemic
was very mild in Poland because of the strict lockdown in the spring of 2020, which means
that the relatively high number of hospitalized children in the first wave was the result of
mandatory hospitalization for every infected SARS-CoV-2 patient [32] (Figure 1).

4.1. Demographic Characteristics

The demographic characteristics of the patients were similar in all five waves. There
were no significant differences in sex, but there was a slight male predominance, as in other
studies [15,16,20,50,52-54],

The ages of our patients were of particular interest. The median age in the first wave
(95.8 months) was higher compared to the others (14.6-23 months). Similarly, infants aged
zero to six months represented 26-29% of patients from the second to fifth waves. Other
authors have reported the prevalence of both younger [2,15-17,54] and older children [8].
For example, Turan et al. [16] revealed the prevalence of younger children in the second
wave compared to the first. It should be noted that, to the best of our knowledge, there has
not been such a large study of the prevalence of children with COVID-19 at such a young
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age. This can be explained by outbreaks of COVID-19 in large neonatal departments and
the referral to our department of children at risk of a severe course of COVID-19. The Polish
expert group recommendations also indicate the necessity of hospitalizing the youngest
children [33]. It is noteworthy that our study included only hospitalized children.

4.2. Clinical Presentation

Though SARS-CoV~2 infection was common in children, the course of the disease was
usually milder than for adults [12,18,19,49-51]. In our department, severe courses of the
disease were rare, and there were no significant differences in severity over the five waves,
although we did observe increased hospitalizations in the fourth and fifth waves. Similar
observations regarding increasing numbers of hospitalization for the delta and omicron
variants were reported by Marks et al. and Shi et al. [21-23]. However, we found significant
differences in their clinical presentations. Similar observations have been reported by other
authors [9,13,14,24-28,33,50].

The basic differences in the clinical presentation were the frequency of respiratory
symptoms (rhinitis, cough, dyspnea, auscultatory changes, and lower respiratory infection),
which increased from the second to the fourth waves. In contrast, gastrointestinal symptoms
(vomiting and diarrhea) were the most common in the second wave. Other authors
have reported fever and cough as the most frequent early symptoms [9-12]. During the
predominance of the delta and omicron variants, upper respiratory tract symptoms (rhinitis
and sore throat) were more common [29].

Anosmia and ageusia, the most significant symptoms of COVID-19, were very rare in
the children: Fewer than 4% of the patients in our study, which differed significantly from
previous reports. Most authors have emphasized that anosmia and ageusia caused by the
omicron variant appeared much less often in the fifth wave [29,55-57]. This might have
been caused by the specific nature of our cohort—only hospitalized children, who showed
a significant decrease in age from wave to wave (Table 1). In the fifth wave, the median age
was 14.6 months. This was a special group of patients who might require hospitalization
for dehydration resulting from the refusal to take fluids due to smell and taste disorders. In
such cases, medical help was sought, as feeding the youngest children proved difficult. In
older children and adults, smell and taste disorders did not usually require hospitalization.
It is noteworthy that the results were also affected by the team's increasing experience in
COVID-19 diagnosis in the youngest group of patients, who were unable to verbalize their
ailments. It is also worth emphasizing that some authors have reported the frequency of
smell disorders in the fifth wave of the pandemic as 12% and taste as 23%, which was more
frequent than in our cohort (13% in both cases) [58].

Regarding the final diagnoses of the hospitalized COVID-19 pediatric patients, the
number of children with upper respiratory or gastroenterological symptoms was the
highest in the fifth wave, while that of lower respiratory infection was most common
in the first wave. Interestingly, Pokorska-Spiewak et al. [12] reported in their study that
pneumonia was more common in the second than in the firstwave, but this can be explained
by lower testing for SARS-CoV-2 infection of asymptomatic or mildly symptomatic children
in our region during the first wave. We observed more upper than lower respiratory
infections and shorter lengths of stay in hospital in the fifth wave. A lot of publications
support our study's finding of a milder course for the omicron-dominated fifth wave
in both adults and children [59-62]. Marks and Shi reported that the proportions of
hospitalized children requiring PICU or intensive mechanical ventilation were similar
in the first four waves but lower in the fifth [21-23]. Nevertheless, although most of the
patients who contracted the SARS-CoV-2 omicron variant exhibited milder clinical features,
severe clinical features, including mortality, were encountered among individuals who
were not vaccinated [63].

In our cohort, more neurological symptoms occurred in the fourth wave. Similarly, in
London, Molteni compared the disease course during the alpha and delta variant predomi-
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nance and found more neurological symptoms (headaches, dizziness, chills, anosmia, and
ageusia) during the delta variant period [19].

Antoon et al., who analyzed only serious neurological complications and those of clear
significance (seizures, strokes, and encephalopathy), also reported that the most common
neurological diagnoses occurred in the delta variant period (37.8%), while during the alpha
and omicron periods, they were 5.6% and 5.1%, respectively. They also reported 42.7%
of cases from the wild-type variant, otherwise than in our cohort [64]. The majority of
our patients (69%) had no history of neurological diseases, and required special attention
only when neurological or psychiatric disorders were a symptom of COVID-19. Such a
possibility was pointed out by the CoroNerve Study Group in the U.K. [65], but this needs
further investigation.

The differences in the course of COVID-19 between the five waves indicate the proba-
ble influence of different variants of SARS-CoV-2 on disease presentation. Until the second
wave (October 2020 toJanuary 2021), variants were not reported in Poland and SARS-CoV-2
sequencing was only performed occasionally. In the third wave (February to May 2021),
the alpha (B.I.1.7) variant predominated and was reported to be associated with increased
transmissibility (i.e., more efficient and rapid transmission). InJanuary 2021, U.K. scien-
tists reported evidence that suggested that the B.1.1.7 variant may be associated with an
increased risk of death, but early reports found no evidence to suggest any effect on the
severity of the disease [66]. In other countries, after the alpha variant announcement in
December 2020, there were reports of increased admissions to hospital and more serious
illnesses in children, indicating that the B.1.1.7. variant was more pathogenically infectious
within this group [24]. Nevertheless, we found no evidence of more severe disease in
children during the third wave, and we found that the B.I.1.7 variant did not result in
an appreciably different clinical course than the original strain. The fourth wave was
dominated by the B.l.617.2 delta variant, which was reported to have increased trans-
missibility. Many more patients were hospitalized and we observed more severe cases of
COVID-19, but these were statistically insignificant. In the fifth wave, omicron (B.1.1.529,
BA.1, BA.1.1, BA.2, BA.3, BA.4, and BAS5 lineages) dominated. The CDC announced that
it caused a milder disease, although some people experienced a severe course, required
hospitalization, and could have died from infection [67]. In this wave, we hospitalized
414 children and observed the shortest hospital stay.

In this study, the Bacillus Calmette-Guerin (BCG) vaccination was also considered to
be a factor that influenced COVID-19 severity, because it was hypothesized that countries
without widespread tuberculosis prevention policies had a higher percentage of severe cases
(Italy, France, and Spain) than countries that adopted long-term widespread prevention
(Japan, Denmark, and Korea). In Poland, antituberculosis BCG vaccination was obligatory,
so in our pediatric study groups, over 95% of patients had been vaccinated. The lack of
BCG vaccination was found in 2-4% of hospitalized children in different waves. We did not
observe statistically significant differences in the number of hospitalized BCG-vaccinated
and unvaccinated patients. However, various publications have described the results of the
first association between BCG vaccination and COVID-19 cases, but these have concerned
only adults [68,69].

Our study confirmed that the children had a much milder course of the virus and
richer symptoms of COVID-19 compared to adults in all waves. The same has been reported
in other studies [12,18,19,49-51].

4.3. Laboratory Findings

Only a few authors have compared the COVID-19 course in children between different
waves of the pandemic. Most of them did not consider laboratory findings, while Murugan
et al. did not find any significant differences in laboratory results (hemoglobin, total
platelet count, creatinine, Alt, prothrombin time, partial thromboplastin time, D-dimer, and
C-reactive protein) [9,10,13-15,24-26,70,71]. In our study, we found statistically significant
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differences in the first five waves of the pandemic in terms of CRP, blood platelets, and
lactate dehydrogenase.

Our study has several limitations. During the first and second waves, primary care for
COVID-19 patients was limited, so they were often referred to hospital. The Polish Ministry
of Health's recommendations about the rules for COVID-19 isolation and hospitalization
changed in the subsequent waves, and this could have influenced the admission criteria
and the length of hospitalization. Our experience with pediatric COVID-19 also expanded
over the subsequent waves, which could also have influenced hospital admissions and the
length of stay.

To the best of our knowledge, this is the first such large single-center study comparing
the differences between the clinical course of pediatric COVID-19 in the first five waves of
the pandemic.

5. Conclusions

Our findings confirmed that a life-threatening course of COVID-19 in children was
relatively rare. However, children with pneumonia, dehydration from fever, gastrointestinal
symptoms, and loss of smell and taste, as well as those with neurological symptoms,
represented most of the patients requiring hospitalization.

