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Wykaz stosowanych skrotow (w kolejnosci alfabetycznej)
CDC - ang. Centers for Disease Control and Prevention
COVID-19 - choroba koronawirusowa 2019

DSK UCK WUM - Dziecigcy Szpital Kliniczny Uniwersyteckie Centrum Kliniczne

Warszawskiego Uniwersytetu Medycznego

IDSA — ang. Infectious Diseases Society of America

NICE - ang. National Institute for Health and Clinical Excellence
NIH - ang. National Institutes of Health

OITD — Oddziat Intensywnej Terapii Dzieciecej

PCR - reakcja tancuchowa polimerazy

SARS-CoV-2 (ang. severe acute respiratory syndrome coronavirus 2) - drugi koronawirus

cigzkiego ostrego zespotu oddechowego

WHO (ang. World Health Organization) — Swiatowa Organizacja Zdrowia.



Streszczenie w jezyku polskim

Rozprawe doktorska stanowig trzy publikacje w jezyku angielskim, ktorych tematyka dotyczy
COVID-19 u dzieci. Tematy prac badawczych odzwierciedlaja zagadnienia, ktore stanowity
przedmiot zainteresowania zard6wno naukowcow, jak i lekarzy praktykdw w miar¢ postepu
pandemii. W pierwszych miesigcach pandemii dominowat poglad, ze dzieci prawdopodobnie
rzadko zakazaja inne dzieci i dorostych wirusem SARS-CoV-2, a na COVID-19 choruja
rzadziej i tagodniej niz doro$li. W piSmiennictwie pojawiaty si¢ doniesienia o znikomej roli
dzieci w przenoszeniu wirusa m.in. w srodowisku szkolnym. W pierwszej publikacji z cyklu,
pt. ,,SARS-CoV-2 Cluster in Nursery, Poland”, ktora ukazata si¢ w czasopismie agencji rzadu
Stanow Zjednoczonych Centers for Disease Control and Prevention (CDC) opisali$my ognisko
COVID-19 wsrdd dzieci w ztobku. Po dochodzeniu epidemiologicznym, z pomoca lokalnej
Stacji  Sanitarno-Epidemiologicznej oraz po zapoznaniu si¢ z zasadami dotyczacymi
zapobiegania zakazeniu w zlobku wykazaliS§my, ze dzieci musiaty by¢ Zrédlem infekcji w
swoich domach, czyli zakazity osoby doroste. W kolejnych miesigcach pandemii badano
rozprzestrzenianie si¢ wirusa SARS-CoV-2 w $rodowisku domowym. Szukano czynnikow,
ktore moga przyczynia¢ si¢ do zwigkszenia transmisji pomiedzy cztonkami rodzin.
Przypuszczano, ze zarazliwo$¢ wirusa moze zmienia¢ si¢ wraz z pojawianiem si¢ jego nowych
wariantow oraz rozpowszechnieniem szczepionek przeciwko COVID-19. W drugiej publikacji
z cyklu, pt. ,,Monte Carlo Regression for Evaluating Children’s Role in the Pandemic Spread
on the Example of Delta COVID-19 Wave” oceniliSmy, jak czesto dzieci byly pierwszymi
zakazonymi osobami w swoim domu oraz przy uzyciu metody Monte-Carlo
zidentyfikowaliSmy czynniki ryzyka bycia pierwszym zakazonym domownikiem.
Uczeszcezanie dzieci do placowek edukacyjnych korelowato z byciem pierwszym zakazonym
domownikiem we wszystkich grupach wiekowych. Taka samg korelacj¢ zaobserwowalismy w
podgrupie rodzin, w ktorych przewazajacym wariantem byl SARS-CoV-2 Delta, w
przeciwienstwie do podgrupy rodzin z dominujagcymi pozostatymi wariantami wirusa. Od
poczatku pandemii trwaly rdwniez intensywne prace nad leczeniem przyczynowym
COVID-19. Wytyczne dotyczace leczenia dzieci sa gtownie ekstrapolowane z wytycznych dla
dorostych i opieraja si¢ na doswiadczeniu klinicznym. W ostatniej publikacji z cyklu, pt. ,,How
international guidelines recommend treating children who have severe COVID-19 or risk
disease progression” podsumowaliSmy wytyczne dotyczace leczenia COVID-19 u dzieci
opublikowane przez gremia naukowe o mi¢dzynarodowym zasiggu. Porownali$my brytyjskie
wytyczne National Institute for Health and Clinical Excellence (NICE), amerykanskie
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wytyczne National Institutes of Health (NIH) oraz wytyczne Infectious Diseases Society of
America (IDSA) 1 wytyczne australijskie. Przedstawili$my je w formie przyjaznej praktykom.
Podsumowujac, w toku prowadzonych prac wykazaliSmy, ze dzieci moga petni¢ istotng role w
transmisji zakazenia SARS-CoV-2 do s$rodowiska domowego. Rola dzieci w pandemii
COVID-19 prawdopodobnie zmienia si¢ wraz z kolejnymi wariantami wirusa. Wytyczne
leczenia COVID-19 sa zgodne, ze nalezy rozwazy¢ leczenie przeciwko COVID-19 u dzieci z
cigzkim przebiegiem choroby oraz u dzieci z wysokim ryzykiem cigzkiego przebiegu choroby.
Wybdr wiasciwego leczenia jest uzalezniony od czasu, ktory uptynal od rozpoczecia choroby

do wdrozenia leczenia oraz przebiegu klinicznego choroby.



Streszczenie w jezyku angielskim

Title: The Role of Children in SARS-CoV-2 Transmission and COVID-19 Treatment in

the Pediatric Population

The doctoral dissertation consists of three publications in English, all focused on COVID-19 in
children. The topics of the research reflect issues that were of interest to both scientists and
practicing physicians as the pandemic progressed. In the early months of the pandemic, it was
believed that children were unlikely to infect other children or adults with SARS-CoV-2 and
develop COVID-19 less frequently and with milder symptoms than adults. Reports in the
literature suggested that children play a minimal role in virus transmission, particularly in
school settings. The first publication in the series, entitled ‘SARS-CoV-2 Cluster in Nursery,
Poland’, published by the U.S. Centers for Disease Control and Prevention (CDC), describes
a COVID-19 outbreak among children in a nursery. After an epidemiological investigation, in
collaboration with the local sanitary-epidemiological office, and an analysis of infection
prevention measures at the nursery, we demonstrated that children were the source of infection
in their households, meaning they transmitted the virus to adults. In the following months of
the pandemic, the spread of SARS-CoV-2 in the household environment was studied, and
researchers explored factors that could increase transmission between family members. It was
hypothesized that SARS-CoV-2 infectivity might change with the emergence of new variants
and the widespread use of COVID-19 vaccines. In the second publication, entitled ‘Monte
Carlo Regression for Evaluating Children’s Role in the Pandemic Spread on the Example of
Delta COVID-19 Wave’, we assessed how often children were the first infected individuals in
their households and, using the Monte Carlo method, we identified risk factors of being the first
infected household member. Children’s attendance at educational facilities was correlated with
being the first infected household member in all age groups. We observed the same correlation
in the subset of families where the Delta variant was predominant, as opposed to the subset
where other variants were dominant. Since the beginning of the pandemic, significant efforts
have also been made to develop effective treatments for COVID-19. Guidelines for treating
children are primarily extrapolated from adult treatment protocols and based on clinical
experience. In the final publication of the series, entitled ‘How international guidelines
recommend treating children who have severe COVID-19 or risk disease progression’, we
summarized international guidelines concerning the treatment of COVID-19 in children. We

compared the British guidelines from the National Institute for Health and Clinical Excellence



(NICE), the U.S. guidelines from the National Institutes of Health (NIH), the guidelines from
the Infectious Diseases Society of America (IDSA), and Australian guidelines. We presented
them in a format that is practitioner-friendly. In conclusion, our research showed that children
can play a significant role in the transmission of SARS-CoV-2 within households. The role of
children in the COVID-19 pandemic likely changes with the emergence of new virus variants.
COVID-19 treatment guidelines recommend considering treatment for pediatric patients with
severe COVID-19 and for children at high risk of severe disease. The treatment choices depend

on the clinical course of the disease and the time since the disease’s onset.
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Wstep uzasadniajacy polaczenie wskazanych publikacji w jeden cykl, jak i komentujacy

osiagniecie naukowe kandydata na tle dotychczasowego stanu wiedzy

l. Wstep

W marcu 2020 roku Swiatowa Organizacja Zdrowia (WHO) oglosita stan pandemii choroby
koronawirusowej 2019 (COVID-19). W ciagu 3 lat trwania pandemii ponad 7 milionéw ludzi
na calym $wiecie zmarlo z powodu COVID-19 (1). W ciagu ostatnich kilku lat trwaty
intensywne prace nad patogeneza zakazenia SARS-CoV-2, nad drogami transmisji oraz
srodkami zapobiegajacymi rozprzestrzenianiu si¢ wirusa, a takze nad leczeniem COVID-19.
Co istotne, wraz z pojawianiem si¢ kolejnych wariantow wirusa, a takze zmieniajagcym si¢
stanem uodpornienia spoteczenstwa, zarazliwos¢ COVID-19 oraz przebieg kliniczny choroby
zmienialy si¢. Rozprawe doktorska stanowig trzy publikacje w jezyku angielskim, ktorych
tematyka dotyczy COVID-19 u dzieci. Tematy prac odzwierciedlaja zmieniajace si¢ pytania

badawcze, jakie stawiano sobie w kolejnych latach pandemii.

2. Transmisja SARS-CoV-2 w placowkach opiekunczych dla dzieci

W  pierwszych miesigcach pandemii dominowal poglad, ze dzieci prawdopodobnie
sporadycznie zakazaja inne dzieci 1 dorostych wirusem SARS-CoV-2 (2, 3). W pi$miennictwie
pojawialy si¢ doniesienia o znikomej roli dzieci w przenoszeniu wirusa m.in. w srodowisku
szkolnym (4, 5). Kwestionowano zasadno$¢ odgornego zamykania placowek edukacyjnych dla
dzieci (6, 7). Nalezy jednak bra¢ pod uwagg, ze prace publikowane na poczatku pandemii mialy
pewne ograniczenia. Dane pozyskiwane byly w okresie ,,lockdownu”, w ktérym kontakty
towarzyskie dzieci byly ograniczone glownie do cztonkow rodziny. Trudno wigc bylo wyciagaé
pewne wnioski co do roli dzieci w przenoszeniu zakazenia. Kolejnym ograniczeniem
powyzszych badan byt fakt, ze odnosity si¢ gtéwnie do populacji dzieci w wieku szkolnym.
Pomijano w badaniach dzieci male, pozostajace w placéwkach opiekunczych, tj. przedszkolach
czy zlobkach, gdzie charakter kontaktéw spolecznych sprzyja przenoszeniu infekcji.
Tymczasem w badaniu Heald-Sargent i wsp. wykazano, ze st¢zenie SARS-CoV-2 w
nosogardle jest najwyzsze wilasnie u najmtodszych dzieci, z czym poczatkowo wigzano
mozliwg wigkszg zarazliwo$¢ matych dzieci (8).
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W pierwszej pracy z cyklu, zatytulowanej ,,.SARS-CoV-2 Cluster in Nursery, Poland”
opisaliémy ognisko zachorowan na COVID-19 w ztobku, w ktorym wirusa przenosily mate
dzieci zakazajac siebie nawzajem oraz cztonkow swoich rodzin. W tamtym czasie, zgodnie z
ogo6lnokrajowymi zasadami testowania ludzi na COVID-19, badano osoby objawowe oraz
skontaktowane z osobg z potwierdzonym zakazeniem. W opisanym ognisku zbadano tacznie
106 0s06b, z ktorych 29 (27%) miato dodatni wynik testu reakcji fancuchowej polimerazy (PCR)
w kierunku zakazenia SARS-CoV-2. Odsetek pozytywnych testow na terenie kraju wynosit
wowczas jedynie 0,01, mozna wigc przyjac zalozenie, ze osoby dodatnie zakazity si¢ w tym
ognisku. Dodatni wynik badania w kierunku SARS-CoV-2 miato 8 dzieci ze zlobka oraz 12
cztonkéw ich rodzin (9 0séb dorostych i 3 dzieci, rodzenstwa). Kontakty pracownikéw ztobka
z rodzicami dzieci byty bardzo ograniczone — rodzice odbierali dzieci przed budynkiem ztobka;
dzieci byly wyprowadzane na zewnatrz przez pracownikow, ktorzy nosili maski chirurgiczne.
Migdzy tymi dwoma grupami dorostych — pracownikami Zlobka oraz rodzicami dzieci —
zachodzit jedynie kontakt posredni poprzez dzieci uczgszczajace do placowki. Opisane przez
nas ognisko stanowitlo dowdd na to, ze wbrew dotychczasowym doniesieniom w
pisSmiennictwie, dzieci przeniosty zakazenie na rodzicéw i swoje rodzenstwo. Wyjasnieniem
tej sytuacji mogly by¢ szczegolnie bliskie kontakty, jakie zachodza migdzy matym dzieckiem
a jego opiekunem, niemoznos$¢ petnego stosowania si¢ do zasad higieny wsrdd tak matych
dzieci, jak rowniez przedtuzony kontakt miedzy dzieémi w zamknigtym pomieszczeniu.
Publikacja byta opisem sytuacji epidemiologicznej w jednym o$rodku, ale zakwestionowata
o6wczesny stan wiedzy. Wyniki pracy opublikowane w amerykanskim czasopismie Centers for
Disease Control and Prevention (CDC) spotkaly si¢ z duzym zainteresowaniem, nie tylko ze
strony innych badaczy (18 cytowan w bazie Scopus), ale rowniez mediow (opis badania zostat
opublikowany w amerykanskim wydaniu Newsweeka). Wyniki pracy zostaty uwzglgdnione w
opisie wplywu Warszawskiego Uniwersytetu Medycznego na funkcjonowanie spoteczenstwa i
gospodarke w okresie 2017-2021. Publikacja zostata rowniez zacytowana w raporcie UNICEF
‘The Evolving Epidemiologic and Clinical Picture of SARS-CoV-2 and COVID-19 Disease in
Children and Young People’(9).

3. Transmisja SARS-CoV-2 w $rodowisku domowym

W pierwszych miesigcach pandemii zakladano, ze dzieci zwykle zakazaja si¢ wirusem

SARS-CoV-2 w $rodowisku domowym, od dorostych cztonkéw swojej rodziny. Rzadziej
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obserwowano zakazenie dziecka w placowce edukacyjnej lub z innych zrodet. W zwigzku z
tym zaktadano, ze dzieci rzadko choruja jako pierwsze spo$réd domownikow i ,,wprowadzaja”
SARS-CoV-2 do swoich domow (10-12). Niemniej przypuszczano, ze sytuacja mogla ulec
zmianie po zniesieniu ograniczen kontaktow mig¢dzyludzkich zwigzanych z ,,lockdownem”
oraz w zwigzku z pojawianiem si¢ nowych wariantow wirusa SARS-CoV-2 (13-15).
Szczegolnie podczas wzrostu zakazen wariantem B.1.1.529 (Omikron) zauwazono, ze dzieci
przyczynily si¢ do zachorowania innych cztonkéw rodziny w swoich domach (16).

