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Streszczenie

SARS-CoV-2 (ang. severe acute respiratory syndrome coronavirus 2) jest wirusem
nalezacym do grupy koronawiruséw, ktéry wywotuje ostrg chorobe uktadu oddechowego —
COVID-19 (ang. coronavirus disease 2019). Pierwsze doniesienia 0 COVID-19 pojawity si¢
pod koniec grudnia 2019 r., a pierwsze przypadki w Europie zostaty opisane 24 stycznia 2020 r.
Od tamtej pory pandemia rozprzestrzenila si¢ na catym swiecie, dotykajac setek milionéw ludzi

I powodujac ponad 6 miliondw zgonow.

Od poczatku pandemii zauwazalny byt tagodny lub bezobjawowy przebieg zakazenia
u dzieci,  ktore zdecydowanie rzadziej niz dorosli wymagaly hospitalizacji
lub specjalistycznego leczenia. Probujac wyjasni¢ to zjawisko, udowodniono, ze odmienna
odpowiedz immunologiczna na zakazenie SARS-CoV-2 u dzieci, z wigksza liczba
regulatorowych limfocytow T i B zaangazowanych w tolerancj¢ immunologiczng, stanowi
czynnik ochronny przed rozwojem ci¢zkiego srodmigzszowego zapalenia ptuc. Inne czynniki,
ktore przyczyniaja si¢ do tagodniejszego przebiegu COVID-19 u dzieci to silniejsza wrodzona
odpornos¢ przeciwwirusowa, nizsza ekspresja receptoréw konwertazy angiotensyny 2 (ACE2),

przez ktore wirus wnika do komorek oraz mniejsza wspotchorobowos¢.

Niemniej jednak, pomimo tagodnego przebiegu zakazenia w ogolnej populacji
pediatrycznej, poczatkowo postulowano, ze stan obnizonej odpornosci moze pogarsza¢ obraz
kliniczny choroby. Nie umiano takze okresli¢, w jakim stopniu ta szczego6lna grupa dzieci jest
narazona na powiktania po przechorowaniu COVID-19, ani czy jest w stanie rozwina¢

skuteczng odpowiedZ immunologiczng, zapobiegajaca ponownemu zakazeniu SARS-CoV-2.

Celem mojej rozprawy byla ocena czgsto$ci wystepowania oraz przebiegu zakazenia
SARS-CoV-2 u dzieci z niedoborami odporno$ci w pordéwnaniu do ogodlnej populacji
pediatrycznej, analiza objawdéw klinicznych, wynikéw badan dodatkowych, zastosowanego
leczenia (zar6wno COVID-19 jak i choroby podstawowej w trakcie infekcji),
rozpowszechniania i charakterystyki powiktan zakazenia oraz odpowiedzi immunologicznej na

zakazenie.

W pracy ,Prevalence and Course of SARS-CoV-2 Infection among
Immunocompromised Children Hospitalised in the Tertiary Referral Hospital in Poland”
przeprowadzono analiz¢ retrospektywng  dokumentacji medycznej 313  dzieci
hospitalizowanych w Klinice Pediatrii, Zywienia i Choréb Metabolicznych przy Instytucie

,Pomnik — Centrum Zdrowia Dziecka” z powodu podejrzenia lub rozpoznania zakazenia
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SARS-CoV-2. Analizg przeprowadzono na catej badanej grupie oraz podgrupach dzieci z i bez
niedoboréw odpornosci, do ktorych zaliczono nowotwory, stan po przeszczepieniu watroby lub
nerki, choroby demielinizacyjne, wrzodziejace zapalenie jelita grubego, schytkowa
niewydolno$¢ nerek, aspleni¢ oraz pierwotne niedobory odpornosci. W kazdej grupie

analizowano dane kliniczne oraz wyniki badan laboratoryjnych i obrazowych.
Przeprowadzona analiza pozwolila na wykazanie nastepujacych wynikow:

e ctiologia najczesciej opisywanych objawow COVID-19 (takich jak goraczka, kaszel
dusznos$¢, objawy zakazenia zotgdkowo-jelitowego), nawet podczas drugiej i trzeciej
fali zakazenia SARS-CoV-2, jest u dzieci zazwyczaj zupetnie odmienna,

e przebieg zakazenia w obu grupach byt gtéwnie bezobjawowy lub tagodny,

e dzieci z niedoborami odpornosci charakteryzowaly si¢ nizsza liczbg bezwzgledng
leukocytow 1 limfocytow, nizszym poziomem hemoglobiny i wyzszym poziomem
mocznika, ale nie roznily si¢ pod wzgledem innych parametréw biochemicznych, w tym

wyktadnikow stanu zapalnego.

Kolejne doniesienia naukowe dostarczaty nowych informacji dotyczacych przebiegu
zakazenia SARS-CoV-2 u dzieci z poszczegdlnymi rodzajami niedoboréw odpornosci. Z uwagi
na sprzeczne dane naukowe, hipoteza dotyczaca ochronnego wptywu immunosupresji
na przebieg choroby pozostawata niepewna. Stad celem kolejnej pracy pt. ,,Different Course
of SARS-CoV-2 Infection in Two Adolescents With Other Immunosuppressive Factors”
byta ocena wptywu kilku czynnikow immunosupresyjnych na przebieg COVID-19 u dzieci
na podstawie dwoch opisow przypadkéw 17-letnich chiopcow z innymi czynnikami
immunosupresyjnymi i zupetlnie odmiennym przebiegiem choroby w potaczeniu z danymi

dostepnymi w literaturze.

Pierwszy pacjent chorowat na AIDS (zesp6t nabytego niedoboru odpornosci,
ang. acquired immunodeficiency syndrome), kite i pierwotnego chtoniaka z komorek B
osrodkowego uktadu nerwowego leczonego radioterapia. Przebieg zakazenia byt u niego
tagodny, bez klinicznych i radiologicznych objawow zajecia dolnych drég oddechowych, a jego
dalsza obserwacja nie wykazata zadnych uchwytnych powiktan. Drugi pacjent charakteryzowat
si¢ zespolem Downa, otyloSciag oraz guzkowym zapaleniem tetnic leczonym
immunosupresyjnie. W przebiegu COVID-19 rozwingl masywne zapalenie pluc i wymagat

leczenia na oddziale intensywnej terapii. Niestety, doszto u niego do powiktania zakazenia



w postaci krwotoku srodmoézgowego, prowadzacego do wklinowania mézgu i ostatecznie

do zgonu chorego.

Na podstawie przegladu piSmiennictwa 1 opisOw powyzszych przypadkow
przypuszcza¢ mozna, ze leczenie onkologiczne i immunosupresyjne oraz zakazenie HIV nie
wydajg si¢ predysponowac do cigzkiego przebiegu COVID-19, podczas gdy zespdt Downa i
otylos¢ - tak.

Dwoma najczesciej opisywanymi powiktaniami COVID-19 w populacji pediatrycznej
sg dzieciecy wielouktadowy zespdt zapalny powigzany z  zakazeniem  SARS-CoV-2
(ang. pediatric inflammatory multisystem syndrome temporally associated with SARS-CoV-2,
PIMS-TS) oraz zespot pocovidowy (ang. long-COVID). Podczas gdy pierwsze jest
powiktaniem wystepujacym tylko u dzieci, to drugie dotyczy wszystkich grup wiekowych
i dopiero niedawno zaczeto zwraca¢ uwage pediatrow. Long-COVID to zespét
niecharakterystycznych objawdw utrzymujacych si¢ po przebytym zakazeniu SARS-CoV-2,
ktore moga obejmowac rozne uktady i narzady. Poniewaz nie ma on $cisle ustalonych kryteriow
diagnostycznych, rozni badacze przypisujg mu ponad 200 objawow. Najczesciej opisywanymi
sg zmgczenie, dusznosé, kaszel, bol w klatce piersiowej, bol gtowy, trudnos$ci z koncentracja
i zaburzenia snu. Nie poruszono jednak wczesniej W literaturze zagadnienia wystepowania tego
powiktania u dzieci z niedoborami odpornosci. Celem pracy pt. ,Long-COVID
in immunocompromised children” byta ocena rozpowszechnienia oraz charakterystyka
kliniczna zespotu pocovidowego u dzieci z niedoborami odpornosci w pordwnaniu do tych

immunokompetentnych.