The absolute number of hospitalizations was significantly higher in the fourth and
fifth waves than in the first three waves. The clinical course of the disease changed between
March 2020 and April 2022 due to the predominance of different SARS-CoV-2 variants.
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Abstract: Since the beginning of the pandemic, many reports have pointed to age as the most impor-
tant risk factor for severe COVID-19 in adults, but this relationship is less clear in children. Between
March 2020 and April 2022, 1405 pediatric COVID-19 patients were included in our prospective
study, which aimed to analyze the disease's characteristics in three age groups: infants, toddlers
(1-5 years), and children (5-18 years). We observed male prevalence of the disease in infants and
toddlers compared to female prevalence in children. Comorbidities appeared most often in children.
In the first pandemic wave, the vast majority of pediatric patients were children, but later, the per-
centage of infant and toddler patients increased significantly. A total of 74% of hospitalized children
were younger than five years. Upper respiratory tract symptoms were most common in infants
and toddlers,and lower respiratory tract symptoms and gastroenterocolitis were more common in
children. Neurological symptoms appeared similarly in all age groups. The activities of ALT, CK,
and LDH were the most elevated in infants, along with D-dimers. The median length of hospitaliza-
tion fluctuated between three and four days and was highest in infants. Severe courses were more
common in adolescents.

Keywords: SARS-CoV-2; COVID-19; children; age; clinical presentation

1. Introduction

In December 2019, a cluster of severe, life-threatening cases of pneumonia was detected
in the region of Wuhan in central China, and on 7 January 2020, the causative pathogen
was identified as a novel RNA betacoronavirus. Because of its phylogenetic similarity to
severe acute respiratory syndrome coronavirus (SARS-CoV), the new virus was named
SARS-CoV-2 [1]. On 11 March 2020, the World Health Organization (WHO) announced the
Coronavirus Disease 2019 (COVID-19) pandemic.

Many reports point to age as the most important risk factor for a severe course of
COVID-19, and deaths in adults, while children were reported all over the world to present
with an asymptomatic or mild course of the disease [2—7]. SARS-CoV-2-related death in
children is rare. In the United States, as of 1June 2022, there were >13 million cases of
COVID-19 and 1533 COVID-19-associated deaths in children <18 years of age (<0.01%)
reported to the CDC [8]. A small number of publications considered the problem of de-
pendence between the course of COVID-19, the clinical presentation, the necessity for
hospitalization, and age in pediatric patients. Their authors reported the prevalence in
both young children and older children among hospitalized patients, meaning those with a
more severe course of the disease [9-14]. Further investigation is necessary to understand
the clinical presentation, laboratory' findings, and indications for hospitalization, espe-
cially because of the changing COVID-19 course in pandemic waves caused by different
SARS-CoV-2 variants [12,14-17].

https:// www.mdpi.coni/ioumal/icm
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This work aimed to analyze the COVID-19 characteristics of children in a single
center, based on findings from 1405 patients aged 0 to 18 years that were hospitalized from
23 March 2020 to 30 April 2022. The analysis was conducted especially in terms of clinical
presentation, laboratory findings, trends in pandemic waves, and outcomes in relation to
age. Our observations may be useful for ongoing guidance for the evaluation, management,
and prevention of COVID-19 for pediatric patients, depending on age.

2. Materials and Methods

On 23 March 2020, when the first children were admitted to the Department of Infec-
tious Diseases and Pediatrics, this prospective study was started. The inclusion criteria
were as follows: age 0-18 years, laboratory-confirmed COVID-19, and hospitalization. A
total of 1405 children were included in this study. All of the children were symptomatic,
and reinfections were included.

According to the World Health Organization (WHO) and the National Institute of
Public Health recommendations [18,19], COVID-19 was diagnosed using a positive reverse
transcription and real-time polymerase chain reaction (RT-PCR) and, since 30 October
2020, using the second-generation antigen tests based on a nasopharyngeal swab per-
formed in certified laboratories. Several kits were used during the two years of the pan-
demic: (1) GeneFinder™ COVID-19 Plus RealAmp, Elitech, Biomedica, (2) Liferiver, Novel
Coronavirus (2019-nCoV) Real Time Multiplex, (3) VIASURE CerTest, Biotec, (4) Mac-
cura SARS-CoV-2 Fluorescent PCR, Maccura Biotechnology, (5) Homemade DIAGtest
SARS-CoV-2 real time RT-PCR, and (6) Labsystems Diagnostics. In addition, we used the
COVID-19 Real Time Multiplex RT-PCR and the second-generation Abbott Panbio-COVID-
19 Ag Rapid Test Device (WHO laboratory 2020, AOTM).

The criteria for admission to the hospital were as per those for other pediatric diseases,
e.g., dehydration, dyspnea, or seizures. According to the Polish Ministry of Health recom-
mendations, hospitalization was compulsory for every patientwith diagnosed SARS-CoV-2
infection up to September 2020 [20]. According to Polish expert group recommendations,
hospital referrals were also required for children with congenital heart defects, neurologic
diseases, genetic disorders, chronic renal diseases, mucoviscidosis, broncho-pulmonary dys-
plasia, immunodeficiency after organ transplantation, and diabetes mellitus. Newborns, in-
fants, and children with obesity, especially those with a body mass index (BMI) > 30 kg/m 2,
were also included [21].

Discharge criteria were two negative PCR tests taken within 24 h. After 2 September
2020, the only criterion was the condition of the patient.

Data were collected and reported by the physicians working in the department ac-
cording to a standardized questionnaire for the case history and physical examination that
were obligatory for every patient. The standard laboratory tests for COVID-19 patients
were taken for every hospitalized child with diagnosed COVID-19.

The questionnaire included the following:

Demographic and epidemiological data: (age, sex, ethnicity, nasopharyngeal/oral
swabs for SARS-CoV-2 PCR obtainment date, recent contact with known COVID-19 pa-
tients, background illnesses including heart disease, chronic lung disease, and/or asthma,
developmental delay, diabetes, immune compromise, and malignancy).

Signs and symptoms: fever, cough, rhinitis, dyspnea, sore throat, weakness, diar-
rhea, abdominal pain, vomiting, headache, conjunctivitis, nausea, myalgia, rash, ageusia,
anosmia, chest pain, irritability, seizures, and headache. Anosmia/ageusia are difficult to
ascertain for infants and toddlers. In the study itwas assumed that, if an infant or toddler
with COVID-19 completely refused to eat for several consecutive days, and other reasons
such as severe condition and stomatitis were excluded, the patient had anosmiaZageusia.

Disease outcome data: the length of hospitalization, the necessity of oxygen treatment,
the necessity of intravenous dehydration, antiviral treatment, systemic steroid therapy, and
PICU admission.
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Laboratory data: complete blood count (CBC) parameters, C-reactive protein (CRP),
alanine transaminase (ALT), lactate dehydrogenase (LDH), creatinine kinase (CK), ferritin,
vitamin D3 level, prothrombin time, D-dimers, nasal swabs for other viral pathogens
(co-infection), and imaging (i.e., lung ultrasound (LU), chest X-ray, and high-resolution
computed tomography (HRCT)).

Final diagnoses: upper respiratory tract infection, lower respiratory tract infection,
gastroenterocolitis, neurological diagnoses, and others.

Radiographic and USG pneumonia diagnoses were based on the interpretation by
the treating physician. Lower respiratory infections were diagnosed based on clinical
presentation and lung ultrasonography (LU), chest X-rays, and high-resolution computed
tomography (HRCT). The most often administered examination, especially in the youngest
children, was LU. The presence of focal, multifocal, and confluent B lines and pleural
irregularities were the most common LU findings used to diagnose COVID-19 pneumonia.
In chest X-ray examinations, bilateral and multifocal lesions were found most frequently,
especially in the lower lobes. A pure ground-glass appearance was also typical of COVID-
19 lower respiratory-related findings. Gastrointestinal infection was diagnosed based on
clinical presentation (vomiting, diarrhea) and the exclusion of other etiologies such as
rotaviruses, adenoviruses, and noroviruses.

To assess the COVID-19 characteristics depending on age, all 1405 hospitalized pedi-
atric patients were assigned to three study groups: 567 infants (0-12 months), 470 toddlers
(1-5 years), and 368 children (5-18 years).

The statistical analysis was performed using SPSS ver. 27 software (Armonk, NY,
USA). Results were presented based on the parameters of descriptive statistics, including
the mean values and standard deviations (SD) for the quantitative variables with a normal
distribution or median values with the interquartile range for non~normally distributed
data. Categorical variables were presented as numbers with percentages. Qualitative
values were compared by the chi-square test. The Kruskal-Wallis test was used for the
analysis of the continuous variables investigated in the study. In all cases of statistical
significance, a pairwise comparison between the groups was performed using a post-hoc
test. In all analyses, a p-value < 0.05 was considered statistically significant.