Ocena transmisji SARS-CoV-2 i precyzyjne przesledzenie kolejnosci zakazen wsrod
domownikéw sa trudne. Przyczyniajg si¢ do tego stosunkowo dlugi okres inkubacji, duzy
odsetek bezobjawowych zakazen oraz zlozona sie¢ interakcji migdzyludzkich. W celu
okreslenia, kto byt pierwsza zakazong osobg w danym $rodowisku (np. domowym), badacze
musieli przyja¢ pewne zatozenia, ktére my rowniez wykorzystaliSmy w swojej analizie

(opisane ponizej).

W drugiej publikacji z cyklu, ,,Monte Carlo Regression for Evaluating Children’s Role in the
Pandemic Spread on the Example of Delta COVID-19 Wave” ocenili$my, jak czesto dzieci byty
pierwszymi zakazonymi osobami w swoim domu oraz zidentyfikowali$my czynniki ryzyka
bycia pierwszym zakazonym domownikiem. Grupg badang byly dzieci hospitalizowane lub
testowane w kierunku zakazenia SARS-CoV-2 w Dziecigcym Szpitalu Klinicznym
Uniwersyteckiego Centrum Klinicznego Warszawskiego Uniwersytetu Medycznego (DSK
UCK WUM) od wrzesnia 2021 do stycznia 2022 z potwierdzonym zakazeniem SARS-CoV-2
(badaniem PCR lub testem antygenowym) oraz cztonkowie ich rodzin. Do badania witgczaliSmy
dzieci testowane przed planowymi hospitalizacjami, dzieci pracownikdw szpitala testowane w
naszym osrodku, jak rowniez dzieci hospitalizowane w Szpitalnym Oddziale Ratunkowym 1
oddziatach szpitala. W przypadku zakazen potwierdzonych testem PCR, wykonali$my
serotypowanie wariantu wirusa (Delta lub nie-Delta). ZebraliSmy informacje dotyczace
kazdego domownika: data pierwszych objawow COVID-19, jesli byly obecne; rodzaj i wynik
testu w kierunku COVID-19, jesli byl wykonany; dane demograficzne: wiek i pte¢; status
zaszczepienia oraz kontakty spoteczne przez dwa ostatnie tygodnie przed zachorowaniem
(uczgszczanie do pracy/placowki edukacyjnej lub hospitalizacje). U kazdego domownika z
zakazeniem SARS-CoV-2 ustalaliSmy date poczatku zachorowania zdefiniowang jako
wczesniejsza z nastepujacych dat: data poczatku objawow lub data wykonania testu w kierunku
COVID-19 z wynikiem pozytywnym. Jako pierwszego zakazonego domownika (,,index case”)
uznawali§my osobe, ktéra miata najwczesniejsza date poczatku zachorowania. Do badania

13



wlaczyliSmy rodziny, w ktorych mozliwe bylo ustalenie, kto byl pierwszym zakazonym
domownikiem. Ostatecznie badaniem objeliSmy 515 rodzin. Dziecko byto pierwszym
zakazonym domownikiem w 359 domach (prawie 70%). UzyliSmy metody Monte Carlo w celu
oceny czynnikow predykcyjnych bycia pierwszym zakazonym domownikiem w rodzinie.
Uczeszczanie do placowek edukacyjnych i opiekunczych bylo skorelowane z byciem
pierwszym zakazonym domownikiem we wszystkich grupach wiekowych. Ponadto, starszy
wiek dziecka rowniez okazal si¢ istotnym predyktorem bycia pierwszym zakazonym
domownikiem.

W celu uwiarygodnienia naszych wynikow analiz¢ przeprowadziliémy takze w podgrupie
234 rodzin, w ktorych wszyscy domownicy zostali przetestowani w kierunku zakazenia
SARS-CoV-2. Co interesujace, w grupie rodzin z zawezonymi kryteriami wiaczenia starszy
wiek dziecka okazat si¢ nieistotny statystycznie, a ucz¢szczanie do placowek opiekunczych w
kazdej grupie wiekowej wcigz pozostalo czynnikiem ryzyka bycia pierwszym zakazonym
domownikiem. Wynik dotyczacy wieku nalezy wigc interpretowac z ostroznos$cia. Ple¢, status
zaszczepienia oraz hospitalizacje w ciaggu 2 tygodni przed zachorowaniem nie miaty znaczenia
dla bycia ,,index case”.

Wisréd pacjentdw przetestowanych do konca 2021 roku 87% zostato zakazonych przez wariant
Delta wirusa SARS-CoV-2, natomiast od stycznia 2022 roku 91% pacjentéw przez wariant nie-
Delta. To pozwolito nam na podzielenie rodzin na 2 podgrupy: z dominujagcym wariantem Delta
(rodziny wilaczone w 2021 roku) i z dominujacym wariantem innym niz Delta (rodziny
wlaczone w 2022 roku). Przeprowadzilismy analize osobno wsrdd tych 2 podgrup rodzin.
Uczeszcezanie do placowek edukacyjnych i opiekunczych korelowato z byciem pierwszym
zakazonym domownikiem we wszystkich grupach wiekowych w podgrupie rodzin, w ktérych
Delta byta przewazajagcym wariantem, w przeciwienstwie do podgrupy rodzin z dominujgcymi
innymi wariantami wirusa.

Dodatkowym wynikiem naszej pracy bylto scharakteryzowanie przebiegu zakazenia SARS-
CoV-2 wsrod dzieci wiaczonych do badania. Wigkszo$¢ dzieci miata zakazenie o fagodnym
przebiegu. Potowa dzieci z dodatnim wynikiem testu w kierunku SARS-CoV-2 nie wymagata
pobytu w szpitalu. Sposrod dzieci przyjetych do szpitala prawie 45% zostato przyjetych z
innych powodéw niz COVID-19. Jedynie 13% hospitalizowanych wymagato swoistego
leczenia przeciwko COVID-19, w tym 1 chory byt leczony na Oddziale Intensywnej Terapii
Dziecigcej (OITD). Wyniki zgadzaja si¢ z danymi z literatury o stosunkowo lagodnym
przebiegu COVID-19 w populacji dziecigce;.
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Szczegdlnym atutem naszej pracy bylo zastosowanie metody Monte Carlo w analizie danych
uzyskanych w toku badania. Aby okresli¢ ,,cechy” dziecka, ktdre bylo pierwszym zakazonym
domownikiem (np. czy uczeszczato do placowki opiekunczej czy nie) napotkaliSmy na
trudnosci zwigzane z zaleznos$cig dzieci w rodzinie, tzn., jesli dziecko A bylo ,.index case” w
danej rodzinie, to jego rodzenstwo nie moglo juz by¢ pierwszym zakazonym domownikiem,
mimo ze mogtoby teoretycznie posiada¢ identyczne ,,cechy” jak dziecko A. W celu uniknigcia
wptywu tych zalezno$ci, zastosowaliSmy metode Monte Carlo, ktéra umozliwia ich
wyeliminowanie. Najpierw losowo wybrano dziecko z kazdej rodziny. W ten sposob wszystkie
dzieci byty ,,niezalezne” od innych (swojego rodzenstwa). Nastgpnie wykonano analizg regresji
liniowej, aby okresli¢ ceche, ktora predysponuje do bycia ,,index case” w rodzinie. W kolejnym
etapie powtorzono t¢ procedure 10 000 razy, wybierajac za kazdym razem losowo “probke”
innych dzieci. Oprécz wykluczenia opisanych wyzej zaleznos$ci migdzy dzie¢mi w rodzinie,
metoda Monte Carlo pozwolita nam rowniez zidentyfikowa¢ niezalezne czynniki ryzyka bycia
nindex case” w srodowisku domowym, w oparciu o dane pozyskane na stosunkowo niewielkiej
grupie badanej. Dzigki temu byliSmy rowniez w stanie okresli¢ réznice migdzy falg Delta a
kolejng falg w kontekscie roli dzieci w transmisji SARS-CoV-2. Nasza praca byta pierwsza
publikacja, w ktérej skorzystano z metody Monte Carlo w celu oceny roli dzieci w pandemii
COVID-19. Potencjalne zastosowanie tej metody nie ogranicza si¢ jedynie do oceny czynnikoéw
ryzyka rozprzestrzeniania si¢ SARS-CoV-2 - metode Monte Carlo mozna wykorzysta¢ réwniez
przy badaniu innych zakazen, w kolejnych przysztych epidemiach.

Na podstawie uzyskanych wynikéw mozna sformutowac wniosek, iz uczeszczanie przez dzieci
do placowek edukacyjnych 1 opiekunczych moze by¢ znaczacym predyktorem bycia
pierwszym zakazonym domownikiem w rodzinie. Kolejnym wnioskiem, ktory wynika z naszej
pracy jest to, ze rola dzieci w pandemii COVID-19 prawdopodobnie zmienia si¢ wraz z

kolejnymi wariantami wirusa.

4. Leczenie COVID-19 u dzieci

Wedhug dostepnego pismiennictwa przebieg COVID-19 u dzieci jest tagodniejszy niz u
dorostych (3, 17-19). Wigkszo$¢ dzieci choruje bezobjawowo lub ma tagodne objawy infekcji
drog oddechowych (katar, kaszel, stan podgoraczkowy, ogdlne zle samopoczucie). Leczenie
opiera si¢ na postgpowaniu objawowym — odpowiednim nawodnieniu, obnizaniu gorgczki i
odpoczynku. U czgséci dzieci COVID-19 przebiega pod postacig charakterystycznego zespotu
objawow np. podglosniowego zapalenia krtani czy ostrego zapalenia oskrzeli. W tych
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przypadkach wskazane jest stosowanie si¢ do rekomendacji dotyczacych leczenia tych choréb

(20).

COVID-19 u dzieci sporadycznie moze przebiega¢ ci¢zko. Cigzki przebieg choroby
(obejmujacy m. in.: ostrg niewydolno$¢ oddechowa, ostre uszkodzenie nerek, ostrg
niewydolnos$¢ watroby, encefalopatig, zapalenie mig$nia sercowego, zapalenie osierdzia, sepsg,
wstrzas, chorobe zakrzepowo-zatorowa) poczatkowo wystepowat u okoto 2% dzieci z COVID-
19 (21). Odsetek dzieci z cigzkim przebiegiem COVID-19, ktére wymagaly hospitalizacji w
OITD zmniejszal si¢ wraz z kolejnymi falami, natomiast odsetki dzieci w wieku <5 lat, ktore
wymagaly tlenoterapii biernej lub wsparcia oddechowego, pozostawaly podobne przez cata
pandemi¢ (22). Najczestszym objawem w trakcie cigzkiego zachorowania jest stan zapalny
dolnych drég oddechowych, ktory moze prowadzi¢ do rozwoju niewydolnosci oddechowe;j
wymagajacej wentylacji mechanicznej (23). Dysfunkcja wielonarzadowa jest prawdopodobnie
spowodowana ,,burzg cytokinowg”, stresem oksydacyjnym i rozsianym wykrzepianiem
wewnatrznaczyniowym (24, 25). Cigzki przebieg COVID-19 moze wystapi¢ u kazdego
dziecka, istnieja jednak grupy pacjentow, ktorzy sa zagrozeni wigkszym
prawdopodobienstwem ci¢zkiego zachorowania. W populacji dziecigcej dane dotyczace
czynnikow ryzyka cigzkiego przebiegu COVID-19 s3 ograniczone i niepewne. Niemowleta i
nastolatki prawdopodobnie cechujg si¢ najwigkszym ryzykiem hospitalizacji w OITD i $mierci
(26). Przynalezno$¢ do rasy innej niz biata byla rowniez opisywana jako czynnik ryzyka
cigzkiego przebiegu COVID-19 (27, 28). Ponadto dzieci z okre§lonymi chorobami sa bardziej
predysponowane do ci¢zkiego zachorowania, m.in dzieci w immunosupresji, otyle, z
powaznymi chorobami ukladu oddechowego, choroba neurologiczng, metaboliczna,
genetyczng lub istotng hemodynamicznie chorobg serca (29-31). Czynnikiem obnizajacym
ryzyko progresji do cigzkiego COVID-19 jest szczepienie przeciwko COVID-19 (32, 33). U
dzieci z cigzkim przebiegiem COVID-19 i wysokim ryzykiem ci¢zkiego przebiegu nalezy
rozwazy¢ leczenie przeciwwirusowe przeciwko COVID-19. Wybdr wlasciwego leczenia jest
uzalezniony od przebiegu choroby i czasu, jaki uptynat od pierwszych objawéw. Wybor
optymalnego leczenia jest znacznie utrudniony przez fakt, ze odbylo si¢ bardzo mato badan
klinicznych, w ktorych uczestniczyty dzieci. Rekomendacje dotyczace leczenia COVID-19 u

dzieci s3 wigc pochodng zalecen dla dorostych.

Celem trzeciej publikacji z cyklu, pt. ,,How international guidelines recommend treating
children who have severe COVID-19 or risk disease progression” byto podsumowanie czterech
mi¢dzynarodowych wytycznych dotyczacych leczenia COVID-19 u dzieci. Poroéwnalismy
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brytyjskie wytyczne National Institute for Health and Clinical Excellence (NICE),
amerykanskie wytyczne National Institutes of Health (NIH), amerykanskie wytyczne Infectious
Diseases Society of America (IDSA) oraz wytyczne australijskie (20, 34-36). ChcieliSmy
przedstawi¢ je w formie przyjaznej lekarzom-praktykom. Wytyczne sa zgodne, Ze nalezy
rozwazy¢ leczenie COVID-19 u dzieci z cigzkim przebiegiem COVID-19 lub z wysokim
ryzykiem cig¢zkiego przebiegu. Wybdr wilasciwego leczenia jest uzalezniony od czasu od
rozpoczecia choroby do wdrozenia leczenia oraz przebiegu choroby. U dzieci z ryzykiem
cigzkiego przebiegu choroby mozna zastosowaé nirmatrelwir z ritonawirem lub remdesiwir.
Leczenie powinno by¢ wlaczone jak najszybciej, najlepiej w ciggu pierwszych dni choroby.
Remdesiwir znajduje réwniez zastosowanie u dzieci hospitalizowanych, ktore wymagaja
tlenoterapii.  Suplementacja  tlenu jest takze wskazaniem do  zastosowania
glikokortykosteroidow systemowo. W razie braku skuteczno$ci leczenia, nalezy rozwazy¢
wlaczenie immunomodulatorow — baricitinibu lub tocilizumabu — szczegdlnie u dzieci z
objawami uogolnionego zapalenia. Nalezy jednak podkresli¢, ze decyzje dotyczace leczenia
dzieci z COVID-19 muszg by¢ podejmowane indywidualnie, z uwzglednieniem bilansu
potencjalnych korzys$ci i ryzyka. Nasz artykul w zwiezty sposdb podsumowuje aktualny stan

wiedzy i1 stanowi pomocne zrédlo przy podejmowaniu takich decyzji.
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Zalozenia i cel pracy

Celem pracy byto zbadanie roli dzieci w transmisji SARS-CoV-2 w $rodowisku ztobkowym i
domowym oraz podsumowanie wytycznych dotyczacych leczenia COVID-19 w populacji
dziecigcej. Zalozeniem pracy byta proba odpowiedzi na pytania stawiane przez badaczy i

lekarzy w kolejnych miesigcach pandemii.