Do przeprowadzenia tego badania wykorzystano samodzielnie skonstruowany
kwestionariusz, obejmujacy pytania dotyczace ogoélnego stanu zdrowia dziecka, przebiegu
COVID-19, obecnosci objawoéw long-COVID oraz ich wptywu na codzienne funkcjonowanie,
statusu zaszczepienia przeciwko SARS-CoV-2 oraz diagnozy PIMS-TS. Kwestionariusz zostat
wypelniony  przez  rodzicow 147 dzieci (70 z  niedoborami  odpornos$ci

I 77 immunokompetentnych).
Przeprowadzone badanie pozwolilo na wykazanie nastepujacych wynikow:

e dzieci immunokompetentne istotnie czgsiciej prezentowaty objawy long-COVID niz

dzieci z niedoborami odpornosci,
e obecnos¢ objawow rowniez istotnie czgsciej ograniczata codzienng aktywno$¢ dzieci

bez niedoboréw odpornosci niz tych, ktore tymi niedoborami byty obarczone,
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e dzieci immunokompetentne czgsciej zgtaszaty objawy takie jak: zmeczenie, obnizona
tolerancja wysitku i1 trudno$ci z koncentracja. Z kolei pacjenci z niedoborami
odpornosci nieznacznie czgéciej doswiadczali objawow zotagdkowo-jelitowych,

e ryzyko rozwoju zespotu pocovidowego wzrastato w obu grupach wraz z wiekiem oraz

cigzkos$cig przebiegu COVID-19.

Drugim, stosunkowo rzadkim powiktaniem zakazenia SARS-CoV-2 jest PIMS-TS,
bedacy wynikiem dysregulacji immunologicznej, a wystepujacy u dzieci i mtodych dorostych
po ok. 2 do 6 tygodni od zakazenia, zwykle bezobjawowego lub skapoobjawowego. Przebieg
choroby moze by¢ burzliwy, niekiedy wymagajacy leczenia w warunkach oddziatu intensywnej
terapii. Zagadnienie to réwniez nie zostato wczedniej zbadane w grupie dzieci z niedoborami
odpornosci. Biorgc pod uwagg fakt, ze przebieg samego zakazenia w tej grupie jest podobny —
bezobjawowy lub skapoobjawowy — jak u dzieci immunokompetentnych, to nasuwaty si¢
pytania, czy rozpowszechnienie i manifestacja PIMS-TS jest rowniez podobna u pacjentow
z niedoborami odporno$ci w porownaniu z og6lng populacjg oraz czy zalezy to od rodzaju
defektu (wrodzony vs wtorny niedobor odpornosci). Zagadnienie to poruszono w pracy
pogladowej ,,PIMS-TS u dzieci z niedoborami odpornosci — aktualny stan wiedzy”, ktorej
celem byta ocena rozpowszechnienia, charakterystyki klinicznej, trudnosci diagnostycznych
1 leczniczych oraz czynnikéw ryzyka PIMS-TS w grupie dzieci z pierwotnymi i wtérnymi

niedoborami odpornos$ci na podstawie danych zawartych w literaturze.

Analizowane dane dostarczyly nastepujacych wynikow:

e rozpowszechnienie PIMS-TS w grupie dzieci z niedoborami odpornosci wydaje si¢
mniejsze niz wrod dzieci immunokompetentnych,

e PIMS-TS przebiega u tych pacjentow zar6wno 0 fenotypie choroby Kawasakiego, jak
1 bez niego, ale szeroki i niespecyficzny zakres objawow, czgsto imitujacy zaostrzenie

choroby podstawowej czy powiktania polekowe, moze utrudnia¢ rozpoznanie,

e stosowane leczenie immunosupresyjne moze tagodzi¢ przebieg PIMS-TS u dzieci

wtornymi niedoborami odpornosci,

e wplyw wrodzonych niedoboréw odpornosci zalezy od ich rodzaju. Dotychczas
wykazano, ze defekty Sciezki interferonowej sg czynnikiem ryzyka rozwinigcia PIMS-
TS.



Pomimo tagodnego przebiegu choroby oraz rzadkich powiktan, COVID-19 wcigz
stanowi istotny problem kliniczny w grupie dzieci z niedoborami odpornosci. Udowodniono,
ze zakazenie SARS-CoV-2 stosunkowo czesto powoduje przerwy w leczeniu onkologicznym,
co moze mie¢ istotny wpltyw na powodzenie terapii. Dodatkowo, u dzieci po przeszczepieniu
nerki moze prowadzi¢ do biatkomoczu i ostrego uszkodzenia nerek, co z kolei moze wptywac
na odlegle przezycie przeszczepu. Dlatego tak wazna jest ochrona dzieci z niedoborami
odpornosci przed COVID-19. Niestety, odsetek dzieci zaszczepionych w tej grupie jest
w dalszym ciggu niewielki, a przedmiotem badan pozostaje zagadnienie czy dzieci
z niedoborami odporno$ci sg W stanie wytworzy¢ skuteczng odpowiedz immunologiczng
na reinfekcjg¢. Celem pracy pt. ,,Immune response to SARS-CoV-2 infections in children
with secondary immunodeficiencies” byta analiza i porownanie serokonwersji oraz zmian
w zakresie subpopulacji limfocytow w przebiegu COVID-19 u dzieci immunokompetentnych

oraz tych z wtornymi niedoborami odpornosci.

Prospektywne badanie przeprowadzono z udziatem 55 hospitalizowanych dzieci — 28
z wtornymi niedoborami odpornosci i 27 immunokompetentnych - z potwierdzonym
zakazeniem SARS-CoV-2. Do wtornych niedoborow odpornosci zaliczono nowotwory
w trakcie leczenia onkologicznego oraz stan po przeszczepieniu nerki. U wszystkich pacjentow
oznaczono poziom przeciwciat 1gG skierowanych przeciwko biatku S wirusa SARS-CoV-2
2 lub 3-krotnie. Ponadto, u dzieci z grupy badanej, u ktorych leczenie immunosupresyjne nie
zmienilo si¢ w czasie trwania badania (n=13) oraz u wybranych dzieci z grupy kontrolnej

(n=11), wykonano réwniez dwukrotnie badanie subpopulacji limfocytow.
Przeprowadzone badanie pozwolilo na wykazanie nastepujacych wynikow:

e serokonwersja na réoznym etapie osiggneta odsetek 96,3% w obu badanych grupach,
jednak w grupie pacjentoéw z niedoborami odpornosci przeciwciata wykrywane byly
pozniej Oraz osiagaly istotnie nizsze miano,

¢ nie stwierdzono korelacji pomigdzy obecnoscig serokonwersji lub mianem przeciwciat
a catkowitg liczbg limfocytow lub ich subpopulacji,

e W grupie immunokompetentnej odnotowano istotne statystycznie obnizenie liczby
komoérek NK podczas zakazenia SARS-CoV-2,

e W grupie dzieci immunokompetentnych, jak i w catej badanej populacji zaobserwowano
dodatnig korelacje¢ pomiedzy stosunkiem limfocytow T CD4+ do CD8+ a ciezko$cia
przebiegu COVID-19.



Podsumowanie

Przebieg zakazenia SARS-CoV-2 u dzieci z niedoborami odpornosci jest zwykle
bezobjawowy lub skapoobjawowy i nie rézni si¢ istotnie od dzieci immunokompetentnych,
a czesto bywa nawet tagodniejszy. Wpltyw czynnikow immunosupresyjnych na przebieg
zakazenia zalezy jednak od ich rodzaju. Na podstawie aktualnych danych wnioskowa¢ mozna,
ze leczenie onkologiczne 1 immunosupresyjne oraz zakazenie HIV nie wydaja si¢
predysponowac do ci¢zkiego przebiegu COVID-19, podczas gdy zespot Downa i otytosé - tak.
Leczenie immunosupresyjne oraz chemioterapia i radioterapia nie powinny by¢ przerywane

lub opdzniane W trakcie COVID-19, jesli wspotistniejgce ostre stany tego nie wymagaja.

W trakcie zakazenia pacjenci z niedoborami odporno$ci moga wykazywacé nizszg liczbe
leukocytow 1 limfocytow oraz nizsze stgzenie hemoglobiny w poréwnaniu do pacjentow
immunokompetentnych. Roznice te mogg jednak wynika¢ z ostrych standw w przebiegu
choroby podstawowej, a nie zakazenia jako takiego, stad zaden badany marker laboratoryjny

nie wydaje si¢ pomaga¢ w réznicowaniu odpowiedzi na zakazenie pomigdzy grupami.

Dzieci z niedoborami odporno$ci sg znacznie mniej narazone na rozwini¢cie powiktan
po przechorowaniu COVID-19, takich jak long-COVID i PIMS-TS. Wydaje si¢, ze w glownej
mierze jest to spowodowane udzialem nieprawidtlowej odpowiedzi immunologicznej

na zakazenie W patogenezie tych chorob.

Dzieci z wtornymi niedoborami odpornosci ulegaja serokonwersji po przechorowaniu
COVID-19 w podobnym odsetku, ale z istotnie niZzszym mianem wykrywanych przeciwciat
IgG anty-S w poréwnaniu z ich immunokompetentnymi rowiesnikami. Serokonwersja ta nie
zalezy jednak ani od liczby limfocytow lub ich subpopulacji, ani od przebiegu COVID-109.
Obnizenie liczby komoérek NK w trakcie zakazenia w grupie immunokompetentnej moze
wynika¢ z ich udzialu w odpornosci przeciwwirusowej, podczas gdy obnizony stosunek
limfocytow T CD4+ do CD8+ wsrdd dzieci z niedoborami odpornosci moze stanowi¢ czynnik

ochronny przed ci¢zkim przebiegiem COVID-19.