The study was performed in accordance with the ethical standards of the Declaration
of Helsinki and its later amendments. It was approved by the Ethics Committee of the
Regional Medical Chamber in Krakow No O IL/KBL/18/2020 on 10 March 2020.

3. Results

The age of the hospitalized children is presented in Figure 1. The high prevalence of
infants younger than six months of age (26%) is noteworthy.

Figure 1. The age structure of the hospitalized children.
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3.2. Study Groups
The demographic characteristic data are presented in Table 1.

Table 1. Demographic characteristics of hospitalized COVID-19 pediatric patients in the infant,
toddler, and children groups.

Infants Toddlers Children Value
(n=567) (« = 470) (=368 P
Male sex: n (%) 313 (55.3) 254 (54.2) 173 (47.5) 0.054
Patients with chronic diseases: n (%) 85 (15.2) 119 (25.4) 153 (42.3) <0.001
Immunocompromised patients: n (%) 4(0.7) 4(0.9) 13 (3.6) 0.001
BCG unvaccinated patients: n (%) 23 (4.2) 12 (2.6) 5(1-4) 0.047

BCG: Bacillus Calmette-Guerin.

The male sex was dominant in the groups of infants and toddlers, with the opposite
finding for older children. However, the differences were not statistically significant. Only
one child was South Asian; the rest (n = 1404) were Caucasian.

Immunocompromised patients, as well as children with chronic diseases at greater risk
of severe COVID-19 (neurological disorders and pulmonological, cardiovascular, genetic,
and oncologic diseases), were more common in the oldest study group than in the toddler
and infant groups. A lack of BCG vaccination was more frequent in infants than in toddlers
and children.

The course of COVID-19 in all the study groups was analyzed in each of the first five
pandemic waves caused by different SARS-CoV-2 variants. In Poland, the first wave of the
COVID-19 pandemic occurred from March to June 2020, the second from October 2020 to
January 2021, and then variants were not reported in Poland, and SARS-CoV-2 sequencing
was performed only occasionally In the third wave from February to May 2021, the alpha
(B.1.1.7) variant dominated, in the fourth wave from 1 October 2021 to 15January 2022, the
delta (B.1.617.2) variant dominated, and in the fifth wave from 16 January to 30 April 2022,
the omicron variant (B.1.1.529, BA.1, BA.1.1, BA.2, BA.3, BA.4, and BA.5 lineages) dominated.

Regarding the age groups affected during the particular COVID-19 pandemic waves,
the greatest differences were found between the first and fifth waves (Figure 2). In the first
wave, the majority of patients were older than five years (65/111 (58.5%) versus 22/111
(19.8%) in the infant group and 24/111 (21.6%) in the toddler group (p-value < 0.001)).
In the fifth wave, the group of patients consisted of 192/411 (46.7%) infants, 152/411
(37%) toddlers, and 67/411 (16.3%) children older than five years. In the other waves,
the differences between age groups were statistically insignificant, but it is noteworthy
that, in the subsequent pandemic waves, the median age of the hospitalized patients
decreased significantly

Figure 2. The number of patients in the groups of infants, toddlers, and children in the first five
waves of the pandemic.
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3.2. Clinical Presentation

The clinical presentation of COVID-19 in the study groups is presented in Table 2. In
all age groups, fever was the most common sign of COVID-19, and it was most frequent
in toddlers. As for respiratory symptoms, rhinitis was most common in infants and was
rarely observed in children older than five years. Cough was less frequent in children than
in the other two groups. Dyspnea was present in 11-15% of hospitalized children, with
no significant differences between age groups. Anosmia and ageusia, the most typical
symptoms of COVID-19, were rarely observed, and the differences between study groups
were statistically insignificant. Neurologic symptoms (for example, seizures, paresis,
vertigo) were most common in the children group.

Table 2. Clinical characteristics of COVID-19 in infants, toddlers, and children.

Infants Toddlers Children p-Value
(n=1567) (n=470) (n=368)
Fever: n (%) 389 (69) 361 (77) 230 (63) <0.001
Rhinitis: n (%) 295 (52) 201 (43) 112(31) <0.001
Cough: n (%) 317 (56) 273 (58) 178 (48) 0.014
Dyspnea: n (%) 61 (11) 50 (11) 56 (15) 0.080
Vomiting: n (%) 84(15) 134 (29) 69 (19) <0.001
Diarrhea: n (%) 126 (22) 129 (27) 56 (15) <0.001
Anosmia n (%) 29(5) 18(4) 28 (8) 0.057
Ageusia: n (%) 30 (5 18(4) 26(7) 0.12
Neurologic symptoms: n (%) 22(4) 36(8) 75 (21) <0.001

3.3. Laboratory Findings

A comparison of laboratory findings in all the study groups is shown in Tables 3 and S1.
C~Reactive Protein (CRP) was significantly higher in the group of toddlers. Leukopenia and
thrombocytopenia were most frequently observed in older children. Significant differences
between the groups were noted in the levels of parameters such as alanine transaminase,
creatinine kinase, lactate dehydrogenase, and D-dimers. All of these parameters were
highest in the infant group.

Table 3. Laboratory findings in hospitalized pediatric patients with COVID-19 according to age,
based on the chi-square test.

Infants Toddlers Children Value
(n="567) (n= 470) (=368 P
CRP >5 mg/dL 129 (24) 224 (51) 154 (46) <0.001
Leukocytes (103/ pL)
<45 29(5) 32(7) 88 (26)
4.5-135 427 328 229
>135 79 (15) 84(19) 24(7)
Neutrophils (103/uL)
<1.0 127 (25) 24(6) 20 (6) <0.001
1.0-6.5 359 308 259
>6.5 30 (6) 99 (23) 50 (15)
Lymphocytes (103/uL)
<1.0 8(2) 29 (7) 59 (18)
1.0-7.0 373 371 266
>7.0 136 (26) 32(7) 1(03)
Blood platelets < 100,000/l 4(0.7) 9(2) 10(3) 0.050
Alanine transaminase >54 U/L 48 (9) 13(3) 13(4) <0.001
Creatinine kinase < 170 U/L 123 (28) 49 (13) 23 (8 <0.001
Lactate dehydrogenase > 2201U/L 454 (97) 335 (87) 105 (35) <0.001
D-dimers >500 ng/mL 305 (76) 161 (44) 106 (36) <0.001

CRP: C-reactive protein.
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3.4. COVID-19 Outcome

The COVID-19 outcome in the three study groups according to age was estimated
based on four parameters: the necessity of oxygen therapy, intravenous rehydration treat-
ment, general steroid therapy, and the length of hospitalization. The data are presented in
Table 4.

Table 4. The disease outcome for 1405 hospitalized pediatric patients with COVID-19 according
to age.

Infants Toddlers  Children Value Post-Hoc
(=567) (=470 (n=368) P Analysis
Oxygen therapy: n (%) 11(2) 10(2) 17(5) 0.043
Intravenous fluids: n (%) 202 (36) 233 (50) 154 (42) <0.001
Steroid therapy: n (%) 28(5) 49 (10) 27(7) 0.004
Length of stay (days) 4
Median (2-5) (2-4) (2-5) 0.021 1vs. 2:0.006

(25th-75th percentile)

Considering the fact that the study referred to hospitalized patients, the number
of children requiring oxygen therapy was very low (2-5%) and was significantly the
highest in the group of children older than five years. Intravenous rehydration was most
frequently necessary in the group of toddlers, as was steroid therapy. The median length of
hospitalization fluctuated between three and four days and was highest in infants.

A total of 1471405 (1%) of our patients were treated with remdesivir based on Food and
Drug Administration (FDA) and European Medicine Agency (EMA) recommendations [22,23].
Four of these patients were infants (1, 2, 8, and 11 months of age), and ten were children
older than five years (9,9,12,12,15,15,15,16,16, and 18 years). A total of 3/1405 (0.2%)
were treated with baricitinib according to FDA recommendations [24]. They were 7, 12,
and 16 years of age.

3.5. Final Diagnoses

The most common diagnoses at the time of discharge from the hospital were upper
and lower respiratory tract infections, gastroenterocolitis, and neurological syndromes.
The differences between the age groups are presented in Table 5. The diagnosis of upper
respiratory tract infection was most frequently made in the group of infants, and most
patients suffered from laryngitis. We also observed otitis media in the course of COVID-19.

Table 5. Final diagnoses in hospitalized pediatric patientswith COVID-19 according to age.

Infants Toddlers Children Value
(n=567) (n = 470) (n = 368) P
Upper respiratory tract infection 355 (63) 280 (60) 188 (51) 0.002
Lower respiratory tract infection 137 (24) 140 (30) 124 (34) 0.005
Gastroenterocolitis 79 (14) 81 (17) 77 (21) 0.019
Neurological diagnoses 50 (9) 48 (10) 49 (13) 0.090
Other 101 (18) 82 (18) 69 (19) 0.881

Lower respiratory tract infection was rarer in the group of infants in comparison with
the other groups. Pneumonia in teenagers resembled that in adults. The prevalence of
gastroenterocolitis was highest in the group of children.