Cele szczegodlowe:

1. Opracowanie epidemiologiczne ogniska COVID-19 w zlobku, w ktorym dzieci
prawdopodobnie zakazity swoich dorostych domownikéw i inne dzieci — wbrew panujacemu
wowczas przekonaniu, ze dzieci nie przenosza efektywnie wirusa SARS-CoV-2. Opisanie roli
dzieci w transmisji zakazenia w ztobku (publikacja nr 1).

2. Scharakteryzowanie rodzin dzieci zakazonych SARS-CoV-2 hospitalizowanych w
DSK UCK WUM od wrzesnia 2021 do stycznia 2022: okreslenie, jak czesto dzieci byly
zakazane jako pierwsze w rodzinie i zidentyfikowanie czynnikdéw ryzyka bycia pierwszym
zakazonym domownikiem w rodzinie przy uzyciu metody Monte Carlo. Zbadanie roli dzieci w
transmisji zakazenia w srodowisku domowym (publikacja nr 2).

3. Podsumowanie wytycznych dotyczacych leczenia COVID-19 u dzieci (na podstawie
wytycznych NICE, NIH, IDSA oraz wytycznych australijskich) i przedstawienie ich w formie
przyjaznej lekarzom-praktykom (publikacja nr 3).
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We report a cluster of surprisingly high spread of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
associated with a single nursery in Poland. Our findings
contrast with the presumed negligible role of children in
driving the SARS-CoV-2 pandemic. Children 1-2 years
of age might be effective SARS-CoV-2 spreaders.

RESEARCH LETTERS

Despite robust research, knowledge about coro-
navirus disease (COVID-19) spread and effec-
tive control measures is still limited. Until recently,
research has indicated that children rarely spread the
infection to adults and are not the primary drivers
of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) transmission (1).

We describe characteristics of the cluster of SARS-
CoV-2 cases that emerged in a single nursery in Po-
land within 2 weeks of its reopening. We anonymized
all data and collected no sensitive data. The Bioethics
Committee of the Medical University of Warsaw ap-
proved the study protocol.

The nursery at issue was reopened after a nation-
wide lockdown on May 18, 2020. On May 31, a nurs-
ery worker reported family contact with a symptom-
atic SARS-CoV-2-infected person, and the nursery
was closed. During the 14 days the nursery was open,
a mean of 25 children attended the nursery daily.
Children spent 8 hours there, divided into 3 groups,
each cared for by 2 caregivers (Appendix, https://
wwwnc.cdc.gov/EID/article/27/1/20-3849-App1.
pdf). Neither children nor caregivers moved across
multiple classes. Caregivers wore facemasks when
in contact with children. Parents did not enter the
building when dropping off and picking up children.
Contacts between parents and nursery workers lasted
<15 minutes, with facemasks on. Family members of
different children did not mix.

The index case of SARS-CoV-2 infection (in a
nursery worker with family contact) was confirmed
on June 4. Subsequent PCR testing of nursery staff,
children attending the facility, and family members
(2 initial case-patients plus 104 other persons) (Ap-
pendix) revealed positive results in an additional 4
nursery workers (of whom 1 was also a parent of a
child attending the facility), 3 children of the nursery
workers, 8 children attending the facility, 3 siblings
of those children, 8 parents, and 1 grandparent. The
cluster involved a total of 29 persons; 8 were children
attending the nursery, and 12 were children’s family
members who did not enter the facility (Table). One
child with a negative result had 2 parents with posi-
tive results. One child’s parent tested negative in this
cluster but had tested positive within the previous 2
weeks, involved in another cluster.

The overall positivity rate in our cluster was 27%.
COVID-19 prevalence in Poland is low. The num-
ber of tests conducted in the country was 124,194 in
June, whereas the number of positive cases was 1,374,
which corresponded to a positivity rate of 1% (2).
Thus, local SARS-CoV-2 circulation in society is not
sufficient to explain the positivity rate in our cluster.
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Table. Severe acute respiratory syndrome coronavirus 2 testing outcomes of potentially infected persons in a nursery setting, Poland,

2020

Person No. tested No. positive by PCR % Positive
Children attending the nursery 28 8 29
Parents of children attending nursery* 31 8 26
Siblings of children attending nursery 16 3 19
Grandparent of children attending nursery 1 1 100
Nursery workers 25 5 20
Spouses of nursery workers 2 1 50
Children of nursery workers 3 3 100
Total 106 29 27

One of the parents of children attending the nursery was also a nursery worker; she is counted as a worker in this table.

The case of the COVID-19-negative child with posi-
tive parents could have been a false-negative result
or a negative result after being infected. The result
might also have been a true negative, and the parents
were infected from another source. However, other
potential exposures could not explain infections in all
parents involved in our cluster.

We depict probable chains of transmission in the
Figure. Of note, physical contact between nursery work-
ers and children’s family members who were infected
was strictly limited, and the only close contacts for these
groups of adults were children. Given that most COV-
ID-19-positive persons were asymptomatic and tested
on the same day, determining with certainty whether
children transmitted the virus to their parents or the
workers is not possible. Nevertheless, children seemed
to be effective mediators of infection between adults.

Several reports concerning clusters of COVID-19
in childcare settings imply little to no SARS-CoV-2
transmission among children and from children to

Workers’ families Workers

=i
& &
Jun9 @._®_

nursery

03

Jun 12 @
Jun13 _®

Children attending

adults (1,4,5; A. Fontanet, unpub. data, https://doi.
org/10.1101/2020.06.25.20140178; R.M. Viner, unpub.
data, https://doi.org/10.1101/2020.05.20.20108126).
However, such estimations are open to bias, given that
most published data were obtained at the time of lock-
down, when children’s social contacts were limited to
family members. Another limitation of those publica-
tions is that they applied mostly to school-age children.

The high infection attack rate among children in
our cluster could be explained by prolonged close
contact between very young children, who are less
able to adjust to control measures. Similarly, specific
intimate contact between toddlers and their family
members could have led to effective spread within
families. This observation might be particularly im-
portant in light of novel findings that nasopharyngeal
SARS-CoV-2 levels are the highest in the youngest
children (6). Moreover, the airborne transmission
route in the nursery rooms’ confined environment
could have played an important role (7).

Children’s families Figure. All persons testing

positive for severe acute
respiratory syndrome
coronavirus 2 infection in

a cluster associated with a
nursery, Poland 2020. Dates to
left indicate first positive results
in consecutive case-patients.
Circles indicate infected case-
patients; numbers in circles
indicate age in years. Red
circles indicate infected case-
patients with symptoms. Circles
connected by lines indicate case-
patients who are members of the
same household. Arrow indicates

the probable index case-patient.
% ) Asterisk indicates child whose

parent tested negative in this
cluster but tested positive within
the previous 2 weeks.
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Our study has some potential limitations. We
could not determine whether the infection in the
nursery worker was the real index case because one
of the children’s parents had tested positive within
the previous 2 weeks and that child could also have
been the primary case. Moreover, we could not verify
the information we obtained from the nursery about
the facility’s prevention methods.

Our report questions the role of young children
in driving the COVID-19 pandemic. Of note, most
children in our study were asymptomatic, and this
cluster would likely not have been detected without
subsequent testing of persons who had direct contact
with the index case-patient. We believe further stud-
ies are needed to clarify young children’s role in the
transmission of SARS-CoV-2.
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Urogenital schistosomiasis was diagnosed in a man from
Germany who had never traveled outside Europe. He
likely acquired the infection in Corsica, France, but did
not swim in the Cavu River, which was linked to a previ-
ous outbreak. This case highlights that transmission of
schistosomiasis in Corsica is ongoing.

49-year-old man from Germany experienced

macrohematuria in June 2020 and underwent
cystoscopy in August 2020. Histologic analysis of a
bladder biopsy specimen showed ova of Schistosoma
spp. He was referred to the outpatient department for
tropical medicine at LMU Hospital Munich.

The patient had never traveled outside Europe.
He had, however, traveled twice to Corsica, France,
in 2013 and 2019. He never swam in the Cavu River,
which has been associated with cases of schistosomia-
sis in recent years (1-3).

The patient visited Corsica during August
22-September 4, 2019. By using GPS data from his
smartphone and camera, he reconstructed his bath-
ing sites precisely. During August 22-24, he swam
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SARS-CoV-2 Cluster in Nursery, Poland

Appendix

Detailed Characteristics of Children's Groups and Testing Sequence

Children in the nursery were divided into 3 groups according to age (group A, the
youngest; group B, medium; group C, the oldest). The mean number of children attending the
nursery every day was 10-12 for group A, and 5-7 for groups B and C. The total number of
children attending group A was 16, and 12 in both groups B and C.

When the first COVID-19 cases were identified among the nursery workers, children
were split into "direct contact" and "indirect contact" groups. Children from group A were
considered "direct contacts" and thus were tested together with all their household members.
Children from groups B and C were "indirect contacts," and only children were tested. Of note, 1
nursery worker was a parent of a child from group A and worked with children from group B.
She tested positive, but all children with whom she worked tested negative, and thus their

families were not tested.
The sequence of testing was as follows.

1. The index case, who was a caregiver in group A, tested positive on June 4,

together with her adult child.

2. Two more nursery workers working in close contact with the index case tested

positive on June 6 (one of them was another caregiver in group A).

3. OnJune 9, all children from group A (16 children) and all their household

members (32 parents, 16 siblings, and 1 grandparent) were tested.

4. The rest of children attending the nursery (groups B and C, 12 children) were
tested on consecutive days, and none of them tested positive. Their family
members were not tested. Similarly, the rest of the nursery workers, who did not

have direct contact with the first 3 cases, were tested on consecutive days.

Page 1 of 2

22



5. Two more children of one nursery worker were tested 7 days after she tested

positive, and they were positive.

Testing practices implemented in the nursery by a local sanitary-epidemiological station
complied with standard testing procedures in the country at that time. They involved testing

symptomatic people and contacts of confirmed COVID-19 cases.

PCR Testing

The testing was done in a single validated laboratory at the local sanitary-epidemiological

station.

The isolation phase of the reaction was performed on Veri-Q Prep M16 Nucleic Acid
Extraction Device using Viral DNA/RNA Prep/kit-Airway Sample (Humanitas Global Logistics,
https://hglmedical.com/). The amplification phase was performed on Veri-Q PCR 316 Gene
Amplification Device using nCoV19 Detection PCR Kit.

Clinical Picture

There were no symptomatic cases among children attending the facility and their family
members. A total of 5 people had COVID-19 symptoms. The family member of the index case
was diagnosed and treated in the hospital. Two nursery workers and 2 children of 1 of them had

mild symptoms of the disease.

Seven children attending the nursery and 2 of their siblings were evaluated in the
hospital. Laboratory testing and chest x-ray revealed no abnormalities except for an 11-year-old
girl who had elevated transaminase levels (alanine transaminase 297 U/I, aspartate transaminase

167 U/I) that normalized within 1 week.

Page 2 of 2
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Abstract

Background: The children’s role in transmitting severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) in the familial settings is uncertain. We aimed to assess how
often children were the index cases transmitting SARS-CoV-2 into their households during the

Delta wave, and to identify risk factors of children being the index case.

Methods: In this prospective survey study we collected information regarding household
members of SARS-CoV-2 positive children tested in a single tertiary hospital. Some patients
were tested with polymerase chain reaction and those samples were typed and classified as
Delta or non-Delta variant. We have used the Monte Carlo approach to assess predictors of

children being the index case in the household.

Results: We surveyed 629 families and 515 of them fulfilled inclusion criteria. The child was
the index case in 359 (69.71%) households. Attending childcare facilities in all age groups was
positively associated with being the index case in the household (nursery, estimate = 1.456,
95% CI [1.456, 1.457], p value <0.001; kindergarten, estimate = 0.899, 95% CI [0.898, 0.900],
p value = 0.003; school, estimate = 1.23, 95% CI [1.229, 1.231], p value = 0.001). The same
association was present in the subgroup of the families with predominant Delta variant, but not

in the subgroup with predominant non-Delta variant.

Conclusions: Attending childcare and educational facilities might be a significant predictor of
a child being the SARS-CoV-2 index case in their household. Children’s role in driving the
SARS-CoV-2 pandemic changes in consecutive waves. The Monte Carlo approach can be

applied to assess risk factors of infectious agents’ spread in future epidemics.
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INTRODUCTION
The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) B.1.617.2 (Delta)
variant was first detected in December 2020 in India.' Due to higher transmissibility than the
previous variants, it had quickly become the dominant variant in Europe.” The corresponding
coronavirus disease 2019 (COVID-19) wave in Poland emerged between October 2021 and
December 2021.3
So far, little research has focused on children’s role in transmitting SARS-CoV-2 in the
familial settings. Early in the pandemic, it was believed that children usually got infected
with SARS-CoV-2 from adult family members rather than from exposure in educational
settings or elsewhere. Accordingly, it was assumed that children rarely transmitted SARS-
CoV-2 into the household.*® However, this could have changed after the physical distancing
measures were lifted, and consecutive variants of SARS-CoV-2 emerged.”” Particularly
during B.1.1.529 (Omicron) variant surge it was demonstrated that children notably
contributed to spreading infection to their households. '
Evaluating SARS-CoV-2 transmission is challenging. Long incubation period, high
percentage of asymptomatic cases, and complex net of social interactions make it difficult to
reconstruct the precise chains of transmission. Moreover, the clustered structure of the
population leads to unavoidable dependencies between variables measured within
households.
The Monte Carlo approximation is a method of assessing probability distribution. It is a
computational technique which estimates the behavior of a complex system, by repeating
much simpler simulations repeatedly and taking a simple statistic as the estimation result.
Thus, the Monte Carlo approach allows to assess risks and make accurate predictions despite

input data being interdependent.
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We aimed to assess how often children were the index cases transmitting SARS-CoV-2 into
their households during the Delta variant wave and to identify risk factors of children being
the index case, with the use of the Monte Carlo regression.