Abstract

SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) is a virus belonging to
the group of coronaviruses that causes acute respiratory disease - COVID-19 (coronavirus
disease 2019). The first reports of COVID-19 appeared at the end of December 2019, whereas
the first cases in Europe were described on 24 January 2020. To date, the pandemic has spread

worldwide, affecting hundreds of millions of people and causing more than 6 million deaths.

Since the beginning of the pandemic, a mild or asymptomatic course of the infection
was noticeable in children, who required hospitalisation or specialist treatments much less
frequently than adults. In an attempt to explain this phenomenon, it was proved that a different
immune response to SARS-CoV-2 infection in children, with a higher number of regulatory T
and B lymphocytes involved in immune tolerance, is a protective factor against the development
of severe interstitial pneumonia. Other causes contributing to the milder cases of COVID-19
in children include stronger innate antiviral immunity, lower expression of angiotensin-

converting enzyme 2 (ACEZ2) receptors by which the virus enters cells, and fewer comorbidities.

Nevertheless, despite the mild course of the infection in the general paediatric
population, it has been initially postulated that immunosuppression may harm the clinical
picture of the disease. It was also not known to what extent this particular group of children is
at risk of developing complications after contracting COVID-19 or whether they can develop

an effective immune response to prevent reinfection with SARS-CoV-2.

This PhD thesis aims to evaluate the prevalence, clinical characteristics, and the
comparison of the course of SARS-CoV-2 infection in children with immunodeficiency
compared to the general paediatric population, the analysis of clinical symptoms, laboratory
tests results, treatment (of both COVID-19 and underlying conditions during infection), the
prevalence and characteristics of disease’s complications, as well as the immune response

to infection.

In the study entitled ""Prevalence and Course of SARS-CoV-2 Infection among
Immunocompromised Children Hospitalised in the Tertiary Referral Hospital
in Poland™, a retrospective analysis of medical records of 313 children hospitalized in the
Department of Paediatrics, Nutrition and Metabolic Disorders in Children's Memorial Health
Institute, due to suspected or diagnosed SARS-CoV-2 infection was carried out. The analysis
was performed on the total study group and subgroups of children with and without

immunodeficiency, which included tumours, liver or kidney transplantation, demyelinating
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diseases, ulcerative colitis, end-stage renal disease, asplenia and primary immunodeficiencies.

Clinical data, laboratory and imaging tests results were analysed in each group.
The performed analysis yielded the following results:

e the aetiology of the most commonly described symptoms of COVID-19 (such as fever,
cough, dyspnoea, and symptoms of gastrointestinal infection), even during the second
and third waves of SARS-CoV-2 infection, is among children usually completely
different,

e the course of SARS-CoV-2 infection in both groups was mostly asymptomatic or mild,

e children with immunodeficiency had lower white blood cell counts, lower lymphocyte
counts, lower haemoglobin levels and higher urea levels. However, they did not differ

in terms of the level of inflammatory markers or other tested biochemical variables.

Subsequent scientific reports provided new information on the course of SARS-CoV-2
infection in children with various types of immunodeficiency. However, due to the
contradictory data, the protective role of immunosuppression in preventing the severe course
of the infection remains uncertain. Therefore, the aim of the subsequent study entitled
"Different Course of SARS-CoV-2 Infection in Two Adolescents With Other
Immunosuppressive Factors™ was the evaluation of the influence of several
immunosuppressive factors on the COVID-19 pattern in children based on two case reports
regarding 17-year-old boys with other immunosuppressive factors and a completely different
course of the disease combined with current data available in the literature.

The first patient had AIDS (acquired immunodeficiency syndrome), syphilis and
primary central nervous system B-cell lymphoma, treated with radiotherapy. He experienced
a light path of the infection, presenting only periodically appearing cough with no inflammatory
X-ray changes, and his follow-up did not reveal any noticeable complications. The second
patient was characterised by Down syndrome, obesity, polyarteritis nodosa, and chronic
immunosuppressive therapy. In the course of COVID-19, he developed massive pneumonia,
which required treatment in the intensive care unit, as well as a complication in the form

of intracerebral haemorrhage, leading to brain herniation and ultimately death.

Based on current data and description of the above cases, HIV infection, oncological
and immunosuppressive treatment do not seem to predispose to the severe course of COVID-

19, whereas Down syndrome and obesity do.
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The two most frequently reported complications of COVID-19 in the paediatric
population are paediatric inflammatory multisystem syndrome temporally associated with
SARS-CoV-2 (PIMS-TS) and long-COVID. While the former is a complication that occurs
only in children and adolescents, the latter affects all age groups and has only recently begun
attracting paediatricians’ attention. Persistent, non-specific symptoms characterise Long-
COVID following COVID-19, which may affect various systems and organs. Since there are
no strictly defined diagnostic criteria, researchers and physicians have attributed more than 200
symptoms to the syndrome. Some of the most common symptoms are fatigue, dyspnoea, cough,
chest pain, headache, concentration difficulties, and sleep disturbances. The study on this
complication in immunocompromised children had not been conducted before. Hence, the
study ""Long-COVID in immunocompromised children™ aimed to evaluate and compare the
prevalence and clinical characteristics of long-COVID in immunocompetent and

immunodeficient children.

A self-constructed questionnaire was used to conduct this study, which included
questions regarding the children’s general health, the course of their COVID-19, their
symptoms of long-COVID and its impact on their daily functioning, the vaccination status
against SARS-CoV-2 and the diagnosis of PIMS-TS. The questionnaire was completed
by parents of 147 children — 70 children with a diagnosis of immunodeficiency (47.6%) and

77 who were immunocompetent (52.4%).
The performed analysis yielded the following results:

e immunocompetent children significantly more often presented symptoms of long-
COVID than those immunocompromised,

e the presence of symptoms also significantly more often affected the daily functioning
of children without immunodeficiency than those with such deficiencies,

e immunocompetent patients reported more frequent symptoms of fatigue, reduced
exercise tolerance and difficulty in concentrating. In contrast, immunocompromised
children experienced gastrointestinal symptoms slightly more often,

e the risk of developing long-COVID in both groups increased with the severity of
symptoms of SARS-CoV-2 infection.

The second, relatively rare complication of SARS-CoV-2 infection is PIMS-TS, which
results from immune dysregulation, and occurs in children and adolescents about 2 to 6 weeks

after SARS-CoV-2 infection, usually asymptomatic or mild. The course of the disease can be
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severe, sometimes requiring treatment in an intensive care unit. This issue had also not been
previously studied among the immunocompromised group of children. However, due to the
suggested similar course of infection - asymptomatic or oligosymptomatic — in children with
and without immunodeficiency, questions arise whether the prevalence and manifestation
of PIMS-TS are also similar in both groups. Furthermore, does it depend on the type of defect
(primary vs secondary immunodeficiency)? This issue was discussed in the study entitled
"PIMS-TS in children with immunodeficiency - current state of knowledge™, the purpose
of which was to assess the prevalence, clinical characteristics, diagnostic and treatment
difficulties, as well as risk factors of PIMS-TS in children with primary and secondary

immunodeficiencies based on current data in the literature.
The analysed data provided the following results:

e the prevalence of PIMS-TS in children with immunodeficiencies appears to be lower
than among those immunocompetent,

e PIMS-TS can occur in this group both in the Kawasaki disease phenotype and without
it. However, a broad, non-specific range of symptoms, often imitating an exacerbation
of the underlying disease or drug-related complications, may make diagnosis difficult,

e the immunosuppressive therapy may alleviate the course of PIMS-TS in children with
secondary immunodeficiency,

e the impact of primary disorders depends on their type — defects in the interferon pathway
are a risk factor for PIMS-TS.

Despite mild symptoms and rare complications, COVID-19 continues to be a significant
clinical problem in the group of children with immunodeficiency. It has been proven that
SARS-CoV-2 infections frequently causes interruptions in oncological treatment, which may
have implications for the success of therapy. Additionally, in kidney transplant children, it may
lead to proteinuria and acute kidney injury (AKI), which may affect the long-term survival of
the graft. Therefore, it is so essential to protect immunocompromised children against COVID-
19. Unfortunately, this group still has low vaccination rates, and it is still a matter of research
on whether immunocompromised children can generate an effective immune response to
reinfection. In this regard, the study "Immune response to SARS-CoV-2 infections in
children with secondary immunodeficiencies’™ aimed to evaluate and compare

seroconversion rates following COVID-19 and changes of lymphocyte subsets during SARS-
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CoV-2 infections between immunocompetent children and those with secondary

immunodeficiencies.