Neurological diagnoses were made in 9-13% of the pediatric patients, with no statisti-
cally significant differences between the study groups.

The most common other diagnoses were urinary tract infections, hepatitis, and skin lesions.
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4. Discussion

From the beginning of the pandemic, age was reported as one of the most important
risk factors for a severe course, hospitalization, and death due to COVID-19, which was
confirmed in adults. However, regarding pediatric patients, some authors reported that the
youngest children were most threatened by COVID-19 [15,16,25], and others reported that
teenagers were more at risk [26-28].

4.1. Demographic Characteristics

Although children, if compared to adults, have a lower risk of a severe course of
COVID-19,1405 children were hospitalized and met the inclusion criteria for this analy-
sis. It is noteworthy that the youngest children most commonly required hospitalization
(Figure 1). In our study, patients in the first year of life constituted 40.35% of the sample,
and children younger than five years accounted for 73.8% of the hospitalized patients with
COVID-19 in this study. To the best of our knowledge, this is one of the first large single-
center studies concerning only hospitalized pediatric patients with COVID-19 over two
years of the pandemic. Other authors reported both hospitalized and ambulatory-treated
children infected with SARS-CoV-2 and did not observe a predominance of the youngest
children [15,17,29,30]. The results from the studies concerning inpatients and outpatients
with COVID-19 were similar: 2.4-3.8% of children in the 0-1-year group and 39.1-35.9% in
the 0-5-year group, according to the pandemic wave, were reported by Murugan et al. [29].
A total of 6.1% of patients in the 0-1 year group and 25.2% in the 0-5-year group were
reported in Krajcar's study [17], and 35.1% of children aged 0-5 years were reported from
Brazil [30]. A total of 45% of children in the 0-5-year group was reported in the SARSTer-
PED study [15]. Among the hospitalized children, a huge prevalence of the youngest has
been observed. Alteri reported from the period of the first four waves of the pandemic that,
similar to our study results, 35.1% of hospitalized children with COVID-19 were 0-1 years
old and 70.6% were 0-5 years old [16]. Swan reported from the United Kingdom (UK) that
52% of hospitalized children were 0-5 years old [31]. Recent CDC reports indicated that
22.5% of children hospitalized with COVID-19 were in the age range of 0-1 years, and
40.8% were aged 0-5 years [32]. There was also a significant increase in the percentage of
pediatric patients younger than five years in hospital departments after the vaccination of
children older than five years started [33]. Goktug observed in the Pediatric Emergency
Department that 14.8% of patients were in the age range of 0-1 years compared to 32.4%
in the 0-5-year range [27]. In our department, the predominance of the youngest children
was much greater than that in the other reports, and we observed that, during the pan-
demic, the predominance of the youngest groups of children among hospitalized patients
increased (Figure 2). Similar findings were reported by other authors [5,6,8]. Therefore,
a difference between our study and those conducted previously was that this is the first
study concerning a long period of time over the pandemic, from March 2020 to April 2022.
This is also the reason for Alteri making this same observation. The increasing number of
infants and toddlers among hospitalized patients with COVID-19 was probably due to the
lifting of sanitary restrictions and the commencement of vaccination against COVID-19
for children older than five years, which caused a milder course and rarer need for hospi-
talization in older age groups. It is also noteworthy that patients with comorbidities and
with immunodeficiency were the most numerous in the group of children older than five
years, while the infants and toddlers often required hospitalization even though they had
no chronic underlying conditions. This may be because the recommendations pointed to
newborns and infants as being in the risk group for a severe course of COVID-19, causing
more referrals of the youngest children to the hospital [21].

Comorbidities associated with the increased risk of severe disease mainly affected
children older than five years (42.3%). Other researchers confirmed the same [34-36]. CDC
reports also showed more underlying conditions among hospitalized pediatric patients
aged 5-17 years (53.4%) and also, contrary to our findings, of 42.3% of patients in the
youngest group (0-2 years of age) [37].
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The differences between age groups in consecutive pandemic waves were of particular
interest. The first wave was the only one in which the child group was the most numerous.
In the next waves, the percentage of children decreased significantly. This was probably
caused by the current Polish Health Ministry regulations. During the first wave and at the
beginning of the second wave, hospitalization was obligatory for every patient who tested
positive for SARS-CoV-2 by PCR. Only symptomatic patients were tested, and because of
the strict lockdown, infants and toddlers were tested very rarely. At the beginning of the
pandemic, the youngest children were infected the most often from a family member, while
exposure other than household contacts was confirmed more frequently in teenagers [15].
Positive parents were isolated; they were not allowed to leave their houses, and there was
no ability to have infants and toddlers tested up to the time hospitalization was necessary
because of severe symptoms. In the fourth and fifth waves, vaccination against COVID-19
was possible for children older than five years, and it also had an influence on the age of
hospitalized children [19-21],

The Bacillus Calmette-Guerin (BCG) vaccination parameter was also analyzed in this
study (Table 1). This was due to the fact that, during the COVID-19 pandemic, it was
hypothesized that countries without widespread tuberculosis prevention policies would
have a higher percentage of severe disease course (ltaly, France, Spain) than countries with
long-term widespread prevention (Japan, Denmark, Korea) [38]. In Poland, according to
The Obligatory Vaccination Schedule, the BCG vaccination is performed in the first days of
life, which means that it was available to all children included in the study. The highest
number of unvaccinated BCG patients was the group of infants whose disease severity
required admission to the hospital, although they had the fewest underlying medical
conditions. Nevertheless, fewer infants may be vaccinated against BCG in the general
population. This needs further investigation.

4.2. Clinical Presentation and Final Diagnoses

The clinical presentation of COVID-19 in hospitalized children was multisymptomatic
in all age groups. The most frequent symptoms were fever, cough, and rhinitis, especially in
infants and toddlers. These symptoms were also described by other authors [25,32,39-43].
In infants, cough and dyspnea were more common symptoms of upper respiratory tract
infection, and the most common symptom was laryngitis (Table 5). We also observed
otitis media in the course of COVID-19. Similar observations were reported by other
researchers [25]. High fever, vomiting, and diarrhea were observed much more frequently
in patients aged 0-5 years. These symptoms influenced the need for hospitalization and
intravenous rehydration but did not cause a severe and life-threatening course of the
disease. In many previous publications, the authors reported gastrointestinal symptoms
(vomiting, diarrhea, and abdominal pain) as typical for pediatric patients and more often
in younger children [15,25,28,31,39,40,42,44]. Nevertheless, there are some publications
reporting a low percentage of gastrointestinal symptoms in hospitalized children [41,45].
Because these same signs and symptoms can appear in different diseases, we also analyzed
the diagnoses at discharge from the hospital. This seems to be important because, e.g.,
vomiting can appear in the course of gastroenterocolitis but also in neurological diseases
and even during pneumonia and upper respiratory tract infections. It is interesting that
gastroenterocolitis in our cohort was diagnosed as most common in children older than five
years. Previous research usually did not consider final diagnoses, focusing on signs and
symptoms; thus, it is not possible to compare our observations to those in other studies.

Neurologic symptoms were significantly more common in the group of children older
than five years, similar to other authors' reports [46,47].

Based on statistical data, it seems that anosmia and ageusia are more common in
children older than five years, but this is difficult to analyze because toddlers and infants
cannot verbalize such symptoms. It is noteworthy that, in our study, infants and toddlers
most often required intravenous rehydration, although we did not observe relevant on-
going fluid losses. This might have been because of anosmia and ageusia. Many authors
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confirmed that the main problem is that symptoms related to taste and smell are so subjec-
tive that it is difficult to assess them in pediatric age groups [48]. Nevertheless, Yan et ah,
in an analysis of 18 eligible studies, also concluded that higher smell or taste dysfunction
rates were associated with a younger age [49].

4.3. Laboratory Findings

Differences between the three studied groups were found in the laboratory test re-
sults (Tables SI and 3). Most abnormalities appeared in the infant group; they were
temporary and did not differ significantly from those of other viral diseases. Although
changes in laboratory results have been widely described in adults and in children with
COVID-19, there are only a few studies concerning laboratory findings in hospitalized
pediatric patients according to age. Similar to our observations, they have all reported leu-
copenia, neutropenia, lymphocytosis, thrombocytopenia, and elevated CRP, CK, LDH, ALT,
and D-dimers as typical in most pediatric patients with COVID-19, especially in patients
0-5 yearsold [29,40,41,50,51]. Nevertheless, some publications show a relationship between
the laboratory parameters at admission and hospitalization and the patient's prognosis at
every age. They showed that severe cases had significantly higher levels of mean serum lac-
tate, CRP, ALT, and D-dimers, and an increase in LDH was observed even in asymptomatic
patients [40,45,51].