MATERIALS AND METHODS
Families’ recruitment
In this prospective survey study, we collected information regarding the families of children
who were hospitalized and/or tested for COVID-19 in the Pediatric Teaching Hospital in
Warsaw, Poland, and had positive SARS-CoV-2 test result (either reverse transcription
polymerase chain reaction [RT-PCR] or antigen test) between September 2021 and January
2022. We included children who were routinely tested before planned hospitalizations,
children of healthcare workers, patients consulted in the Emergency Department and children
admitted to the hospital wards. After informed consent, parents of children were interviewed
using a questionnaire regarding information about each household member. The survey
contained questions about demographic data, the date of first symptoms if present, the type
and result of the COVID-19 test if performed, and social contacts within two weeks
preceding the illness onset in the index case (including in-office working, attending childcare
facilities, and hospitalizations preceding infection).
Our goal was to select those households in which it was clear, who was the first SARS-COV-
2 infected person (index case). To achieve that, we applied following inclusion and exclusion
criteria to whole households.
The inclusion criterion for the family was a complete information about infection status (as
described below) in all household members. The exclusion criteria for the family were i) >1
index case; ii) >2 cases co-exposed to COVID-19 outside the household (e.g., during family

meeting); iii) cases who lived outside the household within 14 days before COVID-19
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infection; iv) cases with confirmed SARS-CoV-2 contact in a hospital; v) >14 days between
any two consecutive positive cases.
The study was approved by the Bioethical Committee of the Medical University of Warsaw
(No. AKBE/224/2020).
Study definitions
The adult was defined as a person >18 years old and the child as <18 years old.
The positive and negative cases were defined as follows:
1) A positive case
a) Positive or inconclusive COVID-19 test result,
OR
b) Symptoms present AND either:
a. person not tested,
b. person tested negative before the symptom onset,
c. person tested negative >14 days after the symptom onset.
2) A negative case
a) Negative COVID-19 test result within 14 days since the symptom onset,
OR
b) Symptoms absent, AND person tested negative or not tested.
An inconclusive COVID-19 test result applied only to RT-PCR results in household
members, tested outside our hospital, reported by our respondents. We considered an
inconclusive test result to be positive because it was combined with a contact with COVID-
19-positive family member.
In each positive case, we established the date of illness onset, defined as the date of the

symptom onset or the positive COVID-19 test result, whichever was first.
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The index case was defined as the first positive case (with the earliest illness onset date) in
the household.

Persons vaccinated with one dose of adenovirus 26 vector vaccine (Ad26.COV2.S) or two
doses of any other anti-SARS-CoV-2 vaccine were considered fully vaccinated. Those who
were vaccinated with one dose of a vaccine other than Ad26.COV2.S were considered
incompletely vaccinated.

Childcare and educational facilities were categorized as nurseries (for <3-year-olds),
kindergartens (for 3-6-year-olds), and schools (for 7-17-year-olds).

Delta variant typing

Depending on individual indications, upon clinicians’ decisions, a proportion of patients were
tested for SARS-CoV-2 with real-time RT-PCR in our hospital.

To determine the SARS-CoV-2 variant, we examined the presence of genetic mutations
P681R, L452R, and E484Q in the S gene, in all positive SARS-CoV-2 nasopharyngeal
samples. The test Vitassay QPCR SARS-CoV-2 Variants II (Vitassay, Spain) was applied.
Both P681R and L452R mutations in the S gene are present in lineages B.1.617.1 and
B.1.671.2, whereas E484Q mutation is detected only in lineage B.1.617.1. The samples were
classified as Delta variant if both genetic mutations P681R and L452R in S gene were
detected with concurrent absence of E484Q mutation.'

The distribution of Delta and non-Delta cases is presented in Figure 1. In patients tested until
December 2021, 87% had Delta variant, whereas, since January 2022, 91% of patients had
non-Delta variant. This observation allowed us to divide all families into two subgroups:
those with index cases from 2021 — with a predominant Delta variant, and those with index
cases from 2022 — with non-Delta variant predominance.

Statistical methods

Monte Carlo regression approach
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Since we aimed to characterize children who were the index case in the household, we
encountered the problem of dependencies between children within the same household.
Namely, if a given child was the first infected family member, their siblings could not be the
first. Therefore, we applied the Monte Carlo approach to eliminate these dependencies. First,
we randomly picked a child from each family. This way, all children in such a limited dataset
were independent of each other. Then, we performed a linear regression analysis to predict
being the index case. Finally, we repeated this procedure 10000 times, sampling different
children each time. To deal with a question of causation, not only correlation, we considered
such use of Monte Carlo approach more suitable than commonly used methods like
multilevel models or generalized estimating equation. The only assumption required for our
Monte Carlo regression was that all expected values in the computations were finite.

In some cases, sampling led to data separation issues, i.e., situations when an outcome
variable separated a predictor variable completely. This resulted in a high standard error (SE)
estimate. To deal with this problem, we accepted only regressions where all SE were <1 or, in
cases where results <1 were absent, we used the threshold value of 1.5. If there were no
results with SE <1.5, the predictor was removed from the analysis. The final results were
obtained by taking the average results of individual draws.

Linear regressions

We performed linear regression to establish factors (age [as a continuous variable], sex,
attending childcare facility, hospitalization within two weeks preceding illness onset, and
vaccination against COVID-19) that may predict children being the index case.

Then, we performed the same regression on the families in which all family members were
SARS-CoV-2 tested. It allowed us to verify our initial results on a smaller group, in which

the infection status of all family members was more certain.
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Finally, we repeated the regression in two subgroups of the families: those with a
predominant Delta variant and those with a predominant non-Delta variant, as described
above. In the analysis of the families with predominant Delta variant, we removed
‘vaccination against COVID-19’, due to high SE in all regressions. In the analysis of the
families with non-Delta variant predominance, two factors: ‘vaccination against COVID-19’
and ‘previous hospitalization” were removed.

RESULTS
Characteristics of the children hospitalized and/or tested in the hospital
From September 22, 2021, to January 23, 2022, 748 children with confirmed SARS-CoV-2
infection were tested and/or hospitalized in our hospital. Parents of 637 children agreed to
participate in the study, and we collected data from 629 families (some of the children
belonged to the same household). Finally, 515 families were included in the analysis (Figure
2).
Demographic and clinical characteristics of children hospitalized and/or tested in our facility,
including COVID-19 complications and treatment details, are presented in Supplemental
Digital Content 1 (table).
Characteristics of the families included in the study
Within 515 households included in the final analysis, there were 883 children (478 boys;
54.1%) and 1060 adults (487 men, 45.9%). In nearly 70% of the families, the child was the
index case (359 families, 69.7% of all families). Table 1 shows the characteristics of the
families included in the analysis.
Results of Monte Carlo regression
All families included in the analysis
Among children from 515 families included in the analysis, attending childcare and

educational facilities in all age groups was positively associated with being the index case
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(attending nursery, estimate = 1.456, 95% CI [1.456, 1.457], p value <0.001; attending
kindergarten, estimate = 0.899, 95% CI [0.898, 0.900], p value = 0.003; attending school,
estimate = 1.23, 95% CI [1.229, 1.231], p value = 0.001). Moreover, the age of children was
a positive predictor of being the index case (estimate = 0.106, 95% CI [0.106, 0.106], p value
=0.002). Sex, vaccination status or previous hospitalizations were not statistically significant
predictors for being the index case. The number of regressions with SE <1 was 7473.
Families in which all members were tested for SARS-CoV-2

In 234 households, all family members were tested for SARS-CoV-2. In 137 (58.6%) of
them, a child was the index case. In this subgroup of the families, the results of Monte Carlo
regression were like the ones presented above, except for older age being a positive predictor.
Still, attending childcare and educational facilities in all age groups was positively associated
with being the index case (attending nursery, estimate = 1.625, 95% CI [1.625, 1.626], p
value = 0.002; attending kindergarten, estimate = 1.253, 95% CI [1.252, 1.255], p value =
0.003; attending school, estimate = 1.513, 95% CI [1.510, 1.515], p value = 0.012). The
number of regressions with SE <1 was 7488.

Families surveyed in 2021 (Delta variant predominant)

In 410 families, the index case had illness onset in 2021. In this subset of the families, the
results of Monte Carlo regression were also consistent with the results obtained in all
families. Attending childcare and educational facilities in all age groups was positively
associated with being the index case (attending nursery, estimate = 1.655, 95% CI [1.654,
1.655], p value <0.001; attending kindergarten, estimate = 0.932, 95% CI[0.931, 0.933], p
value = 0.008; attending school, estimate = 1.605, 95% CI [1.603, 1.606], p value <0.001).
Also, as previously, the age of children was a positive predictor of being the index case
(estimate = 0.092, 95% CI [0.092, 0.092], p value = 0.017). The number of regressions with

SE <1 was 10000.
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Families surveyed in 2022 (non-Delta variant predominant)
In 105 families, in which the index case had illness onset in 2022, the age was a significant
positive predictor of a child being the index case in the household (estimate = 0.174, 95% CI
[0.173, 0.174], p value = 0.027), whereas all other analyzed factors were insignificant. The
number of regressions with SE <1.5 was 7459.
The results of the Monte Carlo regressions are presented in Table 2.

DISCUSSION
Clinical course of SARS-CoV-2 infection in children
According to the literature, the course of COVID-19 in children is usually asymptomatic or
mild, which we also saw in our study.'"'? Half of the children hospitalized and/or tested in
our facility were discharged home after a consultation. Of those hospitalized, nearly 45%
were admitted for reasons other than COVID-19 and hospitalized children were mostly
young. The latter can be explained by the fact that young children have a lower hospital
admission threshold than older ones. COVID-19 course in those hospitalized was usually
mild as well, with only 13% of the children receiving specific treatment and one patient
requiring intensive care.
Children being the first COVID-19 case in the household
The most surprising result of our study was that in most families, a child was the index case,
which implied that children got infected outside the household and transmitted infection into
the family. This finding contrasts sharply with the results from other studies.'*"'* It can be
partially explained by several limitations of our study. Firstly, the data were gathered in a
pediatric hospital, so in all families included in the study at least one child was SARS-CoV-2
positive (in other words, we did not include families where children did not get infected).
Secondly, by including families with only one person infected, we involved a group of

families with the child being the first (and only) positive case (these families, with second
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attack rate = 0, comprised 32% of all households). Finally, some COVID-19 cases were
omitted due to an assumption that an asymptomatic person who was not tested was negative.
The latter applies particularly to adults, as more adults than children were not tested (so there
were more false-negative cases among adults). Nevertheless, when we analyzed the subset of
the families in which all family members were tested, children were still the index cases in
nearly 60% of the families.

At the beginning of the pandemic, the general belief was that children rarely transmit SARS-
CoV-2 to other children or adults.'®!” Household transmission studies showed that children
usually got infected by an adult family member and rarely were the index case of COVID-19
in their families.®'*'* Several reports about COVID-19 clusters in childcare and educational
settings also described minimal transmission among children or from children to adults.'®°
Most of the published data, however, were gathered at the time of lockdown, when social
contacts, especially children’s social contacts, were very limited. Of note, a few papers at that
time reported a high spread of SARS-CoV-2 associated with childcare settings.?'?? Since
then, social distancing measures have been gradually withdrawn, including step-by-step re-
opening of children’s facilities. At the time of our study, nurseries and kindergartens in
Poland were open; schools were also open except from December 20, 2021, to January 9,
2022.%* Moreover, with time, new, more transmissible variants of SARS-CoV-2 have
emerged.>*® In particular, reports concerning B.1.1.529 (Omicron) variant have suggested
significantly higher risk of household transmission compared to previous variants.?’® The
vital role of children in contributing to the household transmission during Omicron wave has
also been noticed.'® These factors may have also influenced our finding that children were the
index cases in more than % of the families.

The age and attending nurseries, kindergartens, or schools predicted children being the

index case in the household
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The main finding of our study is that attending childcare facilities and older age were
significant factors predicting the child being the index SARS-CoV-2 case in the household
during the Delta COVID-19 wave. These two factors: age and attending childcare facility,
could be linked. The ratio of children attending childcare facilities increased with their age.
Only 18% of children <3 y.o. attended nursery, whereas 88% of children >7 y.o. went to
school. Thus, the older the child, the higher the probability they attended a childcare facility.
On the other hand, the influence of age applied to all children, including a broad group of
those attending school (from 7 to 17 y.o.). This argues for age to be an independent risk
factor. It could be hypothesized that age influences social activities other than attending
school, which are probably more common in older children compared to younger ones.
Interestingly, in the subset of families with more strict inclusion criteria (all family members
tested for SARS-CoV-2), the age of children was not a significant predictor of being the
index case, whereas attending childcare facilities remained significant. Thus, our finding that
age influences the risk of a child being the index case, must be interpreted with caution.

Our findings emphasize the role of nurseries, kindergartens, and schools in SARS-CoV-2
transmission. They contrast with the evidence gathered early in the pandemic, suggesting the
limited role of childcare and educational settings in driving the virus circulation'$20-2:30
Importantly, most studies regarding this issue were conducted before B.1.1.7. (Alpha) variant
emergence, and so they do not apply to new, more transmissible variants of SARS-CoV-2.
During autumn 2021, when the Delta variant was predominant in Europe, Galocic et al.?',
who monitored the transmission of SARS-CoV-2 in childcare and educational facilities,
found more outbreaks in those settings compared to earlier variants. However, at this
pandemic stage, when community transmission was high, it was not easy to state whether

transmission occurred in childcare and educational settings or elsewhere.
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Interestingly, after separating families with predominant Delta variant from those with
predominant non-Delta variant, we reproduced our results concerning the role of childcare
facilities only for the Delta wave. It cannot be explained by the smaller sample size in the
non-Delta subgroup, as the Monte Carlo approach overcomes this issue. Thus, our results
suggest that the role of childcare facilities in driving the COVID-19 pandemic change in
consecutive waves, which might be due to constant changes in the virus transmissibility and
social distancing measures.

Sex, vaccination status, and previous hospitalization did not predict children being the
index case in the household

We found no proof that sex, vaccination status, or preceding hospitalization predicted
children being the index case in the household. To our knowledge, studies examining the
influence of the abovementioned factors on children being the index case in the household
have not been published yet. It has been found that being vaccinated against COVID-19
reduced the risk of being the index case and transmitting SARS-CoV-2 to other household
members. However, this effect was smaller for the Delta variant than the Alpha variant.?>
Monte Carlo approach

To our knowledge, this is the first study to evaluate the role of children in COVID-19
pandemic with the use of Monte Carlo technique. Random multiple sampling of children
from the families included in our analysis allowed us to both: clear our results from
dependencies unavoidable within the family and identify independent risk factors of children
spreading SARS-CoV-2, based on a relatively small sample. With the access to the same set
of variables, we were able to reveal a significant difference between the Delta and the
subsequent COVID-19 wave in terms of children’s role in SARS-CoV-2 transmission. The
Monte Carlo approach presented in this work can be further used for assessment of infection

spread in the clustered population.
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Limitations
This study has several limitations. Some were mentioned above (see section 4.2.): recruiting
only families of SARS-CoV-2-positive children; recruiting a subset of families with only one
person (a child) infected; and assuming that asymptomatic and non-tested persons were
negative. The former two limited generalizability of our results, whereas the latter one could
have resulted in false-negative cases. Moreover, children included in the study were mainly
young, usually symptomatic and consulted in the hospital, which further limited the
generalizability of our findings. However, it is worth noticing that most of the children had
benign COVID-19 course and were not hospitalized due to SARS-CoV-2 infection. In
addition, COVID-19 testing was entirely dependent on family members’ decisions. Finally,
COVID-19 symptoms, type and results of the SARS-CoV-2 tests, and vaccination status were
based solely on self-report.