A prospective study was conducted in 55 hospitalized children - 28 with secondary
immunodeficiencies and 27 immunocompetent - with confirmed SARS-CoV-2 infection.
Inclusion in the immunodeficient cohort was dependent on the presence of a tumour undergoing
oncological treatment or kidney transplantation. In all patients, the level of I1gG antibodies
against the Spike protein of SARS-CoV-2 was determined on two to three occasions. Moreover,
in those children from the study group whose immunosuppressive treatment did not alter during
the study (n=13) and in selected children from the control group (n=11), flow cytometric

evaluation of lymphocyte subsets was also performed twice.
The conducted study enabled to perform the following results:

e seroconversion at various stages reached 96.3% in both studied groups; however, the
antibodies were detected later and achieved a significantly lower titer in the
immunocompromised group of patients,

e there was no correlation between seroconversion or titers of antibodies and the total
number of lymphocytes or their subsets,

e in the immunocompetent cohort, a significant decrease in NK cells during the infection
was observed,

e in the immunocompetent group and the entire study population, a positive correlation
was noticed between the CD4+/ CD8+T cell ratio and the severity of COVID-19

pneumonia.
Conclusions

The course of SARS-CoV-2 infection among children with immunodeficiency is mainly
asymptomatic or mild and does not differ significantly from those who are immunocompetent
and can be even milder. However, the influence of immunosuppressive factors on the course
of COVID-19 depends on its type. Based on current data, it can be concluded that HIV
infection, oncological and immunosuppressive treatment do not seem to predispose to the
severe course of COVID-19, whereas Down syndrome and obesity do. Therefore,
immunosuppressive treatment, as well as chemotherapy and radiotherapy, should not be

withdrawn or delayed during SARS-CoV-2 infection if coexisting acute states do not require it.
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Immunocompromised children may present a lower count of leukocytes and
lymphocytes and a lower haemoglobin level during COVID-19 compered to immunocompetent
children. However, these differences may be falsified by underlying disease with coexisting
acute conditions. In addition, no other tested laboratory marker seems to help differentiate the

response to infection between the groups.

Immunocompromised children are much less likely to develop complications
of COVID-19, such as long-COVID and PIMS-TS. This appears to be due to the involvement
of an abnormal immune response to SARS-CoV-2 infection in the pathogenesis of these

diseases.

Children with secondary immunodeficiencies after contracting COVID-19 seroconvert
in equal percentages but with a significantly lower titre of anti-S 1gG antibodies than their
immunocompetent peers. However, this seroconversion does not become dependent on the total
number of lymphocytes or their subsets or the course of COVID-19. The lower number of NK
cells in the immunocompetent cohort during the infection may result from their participation
in antiviral immunity. In contrast, reduced CD4 +/CD8 + T cell ratios among

immunocompromised children may be a protective factor against severe COVID-19.
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Stowa kluczowe w jezyku polskim i angielskim

Stowa kluczowe: COVID-19, niedobory odpornosci, nowotwory, populacja pediatryczna,

przeszczepienie nerki, SARS-CoV-2

Key words: COVID-19, immunodeficiency, tumors, paediatric population, kidney
transplantation, SARS-CoV-2,
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Wstep

SARS-CoV-2 (ang. severe acute respiratory syndrome coronavirus 2) to wirus nalezacy
do grupy koronawirusow, ktory wywotuje ostra chorobe uktadu oddechowego — COVID-19
(ang. coronavirus disease 2019). Pierwsze doniesienia 0 COVID-19 pojawity sie pod koniec
grudnia 2019 r., a pierwsze przypadki w Europie zostaty opisane 24 stycznia 2020 r. Od tamtej
pory pandemia rozprzestrzenita si¢ na calym $wiecie, dotykajac setek milionéw ludzi

I powodujac ponad 6 miliondw zgonow.

Od poczatku pandemii zauwazalny byt tagodny lub bezobjawowy przebieg zakazenia
u dzieci. Mimo ze zarazaly si¢ one wirusem od rodzicow lub innych bliskich osob,
to w przeciwienstwie do dorostych  znacznie rzadziej wymagaly  hospitalizacji
lub specjalistycznego leczenia. R6zni badacze probowali wyjasni¢ to zjawisko. Udowodnili
oni, ze ciezki przebieg Ssrodmigzszowego zapalenia pluc u dorostych jest spowodowany
nadmierng odpowiedzig zapalng 1 zespotem burzy cytokinowej, ktére doprowadzaja
do uszkodzenia tkanek i narzadéw. Jednoczesnie wykazano, ze dzieci cechujg si¢ odmienng
odpowiedzig immunologiczng, z wigkszg liczbg regulatorowych limfocytow T i1 B
zaangazowanych w tolerancj¢ immunologiczng, zmniejszajagca odpowiedz zapalng organizmu
na zakazenie. Ponadto, dzieci charakteryzuja si¢ takze wyzsza ekspresja odpowiednich
receptorow rozpoznajacych wzorce w komorkach nabtonka drog oddechowych, komorkach
dendrytycznych i makrofagach, co zapewnia silniejszg wrodzong odporno$¢ przeciwwirusows.
Inne czynniki, ktore przyczyniaja si¢ do tagodniejszego przebiegu COVID-19 u dzieci to nizsza
ekspresja receptorow konwertazy angiotensyny 2 (ACE2), przez ktore wirus wnika do komorek

oraz mniejsza wspotchorobowosc.

Niemniej jednak, pomimo tagodnego przebiegu zakazenia W ogolnej populacii
pediatrycznej, poczatkowo postulowano, ze stan obnizonej odpornosci moze pogarsza¢ obraz
kliniczny choroby. Istotny wptyw na te obawy miaty doniesienia naukowe z zakresu medycyny
0sob dorostych. Zgodnie z prezentowanymi danymi osoby leczone onkologicznie
lub immunosupresyjnie obarczone byly cigzszym przebiegiem COVID-19. Z kolei obawy
o pacjentow z pierwotnymi niedoborami odpornosci opierano na ich powszechnej
predyspozycji do czestszych i ciezej przebiegajacych infekcji. Nie umiano takze okreslic,
w jakim stopniu ta szczegolna grupa dzieci jest narazona na powiklania po przechorowaniu
COVID-19, ani czy jest w stanie rozwing¢ skuteczng odpowiedZz immunologiczna,

zapobiegajaca ponownemu zakazeniu SARS-CoV-2.
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Cele rozprawy doktorskiej

Celem rozprawy doktorskiej byta ocena przebiegu zakazenia SARS-CoV-2 u dzieci

z wtornymi i pierwotnymi niedoborami odpornosci.
Cele szczegélowe

1. Ocena czgsto$ci wystepowania Oraz przebiegu zakazenia SARS-CoV-2 u dzieci
z niedoborami odpornosci w pordéwnaniu do ogdlnej populacji pediatrycznej
na podstawie analizy objawow Kklinicznych, wynikow badan dodatkowych
oraz zastosowanego leczenia (zaréwno COVID-19 jak 1 choroby podstawowej
w trakcie zakazenia).

2. Charakterystyka kliniczna powiktanh COVID-19, takich jak zespdt pocovidowy (ang.
long-COVID) oraz wiclouktadowy zespot zapalny powigzany z zakazeniem SARS-
CoV-2 (ang. Pediatric inflammatory multisystem syndrome temporally associated with
SARS-CoV-2, PIMS-TS) w grupach dzieci z i bez niedoboréw odpornosci.

3. Charakterystyka wptywu réznych niedoborow odpornosci, zarowno pierwotnych,
jak i wtornych, na przebieg zakazenia SARS-CoV-2 i jego powiktan.

4. Ocena i porownanie wskaznikow serokonwersji po przechorowaniu COVID-19, a takze
zmian w odsetkach subpopulacji limfocytoéw w przebiegu choroby w grupach dzieci

Z i bez niedoboréw odpornosci.
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Omowienie

Ad. 1.1. Prevalence and Course of SARS-CoV-2 Infection among Immunocompromised

Children Hospitalised in the Tertiary Referral Hospital in Poland

Cel: Celem badania retrospektywnego byta analiza czegstosci wystepowania, charakterystyki
klinicznej oraz poréwnanie przebiegu zakazenia SARS-CoV-2 u dzieci z i bez niedoboréw
odpornosci hospitalizowanych w Pododdziale COVID-19 szpitala III stopnia referencyjnosci

w Polsce podczas drugiej i trzeciej fali zakazenia.

Material i metody: Przeanalizowano dokumentacj¢ medyczng 313 dzieci hospitalizowanych
w Pododdziale COVID-19. Analiz¢ przeprowadzono na catej badanej grupie oraz podgrupach
dzieci z i bez niedoborow odpornosci, do ktorych zaliczono nowotwory, stan
po przeszczepieniu watroby lub nerki, choroby demielinizacyjne, wrzodziejace zapalenie jelita
grubego, schytkowa niewydolno$¢ nerek, aspleni¢ oraz pierwotne niedobory odpornosci.

W kazdej grupie analizowano dane kliniczne oraz wyniki badan laboratoryjnych i obrazowych.