4.4. Disease Outcome

According to other reports, 9-54% of hospitalized pediatric patients with COVID-19
required oxygen support [29,32,44,52], while, in our department, only 2% of infants and
toddlers and 5% of children older than five years required this intervention. This difference
could have been because infants were hospitalized with a much milder course of COVID-
19 than older children because of the recommendations that infants be considered at a
high risk of a severe course of the disease [21]. One patient in our department required
high-flow nasal oxygen therapy (HFNOT), only three (0.2% of our cohort, 0.8% of the
children group) had to be referred to the Pediatric Intensive Care Unit (PICU), and no
patients died. All four patients with the most severe course of COVID-19 were older than
10 years, and all had chronic diseases (cerebral palsy, genetic disorders, and critical obesity).
These data significantly departed from those of other authors, who reported that up to
21% of patients required PICU admission [28,31,45]. This can be explained by the higher
percentage of infants and toddlers in our cohort and by the fact that almost all of our
patients were of white Caucasian ethnicity, while in numerous reports, it was revealed that
greater disease severity was associated with Black or other non-White races and ages older
than four years [31,53,54].

The median length of hospitalization in our cohort was 3-4 days and was signifi-
cantly longer in the group of infants. In other publications, the authors reported shorter
hospitalization. Swann from U.K. and Cloete from South Africa reported an average two-
day stay [31,44]. Other authors reported much longer stays exceeding 10 days [II,40].
Hospitalization was significantly longer in the group of infants, similar to other authors'
reports [11,15,25,40].

Our study had several limitations. At the beginning of the pandemic, primary care
for COVID-19 patients was limited; thus, they were often referred to the hospital. The
recommendations regarding the rules for COVID-19 testing, isolation, and hospitalization
changed, and this could have influenced the admission criteria and the length of hospi-
talization. Our experience with pediatric COVID-19 also increased during the pandemic,
which could have influenced hospital admissions and the length of stay.

To the best of our knowledge, this is the first large single-center study comparing
the differences between the clinical course of pediatric hospitalized COVID-19 patients in
different age groups for more than two years of the pandemic.
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5. Conclusions

Many statistically significant differences in disease signs and symptoms were observed
between study groups. Infants were the most often hospitalized patients in the first
two years of the pandemic. The reasons for infant hospitalization were the necessity of
intravenous rehydration because of dehydration in the course of high fever, vomiting and
diarrhea, and appetite disorders.

Severe courses requiring oxygen supplementation and antiviral therapy were more
common in adolescents.

A total of 74% of the hospitalized patients with COVID-19 were younger than five
years, with a growing trend in the subsequent waves, most likely due to vaccination rolling
out to the older age groups.

Supplementary Materials: The following supporting information can be downloaded at: https:
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Abstract

Introduction

After three years of the pandemic, predictors of COVID-19 severity in children are still not completely
known. This study was designed to define the high-risk group in hospitalized children.

Material and methods

The analysis covered 2338 children in two centers. Among patients with severe course three groups
were identified — requiring and not requiring mechanical ventilation and those who died.

Results

The median age of seventy children {(54% female) with severe COVID-19 was 32 months. In 43 (61%)
children comorbidities were present. No one was vaccinated against COVID-19. On admission,
medium Sp02 was 89%. 65 (93%) patients presented with dyspnoea, and 49 (70%) with cough. 53
(76%) children required noninvasive oxygen support and 17 (24%) mechanical ventilation. 8(11%)
children died. The most significant difference between mechanically ventilated children who
recovered and those who died was age — 124 vs 12.8 months (p<0.001). Children requiring
mechanical ventilation presented higher CRP (median 33.4 vs 6.7 mg/dl), LDH, and ferritin. In children
who died even higher CRP (55.9 vs 7.9 mg/dl), deep lymphopenia (0.65 vs 1.85 x 103/ul), and
thrombocytopenia ( 7 vs 237 x 103/ul) were observed.

Conclusions

Risk factors for a severe course of COVID-19 were — young age, lack of COVID-19 vaccination,
auscultation changes and dyspnea at admission. The presence of comorbidities, high CRP, LDH, and
ferritin levels were the predictors of mechanical ventilation necessity and death. Among children
mechanically ventilated teenagers had a prognosis of recovery but, infants with comorbidities were at

the highest risk of death.



Introduction

In December 2019, a cluster of severe, life-threatening cases of pneumonia was detected in
China, caused by severe acute respiratory syndrome coronavirus (SARS-CoV-2). On 11 March 2020,
the World Health Organization (WHO) announced the Coronavirus Disease 2019 (COVID-19)
pandemic.

Since the beginning of the pandemic, children have been reported all over the world to
present with an asymptomatic or mild course of the disease [1-3].

However, it has been shown that chronic background illnesses including heart disease,
chronic lung disease, and/or asthma, developmental delay, diabetes, immune compromise,
malignancy, and obesity, can trigger severe COVID-19 also in children [4]. SARS-CoV-2-related death in
children is rare. In the United States, as of February 2023, there were >16 million cases of COVID-19
and 2098 COVID-19-associated deaths in children <18 years of age (<0.01%) reported to the Center
for Disease Control and Prevention (CDC) [5].

This work aimed to analyze the COVID-19 course in pediatric severely ill patients, hospitalized
from March 2020 to September 2022. The analysis was conducted especially in terms of clinical
presentation, laboratory findings, and outcomes. The study was designed to find the possibilities for

the prediction of the severity of COVID-19 in hospitalized children.

Materials and Methods

»Because of the COVID-19 pandemic announced by the WHO and the increasing incidence in
Poland, the Department of Infectious Diseases and Paediatrics was ordered to treat children with
COVID-19. The University Children’s Hospital was selected to provide highly specialised diagnosis and
treatment, if necessary. These organizational solutions centralized the care for children with COVID-

19 in the southern region of Poland”.



On 23 March 2020, the first children with COVID-19 were admitted to the hospital, and the
prospective study was started. Up to 30 September 2022, 2338 children were hospitalized.

Data were collected in all successively admitted patients, based on a standard protocol. On
admission, after taking the medical history and performing a physical examination, a planned set of
laboratory tests was taken in all patients, including complete blood count (CBC) parameters, C-
reactive protein (CRP), alanine transaminase (ALT), lactate dehydrogenase (LDH), creatine kinase {CK),
ferritin, procalcitonin (PCT). All children with severe course of COVID-19 had imaging tests taken (i.e.,
lung ultrasound (LU), chest X-ray, and high-resolution computed tomography (HRCT)). All children
were subject to careful medical observation and treatment in accordance with current guidelines.
Data on the course of hospitalization was also recorded in a planned and strictly structured manner in
a specially designed database (the length of hospitalization, the length of oxygen treatment, antiviral
treatment, systemic steroid therapy, pediatric intensive care unit (PICU) admission, respiratory
therapy, and deaths).

Definitions

Owing to the absence of a consensus definition of the disease’s severity in children, different
definitions have been used in studies categorizing its level [6]. In this study, we used severity
classification for acute SARS-CoV-2 infection provided in the multicenter interim guidance on the use
of antivirals for children with COVID-19 [4], [7].

The severe case was diagnosed in a patient with pneumonia, age 0-18 years, laboratory-
confirmed COVID-19, and a new requirement for supplemental oxygen or increased requirement
from baseline without new or increased need for ventilatory support {(noninvasive or invasive).
Patients diagnosed with Multisystem Inflammatory Syndrome in Children (MIS-C) were excluded.

According to the WHO and the National Institute of Public Health recommendations [8], [9]

COVID-19 was diagnosed using a positive reverse transcription and real-time polymerase chain



reaction (RT-PCR) and, since 30 October 2020, using the second-generation antigen tests based on a
nasopharyngeal swab performed in certified laboratories.

Radiographic and ultrasonographic (USG) pneumonia diagnoses were based on the
interpretation by the treating physician. Lower respiratory infections were diagnosed based on
clinical presentation, LU, chest X-rays, and HRCT.

Remdesivir was used in our departments according to the Food and Drug Administration’s
(FDA) and European Medicines Agency’s (EMA’s) recommendations [10], [11].

Statistical analysis plan

In the first stage of the analysis, the population of children with severe COVID-19 was
described in detail. Next, among children diagnosed with severe COVID-19, the following subgroups
of patients were identified for further analysis: 1) children with severe COVID-19, who did not require
mechanical ventilation and 2) children requiring mechanical ventilation. In addition, while evaluating
the collected data, it was decided to select a third subgroup of patients for analysis - children who
died due to severe COVID-19. In the final stage of the analysis, the data of children with severe
COVID-19 was also compared with the data of children hospitalized due to COVID-19, but who did not
meet the criteria for severe COVID-19. To reduce the risk of error associated with the lack of
complete data, data from only one center were included in the analysis in this part of the study. The
data for comparison came from the register of COVID-19 patients previously published by the authors
of the study and included 1407 patients hospitalized between March 2020 and April 2022.

The statistical analysis was performed using SPSS ver. 27 software (Armonk, NY, USA). Results
were presented based on the parameters of descriptive statistics, including the mean values and
standard deviations (SD) for the quantitative variables with a normal distribution or median values
with the interquartile range for non-normally distributed data. Categorical variables were presented
as numbers with percentages. Qualitative values were compared by the chi-square test. The Kruskal—-

Wallis test was used for the analysis of the continuous variables investigated in the study. In all cases



of statistical significance, a pairwise comparison between the groups was performed using a post-hoc

test. In all analyses, a p-value < 0.05 was considered statistically significant.