CONCLUSIONS
Attending childcare and educational facilities in all age groups might be a significant
predictor of a child being the SARS-CoV-2 index case in their household. Children’s role in
driving the COVID-19 pandemic changes in consecutive waves. The Monte Carlo

approximation can be applied in assessing children’s role in the infection spread.
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Table1

Table 1. The characteristics of the families (n=515)

Children (n; %)
Boys

Girls

883 children
478, 54.1%

405, 45.9%

Age of the children [median (Q1-Q3)]| [years]

5.00 (1.00-11.00)

Adults (n; %)
Men

Women

1060
487, 45.9%

573, 54.1%

Age of the adults [median (Q1-Q3)] [years]

37.00 (32.00-43.00)

Family structure*
D41
942

other

153, 29.7%
178, 34.6%

184, 35.7%

Attending childcare facilities (n, % of children in a
respective age group)

In total

Nursery

Kindergarten

School

542/883, 61.4%
57/310, 18.4%
152/197,77.2%

333/376, 88.6%

In-office working (n, % of adults of a respective sex)
In total
Men

Women

542/1060, 51.1%
332/487, 68.2%

210/573, 36.6%

Families with ‘no contacts’** (n, %)

55, 10.7%
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Preceding hospitalization*** (n, % of respective

groups)
In total 70, 3.6%
Children 35,4%
Adults 35,3.3%
Vaccinated (n, % within respective age group)
a) Completed primary series****
Adults 718, 67.7%
Children 72/456, 15.8%
5-11y.o. 9/270, 3.3%
>12y.o. 63/186, 33.9%

b) At least one dose
Adults
Children
5-11y.o.

>12 y.o.

745, 70.3%
88/456, 19.3%
16/270, 5.9%

72/186, 38.7%

Positive cases among children and how they were
identified (n, % of positive cases among children)

In total

RT-PCR

Antigen

Unknown type of the test

Solely symptoms

663, 75.1%
373,56.3%
250, 37.7%
1,0.2%

39,5.9%

Children, symptomatic (n, % of positive cases among

children)

589/663, 88.8%
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Positive cases among adults and how they were

identified (n, % of positive cases among adults)

In total 509, 48%
RT-PCR 331, 65%
Antigen 87,17.1%
Unknown type of the test 3,5.9%

Solely symptoms 88,17.3%

Adults, symptomatic (n, % of positive cases among | 444/509, 87.2%

adults)
The second attack rate = 0 (n, % of all families) 165, 32%
The second attack rate =1 (n, % of all families) 143, 27.8%

* Number of the people living in the household; the first number = number of adults, the second
number = number of children

** Families with no children attending childcare facilities and no adults working in an office
*** Applies to hospitalization within two weeks preceding infection in the index case

**** Persons vaccinated with one dose of adenovirus 26 vector vaccine (Ad26.COV2.S) or

two doses of any other anti-SARS-CoV-2 vaccine



Table2

Table 2. The results of Monte Carlo regressions

All families
Estimate | SE z value | p value | %p * | 95% CI
(Intercept) -0.820 0.194 -4.228 <0.001 [ 100% | [-0.821,-0.820]
Male sex 0.015 0.204 0.075 0.891 0% [0.015,0.016]
Age 0.106 0.034 3.143 0.002 100% | [0.106,0.106]
Attending nursery | 1.456 0.409 3.565 <0.001 [ 100% | [1.456,1.457]
Attending 0.899 0.296 3.038 0.003 100% | [0.898,0.900]
kindergarten
Attending school 1.230 0.370 3.32 0.001 100% | [1.229,1.231]
Fully vaccinated 1.09 0.744 1.451 0.155 [ 0% [1.08, 1.09]
Previous 0.284 0.453 0.627 0.532 [ 0% [0.283,0.285]
hospitalizations
Families in which all members were tested for SARS-CoV-2
(Intercept) -1.170 0.300 -3.91 <0.001 | 100% | [-1.170,-1.170]
Male sex 0.038 0.296 0.129 0.880 | 0% [0.037,0.039]
Age 0.048 0.055 0.885 0.381 0% [0.048, 0.049]
Attending nursery | 1.625 0.526 3.088 0.002 100% | [1.625, 1.626]
Attending 1.253 0413 3.033 0.003 100% | [1.252, 1.255]
kindergarten
Attending school 1.513 0.597 2.533 0.012 100% | [1.510, 1.515]
Fully vaccinated 1.361 0.844 1.598 0.175 | 0% [1.355, 1.366]
Previous 0.328 0.626 0.523 0.603 | 0% [0.327,0.330]
hospitalizations
Families surveyed in 2021 (Delta variant predominant)
(Intercept) -1.137 0.232 -4.910 <0.001 [ 100% | [-1.138,-1.136]
Male sex 0.106 0.231 0.457 0.653 [ 0% [0.105,0.107]
Age 0.092 0.038 2424 0.017 100% | [0.092, 0.092]
Attending nursery | 1.655 0.445 3.718 <0.001 | 100% | [1.654, 1.655]
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Attending 0.932 0.346 2.694 0.008 100% | [0.931, 0.933]
kindergarten
Attending school 1.605 0.430 3.734 <0.001 [ 100% | [1.603, 1.606]
Previous 0.515 0.472 1.091 0.277 | 0% [0.514,0.516]
hospitalizations

Families surveyed in 2022 (non-Delta variant predominant)
(Intercept) -0.064 0.394 -0.163 0.871 0% [-0.065, -0.063]
Male sex -0.008 0.492 -0.014 0.868 | 0% [-0.010, -0.006]
Age 0.174 0.078 2217 0.027 100% | [0.173, 0.174]
Attending nursery | 1.214 1.160 1.047 0.295 | 0% [1.213, 1.215]
Attending 0.784 0.647 1.212 0.227 | 0% [0.783, 0.785]
kindergarten
Attending school 1.163 1.162 0.988 0.330 [ 0% [1.157,1.170]

Abbreviations: SE, Standard Error; %p, percent of Monte Carlo runs with p value <0.05; 95% CI,

95% confidence interval.

*The following voting procedure was used to assess the statistical significance of predictors. For each
predictor we counted the number of Monte Carlo runs for which the given predictor was statistically
significant (p value <0.05). We considered the predictor significant if the percent of positive runs (votes)

exceeded the predefined threshold (80%).

48



"uonoBAI ureyd aserdwAjod
uondrosuen) 9SIOAI SAOIPUl YD J-LY "SOSeO BIO-Uou dIom
(%€'TE) S pue sased B)[o(J 1M (%L"L9) €11 ‘sojdues £9T Suowry
‘Tendsoy 1o ur YOJ-LY YHM PIiISd) AIoM OUyM UIP[IYO WO
SJUBLIBA B)[9(J-UOU pUE B[ JO Uonnquusip awn ayJ ‘| TINOIA

ejag-uoum e)Yaqm

1edA ay3 Jo yaam
4443 (4444 (4441 12/ts 1Z/1s 12/0S 12/6v 1Z/8 1Z/Ly 12/9% 1Z/sy 12/vy 1Z/ev 12/ty 12/19 1Z/0v 12/6€ 12/8€

0

wn

o
B

0z

St

0E

Sased Jo oN

Lainbi4

49



Figure2

629

590

530

520

b 4

515

Excluded n=39

* lack of info about COVID-19 status and/or illness onset in at least 1 family member

Excluded n=60

* >1index case (n=57)
* atleast 2 cases co-exposed to COVID-19 outside the household (n=3)

Excluded n=10

* living outside the household during 14 days before illness onset (n=3)
* confirmed contact with SARS-CoV-2 during hospital stay (n=7)

Excluded n=5

* >14 days between consecutive, positive cases in the household

FIGURE 2. Families’ selection based on exclusion criteria.
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Supplemental Digital Content (Including Separate Legend) Click here to access/download;Supplemental Digital Content £
(Including Separate Legend);23-410 SDC 1 table.docx

Supplemental Digital Content 1. The characteristics of children hospitalized and/or tested

All children hospitalized and/or tested in the hospital (n=637)

Sex (n, % of all)

Boys 350, 55%
Girls 287, 45%
Age (median; Q1-Q3) [years] 3.00; 1.00-10.00

Patients’ recruitment site (n, % of all)

Hospitalization 243, 38.1%
Emergency department visit 320, 50.3%
Child of the hospital worker 12, 1.9%
Swab collection point* 62,9.7

Type of positive SARS-CoV-2 test (n, % of all)
RT-PCR 368, 57.8%

Antigen test 269, 42.2%

Vaccinated ** (n, % of children in this age group)
5-11 y.o. 5,5%

=12 y.o. 35,28.9%

COVID-19 clinical course (n, % of all)
Symptomatic 558, 87.6%
Asymptomatic 61,9.6%
Symptoms not clear, might be attributed to a concomitant | 18, 2.8%

illness

COVID-19 symptoms (n, % of symptomatic patients)

Cough 383, 68.6%
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Coryza 354, 63.4%
Fever 325, 58.2%
Tiredness 279, 50%
Loss of appetite 237,42.5%
Patients hospitalized (n=243)

Sex (n, % of hospitalized patients)

Boys 141, 58%
Girls 102, 42%

Age (median; Q1-Q3) [years]

2.00; 1.00-11.00

Cause of hospitalization (n, % of hospitalized patients)

COVID-19 137, 56.4%
Other than COVID-19 106, 43.6%
Causes of hospitalization other than COVID-19 (n, %

of hospitalized patients)

Diabetes 8,3.3%
Foreign body ingestion 8,3.3%
Nephrotic syndrome 8,3.3%
Epilepsy 7,2.9%
Febrile seizures 6,2.5%
Chronic diseases of children hospitalized due to

COVID-19 (n, % of hospitalized patients)

Allergy, excluding asthma 9,3.7%
Asthma 5,2.1%
Epilepsy 4,1.7%
Cerebral palsy 3,1.2%
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Hypothyroidism 2,0.8%

COVID-19 complications (n, % of hospitalized

patients)
Abnormalities in the chest X-ray 54,22.2%
Desaturation 21, 8.6%

Treatment for COVID-19 (n, % of hospitalized

patients)

Systemic steroids 18, 7.4%
Remdesivir 10, 4.1%
Tocilizumab 3,1.2%
Low-dose oxygen therapy 17, 7%
High flow oxygen therapy 5,2.1%
Invasive ventilation 1,0.4%
Stay in PICU 1, 0.4%

* COVID-19 routine screening in patients before planned hospitalizations

** Children vaccinated with at least one dose of COVID-19 vaccine

Abbreviations: COVID-19, coronavirus disease 2019; y.o., years old; PICU, pediatric intensive
care unit; RT-PCR, reverse transcription polymerase chain reaction; SARS-CoV-2, severe

acute respiratory syndrome coronavirus 2.
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1 | INTRODUCTION

Abstract

Aim: This study reviewed the current knowledge and guidelines on managing
COVID-19 in children and proposed a practical approach to drug treatment.
Methods: We analysed international guidelines from four prominent scientific bodies
on treating COVID-19 in children. These were the UK National Institute for Health and
Care Excellence, the American National Institutes of Health, the Infectious Diseases
Society of America and the Australian National Clinical Evidence Taskforce COVID-19.
Results: Most paediatric patients with COVID-19 only require symptomatic treatment.
There was limited evidence on treatment recommendations for children with severe
COVID-19 or at risk of disease progression. However, several drugs are available for
children and we have summarised the guidelines, in order to provide a concise, practical
format for clinicians. All the guidelines agree that nirmatrelvir plus ritonavir or remde-
sivir can be used as prophylaxis for severe COVID-19 in high-risk patients. Remdesivir
can also be used for severe COVID-19 cases. Glucocorticosteroids are recommended,
particularly in patients requiring oxygen therapy. Tocilizumab or baricitinib should be
reserved for patients with progressive disease and/or signs of systemic inflammation.
Conclusion: The guidelines provide useful advice and a degree of consensus on spe-
cific drug treatment for children with severe COVID-19 or at risk of progression.

KEYWORDS
baricitinib, pandemic, remdesivir, steroids, tocilizumab

Our aim was to review the current knowledge on managing

WILEY

COVID-19 has contributed to more than seven million deaths world-
wide.! Older age and specific underlying medical conditions have
been recognised as risk factors for severe disease. According to the
literature, COVID-19 is usually asymptomatic or mild in children.
However, a small subset of paediatric patients, particularly those
with underlying chronic conditions, might have severe COVID-19
that requires specific treatment.

COVID-19 in children, by focusing on four guidelines from the
United Kingdom, United States and Australia. The COVID-19
rapid guideline: managing COVID-19, by the UK National
Institute for Health and Care Excellence (NICE), was last up-
dated on 8 May 2024.2 The COVID-19 Treatment Guidelines, by
the American National Institutes of Health (NIH), was last up-
dated on 29 February 2024.° The Guidelines on the Treatment
and Management of Patients with COVID-19, by the Infectious

Abbreviations: ECMO, extracorporeal membrane oxygenation; FDA, Food and Drug Administration; IDSA, Infectious Diseases Society of America; NICE, National Institute for Health

and Care Excellence; NIH, National Institutes of Health.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2024 The Author(s). Acta Paediatrica published by John Wiley & Sons Ltd on behalf of Foundation Acta Paediatrica.
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Diseases Society of America (IDSA), was last updated on 26 June
2023.* The Australian guidelines for the clinical care of peo-
ple with COVID-19, by the National Clinical Evidence Taskforce
COVID-19, was last updated on 30 May 2023.°

Most of the recommendations for managing COVID-19 in chil-
dren are based on guidelines for adults or expert opinions. There
have been few randomised controlled trials that included children as
participants. It is important to note that children have significantly
milder disease courses and lower mortality risks than adults. Thus,
effect sizes for children may be smaller, requiring higher numbers
needed to treat.® Therefore, clinicians should carefully weigh the
risks and benefits of paediatric pharmacologic interventions.

2 | WHO TO TREAT

Most children with COVID-19 are asymptomatic or have mild symp-
toms, such as fever, cough, congestion or malaise. They typically
need ambulatory care and supportive treatment, including adequate
hydration, fever and cough management and rest. Some children
with COVID-19 present with similar symptoms to other respiratory
syndromes, such as croup or bronchiolitis. In these cases, treatment
should follow the respective guidelines.3 However, some children
develop severe COVID-19 and this is an independent indication for
specific treatment, regardless of their underlying conditions. In ad-
dition, children at risk of severe COVID-19 may benefit from treat-
ment. Specific COVID-19 treatment should be considered for these
two groups.