Wyniki: Sposrod 68 dzieci z izolowang goraczka tylko u siedmiu (11,76%) rozpoznano
COVID-19. Wisrod dzieci z niedoborami odpornosci gléwnym rozpoznaniem byta goraczka
neutropeniczna, natomiast u dzieci immunokompetentnych — zakazenia uktadu moczowego. U
pacjentow, U ktorych gorgczce towarzyszyty objawy infekcji drog oddechowych lub przewodu
pokarmowego, dodatni wynik badania PCR stwierdzono odpowiednio u jednego (3,23%) i
dziesigciu (16,95%) hospitalizowanych. W obu grupach przebieg zakazenia byl glownie
bezobjawowy lub tagodny. Dzieci z niedoborami odpornosci charakteryzowaly si¢ nizsza
liczbg bezwzglgdna leukocytow i limfocytow, nizszym stezeniem hemoglobiny i wyzszym
stezeniem mocznika, ale nie r6znily si¢ pod wzgledem innych parametréw biochemicznych, w

tym wyktadnikéw stanu zapalnego.

Whioski: Etiologia najczesciej opisywanych objawéw COVID-19 jest u dzieci zazwyczaj
zupetnie odmienna niz zakazenie SARS-CoV-2. Ponadto, przebieg zakazenia u dzieci z
niedoborami odpornosci jest gtownie bezobjawowy lub tagodny i nie rozni si¢ istotnie od dzieci
immunokompetentnych. Nie wykazano rowniez markerow laboratoryjnych, ktore w istotny
sposob moglyby by¢ pomocne w réznicowaniu odpowiedzi na zakazenie pomigdzy grupami.
Leczenie immunosupresyjne oraz chemioterapia i radioterapia nie powinny by¢ przerywane lub

opodzniane, jesli wspotistniejace ostre stany tego nie wymagaja.
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Ad. 1.2. Long-COVID in immunocompromised children

Cel: Ocena rozpowszechnienia oraz charakterystyka Kkliniczna zespotu pocovidowego
(ang. Long-COVID) u  dzieci z niedoborami  odporno$ci w  poroéwnaniu

do dzieci immunokompetentnych.

Material i metody: Do przeprowadzenia badania wykorzystano samodzielnie skonstruowany
kwestionariusz, obejmujacy pytania dotyczace ogélnego stanu zdrowia dziecka, przebiegu
COVID-19, obecnosci objawow long-COVID oraz ich wptywu na codzienne funkcjonowanie
dziecka, statusu zaszczepienia przeciwko SARS-CoV-2 oraz diagnozy PIMS-TS.
Kwestionariusz zostal wypetniony przez rodzicow 147 dzieci (70 z niedoborami odpornosci

I 77 immunokompetentnych).

Wyniki: Dzieci immunokompetentne istotnie czgéciej prezentowaty objawy long-COVID
niz dzieci z niedoborami odpornosci. Czestos¢ wystgpowania powiktania w pierwszych
12 tygodniach od zakazenia wynosita odpowiednio 60,0% i 35,7% w badanych grupach.
Po tym okresie odsetki te zmniejszyly si¢ do odpowiednio 34,6% i 11,43%. Co wigcej,
obecno$¢ objawow istotnie czgsciej ograniczata codzienng aktywno$¢ dzieci bez niedobordéw
odporno$ci (41,8%) niz tych, ktore tymi niedoborami byly obarczone (25%). Dzieci
immunokompetentne czeSciej zgtaszaty objawy takie jak: zmegczenie, obnizona tolerancja
wysitku i trudnosci z koncentracja. Z kolei pacjenci z niedoborami odporno$ci nieznacznie
czeSciej doswiadczali objawow  zotadkowo-jelitowych. Ryzyko rozwoju zespotlu
pocovidowego wzrastato w obu grupach wraz z wiekiem oraz ci¢zkoscig przebiegu COVID-

19.

Whioski: Mimo ze dzieci z niedoborami odpornosci rozwijaly objawy long-COVID, to
czgstos$¢ jego wystepowania 1 wpltyw na codzienne funkcjonowanie byly znaczaco nizsze niz
wérod dzieci immunokompetentnych. Z uwagi na fakt, ze patomechanizm long-COVID nie jest

jeszcze w pelni poznany, to obecnie nie ma mozliwosci doktadnego wyjasnienia tego zjawiska.
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Ad. 1.3. Immune response to SARS-CoV-2 infections in children with secondary

immunodeficiencies

Cel: Pozostaje tematem badan czy dzieci z niedoborami odpornosci sa w stanie wygenerowac
skuteczng odpowiedz immunologiczng, aby zapobiec ponownemu zakazeniu SARS-CoV-2.
Badanie to miato na celu analize i poréwnanie serokonwersji oraz zmian w zakresie
subpopulacji limfocytéw w przebiegu COVID-19 u dzieci immunokompetentnych oraz tych

z wtornymi niedoborami odpornosci.

Material i metody: U 55 dzieci — 28 z niedoborami odpornosci i 27 immunokompetentnych
— hospitalizowanych z potwierdzonym zakazeniem SARS-CoV-2, oznaczono poziom
przeciwcial 1gG skierowanych przeciwko biatku S wirusa 2- lub 3-krotnie. Pierwsza analizg
przeprowadzono u wszystkich dzieci w odstepie 2 tygodni od uzyskania dodatniego wyniku
RT-PCR lub szybkiego testu antygenowego. U dzieci seronegatywnych analize powtorzono
tydzien pézniej, a u wszystkich pacjentdow dodatkowo w odstepie 3 miesiecy od rozpoznania
zakazenia. U dzieci z grupy badanej, u ktorych leczenie immunosupresyjne nie zmienito si¢
w czasie trwania badania (n=13) oraz u wybranych dzieci z grupy kontrolnej (n=11), wykonano
rowniez dwukrotnie badanie subpopulacji limfocytow - 2 tygodnie i 3 miesigce od rozpoznania

zakazenia.

Wyniki: Serokonwersja na roznym etapie osiggneta odsetek 96,3% w obu badanych grupach;
jednak pacjenci z niedoborami odpornosci osiagali nizsze miana wykrywalnych przeciwciat
anty-S. Nie stwierdzono korelacji pomigdzy obecno$cig serokonwersji lub mianem przeciwciat
a calkowitg liczbg limfocytow lub ich subpopulacji. W grupie immunokompetentnej
odnotowano istotne statystycznie obnizenie liczby komérek NK podczas zakazenia. Ponadto,
w tej grupie, jak i catej badanej populacji zaobserwowano dodatnig korelacje pomig¢dzy

stosunkiem limfocytoéw T CD4+ do CD8+ a cigzkoscig przebiegu COVID-19.

Whioski: Dzieci z wtornymi niedoborami odpornosci ulegajg serokonwersji w podobnym
odsetku, ale ze znacznie nizszym mianem przeciwcial anty-S w poréwnaniu z ich
immunokompetentnymi rowiesnikami. Obnizenie liczby komodrek NK w trakcie zakazenia
W grupie immunokompetentnej moze wynikac z ich udziatu w odpornos$ci przeciwwirusowej,
podczas gdy obnizony stosunek limfocytow T CD4+ do CD8+ wsrdd dzieci z niedoborami

odpornosci moze stanowi¢ czynnik ochronny przed cigzkim przebiegiem COVID-19.

23



Ad. 2.1. PIMS-TS u dzieci z zaburzeniami odpornosci — aktualny stan wiedzy

Dziecigcy wielouktadowy zespot zapalny powigzany z zakazeniem SARS-CoV-2 (ang.
pediatric inflammatory multisystem syndrome temporally associated with SARS-CoV-2, PIMS-
TS) jest rzadkim powiktaniem przebytego zakazenia SARS-CoV-2 u dzieci i mlodziezy.
Z powodu sugerowanego podobnego przebiegu =zakazenia — bezobjawowego lub
skapoobjawowego — u dzieci z niedoborami odpornosci i bez tych niedoborow, nasuwaja si¢
pytania, czy rozpowszechnienie i manifestacja PIMS-TS jest réwniez podobna w obu grupach
i czy zalezy od rodzaju defektu. Dotychczas opisano tylko kilka przypadkow PIMS-TS u dzieci
z niedoborami odpornosci, zar6wno wtdrnymi, jak i wrodzonymi, sugerujac jego rzadsze
rozpowszechnienie niz w populacji ogdlnej. Pokazuja one, ze powiklanie moze przebiegad
zarowno 0 fenotypie choroby Kawasakiego, jak i bez niego, ale szeroki i niespecyficzny zakres
objawoOw, czesto imitujacy zaostrzenie choroby podstawowej czy powiktania polekowe, moze
utrudnia¢  rozpoznanie. W patogenezie bierze udzial nieprawidlowa odpowiedz
immunologiczna na zakazenie, zar6wno komorkowa, jak 1 humoralna, dlatego tez stosowane
leczenie immunosupresyjne moze tagodzi¢ przebieg PIMS-TS u dzieci z wtornymi
zaburzeniami odpornosci. Z drugiej strony wptyw zaburzen wrodzonych zalezy od jego
rodzaju. Wykazano, ze defekty Sciezki interferonowej sa czynnikiem ryzyka rozwinigcia PIMS-
TS.