The study was performed in accordance with the ethical standards of the Declaration of
Helsinki and its later amendments. It was approved by the Ethics Committee of the Regional Medical

Chamber in Krakow No OIL/KBL/18/2020 on 10 March 2020.

Results

Characteristics of children with severe COVID-19

70 among 2338 children hospitalized in two centers (3%) met the criteria of COVID-19 severe
course. The median age was 32.65 with a slight female prevalence (54%). In 43 (61%) comorbidities
were present. The most often neurological (26%), cardiological (14%), genetic diseases (11%), and
obesity appeared. 9 (13% ) of patients had multiple underlying conditions. On admission medium
SpO2 was 89%; 65 patients (93%) presented with dyspnoea, 49 (70%) with cough, 31 (44%) with
neurological symptoms, and 34 (49%) with dehydration. The medium length of stay was 13.9 days. 27
patients (37%) required admission to the PICU and 8 (11%) died. Although the vaccination against
COVID-19 was available in Poland from 7 June 2021 for 12-15 year-olds and from 4 December 2021

for 5-11 year-olds, nobody in our cohort was vaccinated.

Risk factors for the need for mechanical ventilation in children with severe COVID-19
Among 70 children with severe COVID-19, 53 (76%) required passive oxygen therapy and
17(24%) mechanical ventilation. A comparison of selected demographic and clinical data in the

groups of children not requiring and requiring ventilator therapy is presented in Table I.



Table I Characteristics of children not requiring and requiring mechanical ventilation.

Demographic data

Age (months) - Me; (IQR)
Sex (male/female)
Chronic illness (/%)
Clinical data at admission

Day from the onset of symptoms
(days)

Cough (1%%)

Dyspnea (17%%6)

Dehydration (/%)
Neurologic symptoms (n/%%)

SpO2 at admission (29

Laboratory tests results at admission

CRP mg/dl

PCT ng/ml

WBC 103p L
Neutrophils 103uL
Lymphocytes 103uL

PLT 103uL

LDH U/L

CK U/L

Ferritin pg/L

ALT U/L

Management and outcome

Children not
requiring
mechanical

ventilation (n=53)

(76%)

34.2 (9.3-168)
24/28

28 (53)

4(2-6)
43 (81)
50 (94)
31 (59)
24(45)

88 (84-90)

6.7 (1.4-33.3)
0.34(0.13-1.15)
8.82 (6.6-11.54)
4.2 (2.06-7.2)
1.92 (1.04-4.48)

243 (158-335)

287.5 (253-412)

89 (52-121)

238.5 (112.9-450)

25 (14-47)

p-value
Children requiring
mechanical
ventilation (n=17)
(24%)
27.6 (8.9-124) 0.52*
7/10 0.784**
15 (94) 0.003**
0.12*
3(1-3)
6(35) <0.001**
15 (88) 0.59**
3(19) 0.01**
7(41) 1.0%*
90 (84-98) 0.1*
33.4(5.5-68.2) 0.005*
1.25 (0.25-7.55) 0.09*
6.36 (3.42-8.58) 0.027*
2.4 (1.2-4.8) 0.11*
0.8 (0.4-1.4) 0.002*
133 (8-207) <0.001*
478.7 (347.5- 0.11*
1210.7)
66 (66-66) 0.65*

507 (193.8-1101.7) 0.29*

24 (19.5-63) 0.45*



Oxygen therapy (days) 5 (2-7) 21 (7-29) <0.001*

Mechanical ventilation (days) 21 (4-29) n.a.
Remdesivir therapy (796) 24(45) 6(35) 0.58**
Remdesivir-onset date (days 0.015*
after admission) 5 (3-9) 2(2-2)

Length of stay (days) 9(6-11) 29 (10-37) <0.001*
PICU admission (n%) 11(21) 16 (94) <0.001**
Death (/%) 0 8(47) <0.001**

* - p value for Kruska Il-Wa llis test

- p value for chi-square test.

Children who required mechanical ventilation during COVID~19 were characterized by a higher
incidence of chronic diseases (94 vs. 53%; p=0.003). These children reported slightly earlier after the
onset of the first symptoms (3 vs. 4 days). On admission, they manifested less frequent cough (35 vs.
81%; p<0.001) and dehydration (19 vs. 59%; p=0.01). The markers of inflammation were higher
(median CRP 33.4 vs. 6.7 mg/dl; p=0.005), and lymphopenia and thrombocytopenia were observed.
Moreover, higher concentrations of ferritin and LDH were found. It can be seen, that 45% and 35%
of children in both groups respectively (p-value-0.58), have been treated with remdesivir, so
the difference is not statistically significant. Medium length of stay was longer in the group of
mechanically ventilated patients (29 vs 9 days), as was the length of oxygen therapy (21 vs 5 days).
11 (21%) children with noninvasive oxygen support and 16 (94%) in the group with invasive
mechanical ventilation were treated in PICU (p <0.001). 8 children requiring mechanical ventilation

died during hospitalization and 9 recovered. The most significant difference between children who

recovered, and those who died was age - 124 versus 12.8 months.

Riskfactorsfor death in children with severe COVID-19



Table 2 presents a comparison of data in groups of children with severe COVID~19 who
survived, and those who died during severe COVID-19. The children who died because of COVID~19
were in our special interest. They all presented underlying chronic diseases (100 vs 57%) and
reported slightly earlier from the onset of the first symptoms (3 vs. 4 days). On admission, they
presented a less frequent cough (25 vs. 76%; p=0.007) and normal SatO2 (96 vs. 88%; p=0.002). It is
worth noting, that the markers of inflammation were higher (median CRP 55.9 vs. 7.9 mg/dL;
p=0.02), and deep lymphopenia (0.65 vs 1.85 103uL, p=0.005), and thrombocytopenia (7 vs 237
103uL, p<0.001) were observed. Significant differences in ferritin (252.1 vs 1521.5 pg/, p<001) and
LDH (1210.7 vs 287.5 UL, p =0.028) levels were found. The time of hospitalization was much shorter
in the group of survivors (9 vs 26 days). All eight fatalities were the result of COVID-19. All children
had underlying diseases but they were in stable condition when contracted COVID-19. The clinical
manifestation of the disease leading to death was also typical for COVID-19, not for underlying

diseases.

Table Il. Characteristics of patients with severe course of COVID-19, who recovered and who died.

Children who died p-value
Survivors of severe during severe
COVID-19 (n=62)  COVID-19 (n=8)

Demographic data

Age (months) - Me; (IQR) 35.1 (9.4-168) 12.8 (5.1-31.8) 0.05*
Sex (male/female) 28/34 3/5 0.784**
Chronic illness (r/%%6) 35(57) 8(100) 0.02**

Clinical data at admission

Day from the onset of symptoms 0.079*
(days) 4(2-6) 3(1-3)

Fever (/%) 44(71) 3(33) 0.16**
Cough (7%%0) 47 (76) 2(25) 0.007**

Dyspnoe (n/%%) 59 (95) 6(75) 0.1**



Dehydration (n/%6) 31(51) 3(39) 0.78**
Neurologic symptoms (n/%6) 27 (44) 4(50) 1.0**
SpO2 at admission (%9 88 (84-90) 96 (92-100) 0.002*

Laboratory tests results at admission

CRP mg/dL 7.9 (2.4-38.1) 55.9 (5.9-232.6)  0.02*
PCT ng/ml 0.4 (0.14-2.17) 1.25 (0.25-142.3)  0.34*
WBC 103uL 8.56 (6.1-11.4) 7.03 (1.39-9.54)  0.09*
Neutrophils 103y L 3.7 (2.12-6.62) 2.75 (0.5-5.8) 0.2*
Lymphocytes 103uL 1.85 (0.9-4.42) 0.65 (0.2-0.9) 0.005*
PLT 103uL 237 (156-306) 7 (5-35) <0.001*
LDH UIL 1210.7 (347.5- 0.028*

287.5 (252-422.5)  4701)
ALT U/L 24.5 (15-46.5) 25 (22-65) 0.28%
Management and outcome
Remdesivir therapy (/%) 28 (45) 2(25) 0.45**

Remdesivir-onset date (days 4(2-7) 3(23) 0.46*
after admission)

Length of stay (days) 9 (7-13) 26 (8-49) 0.05*
* - p value for Kruskall-Wallis test

- p value for chi-square test.

Riskfactorsfor severe course of COVID-19 in children

A comparison of selected demographic, clinical, and laboratory factors is presented in Table

The patients with severe COVID-19 were older (median age 34.8 vs 18.5 months, p=0.008).
On admission, they more often presented cough (81% versus 54%, p<0.001) so as dyspnoea (78%
versus 10%, p<0.001), and auscultation changes (77.8% versus 18.8%, p<0.001).