2.1 | Severe COVID-19

Severe COVID-19 is rare in paediatric populations. Initially, it af-
fected about 2% of infected children, who developed acute respira-
tory distress, kidney injury, liver failure, encephalopathy, myocarditis,
shock and thromboembolism. Some died.® The prevalence of severe
disease among children decreased to below 0.1% with subsequent
shifts in the virus that causes COVID-19.” In addition, the number
treated in paediatric intensive care units decreased with successive
COVID-19 waves. However, the number of children under 5years of
age who required oxygen or ventilatory support remained constant
throughout the pandemic.?

Symptoms that indicate severe and critical COVID-19 include re-
spiratory failure, shock and multiorgan dysfunction. Lower respira-
tory involvement, leading to the need for mechanical ventilation, has
been the most common.” Multiorgan dysfunction probably stems
from cytokine storm, oxidative stress and disseminated intravascular
coagulation. Cytokine storm has been associated with the severity
of COVID-19 and mortality.1o*!

Importantly, even asymptomatic COVID-19 may lead to mul-
tisystem inflammatory syndrome in children. This rare late com-
plication, which occurs approximately 4weeks after the acute
infection, has typically affected otherwise healthy children.'?

RIGHTS LIN K

Key Notes

We analysed four international guidelines on treating
COVID-19 in children, from prominent scientific bodies
in the United Kingdom, America and Australia.

These suggest that symptomatic care is sufficient for
most children, but treatment is needed for more severe
cases and where there is a risk of disease progression.

Several drugs are recommended for children and we
have summarised the guidelines, to provide a concise,
practical format for clinicians.

Some of the children have presented with symptoms and signs
similar to acute, severe COVID-19, but the treatment required
differs markedly.'? Specific recommendations regarding multisys-
tem inflammatory syndrome in children treatment are beyond the
scope of this review.

2.2 | Risk factors for severe COVID-19

Severe COVID-19 can develop in individuals of any age or health
status. However, there are specific risk factors for the severe
course of COVID-19. In adults, these include advanced age, cer-
tain underlying medical conditions and lack of COVID-19 vacci-
nation.® According to the American Centers for Disease Control
and Prevention, age has been the strongest predictor of severe
COVID-19 outcomes.™®

There is limited evidence to support the risk factors for severe
COVID-19 in children. Infants and teenagers may have a higher
risk of paediatric intensive care unit admission and death.* Non-
White race/ethnicity and certain comorbidities may also increase
severity.!31518 The list of comorbidities that may lead to severe
COVID-19 in children, as proposed by the NIH, is presented in
Table 1. However, the association between comorbidities and
progression to severe COVID-19 in children remains uncertain.
Vaccination against COVID-19 has been shown to reduce the risk

of severe disease.'?%°

3 | HOW TO TREAT

The choice of treatment depends on the clinical course and time
since disease onset. One challenge is recommending medica-
tion for paediatric patients with COVID-19, due to the shortage
of randomised trials. We provide a list of medications authorised
for COVID-19 management in adults and some that are also used
in children. Details on treating COVID-19 in children, according to
the various guidelines, are presented in Table 2. Table 3 outlines the
recommended management of COVID-19 in children based on their
clinical condition.
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TABLE 1 The association between
specific underlying conditions and risk
of progression to severe COVID-19

in children, according to COVID-19
Treatment Guidelines by National
Institutes of Health.®

Risk level
High risk®

COVID-19.

Intermediate risk®

Moderate or inconsistent
association with progression to

severe COVID-19.

Low risk®

Weak or unknown association with
progression to severe COVID-19.

Strong or consistent association
with progression to severe

ZEDIATRICA RYVIEV aid

Comorbidities

Immunosuppression

Obesity, defined as a body mass index >95th
percentile for age and sex

Medical complexity, with dependence on respiratory
technology

Severe neurological, genetic, metabolic or other
disability that results in impaired airway clearance or
limitations in self-care or daily activities

Severe asthma or other severe chronic lung disease
requiring 22 inhaled or 21 systemic medications
daily

Severe cardiac disease

Multiple moderate to severe chronic diseases

Aged <1year

Prematurity in children aged <2years

Sickle cell disease

Poorly controlled diabetes mellitus
Non-severe cardiac, neurological, or metabolic
disease

Mild asthma

Overweight
Well-controlled diabetes mellitus

*The associations between comorbidities and progression to severe COVID-19 in children are

uncertain.

3.1 | Remdesivir

Remdesivir is an intravenously administered antiviral, which in-
hibits viral replication by binding to ribonucleic acid polymerase.
Initially approved by the American Food and Drug Administration
(FDA) for hospitalised adults with COVID-19, it has showed ef-
fectiveness in shortening the time to recovery.?! However, the
World Health Organization Solidarity randomised trial found that
remdesivir had no significant effect on ventilated patients with
COVID-19. It had a small effect against death or progression to
ventilation among other hospitalised patients.22 This led to a rec-
ommendation from the World Health Organization against using
remdesivir in patients with COVID-19, due to insufficient evi-
dence. Conversely, in April 2022, the World Health Organization
recommended remdesivir within 7 days of symptom onset in pa-
tients with non-severe COVID-19 at risk of hospitalisation. This
recommendation applied to individuals at least 12years old and
weighing at least 40 kilograms. In the same month, the FDA ap-
proved remdesivir for children with COVID-19 aged at least
28days, and weighing at least 3kg, at risk of progressing to severe
disease. This recommendation followed the preliminary results of
a study on using remdesivir for children under 18 years of age with
COVID-19.2

According to all four guidelines, remdesivir may be used to
prevent progression to severe COVID-19 and to treat COVID-19.
Detailed recommendations are presented in Table 2.

Remdesivir can be used as prophylaxis for severe COVID-19
and may be administered within 7 days of symptom onset for in-
dividuals with a high risk of progressing to severe disease.>”® The
guidelines vary with regard to the minimum age recommendations:

RIGHTS LN K

the NIH guidelines suggest at least 12 years,® while the Australian
guidelines suggest at least 28days.” The Australian guidelines
particularly recommend remdesivir for unimmunised children with
COVID-19.° However, it must be emphasised that the association
between risk factors and severe COVID-19 in children remains un-
certain. Hence, routine remdesivir prophylaxis should be consid-
ered with caution.

The guidelines agree that remdesivir should be provided for
hospitalised individuals with COVID-19 who need supplemental
oxygen. However, the criteria for using oxygen therapy differ. The
NICE guidelines recommend only using remdesivir for patients on
low-flow oxygen,? whereas the Australian guidelines also include
those on high-flow oxygen therapy.® The NIH and the IDSA guide-
lines broaden the indications further by adding patients requir-
ing non-invasive ventilation.>* All recommendations unanimously
state that remdesivir is not recommended for individuals requiring
mechanical ventilation. In addition, the IDSA guidelines specifi-
cally mention extracorporeal membrane oxygenation (ECMO) as
a contraindication.* Meanwhile, the NIH and Australian guidelines
restrict remdesivir administration to patients on glucocortico-
steroids.®* The recommended dose of remdesivir in the NIH and
IDSA guidelines is 5mg/kg/dose on day one, followed by 2.5mg/
kg/dose once daily. For children who weigh 40 kg or more, the
dose is 200mg on day one, followed by 100mg once daily.>* The
recommended treatment duration varies among the guidelines
and depends on the indications and the patient's condition. In
the NICE, NIH and IDSA guidelines, it ranges from 3days, to pre-
vent deterioration, to 5days for severe COVID-19 treatment.?™*
The NIH recommends that treatment may be extended for up to
10days if there is no clinical improvement.’

SUONIPUO) puE SWUAL A1 39S [$Z0Z01/47] U0 AIEIQr] SUUQ LA “PUrIOg 3ULX]200) £q FEL 1"ede/ [ [11°01/40p w0 Kajuaw Keaquiaunuoy /sdiy wouy papeojumoq) °I | *+207 “LTTTISIN

wod Koy

P!

25U suOWALO) anEAL) A|qeaidde 41 Kq PALIIAOS 1E SHIIE V() 95N JO SN 10f AIIQF] HULUQ) ARAL UO

56



16512227, 2024, 11, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/apa.17354 by Cochrane Poland, Wiky Online Library on [24/102024]. See the Terms and Ce y.wiky. d-cond on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License
. “JIAISIPUIAL LIM uoReuIquiod Ul AjuQ,
g
<
5 PapUIWIWOINYg
W 13UaA 0 ssa.80.d 03 A1,
N *SP1043)5021340202N|8 Y3IM UoIjeuIquiod ul AjuQ,
Z
< (UOI}EPUAIWIOI3] [BUOIFIPUOD) 3SN JBPISUOD,
b3

*syjuoW 9 3sed UIYIM UOIIIJUI Z SNIIADUOIOI JWOIPUAS A10)D1IdS31 2)NID 212A3S € PEY JOU ISOP SUIIIBA B DAIIIAL JOU PIP OYM 3soy) Jo passasddnsounuwiwi :apnpul pasiunwwi JoN,

“PIO SJBIAZ > UJP|IY Ul SN JUIINOJ JsuleSe JO J0J JaY}Id PUIWILI0IAI 0} IDUIPIAS YBNOUI JON,

'6T-AIAOD 031 3|qeinquije Juawalnbal uagAxo |ejuawalddns pasealdul 10 Mau Ou pue 4T-AIAOD 231es2pow-03-piw ym 3|doad o3 saljddy,

“Yj|eaH Jo Sanijsu| [euoneN ‘HIN ‘92ua||23x3 aJeD) pue yj|eaH Joj aInisu| [euoijeN ‘JDIN ‘ed14awy Jo A33120§ saseasiq Sno13daju| ‘S| (uoneuasAxo aueiquiaw [eai0diodenxa ‘O :SUOeIAAIqqY

57

puoljewwelul J1WasAs
JO 3DUIPIAS SI 3J3Y} 3I3YM
Apenonaed ‘ua8Axo |ejuawajddns

a1nbas oym uaip|iyd Ajuo sieaA g1z synpy SP1012}50911100n3 Jayye AJuo s1eaAgTz S)Npy qewnzijido)
Juawanosdwi pides ou aAey pue pqlulPLIeq 03 3Np UdSIOM
4uonedIpuleIluod e Jo asnesaq OWD3 10 UOHE|IUSA [BDIUBYDAW  PINOD UIYM UOIIJUI OU ARY pue
[GTRETRUEY way) 9A12234 Jouued Ing ‘(3Aoqe 10 aAISeAUl-uoU ‘Adesay) uadAxo SP1013}5021310200N|3 pue uadAxo
|EJIUBYD3W 1O DAISBAUI-UOU  PAQLIISIP SE) SPI0Ja}$021340200N|8 Moy-ysiy paau ‘pasijeyrdsoy 1ey |ddns paau ‘pasijejidsoy
a1nbaJ oym pjo S1eIAZ Z UIP|IYD paau oym 3jdoad 2.e oym ‘pjo sieakzz ajdoad 31e 0yMm "p|o SIe3AZZ 3|doay quuinueg uoljejnpowounww|

puaBAxo [ejuawajddns pasu 3,uop
oYM UBIP|IYd Ul Pasn 3q 03 JON
pUaBAXo0

|eyuawajddns paau oym uaip|iyd

uone|UAA

|EDIUBYDAW IO SAISBAUI-UOU PAaU
OYM uaJp|iyd Ul pasn 3q 03 JON
$P1049}5021340202n|8 pue uasAxo
P3a3u oym 4T-AIAOD 243A3S Yim
B4 gzpue pjo shkepgzz uaIp|yd
561-AINOD

JsuteSe pasiunwwi Jou a1e oym
asoyy Apejnonaed 9jsu-ysiy je pue
395u0 wojdwAs Jo sAep / uiypm
B4 gzpue pjo shkepgzz uaip|yd
»61-AINOD

Jsutege pasiunwwi Jou 3.1e oym
asoyy Alzeinonsed “ysi ysiy je pue
395u0 woydwAs Jo sAep G uiym
850tz pue pjo s1eaAZTz ualpiiyd

suelensny

ua8Axo |ejuawa|ddns paau juop
oym 3jdoad ul pasn aq 03 0N
OWD3 40 uonejauan

|EDIUBYI3W PI3U OYM 3S0Y) pue
‘uadAxo |ejuawa|ddns

paau oym asoy) Suipnpu e
w001 Uo %6 5 Z0OdS yym ajdoad

OWD3 40 UOIE|IUIA [BdIUBYIAW
paau oym 3jdoad ui pasn aq 03 JON
uadAxo |ejuawaddns

paau oym asoy) Suipnjout e
w001 U0 %p6 s ZOdS Yim ajdoad

>su ysiy je pue jasuo
wojdwAs jo sAep / ulyym ajdoad

AsH Y31y je pue
195u0 WoldwAs Jo sAep G ulyum
30 2pue pjo sieah z 1z 3jdoad

vsal

uagAxo |ejuawa|ddns pasu juop
oym ajdoad ui pasn aq 0} J0N
OWD3 10 UOKE|IJUIA [BDIUBYDIDW
10 aAISBAUI-UOU ‘Adesay} mojy-ysiy
paau oym asoy) Apendiyed ‘spaau
uadAxo Suiseanul yym ajdoad

,UOI3e[13UA DAISEAUI

-Uou J0 ,MO|J-y31Y 10 [EUOIUIAUOD
Jayyie :uadAxo |ejuaws|ddns

Paau oym uaJpjiyd pasijeydsoy

s Y81y e pue 3asuo woydwiAs jJo
sAep / ulyyMm ‘p|o sieaA zTz a|doad

114 Y31y 3e pue Jasuo woydwAs jo
sAep G ulyyIm pjo sieak z1z a|doad

cHIN

5.2'SUIaPING ueljeNSNY pue ySAl ‘HIN ‘IDIN 243 03 Bulpiodde ‘UaJp|iyd U 6T-QIAOD Suneasy uosjielag z 319V.L

uasdAxo |ejuawa|ddns pasu j,uop
oym ajdoad ui pasn aq 03 JON
guaBAxo

|eyuawaddns paau oym ajdoad
UOHE|UA [edlUBLDIW

10 dAIseAUl-UOU ‘UaBAX0 Mojy-ydiy
paau oym ajdoad ui pasn aq 03 JON
puasAxo [euawajddns

paau pue pasijejidsoy aie oym
eluownaud 61-AIAOD YiIm

33 gzpue pjo shepgzz uaipiyd

PIsH Y31y Je pue
J9suo woldwAs Jo sAep / uiyym
830172 pue ‘pjo sieakz1z ajdoad

AJuo s1eaAgTz S)npy

ZADIN

SPI013}5021340200N3 JIW3}SAS

jean o

Juoissai8oud Juanaud o) JIAISOpWRY

(euorssaiBoid
Juanaud 03) Jineuo)u snid JIA[13RULIN

RIGHTS LIN K



MANDZIUK €T AL.