24



Ad. 3.1 Different Course of SARS-CoV-2 Infection in Two Adolescents With Other

Immunosuppressive Factors

Cel: Nawet po dwoch latach trwania pandemii COVID-19, pomimo znanych czynnikow
ryzyka, nadal nie jesteSmy w stanie przewidzie¢ ci¢zkos$ci przebiegu zakazenia u konkretnych
pacjentow. Z uwagi na sprzeczne dane naukowe, hipoteza dotyczaca ochronnego wptywu
immunosupresji na przebieg choroby pozostaje niepewna. Celem pracy byta ocena wptywu
kilku czynnikéw immunosupresyjnych na przebieg COVID-19 u dzieci na podstawie dwoch
opisow przypadkow 17-letnich chtopcow z innymi czynnikami immunosupresyjnymi i zupetnie

odmiennym przebiegiem choroby.

Opisy przypadkow: Pierwszy pacjent chorowal na AIDS, kitg i pierwotnego chtoniaka
z komorek B osrodkowego uktadu nerwowego, leczonego radioterapia. Przebieg zakazenia byt
u niego tagodny, bez Klinicznych i radiologicznych objawow zajecia dolnych drog
oddechowych. Niemniej jednak, ze wzgledu na ryzyko cigezkiego przebiegu choroby
profilaktycznie zastosowano u niego remdesivir. Pacjent pozostawat w dobrym stanie ogélnym,
a jego dalsza obserwacja nie wykazata zadnych uchwytnych powiktan. Drugi pacjent
charakteryzowat si¢ zespotem Downa, otylo$cig oraz guzkowym zapaleniem tetnic leczonym
immunosupresyjnie. W przebiegu COVID-19 rozwingt masywne zapalenie pluc, wymagat
leczenia na oddziale intensywnej terapii z zastosowaniem wentylacji mechanicznej,
remdesiviru i anakinry. Pomimo poczatkowej poprawy stanu ogélnego, w tym stopnia zajecia
pluc i funkcji uktadu oddechowego, wystapit u niego krwotok $rodmoézgowy, prowadzacy

do wklinowania mézgu i ostatecznie do zgonu chorego.

Whioski: Zakazenie HIV, leczenie onkologiczne i immunosupresyjne nie wydaja si¢

predysponowac do ci¢zkiego przebiegu COVID-19, podczas gdy zespot Downa i otytos¢ - tak.
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Whioski
Uzyskane wyniki pozwalajg na wyciagnigcie nastgpujacych wnioskow:

1. Przebieg zakazenia SARS-CoV-2 u dzieci z niedoborami odpornosci jest zwykle
bezobjawowy lub skgpoobjawowy i nie roézni si¢ istotnie od dzieci
immunokompetentnych, a cz¢sto bywa nawet tagodniejszy. Wplyw czynnikow
immunosupresyjnych na przebieg zakazenia zalezy jednak od jego rodzaju.
Na podstawie aktualnych danych wnioskowa¢ mozna, ze leczenie onkologiczne
1 immunosupresyjne oraz zakazenie HIV nie wydajg si¢ predysponowa¢ do ciezkiego
przebiegu COVID-19, podczas gdy zespot Downa i otytos¢ - tak. Stad leczenie
immunosupresyjne oraz chemioterapia i radioterapia nie powinny by¢ przerywane
lub op6zniane, jesli wspoltistniejgce ostre stany tego nie wymagaja.

2. W trakcie zakazenia pacjenci z niedoborami odporno$ci moga wykazywacé nizszg liczbe
leukocytow i limfocytow oraz nizsze stezenie hemoglobiny w porownaniu do pacjentow
immunokompetentnych. Roznice te mogg jednak wynikac z ostrych stanéw w przebiegu
choroby podstawowej, a nie zakazenia jako takiego, stad zaden badany marker
laboratoryjny nie wydaje si¢ pomaga¢ W roznicowaniu odpowiedzi na zakazenie
pomiedzy grupami.

3. Mimo ze dzieci z niedoborami odpornos$ci rozwijaja objawy long-COVID, to czestos$¢
wystepowania tego powiktania i jego wptyw na codzienne funkcjonowanie sg znaczgco
nizsze niz wsrod dzieci immunokompetentnych. Z uwagi na fakt, ze patomechanizm
long-COVID nie jest jeszcze w peini poznany, to obecnie nie ma mozliwosci
doktadnego wyjasnienia tego zjawiska.

4. Wydaje si¢, ze roOwniez rozpowszechnienie PIMS-TS w grupie dzieci z niedoborami
odpornosci jest znacznie nizsze niz U dzieci bez tych niedoborow. Poniewaz
w patogenezie powiktania bierze udziat nieprawidtowa odpowiedz immunologiczna
na zakazenie, stosowane leczenie immunosupresyjne moze tagodzi¢ przebieg PIMS-TS
u dzieci wtérnymi zaburzeniami odpornosci. Z kolei wplyw zaburzen wrodzonych
zalezy od jego rodzaju — dotychczas wykazano, ze defekty $ciezki interferonowej
sg czynnikiem ryzyka rozwinigcia PIMS-TS.

5. Dzieci z wtérnymi niedoborami odpornosci ulegaja serokonwersji po przechorowaniu
COVID-19 w podobnym odsetku, ale ze znacznie nizszym mianem przeciwcial anty-S
W poréwnaniu z ich immunokompetentnymi rowiesnikami. Serokonwersja ta nie zalezy

jednak ani od liczby limfocytow lub ich subpopulacji, ani od przebiegu COVID-109.
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6. Obnizenie liczby komoérek NK w trakcie zakazenia SARS-CoV-2 w grupie
immunokompetentnej moze wynika¢ z ich udzialu w odpornosci przeciwwirusowe;j,
podczas gdy obnizony stosunek limfocytow T CD4+ do CD8+ wsrdd dzieci
z niedoborami odporno$ci, moze stanowi¢ czynnik ochronny przed -ciezkim
przebiegiem COVID-109.
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Abstract: The aim of this retrospective study was the assessment of the prevalence, clinical charac-
teristics, and the comparison of the course of SARS-CoV-2 infection in children with and without
immunodeficiency that were admitted to the COVID-19 Subunit of the tertiary referral hospital in
Warsaw, Poland. We analysed 313 children hospitalised in the COVID-19 Subunit. The analysis was
performed on the total study group and subgroups of children with and without immunodeficiency:
In each group, clinical data and laboratory test results were analysed. Of the 68 children with isolated
fevers, only seven (11.76%) were diagnosed with COVID-19, whereas among those with the accompa-
nying features of respiratory or gastrointestinal infection, only one (3.23%) and ten {16.95%,) patients
tested positive, respectively. In both groups, the course of the infection was mainly asymptomatic
or mild. The children with immunodeficiencies had lower white blood cell and lymphocyte counts,
lower haemoglobin levels, and higher urea levels but did not differ in other biochemical variables.
To conclude, the most frequently reported symptoms of COVID-19 indicate that this disease among
children is only a small percentage. In both groups, the responses to the infection were comparable in
terms of the mild clinical symptoms and the laboratory test results. Therefore, SARS-CoV-2 infection
should not alter the chronic treatment of underlying discases.

Keywords: cancer; liver transplant; immunodeficiency; paediatric population; SARS-CoV-2

1. Introduction

The first reports of COVID-19 appeared at the end of December 2019. The first cases in
Europe were described on 24 January 2020 [1]. To date, the pandemic has spread worldwide,
affecting almost 230 million people and causing more than 4.5 million deaths [2].

Since the beginning of the pandemic, a mild or asymptomatic course of infection
was noticeable in children [3]. Most contracted it from their parents or other adult close
contacts [4]. Unlike adults, however, children much less frequently required hospitalisation
or specialist treatments, a phenomenon that various researchers have tried to explain. These
researchers have proved that a severe course of interstitial pneumonia in adults was caused
by a tissue-damaging excessive inflammatory response and a cytokine storm syndrome.
However, children were assumed to have a different inflammatory response, with a higher
number of regulatory T and B lymphocytes involved in immune tolerance, which reduces
the body’s inflammatory response to infections [5]. Children were also characterised by
a higher basal expression of relevant pattern recognition receptors in the upper airway
epithelial cells, the dendritic cells, and the macrophages, which guaranteed a stronger
innate response to viral infections [6]. Other causes contributing to the milder cases of
COVID-19 in children may be a lower expression of angiotensin-converting enzyme 2
(ACE2) receptors by which the virus enters cells, fewer comorbidities, and the fact that
children are more likely to be nonsmokers [7,5].

. Clin. Maid. 2021, 10, 4556. hitps:/ /doi.org /103390 / jem 10194556
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Nevertheless, despite the mild course of the infection in the general paediatric popu-
lation, it has been postulated that immunosuppression may harm the clinical picture of
the disease.