What is interesting, underlying chronic diseases were only slightly more frequent in the group

of severely ill children (39% versus 25%, p= 0.08). Only immunosuppression was much more common



in the group with the severe course (8.3% versus 1.3%, p <0.001). Laboratory tests' results were

similar in both groups, only little differences in platelet count and D~dirners on admission were found.

It is worth noting that there is a significant difference between the studied groups in BCG

vaccination (97% among the patients with mild course and only 88% in the group with severe course,

p=0.002).

Table lll. Characteristics of patients with severe and non-severe COVID-19.

Demographic data

Age (months) - Me; (IQR)
Sex (male/%o)

Chronic illness (/%)
Immunocompromised (/%)
BCG vaccination (n/%%)
Clinical data at admission

Day from the onset of symptoms
(days)

Fever (1%6)

Cough (17%%)

Dyspnoe (/%)

Gl disturbances (/%)
Smell disturbances (1/%6)
Taste disturbances (/%)

Neurologic symptoms (n/%6)

Laboratory tests results at admission

CRP mg/dL

WBC 103pL

Severe COVID-19
(n=36)

34.8 (10.3-175)
14(39)
14(39)
3(83)

30(88)

4(2-7)
27(75)
29 (81)
28 (79)
6(18)

2 (5.6)
2 (5.6)

4(H)

3 (1-29,3)

8.75 (6.3-12)

Non-severe
COVID-19
(n=1371)

18.5 (5.6-62.6)
728 (53)
343 (25)
18 (1.3)

1286 (97)

2(1-5)

955 (70)
741 (54)
139(10)
231 (17)
73 (5.3)
72 (5.3)

129 (9.4)

2.9 (1-11)

7.9 (5.8-11.2)

p-value

0.008*
0.09**
0.08**
0.015**

0.016**

0.006*

0.58**
0.002**
<0.001**
0.81**
0.72**
0.71**

0.77**

0.42*

0.54*



Neutrophils 103uL 3.16 (1.54-8.06) 2.65 (1.53-4.65) 0.09*
Lymphocytes 103uL 3.76 (1.26-5.53) 3.41 (1.95-5.5) 0.26*
PLT 103uL 232 (157-357) 288 (222-360) 0.04*
LDH U/L 272 (220-401) 278 (229-319) 0.45*
ALT UL 20(13-33) 20 (14-39) 0.76*
D-dimer ngfnL 543 (329-982) 921 (489-1568) 0.01*
Outcome

Length of stay (days) 9(6-11) 3(2-5) <0.001*

* - p value for Kruskall-Wallis test

- p value for chi-square test.

Discussion

During 3 years of the COVID~19 pandemic, the course of the disease has been changing. It
was due to the following SARS-CoV-2 variants and raising herd immunity. Since the beginning of the
pandemic children have been considered to have a good prognosis. Now the number of cases is small
and the course of COVID~19 is usually mild but hospitalization among children has increased since the
emergence of contagious SARS-CoV-2 variants and the achievement of a high vaccination rate in
adults. The severity prediction is still important to help medical decision-making.

As a first step, the definition of severity should be described. There is no consensus definition
of pediatric severe COVID-19 and in previous studies, different definitions were used. The most
popular is the WHO definition in which severe course can be diagnosed in a child with clinical signs of
pneumonia (cough or difficulty in breathing +fast breathing or chest wall indrawing +at least one of
the following: SpO2 <90%; Very severe chest wall indrawing, grunting, central cyanosis, or presence
of any other general danger sign (inability to breastfeed or drink, lethargy or unconsciousness, or
convulsions)) [12]. While the diagnosis can be made on clinical grounds; chest imaging (radiograph,
computed tomography (CT) scan, ultrasound) may assist in diagnosis and identify or exclude

pulmonary complications [13].



Other investigators expressed their own definitions. Zachariah et al. [14] defined severity as
the need for ventilatory or hemodynamic support, and Dong et al. [15] defined it as having
respiratory symptoms, dyspnea, and hypoxemia. Armin et al. [16] have included a set of events that
present the severity of COVID-19 disease: using a ventilator, oxygen with reservoir, taking a vasoactive
drug, intravenous immunoglobulin (IVIG) or corticosteroid therapy, and death.

In this study, we used severity classification for acute SARS-CoV-2 infection provided in the
multicenter interim guidance on the use of antivirals for children with COVID-19 [6], [7]. This was
because they met the requirements for the use of antivirals in children and allowed for MIS-C
exclusion.

The characteristic of our patients with the severe course was similar to those in other studies,
but the significant difference was the frequency of comorbidities which were only slightly more
common in patients with the severe course. Other authors described the overwhelming prevalence
of patients with comorbidities [17-19]. It might have been due to the different definitions of disease
severity in other studies.

Nevertheless in our cohort in the group of patients requiring invasive oxygen treatment the
prevalence of those with underlying conditions was significant, and 100% of children who died
because of COVID-19 had comorbidities. The most often were the same as in other studies - genetic
conditions, neurologic conditions, metabolic conditions, cardiovascular disease, obesity, diabetes
mellitus, chronic pulmonary diseases; immunosuppression [20], [21].

All children who died presented underlying diseases — three — cardiological (congenital heart
defects, cardiomyopathy), two of them were premature, one — Cri du chat syndrome, one- polycystic
kidney disease, and one — acute lymphoblastic leukemia (ALL). Among all children with the severe
course, there was a significant predominance of those with neurological disorders, development
retardation, cardiovascular diseases, genetic disorders, and neonates. 13% of children had multiple

comorbidities. It was also found by other authors that having multiple underlying conditions is



associated with an increased risk of severe disease [19], [22]. In multicenter studies of children
admitted to PICUs with COVID-19 and COVID-19-related deaths, most of the patients had one or
more underlying conditions [20], [23], [24].

Although immune compromise has been reported as an underlying condition in children with
severe COVID-19, the relationship between immune compromise and severe COVID-19 has not been
well established. In small surveys of children who developed COVID-19 while receiving
immunosuppressive medications COVID-19 was mild [25], [26]. In another study that included eight
children with rheumatic disease, active disease, and use of glucocorticoids were associated with
severe disease [5], [27]. In our study immunosuppression was significantly more common in the
group of children with severe course of the disease.

Childhood cancer appears to be associated with increased severity of COVID-19. In a global
registry study of COVID-19 in children with cancer including 1500 patients, severe or critical infection,
and mortality was higher than that in the general pediatric population [5], [28]. Among children with
cancer, the severe disease has been associated with intensive chemotherapy, neutropenia,
lymphopenia, comorbidity, and coinfection [28], [29]. There was only one child with ALL among
children with severe COVID-19 in our cohort. Children with hematologic malignancy do not appear to
be at greater risk of severe COVID-19 than children with nonhematologic malignancy [5], [30].

Other conditions that may be associated with severe disease in children, but for which the
evidence is inconsistent, include age <1 year [19], [24], [31], [32], Down syndrome [33], [34] and
prematurity [35], [36]. Our study confirmed them as a risk factor for severe pediatric COVID-19.

In our cohort children who required mechanical ventilation manifested cough and
dehydration more often, contrary to cases described in other studies. Also, similar laboratory results
of higher markers of inflammation, lymphopenia, and thrombocytopenia with higher concentrations

of ferritin and LDH are reported by other authors [16], [18]. In children who died because of COVID-



19 inflammation markers, leucopenia, thrombocytopenia, LDH, and ferritin level were extremely high
(Table I1).

In this study, the BCG vaccination was also considered to be a factor that influenced COVID-19
severity, because it was hypothesized that countries without widespread tuberculosis prevention
policies had a higher percentage of severe cases (ltaly, France, and Spain) than countries that adopted
long-term widespread prevention (Japan, Denmark, and Korea). In Poland, antituberculosis BCG
vaccination was obligatory, so in our pediatric study groups, over 95% of patients had been
vaccinated. The lack of BCG vaccination was found in 12% of children with severe COVID-19 and 3 %
in other hospitalized children. Various publications have described the results of the first association
between BCG vaccination and COVID-19 case severity, but these have concerned only adults [37].

Our study had several limitations. The recommendations regarding the rules for COVID-19
testing, indications for hospitalization, and treatment availability were changing during the pandemic.
This could have influenced the number of hospitalized and treated children. So did the length of
hospitalization.

Almost all children taking part in our study were Caucasian. In Poland, ethnical diversity is at
low level; racial minorities are very small. In other reports, Black African and Hispanic populations
were significantly overrepresented among severe COVID-19 paediatric cases.

The next limitation is a relatively small number of patients with severe course of COVID-19 in
our study. Moreover, it can’t be ruled out that a child with severe disease could have been
hospitalised and even could have died in another hospital in our region. Also, a lot of definitions of

COVID-19’s severity makes the comparison with other studies difficult.