TABLE 3 Recommended management
of COVID-19 in children, based on their
clinical condition, in line with the NICE,
NIH, IDSA and Australian guidelines.?”®

Clinical condition

supplementation

supplementation

oxygenation

Within 5-7 days of symptom onset
AND mild-to-moderate course
AND no need for oxygen

Need conventional oxygen

Need high-flow oxygen therapy or
non-invasive ventilation

Need for mechanical ventilation
or extracorporeal membrane

AND/OR critical disease
AND/OR cytokine storm

‘RICA WILEY 1_2349

Management

Consider remdesivir (within 7 days of disease
onset) or nirmatrelvir plus ritonavir (within
5days since disease onset) in high-risk groups,
particularly children 212 years old

Consider glucocorticosteroids (the higher oxygen
needs the more likely to benefit)

Consider remdesivir (the earlier in the course of
disease the more likely to benefit)

Give glucocorticosteroids

Consider remdesivir (the earlier in the course of
disease the more likely to benefit)

Consider tocilizumab or baricitinib (particularly if
no rapid improvement after glucocorticosteroids
and/or signs of inflammation)

* Give glucocorticosteroids

Consider tocilizumab or baricitinib (particularly if
no rapid improvement after glucocorticosteroids
and/or signs of inflammation)

Abbreviations: IDSA, Infectious Diseases Society of America; NICE, National Institute for Health
and Care Excellence, NIH, National Institutes of Health.

3.2 | Nirmatrelvir plus ritonavir

Nirmatrelvir plus ritonavir, an oral antiviral, inhibits the virus that
causes COVID-19 replicating. Nirmatrelvir is a 3Cl protease inhibi-
tor, while ritonavir is a CYP3A4 inhibitor. Hammond et al. studied
symptomatic, unvaccinated adults with mild-to-moderate COVID-19
at high risk of progression to severe disease in ambulatory settings.
They were randomised to receive either nirmatrelvir plus ritonavir
or a placebo. The nirmatrelvir plus ritonavir group had an 89% lower
risk of progression to severe COVID-19.2* However, another study
by Hammond et al. found that there was no difference in the recov-
ery time between adults with COVID-19 who received nirmatrelvir
plus ritonavir or a placebo.?® A study by Liu et al.?® reported that
nirmatrelvir plus ritonavir did not significantly reduce all-cause
mortality risk in hospitalised adults with COVID-19 and severe
comorbidities.

In December 2021, the FDA authorised nirmatrelvir plus ritona-
vir for mild-to-moderate COVID-19 in patients aged 12years or
older, weighing at least 40kg, at high risk of severe disease.

All guidelines, except the NICE guidelines, recommend nirma-
trelvir plus ritonavir for individuals who are least 12years of age,
within 5days of symptom onset, if they have mild-to-moderate
COVID-19 and a high risk of disease progression.®> The NICE
guidelines recommend nirmatrelvir plus ritonavir for adults only.?
The Australian guidelines particularly advise its use for non-
immunised patients.5 The NIH guidelines state that nirmatrelvir
plus ritonavir should be administered cautiously in patients con-
currently taking CYP3A4 inducers, due to the risk of potentially
life-threatening elevations in drug concentration.® The recom-
mended doses are 300 mg of nirmatrelvir with 100 mg of ritonavir,
orally, twice daily for 5days.?

RIGHTS LINKG

3.3 | Glucocorticosteroids

Glucocorticosteroids have anti-inflammatory and immunosuppres-
sive properties that are likely to mitigate immune system overstimu-
lation present in severe or critical COVID-19 cases. The randomised
evaluation of COVID-19 therapy trial demonstrated that dexa-
methasone reduced mortality in patients with COVID-19 who were
receiving oxygen therapy.” Subsequent studies confirmed lower
mortality rates in severely and critically ill patients with COVID-19
who were treated with systemic corticosteroids versus usual care
or a placebo.?®2? Conversely, Crothers et al. found that when dexa-
methasone was administered within 48h of hospital admission, it
increased mortality among patients with COVID-19 who did not re-
quire oxygen or were on low-flow oxygen‘3° Dexamethasone is the
most extensively studied glucocorticosteroid for COVID-19. Other
steroids, including methylprednisolone and hydrocortisone, have
also been assessed, but the trials that included these had insuffi-
cient sample sizes, resulting in inconclusive evidence.®"** Limited
data exist on using dexamethasone for children with COVID-19, but
its licences and established safety in paediatric populations support
its use for specific scenarios.

All the guidelines agree that systemic glucocorticosteroids are
indicated for patients with COVID-19 who require oxygen supple-
mentation, irrespective of age. The NIH specifically advises their
use in patients who need high-flow oxygen therapy, non-invasive
ventilation, mechanical ventilation or ECMO. However, all the guide-
lines recommend against administering dexamethasone to patients
with COVID-19 who do not require supplemental oxygen. The dose
of dexamethasone recommended by the NICE, NIH and Australian
guidelines is 0.15mg/kg orally or intravenously once daily for up to
10days or until the patient is discharged from hospital, whichever

0T "LITTIS9L

] o KIeiqr SuguQ A1y “PUTIOd SURN0) Aq £SEL [0/ [ [ 1°01/10p/ W0y K[ Kraqujaunjuoy/sdiy woiy papeojumodt °[ | *F;

D pue suua) A1 33§ “[+20201 47

wos Kapm

P

250D SUOURUO) 2AATAL) AquarKdde 341 £q PIUIAOS AT SIDWIE V() 135 JO SN 10} AIIG] URUQ KIpAY O (5

58



['RICA

MANDZIUK €T AL

2350
_LWI LEY

occurs first.2*> The dose should not exceed 6 mg. If dexamethasone
is unavailable, all four guidelines state that equivalent doses of other
steroids may be considered.?®

3.4 | Inhaled glucocorticosteroids

Inhaled glucocorticosteroids have been considered potentially ben-
eficial for patients with COVID-19, due to their established effects
on other inflammatory respiratory diseases like asthma. Early in the
pandemic, patients with respiratory diseases who used inhaled glu-
cocorticosteroids were hospitalised less frequently with COVID-19,
suggesting potential protection against severe disease.**** However,
the role of inhaled glucocorticosteroids in treating COVID-19 re-
mains unclear, due to varied trial results and endpoints that make
definitive conclusions challenging. Two trials showed reduced time
to recovery from COVID-19 with inhaled budesonide administration
in outpatient settings.***” Other studies, including those in non-
hospitalised patients, showed no improvement in symptom resolu-
tion.*®%? We did not find any studies involving hospitalised adults
or children.

The NICE guidelines advise limiting budesonide for COVID-19
to clinical trials. Patients who are already on budesonide for other
reasons should continue treatment if they have COVID-19.%2 The
NIH states that there is insufficient evidence to recommend or
discourage inhaled corticosteroids for COVID-19.° The IDSA rec-
ommends against inhaled corticosteroids in ambulatory patients
with mild-to-moderate COVID-19.* The Australian guidelines
suggest considering budesonide or ciclesonide within 14 days of
symptom onset for all age groups with COVID-19.° They add that
drug should be aimed at those who do not need oxygen but have a
risk of disease progression.

3.5 | Baricitinib

Baricitinib is an orally administered immunomodulatory drug that
inhibits Janus kinases. It is used for treating rheumatoid arthritis and
severe alopecia areata in adults. The drug is also approved for use
in children aged 2years and older for atopic dermatitis and active
juvenile idiopathic arthritis.

A randomised, placebo-controlled trial of adults hospitalised
with COVID-19 showed that adding baricitinib to their standard
care, including dexamethasone and remdesivir, reduced mortality
rates.*® The safety profile of this combination therapy was similar
to standard care, but it did not significantly decrease overall disease
progression. Wolfe et al. studied hospitalised adult patients with
COVID-19 who required supplemental oxygen via low-flow, high-
flow or non-invasive ventilation and compared baricitinib with dexa-
methasone. Both baricitinib plus remdesivir and dexamethasone plus
remdesivir showed similar mechanical ventilation-free survival by
day 29, but dexamethasone was associated with significantly more
adverse events.”’ A meta-analysis of four randomised controlled

RIGHTS LIN KO

trials involving nearly 11000 patients confirmed that adding baric-
itinib to standard care reduced 28-day mortality in hospitalised pa-
tients with COVID-19. However, there was no statistically significant
reduction in the progression to mechanical ventilation or ECMO.2A
trial currently underway aims to assess the effectiveness and safety
of baricitinib in hospitalised children with COVID-19.4%

In May 2022, the FDA approved baricitinib for treating COVID-19
in hospitalised adults requiring supplemental oxygen, non-invasive
ventilation, mechanical ventilation or ECMO. It also stated that
emergency use authorisation also permits its use in hospitalised
children with COVID-19 aged 2-17 years who require this treatment.

All the guidelines recommend administering baricitinib for pa-
tients with COVID-19 who need supplemental oxygen.2'5 The NICE
guidelines narrow this recommendation down to patients who re-
ceive glucocorticosteroids and have no infection that could worsen
due to baricitinib.2 The NIH adds the condition of not improving
rapidly after glucocorticosteroids before receiving baricitinib.® The
IDSA only recommends baricitinib with remdesivir for patients who
need glucocorticosteroids, but cannot receive them due to contra-
indications.” The NIH and Australian guidelines state that baricitinib
should be administered as an oral daily dose for up to 14days or
until hospital discharge.:"5 Children of 2-9years of age should re-
ceive 2mg per day and those aged 10-18years should receive 4 mg
per day.>®

3.6 | Tocilizumab

Tocilizumab is a humanised monoclonal antibody that targets the
interleukin-6 receptor and is an immunomodulatory agent. Before it
was authorised for COVID-19 treatment, it was used to treat condi-
tions like rheumatoid arthritis and giant cell arteritis. Salama et al.
reported that its use in hospitalised patients with COVID-19 pneu-
monia reduced progression to the composite outcome of mechani-
cal ventilation or death, without improving survival.** Veiga et al.
proved that adding tocilizumab to standard care for patients with
severe or critical COVID-19 did not improve outcomes at 15days
and possibly increased mortality. The trial was stopped early, after
129 patients were enrolled, due to the increased number of deaths
in the tocilizumab group at 15 days."5 However, the randomised
evaluation of COVID-19 therapy study showed that tocilizumab im-
proved survival and other clinical outcomes in hospitalised patients
with COVID-19, hypoxia and systemic inflammation.“® Moreover,
these benefits were observed regardless of the level of respiratory
support and in addition to the benefits of systemic glucocorticoster-
oids. A systematic review and meta-analysis included all randomised
controlled trials, published from 1 January 2020 to 5 May 2021, that
reported tocilizumab efficacy as a primary agent in COVID-19. It re-
ported that tocilizumab reduced all-cause mortality and the progres-
sion to mechanical ventilation in patients with moderate-to-critical
COVID-19.47 This effect did not correlate with a higher number of
serious adverse events. We found no studies regarding tocilizumab
efficacy or safety in children. One study is currently evaluating
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tocilizumab in paediatric patients hospitalised with COVID-19 who
are receiving systemic corticosteroids and require supplemental
oxygen or mechanical ventilation.*®

In June 2021, the FDA authorised tocilizumab for treating hos-
pitalised adults and children with COVID-19 who are aged at least
2years. These patients must be receiving systemic glucocorticoste-
roids and require supplemental oxygen, non-invasive ventilation,
mechanical ventilation or ECMO.

The NICE and the IDSA guidelines only recommend tocilizumab
for adults.>* The NIH and Australian guidelines agree that tocili-
zumab should be considered for children with COVID-19 requiring
supplemental oxygen.>* The NIH narrows this recommendation to
people aged 2years or older with no rapid improvement after gluco-
corticosteroids.® The Australian guidelines emphasise the potential
benefits of this drug, particularly for children with evidence of sys-
temic inflammation.® The NIH and Australian guidelines recommend
that tocilizumab should be administered as a single intravenous in-
fusion.?? If there is no improvement after the initial dose, it may be
repeated once, at least 12 h after the first dose. In children weighing
under 30kg, the dose should be 12mg/kg. In those weighing at least
30kg, it should be 8mg/kg, up to a maximum of 800mg.%*

4 | CONCLUSION

Most children with COVID-19 only require supportive care, as they
do for other acute viral respiratory tract infections. However, some
require greater support and specific treatment. Most guidelines for
treating COVID-19 in children are based on adult recommendations
or expert opinions, due to limited trials that have included partici-
pants below 18years old. This study looked at four guidelines, from
the United Kingdom, United States and Australia, and found that
they provided useful advice and a degree of consensus on specific
drug treatment for children with severe COVID-19 or at risk of pro-
gression. Nirmatrelvir plus ritonavir or remdesivir may be used for
those at high risk of disease progression. They should be admin-
istered promptly, ideally within the first days of symptom onset.
Remdesivir may also be used in hospitalised children who need sup-
plemental oxygen. Receiving oxygen therapy is also an indication for
systemic glucocorticosteroids. When the treatment is ineffective,
immunomodulators, namely baricitinib and tocilizumab, can be con-
sidered, particularly in children with signs of systemic inflammation.
Clinicians must carefully weigh the potential benefits and harms be-
fore providing children with any treatment for COVID-19. Decisions
should preferably be discussed within the medical team taking care
of the child.
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Podsumowanie i wnioski

Rozprawe stanowia trzy prace w jezyku angielskim dotyczace COVID-19 u dzieci.
Wnhnioski:

l. Mate dzieci moga skutecznie zakaza¢ swoich dorostych domownikéw i inne dzieci
wirusem SARS-CoV-2. Za przenoszenie wirusa mogg by¢ odpowiedzialne szczegdlnie bliskie
kontakty migdzy matymi dzieémi i ich opiekunami, takze zachodzace w instytucjach
opiekunczych, np. w zlobkach. Publikacja nr 1.

2. Uczgszczanie do placowek opiekunczych i edukacyjnych we wszystkich grupach
wiekowych jest czynnikiem ryzyka przeniesienia zakazenia do Srodowiska domowego. W razie
wystapienia kolejnych fal COVID-19 w przysztosci zasadne jest rozwazenie czasowego
zamknigcia placéwek opiekunczych i edukacyjnych. Publikacja nr 2.

3. Rola dzieci w transmisji zakazenia SARS-CoV-2 prawdopodobnie zmienia si¢ wraz z
pojawianiem si¢ kolejnych wariantéw wirusa. Publikacja nr 2.

4. Analiza Monte Carlo okazala si¢ dobra metoda, ktéra mozna zastosowa¢ do
identyfikacji  czynnikow ryzyka rozprzestrzeniania si¢ innych  drobnoustrojow
chorobotworczych, w przysztym epidemiach. Publikacja nr 2.

5. Wytyczne dotyczace leczenia COVID-19 u dzieci opublikowane przez gremia naukowe
o mi¢dzynarodowym zasi¢gu (NICE, NIH, IDSA, wytyczne australijskie) sa spojne i wskazuja,
ze nalezy rozwazy¢ leczenie COVID-19 u pacjentow z cigzkim przebiegiem COVID-19 i
zakazonych dzieci obarczonych wysokim ryzykiem cigzkiego przebiegu choroby. Wybor
wlasciwego leczenia jest uzalezniony od czasu od rozpoczecia choroby do wdrozenia leczenia

oraz przebiegu choroby. Publikacja nr 3.