Therefore, this study evaluated the prevalence, clinical characteristics, and the compar-
ison of the course of SARS-CoV-2 infection in children with and without immunodeficiency
that were admitted to the COVID-19 Subunit of the tertiary referral hospital in Warsaw,
Poland, during the second and third waves of the COVID-19 pandemic.

2. Materials and Methods
2.1. Patienls

This retrospective study analysed 313 children (136 girls and 176 boys) hospitalised
in the COVID-19 Subunit in the Department of Paediatrics, Nutrition, and Metabolic
Disorders, Children’s Memorial Health Institute in Warsaw, Poland, between 1 November
2020 and 30 April 2021, which corresponds to the periods of the second and the third waves
of the COVID-19 pandemic.

The study protocol was approved by the institutional Ethics Committee at the Chil-
dren’s Memorial Health Institute in Warsaw, Poland.

2.2. Admission Criterin

The admission criteria to the COVID-19 Subunit in the Department of Paediatrics,
Nutrition, and Metabolic Disorders were as follows:

1. Symptomatic COVID-19 in children under constant medical care at Children’s Memo-
rial Health Institute requiring hospitalisation;

2. Asymptomatic COVID-19 or quarantine in children under constant medical care at
Children’s Memorial Health Institute requiring specialised diagnostics or treatment
which could not be postponed prior to recovery from the virus;

3. Symptoms of suspected COVID-19 in all children admitted urgently to the Children’s
Memorial Health Institute. (The hospitalisation in the COVID-19 Subunit aimed to
exclude SARS-CoV-2 infection before the possible transfer to the appropriate ward.)

2.3, Diagnosis of SARS-CoV2 Infection

All the children and accompanying parents had a nasopharyngeal swab collected at
the beginning of the hospitalisation in order to perform the RT-PCR test for SARS-CoV-2.
Persons excluded from swab collection were:

1. Those diagnosed with the infection before hospitalisation;
2. Convalescents with a history of illness within the last three months,

2.4. Division of the Subgroups

We analysed the total study group and subgroups of children with (n = 110, 35,14%)
and without (it = 203, 64.86%) immunodeficiency. Among the immunodeficiency factors,
we included: tumours, liver and kidney transplantation, demyelinating diseases, ulcera-
tive colitis, end-stage renal disease, asplenia, Wiskott-Aldrich syndrome, and DiGeorge
syndrome, Some children had more than one immunodeficiency factor,

2.5. Clinical and Laboratory Data
In all patients, we analysed:

1. Clinical data: age, sex, the reasons for admission, COVID-19 status in the patient and
the caregiver, final diagnosis, the manifestation of the disease, treatment, incidence of
complications, comorbidities, and the presence of immunodeficiency;

2. Body temperature, blood oxygen saturation, respiratory rate, heart rate, and blood
pressure on hospital admission;

3. Laboratory results on admission: white blood cell (WBC) count, neutrophil-to-lymphocyte
ratio (NLR), C-reactive protein (CRP), procalcitonin (PCT), erythrocyte sedimentation
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rate (ESR), level of haemoglobin (Hgb) and platelets (PLT), D-dimers, fibrinogen,
lactate dehydrogenase (LDH), transaminases (ALT and AST), creatinine and urea
levels, and N-terminal prohormone of brain natriuretic peptide (NT-proBNT);

4. Chest X-ray results,

2.6. Fever—Definitions

e Fever—A body temperature above 38 °C;

o Isolated fever—A body temperature above 38 “C without any other accompanying symptoms;

e Febrile neutropenia—A body temperature greater than or equal to 38 °C for at least
an hour, with an absolute neutrophil count of less than 1.5 x 10° cells /L.

2.7, Disease Severity—Definitions

*»  Asymptomatic—No symptoms of COVID-19;

e Mild—Symptoms that generally did not require hospitalisation (i.e., moderate fever or
cough that lasted for several days, rhinorrhoea, moderate gastrointestinal symptoms,
rash, etc.). However, hospitalisation was required for other indications;

*  Moderate—Required hospitalisation in a paediatric ward;

Severe—Required hospitalisation in the ICU;

o PIMS (Paediatric Inflammatory Multisystem Syndrome)—The diagnosis was based
on WHO diagnostic criteria [Y].

2.8, Statistical Analysis

The nonparametric Mann-Whitney U-test was used to compare the quantitative
variables, whose distribution was significantly different from the Gaussian distribution.
The chi-square test was used for comparing the qualitative data. The probability value of
p < 0.05 was considered statistically significant. Microsoft Excel and Statistica 13 were used
for the analysis.

3. Results
3.1, Entire Study Group

Between November 2020 and April 2021, 313 children were hospitalised in the COVID-
19 Subunit in the Department of Paediatrics, Nutrition, and Metabolic Disorders, Chil-
dren’s Memorial Health Institute in Warsaw, Poland. The age of the patients ranged from
17 days to 17 years of age (median 3.00; Q1 = 1.00, Q3 = 9.00). Table 1 shows the reasons
for admission.

From the entire study group, 105 (33.55%) children had to remain in the Subunit due
to confirmed COVID-19 results or because they had been placed in quarantine (Figure 1).

Figure 1. The COVID-19 status in children who remained in the COVID-19 Subunit.
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Table 1. Reasons for hospital admission,

Reasons for Hospital Admission
Without the initial diagnosis of SARS-CoV-2 infection

Reason Number Yo
[solated fever 68 21.73
Features of gastroenteritis 59 18.85
Features of respiratory infection (cough, dyspnoea) 31 9.90
Suspected urinary tract infection (UTT) 20 6.39
Suspected sepsis 18 5.75
Suspected Kawasaki Disease/PIMS 8 256
Poisoning 6 192
Acute abdomen 6 1.92
Epileptic seizures 4 1.28
Sinusitis 4 1.28
Stomatitis 2 0.64
Severe weakness 2 0.64
Dedlines in blood oxygen saturation 1 0.32
Lymphadenopathy 1 0.32
Other 15 4.79

With the initial diagnosis of SARS-CoV-2 infection
Reason Number %

Oncological treatment (mainly CTH) 41 13.10
Newly diagnosed type 1 Diabetes (DM1) 8 2,56
Chematherapy side effects 6 192
Post-transplant problems 6 192

Heart defects treatment 4 1.28
Gastrointestinal bleeding Rl 1.28
Demyelinating diseases treatment R 1.28
COVID-19 - 1.28

Neurosurgical problems 3 0.96
Ulcerative colitis treatment 2 0.64
Treatment or diagnosis of other diseases 13 4.15

Abbreviations: COVID-19—Coronavirs Disease; CTH—chemptherapy; DM —type 1 diabetes mellitus; PIVS—
Paediatric Infl tory Multisystem Syndrome; UT—urinary tract infection

3.2. Children with Immunodeficiency

There were 110 (35.14%) children with immunodeficiency hospitalised in the COVID-19
Subunit. Tumours (due to chemotherapy) were the most common contributing immunodefi-
ciency factor in this group (i = 78, 70.91%), the majority of which were central nervous system
tumours (1 = 21, 26.92%), neuroblastomas (11 = 11; 14.10%), medulloblastomas and retinoblas-
tomas (1 = 8§, 11.11% each). The other most common immunosuppressive states were the
result of liver or kidney transplantations (n = 23, 23.64% and n = 3, 2.72% respectively).

The main causes of patients’ admission to the hospital were: scheduled chemotherapy
(n =39, 35.45%), fever (n = 28, 25.45%), chemotherapy side effects (n = 6, 5.45%) and features
of respiratory tract infection (n = 5, 4.55%).

3.3, Compartson of Groups of Children with and without lmmunodeficiency
3.3.1. Symptoms on Admission

Children with and without immunodeficiency were often admitted to the hospital for
slightly different reasons; however, isolated fever prevailed in both groups (n = 28, 25.45%
vs, 1 =40, 19.7%).

Of the 68 children who had isolated fevers, only eight (11.76%) were diagnosed
with COVID-19, and the difference in this percentage in both groups was not statistically
significant. Among the children with immunodeficiency, febrile neutropenia was the
principal diagnosis, whereas urinary tract infections were more common among, those with
a normal immune system (Table 2).
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Table 2. Final diagnosis in children who had isolated fever.