Conclusions
In our study risk factors for a severe course of COVID-19 were — young age, lack of COVID-19 and BCG

vaccination, auscultation changes, and dyspnea on admission. The presence of comorbidities, high



CRP, LDH, and ferritin levels were the predictors of mechanical ventilation necessity and death.
Among children mechanically ventilated teenagers were the patients with a prognosis of recovery
but, infants with comorbidities were at the highest risk of death. Our observations may be useful for
defining the high-risk group for severe COVID-19 and could help to guide hospital admission and

prevention of COVID-19 in paediatric patients.
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opracowywaniu pomystu badan,

stworzeniu hipotezy badawczej,

opracowaniu koncepcji badan,

wykonywaniu czesci eksperymetalnej

opracowaniu i interpretacji wynikéw tej pracy, przygotowaniu manuskryptu pracy.



Krakéw, dnia 26 maja 2023 r.

Lek. Ida Majchrzak
Oddziat Choréb Infekcyjnych i Pediatrii
Szpitala Specjalistycznego im. S. Zeromskiego w Krakowie.

OSWIADCZENIE

Jako wspotautor pracy

The Age-Related Course of COVID-19 in Pediatric Patients— 1405 Cases in a Single

Center.

opublikowanej w Journal of Clinical Medicine. 2022, Dec; 11(24): 7347

o$wiadczam, iz moj whasny wktad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji polegat na:
- gromadzeniu danych i realizacji badania.

Jednoczes$nie wyrazam zgode na przedtozenie ww. pracy przez lek .Lidie Stopyre jako cze$é
rozprawy doktorskiej w formie spojnego tematycznie zbioru artykutdbw opublikowanych
w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ ww. pracy wykazuje
indywidualny wktad lek Lidii Stopyry w 70% polegajacy na:

— opracowywaniu pomystu badan,
— stworzeniu hipotezy badawczej,
— opracowaniu koncepcji badan,

— wykonywaniu czesci eksperymetalnej

— opracowaniu i interpretacji wynikéw tej pracy, przygotowaniu manuskryptu pracy.



Krakéw, dnia 26 maja 2023 r.

Lek. Mateusz Jakosz
Oddziat Choréb Infekcyjnych i Pediatrii
Szpitala Specjalistycznego im. S. Zeromskiego w Krakowie.

OSWIADCZENIE

Jako wspotautor pracy

The Age-Related Course of COVID-19 in Pediatric Patients— 1405 Cases in a Single

Center.

opublikowanej w Journal of Clinical Medicine. 2022, Dec; 11(24): 7347

oswiadczam, iz m6j wasny wktad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji polegat na:
- gromadzeniu danych i realizacji badania.

Jednocze$nie wyrazam zgode na przedtozenie ww. pracy przez lek .Lidie Stopyre jako czes¢
rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutéw opublikowanych
w czasopismach naukowych.

Os$wiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ ww. pracy wykazuje
indywidualny wkfad lek Lidii Stopyry w 70% polegajacy na:

opracowywaniu pomystu badan,

stworzeniu hipotezy badawczej,

opracowaniu koncepcji badan,

wykonywaniu czesci eksperymetalnej

opracowaniu i interpretacji wynikéw tej pracy, przygotowaniu manuskryptu pracy.



Krakéw, dnia 26 maja 2023 r.

Lek. Justyna Szebla
Oddziat Choréb Infekcyjnych i Pediatrii
Szpitala Specjalistycznego im. S. Zeromskiego w Krakowie.

OSWIADCZENIE

Jako wspotautor pracy

The Age-Related Course of COVID-19 in Pediatric Patients— 1405 Cases in a Single

Center.

opublikowanej w Journal of Clinical Medicine. 2022, Dec; 11(24): 7347

oswiadczam, iz m6j wtasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji polega! na:
- gromadzeniu danych i realizacji badania.

Jednoczesnie wyrazam zgode na przedtozenie ww. pracy przez lek .Lidie Stopyre jako czesé
rozprawy doktorskiej w formie spéjnego tematycznie zbioru artykutéw opublikowanych
w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ ww. pracy wykazuje
indywidualny wkiad lek Lidii Stopyry w 70% polegajacy na:

- opracowywaniu pomystu badan,

- stworzeniu hipotezy badawczej,

- opracowaniu koncepcji badan,

- wykonywaniu czesci eksperymetalnej

- opracowaniu i interpretacji wynikow tej pracy, przygotowaniu manuskryptu pracy.



Krakéw, dnia 26 maja 2023 r.

Prof.dr hab. Przemko Kwinta
I Klinika Pediatrii

Uniwersytetu Jagiellonskiego Colegium Medicum.

OSWIADCZENIE

Jako wspotautor pracy

The Age-Related Course of COVID-19 in Pediatric Patients— 1405 Cases in a Single
Center.

opublikowanej w Journal of Clinical Medicine. 2022, Dec; 11(24): 7347

oswiadczam, iz m6j wasny wktad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji polegat na:
- opracowaniu koncepcji badan
- opracowaniu i interpretacji wynikéw pracy.
- przygotowaniu manuskryptu pracy
Jednoczes$nie wyrazam zgode na przedtozenie ww. pracy przez lek .Lidie Stopyre jako cze$é
rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutéw opublikowanych
w czasopismach naukowych.
Os$wiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ ww. pracy wykazuje
indywidualny wkifad lek Lidii Stopyry w 70% polegajacy na:
- opracowywaniu pomystu badan,
- stworzeniu hipotezy badawczej,
- opracowaniu koncepcji badan,
- wykonywaniu czesci eksperymetalnej
- opracowaniu i interpretacji wynikow tej pracy,

- przygotowaniu manuskryptu pracy.



Krakoéw, dnia 3 czerwca 2023r.

Lek. tukasz Wentrys
Oddziat Choréb Infekcyjnych i Pediatrii
Szpital Specjalistyczny im. S. Zeromskiego w Krakowie

OSWIADCZENIE

Jako wspétautor pracy pt
Risk factors of severe course and fatality in children hospitalized for COVID-19 -
two centers cohort study.

Opublikowanej w Archives o fMedical Science 2023,

o$wiadczam, iz méj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji polegat na

- gromadzenie danych i realizacja badania

Jednoczes$nie wyrazam zgode na przedtozenie ww. pracy przez lek. Lidie Stopyre jako czesé
rozprawy doktorskiej w formie spdéjnego tematycznie zbioru artykutéw opublikowanych
w czasopismach naukowych.

Os$wiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ ww. pracy wykazuje
indywidualny wktfad lek. Lidii Stopyry w 75% polegajacy na:

- opracowywaniu pomystu badan

- stworzeniu hipotezy badawczej

- opracowywaniu koncepcji badan

- wykonywaniu czesci ekspery mentalnej
- opracowaniu i interpretacji wynikéw

- przygotowaniu manuskryptu pracy



Krakéw, dnia 3 czerwca 2023r.

Prof.dr hab. Przemko Kwinta
| Klinika Pediatrii
Uniwersytetu Jagielloriskiego Collegium Medicum

OSWIADCZENIE

Jako wspdtautor pracy pt
Risk factors of severe course and fatality in children hospitalized for COVID-19 -
two centers cohort study.

Opublikowanej w Archives ofMedical Science 2023,

oswiadczam, iz méj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji polegat na
- opracowaniu koncepcji badan
- stworzeniu hipotezy badawczej
- opracowaniu i interpretacji wynikéw
- przygotowaniu manuskryptu pracy

Jednoczesnie wyrazam zgode na przedtozenie ww. pracy przez lek. Lidie Stopyre jako czesé
rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutéw opublikowanych
w czasopismach naukowych.

Os$wiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ ww. pracy wykazuje
indywidualny wktfad lek. Lidii Stopyry w 75% polegajacy na:
- opracowywaniu pomystu badan
- stworzeniu hipotezy badawczej
- opracowywaniu koncepcji badan
- wykonywaniu czesci eksperymentalnej
- opracowaniu i interpretacji wynikéw

- przygotowaniu manuskryptu pracy



Krakéw, dnia 3 czerwca 2023r.

Lek. Aleksandra Kowalik
| Klinika Pediatrii
Uniwersytetu Jagielloniskiego Collegium Medicum

OSWIADCZENIE

Jako wspotautor pracy pt
Risk factors of severe course and fatality in children hospitalized for COVID-19 -
two centers cohort study.

Opublikowanej w Archives o fMedical Science 2023,

oswiadczam, iz méj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji polegat na
- gromadzenie danych i realizacja badania
- przygotowaniu manuskryptu do publikacji

Jednoczesnie wyrazam zgode na przedtozenie ww. pracy przez lek. Lidie Stopyre jako czesé
rozprawy doktorskiej w formie spéjnego tematycznie zbioru artykutéw opublikowanych
w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ ww. pracy wykazuje
indywidualny wkiad lek. Lidii Stopyry w 75% polegajacy na:
- opracowywaniu pomystu badan
- stworzeniu hipotezy badawczej
- opracowywaniu koncepcji badan
- wykonywaniu czesci eksperymentalnej
- opracowaniu i interpretacji wynikéw

- przygotowaniu manuskryptu pracy

(podpis wspotautora)