63



Opinia Komisji Bioetycznej Warszawskiego Uniwersytetu Medycznego

3\\'- DICH

Komisja Bioetyczna
przy Warszawskim Uniwersytecie Medycznym

Tel.: 022/57 -20-303 ul. Zwirki i Wigury nr 61
Fax: 022/ 57 - 20 -165 02-091 Warszawa
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I((,, 1809 \\(V e-mail: komisja.bioetyczna@wum.edu.pl
I puv> www.komisja-bioetyczna.wum.edu.pl

Warszawa, dnia 22 lipca 2020r.
AKBE//39 /2020

Lek. Magdalena Okarska-Napierata

Oddziat Kliniczny Obserwacyjno-Izolacyjny i Pediatrii
ul. Zwirki i Wigury 63A,
02-091 Warszawa

OSWIADCZENIE

Niniejszym o$swiadczam, ze Komisja Bioetyczna przy Warszawskim Uniwersytecie
Medycznym w dniu 22 lipca 2020 r. przyjeta do wiadomosci informacje na temat
badania pt.:"Ognisko zakazen SARS-CoV-2 wsrod dzieci, ich opiekundéw prawnych oraz
pracownikéw w ztobku w Radomiu .” Przedstawione badanie nie stanowi eksperymentu
medycznego w rozumieniu art. 21 ust. 1 ustawy z dnia 5 grudnia 1996 r. o zawodach
lekarza i lekarza dentysty(Dz.U. z 2018 r. poz. 617) i nie wymaga uzyskania opinii

Komisji Bioetycznej przy Warszawskim Uniwersytecie Medycznym, o kt6rej mowa w
art. 29 ust. 1 ww. ustawy.

Przewodniczaca Komisji Bioetycznej

Wil el

Prof. dr/hab. n. med. Magdalena Kuzma -Kozakiewicz
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R N Komisja Bioetyczna

s 2 przy Warszawskim Uniwersytecie Medycznym
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— - A y A =
/J ?% ;}" |4 Tel.: 022/57 - 20 -303 ul. Zwirki i Wigury nr 61
% / :' Fax: 022/57 - 20 -165 02-091 Warszawa
Ny - <
'I(( 1809 K o e-mail: komisja.bioetyczna@wum.edu.pl
1 pusy www.komisja-bioetyczna.wum.edu.pl
Warszawa, dnia 14 grudnia 2020r.
AKBE/ 22472020

Lek. Joanna Mandziuk

Oddziat Kliniczny Obserwacyjno-Izolacyjny i Pediatrii
ul. Zwirki i Wigury 63A,

02-091 Warszawa

OSWIADCZENIE

Niniejszym oswiadczam, ze Komisja Bioetyczna przy Warszawskim Uniwersytecie
Medycznym w dniu 14 grudnia 2020 r. przyjeta do wiadomosci informacje na temat
badania pt.:”Ocena potencjalnych zrédet SARS-CoV-2 u dzieci hospitalizowanych w
Dziecigcym Szpitalu Klinicznym Warszawskiego Uniwersytetu Medycznego.”
Przedstawione badanie nie stanowi eksperymentu medycznego w rozumieniu art. 21 ust.
1 ustawy z dnia 5 grudnia 1996 r. o zawodach lekarza i lekarza dentysty(Dz.U. z 2018 r.
poz. 617) i nie wymaga uzyskania opinii Komisji Bioetycznej przy Warszawskim
Uniwersytecie Medycznym, o kt6rej mowa w art. 29 ust. | ww. ustawy.

Przewodniczgca Komisji Bioetycznej

Wliotts.

Prof. dr hdb. n. med. Magdalena Kuzma —Kozakiewicz
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Oswiadczenia wszystkich wspolautorow publikacji okreslajace indywidualny wklad

(udzial merytoryczny i procentowy) kazdego z nich w ich powstanie

SARS-CoV-2 Cluster in Nursery, Poland

Warszawa, 28.10.2024
(miejscowosé, data)

Magdalena Okarska-Napierala
(imi¢ i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. ‘SARS-CoV-2 Cluster in Nursery, Poland’ o$wiadczam, iz m6j
wiasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: przygotowanie koncepcji, interpretacje
wynikéw, nadz6r merytoryczny nad manuskryptem.
M6j udziat procentowy w przygotowaniu publikacji okreslam jako 20%.
Wktad Joanny Mandziuk w powstawanie publikacji okreslam jako 70%,

(imig i nazwisko kandydata do stopnia)
obejmowat on przygotowanie koncepcji, metodyki, zbieranie danych, interpretacj¢ wynikéw,
napisanie manuskryptu.

(merytoryczny opis wkiadu kandydata do stopnia w powstanie pablikacji)*

Jednoczesnie wyrazam zgod¢ na wykorzystanie w/w pracy jako czg$é rozprawy doktorskiej
lek. Joanny Mandziuk.

(imig i nazwisko kandydata do stopnia,

(podpis o$wiadczajacego)

*w szczeg6lnosci udziatu w przygotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynik6w



Warszawa, 28.10.2024
(miejscowo$¢, data)

Ermest Kuchar
(imi¢ i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. ‘SARS-CoV-2 Cluster in Nursery, Poland’ o$wiadczam, iz méj
wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: interpretacje wynikéw, nadzér
merytoryczny nad manuskryptem.

MG¢j udzial procentowy w przygotowaniu publikacji okreslam jako 10%.
Wktad Joanny Mandziuk w powstawanie publikacji okreslam jako 70%,

(imi¢ i nazwisko kandydata do stopnia)
obejmowat on przygotowanie koncepcji, metodyki, zbieranie danych, interpretacje wynikéw,

napisanie manuskryptu.

(merytoryczny opis wkladu kandydata do stopnia w p ie publikacji)*

Jednoczesnie wyrazam zgod¢ na wykorzystanie w/w pracy jako cz¢$¢ rozprawy doktorskiej

lek. Joanny Mandziuk.
(imig i nazwisko kandydata do stopnia) '

(podpis d$Wiadezajacego)

*w szczeg6lnosci udziatu w przygotowaniu konc:pcji, metodyki, wykonaniu badan, interpretacji wynik6w
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Monte Carlo Regression for Evaluating Children's Role in the Pandemic Spread on the
Example of Delta COVID-19 Wave

Warszawa, 28.10.2024
(miejscowodé, data)

Magdalena Okarska-Napierala
(imig¢ i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. ‘Monte Carlo Regression for Evaluating Children's Role in
the Pandemic Spread on the Example of Delta COVID-19 Wave’ o$wiadczam, iz m6j whasny
wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badah oraz
przedstawienie pracy w formie publikacji stanowi: przygotowanie koncepcji, metodyki,
interpretacja wynik6w, nadzér merytoryczny nad manuskryptem.

MGg;j udziat procentowy w przygotowaniu publikacji okreslam jako 5%.
Wkiad Joanny Mandziuk w powstawanie publikacji okreslam jako 60%,

(imi¢ i nazwisko kandydata do stopnia)

obejmowal on przygotowanie koncepcji, metodyki, zbieranie danych, interpretacje wynikéw,

napisanie manuskryptu.
(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgodg na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej

lek. Joanny Mandziuk.
(imi¢ i nazwisko kandydata do stopnia)
oo ? ﬂCﬂO W-ﬂﬂ'@

(podpis o$wiadczajacego)

*w szczeg6lnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynik6w



Warszawa, 25.10.2024
(miejscowos¢, data)

Weronika Wozniak
(imig i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. ‘Monte Carlo Regression for Evaluating Children's Role in
the Pandemic Spread on the Example of Delta COVID-19 Wave’ o$wiadczam, iz méj wlasny
wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacii stanowi: zbieranie danych.

MGé;j udziat procentowy w przygotowaniu publikacji okreslam jako 5%.
Wkiad Joanny Mandziuk w powstawanie publikacji okreslam jako 60%,

(imig i nazwisko kandydata do stopnia)
obejmowat on: przygotowanie koncepcji, metodyki, zbieranie danych, interpretacj¢ wynikéw,

napisanie manuskryptu
(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgod¢ na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej

lek. Joanny Mandziuk
(imig i nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szczeg6lnoei udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikéw
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Warszawa, 25.10.2024
(miejscowos¢, data)

Anna Gambin
| (imig i nazwisko)

OSWIADCZENIE

Jako wspolautor pracy pt. ‘Monte Carlo Regression for Evaluating Children's Role in the
Pandemic Spread on the Example of Delta COVID-19 Wave’ o$wiadczam, iz méj wiasny wklad
merytoryczny w przygotowanie, przeprowadzenie i opracdwanie badan oraz przedstawienie pracy w
formie publikacji stanowi: analiza statystyczna, nadzér merytoryczny nad manuskryptem.

| M§j udzial procentowy w przygotowaniu publikacji okreslam jako 5%.
! Wkiad Joanny Mandziuk w powstawanie publikacji okreslam jako 60%,

(imig i nazwisko kandydata do stopnia)
obejmowat on przygotowanie koncepcji, metodyki, zbieranie danych, interpretacj¢ wynikow, napisanie
manuskryptu.

\

|

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgod¢ na wykorzystanie w/w pracy jako czgé¢ rozprawy doktorskiej lek. Joanny
| Mandziuk.

(podpis o$wiadczajacego)

*w szczegblnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikéw

| g Podpisany elektronicznie przez
(imig i nazwisko kandydata do stopnia) na bin; Uniwersytet W
25.10.2024
11:58:32 +02'00'
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Warszawa, 25.10.2024
(miejscowosé, data)

Edyta Podsiadty

(imig i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. ‘Monte Carlo Regression for Evaluating Children's Role in
the Pandemic Spread on the Example of Delta COVID-19 Wave' o$wiadczam, iz méj wlasny
wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: analiza wariantéw wirusa, nadzér
merytoryczny nad manuskryptem.

M6j udziat procentowy w przygotowaniu publikacji okreslam jako 5%.
Wkiad Joanny Mandziuk w powstawanie publikacji okreslam jako 60%,

(imig i nazwisko kandydata do stopnia)
obejmowat on przygotowanie koncepcji, metodyki, zbieranie danych, interpretacj¢ wynikéw,
napisanie manuskryptu.

Avd

(merytoryczny opis wkladu kandy do stopnia w p ie publikacji)*

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej

lek. Joanny Mandziuk.
(imig¢ i nazwisko kandydata do stopnia)

(podpis oswiadczajacego)

*w szczeg6lnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikéw
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Warszawa, 28.10.2024
(miejscowodé, data)

Urszula Demkow
(imi¢ i nazwisko)

OSWIADCZENIE

Jako wsp6tautor pracy pt. ‘Monte Carlo Regression for Evaluating Children's Role in
the Pandemic Spread on the Example of Delta COVID-19 Wave’ o$wiadczam, iz m6j wiasny
wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: pozyskanie finansowania, nadz6r
merytoryczny nad manuskryptem.

MG6j udziat procentowy w przygotowanin publikacji okre$lam jako 5%.
Wkiad Joanny Maiidziuk w powstawanie publikacii okreslam jako 60%,

(imig i nazwisko kandydata do stopnia)

obejmowat on przygotowanie koncepcji, metodyki, zbieranie danych, interpretacj¢ wynikéw,

napisanie manuskryptu.

(merytoryczny opis wkladu kandydata do stopnia w p ie publikacji)*

Jednoczesnie wyrazam zgodg¢ na wykorzystanie w/w pracy jako czg$é rozprawy doktorskiej

lek. Joanny Mandziuk.
(imig i nazwisko kandydata do stopnia)

(podpis oswiadczajacego)

*w szczeg6lnosei udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikéw
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Warszawa, 28.10.2024
(miejscowosé, data)

Emest Kuchar
(imig i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. ‘Monte Carlo Regression for Evaluating Children's Role in
the Pandemic Spread on the Example of Delta COVID-19 Wave’ o$wiadczam, iz méj wiasny
wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: przygotowanie koncepcji, nadzér
merytoryczny nad manuskryptem.

MGj udzial procentowy w przygotowaniu publikacji okreslam jako 5%.
Wkiad Joanny Mandziuk w powstawanie publikacji okreslam jako 60%,

(imi¢ i nazwisko kandydata do stopnia)
obejmowat on przygotowanie koncepcji, metodyki, zbieranie danych, interpretacje wynikéw,
napisanie manuskryptu.

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej

lek. Joanny Mandziuk.
(imi¢ i nazwisko kandydata do stopnia)

KIERO
ki Peg . K 'umn\ A
W ol 4 o s N
prof. dr hah -

(podpis odwiadcZajakeg)

*w szczeg6lnodci udziatu w przygotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikéw
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How international guidelines recommend treating children who have severe COVID-19 or risk

disease progression

Warszawa, 28.10.2024
(miejscowosé, data)

Emest Kuchar
(imig i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. ‘How international guzdelmes recommend treating children who
have severe COVID-19 or risk disease progression’ o$wiadczam, iz méj wlasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: przygotowanie koncepcji, nadzér merytoryczny nad
manuskryptem.
M¢j udziat procentowy w przygotowaniu publikacji okreslam jako 10%.
Wkiad Joanny Mandziuk w powstawanie publikacji okre$lam jako 75%,

(imig i nazwisko kandydata do stopnia)
obejmowal on przygotowanie koncepcji, wykonanie przegladu literatury, napisanie

manuskryptu.

(merytoryczny opis wkiadu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgodg na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej

lek. Joanny Mandziuk. .
(imig i nazwisko kandydata do stopnia) KIEROWNIK

i IDH Pediatrii 2 Oluzm
A : . mﬂ mest. Kuchar

(podpis oswiadczajgcego)

*w szczeg6lnosci udziatu w przygotowaniu kornicepcji, metodyki, wykonaniu badan, interpretacji wynik6w
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Warszawa, 28.10.2024
(miejscowo$¢, data)

Magdalena Okarska-Napierata
(imig¢ i nazwisko)

OSWIADCZENIE

Jako wspdtautor pracy pt. ‘How international guidelines recommend treating children who
have severe COVID-19 or risk disease progression’ o$wiadczam, iz m6j wiasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: przygotowanie koncepcji, nadzér merytoryczny nad
manuskryptem.

MGj udziat procentowy w przygotowaniu publikacji okreslam jako 15%.

Wktad Joanny Mandziuk w powstawanie publikacji okreslam jako 75%,
(imig i nazwisko kandydata do stopnia)
obejmowal on przygotowanie koncepcji, wykonanie przegladu literatury, napisanie

manuskryptu.
(merytoryczny opis wkiadu kandydata do stopnia w powstanie publikacji)*
Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej

lek. Joanny Mandziuk.

(imig i nazwisko kandydata do stopnia) |

(podpis oswiadczajacego)

*w szczeg6lnosci udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikéw
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