Entire Study Group n = 68 IDis)n=28 ID(-)n=d0
Diagnosis P
" % n % N %
Febrile neutropenia 4 2059 " 50.00 0 0.00 <001+

uTt 10 1470 1 357 9 2.50 003+
FLUO L] 1176 3 10.71 5 12.50 020
COVID-19 8 11.76 2 7.4 6 1500 047
URTI 6 832 3 1071 3 750 065
Gastroenteritis 3 441 1 357 2 500 078
Sepsis 3 441 1 357 2 500 050
Preumonia 3 441 0 0.00 3 7.50 014
PFAPA 2 29 0 .00 2 500 023
Roseola 2 294 0 0.00 2 500 023
Cholangitis 2 294 1 357 1 350 080
PIMS 1 147 1 3.57 0 000 023
Mononucleosis 1 147 0 .00 1 250 040
Sinusitis 1 147 (U 0.00 1 250 040
Stomatitis ! 147 0 0.00 1 250 0.4
Acute pancreatitis 1 147 0 0.00 1 250 040
Postoperative wound infection 1 147 0 0,00 1 250 04
Scarlet fever 1 147 0 0.00 1 25 0.40
Parotitis 1 147 0 0,00 1 250 040

Abbreviations: COVID-19—Coronavirus Disease; FUO—fever of unknown origin; [D (+ }—children with immunodeficency; 1D (—)}—
children without immunodeficiency; PPAPA—periodic fevers with aphthouws stomatitis, pharyngitis, and adenitis; PIMS—Paediatric
Inflammatory Multisystem Syndrome; URTI—upper respiratory tract infection; UTl—urinary tract infection. *—p values < 0,05,

Among the 31 children who had the accompanying features of respiratory tract
infection (ie., cough, dyspnoea, and rhinorrhoea), only one (3.23%) was diagnosed with
SARS-CoV-2 (Table 3). In children with and without immunodeficiency, pneumonia and
upper respiratory tract infections of a different aetiology were the most prevalent to a

comparable degree.

Table 3. Final diagnosis in children who had respiratory symptoms,

) Entire Study Group # =31 D+ n=5 ID(-)n=26
Diagnosis r
" R n % n %
Pneumonia 17 54.84 2 40.00 15 57.69 0.41
URTI 10 32.26 2 40.00 8 3077 0.69
Bronchiolitis 2 6.45 0 .00 2 769 052
COVID-19 1 323 1 20,00 0 0.00 0.02+
Mononucleosis 1 33 0 0.00 1 385 0.65
Abbreviations: COVID-19—Coronavirus Disease; 11 (4 }—children with deficiency; 1D (- }—<children without immunodeficiency;

URTI—upper respiratory tract infection, *—p values < 005,

Of the 59 patients presenting symptoms of gastrointestinal infection, only ten were
diagnosed with COVID-19, which was a similar percentage in both groups, Nevertheless,
most (1 = 6) were diagnosed with other aetiological factors, such as rotavirus, norovirus,
and adenovirus, or Clostridium difficile (Table 4).

3.3.2. COVID-19 Course

Among those children with a confirmed COVID-19 diagnosis, the most common
symptom on admission was a fever. However, this occurred in only 25% of the cases, which
was comparable in both groups. Of the commonly reported symptoms, only diarrhoea and
vomiting predominated significantly in the immunocompetent children (Table 5).

The course of the infection in the subgroups was similar. Both children with and
without immunodeficiency were mainly asymptomatic or had a mild course of COVID-19.
Only one immunocompromised child with sarcoma experienced a severe disease course
that required oxygen therapy and hospitalisation in the ICU Department. Moreover, in two
immunocompetent children, the severe course of the disease was more due to an underlying
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condition (newly diagnosed diabetes) than to COVID-19. PIMS affected children without
immunodeficiency significantly more often (Table 5).

Table 4. Final diagnosis in children who had gastrointestinal symptoms.

= Entire Study Group n = 59 ID(+)n=14 ID(-)n=45
Diagnosis P
" %N n % n N
Gastroenteritis 34 57.63 5 3571 29 6444 0.63
COVID-19 10 16.95 ) 2857 6 13.33 017
UTI 8 13.56 5 3571 3 6.67 0.26
Pneumonia Kl 6,78 0 0.00 E 8.59 0.32
URTI 3 5.08 0 0.00 3 6.67 048
PIMS/Kawasaki disease 2 339 0 0.00 2 44 077
DM1 2 339 0 0.00 2 44 0.21
Sepsis 2 3 0 0.00 2 44 0.48
Acute abdomen 2 3.39 0 0.00 2 444 0.48
Gastrointestinal

bleeding 2 339 0 0.00 1 222 027

Abbreviations: COVID-19—Coronavirus Disease; DM1—type 1 diabetes mellitus; 1D («}—children with immunodeficiency; 1D (—)—
children without immunodeficiency; PIMS—Paediatric Inflammatory Multisystem Syndrome: URTI—-upper respiratory tract infection;
UTk—urinary tract infection

Table 5. Symptoms on admission and the course of COVID-19 in children with and without immunodeficiency.

Entire Study Group, n= 88 ID(+)n=55 ID(-)n=33 r
Symptoms on Admission " W 1" % " W
Fever 22 2500 11 20 n 3333 017
Cough 9 10.23 4 7.27 5 15.15 0.24
Dyspnoea 4 4.5 3 5.45 1 3.03 0.60
Rhinorrhoea 9 10.23 B 7.27 5 1515 0.25
Diarrhoea 8 .09 2 3.63 6 1818 o02*
Vomiting 10 11.36 3 545 7 2121 002+
Weakness 3 341 2 3.63 1 303 013
Declines in blood oxygen
satsailon 2 227 2 3.63 0 0 027
Rash 2 227 1 1.81 1 3.03 0.29
Course of the disease " % " % ”n W
Asymptomatic 58 6591 40 7272 19 57.58 055
Mild 17 1932 12 21.81 5 15.15 0.44
Moderate 4 4.5 1 1.82 3 a9 012
Severe 3 341 1 1.82 2 6.06 0.71
PIMS 5 5.68 1 1.82 . 1212 004+
Abbreviati 1D (# )—<hildren with i deficiency: 1D (- }—children without immunodeficiency; PIMS—Pacdiatric Inflammatory

Multisystern Syndrome. *—p values < 0.05.

In laboratory test results on admission, children with immunodeficiency had lower
white blood cell counts, lower lymphocyte counts, and, therefore, a higher neutrophil-
to-lymphaocyte ratio (NLR). They also presented lower haemoglobin levels and higher
urea levels, However, children diagnosed with SARS-CoV-2 infection with and without
immunodeficiency did not differ in terms of the level of inflammatory markers (i.e., CRF,
PCT, and ESR), nor in terms of other tested biochemical variables (Table 6).

Chest X-rays performed on children with symptomatic COVID-19 (i.e., fever, cough,
and dyspnoea) revealed inflammatory changes in only five of them (19.23%), with one
immunocompromised and four immunocompetent.
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Table 6. Comparison of the laboratory test results in children with and without immunodeficiency.

Variable Q1 Median Q3 Association Type Association r
(i3
(x10%/1) D (+) 3.72 5.40 8.49 ; <
() 5.40 P 1138 Negative ~2.65 0.01
NELJT
(x10°/L) D (+) 1.49 232 3.96
() 152 230 114 N/A ~38 072
mgm
(<10%/L) D(+) 0.97 1.40 3.23 - .
() 2.06 £00 578 Negative -375 <0.01
NLR
D (+) 0.49 116 344 4
D{-) 0.37 058 117 Positive 207 0.04
HGB
(g/dL) 1D (+) 9.90 10.80 1255 - .
o ID(~) 1075 1200 13.10 Negative -198 0.05
PLT
(=10°/L) 1D (+) 182.00 281.00 39550 N/A 132 019
Di-) 231,50 319.00 4335
CRP
(mg/dL) D (+) 0.07 0.10 218
D(-) 0.09 0.10 0.80 N/A 041 0.68
PCT
{ng/mL) 1D(+) 0.04 0.08 0.50
ID(-) 0.03 0.13 0.79 N/A -039 089
ESR
(mm/h) D (+) 16.00 21.00 55.00
() 35.00 53,00 6450 N/A ~0.18 0.85
D-dimers
(ng/L) 1D(+) 194.00 426,50 2035.50 N/A 0.69 0.49
ID(—) 566,00 950,00 1264.00
Fibrinogen
(g/L) 1D (+) 244 2.85 3.86 N/A -1.06 0.29
() 207 230 342
LDH
(U/L) 1D (+) 248.00 315,50 38675 N/A ~0.49 0.63
D(—) 225.50 288,50 306,00
ALT
(U/L) 1D (+) 1375 18.00 61.50 N/A 0.2 .98
D(-) 1325 25.00 3150
AST
(U/1) D (+) 23.00 27.50 3525 N/A 0.87 0.38
D) 2250 34.00 40.00
Creatinine
{mg/dL) 1D(+) 0.38 047 0.61 N/A -077 0.44
ID(-) 0,40 0.44 0.53
Urea
(mg/dL) D (+) 16.18 2215 3075 . P
() 1445 19.70 2350 Positive 205 0.04
NT-proBNP
(pg/mL) 1D (+) 347.15 399.40 403.85 N/A -131 0.19
ID(-) 118.83 138.90 23215
Abbreviations: ALT-—alani i AST—aspartate aminotransferase; CRPP—C-reactive protein; ESR—erythrocyte sedimenta-
tion rate; HGB—haemoglobin level; 1D (+)—children with & feficiency; 10 (— }—children without | deficency; LDH—lactate
dehydrogenase; NLR—ne hil-to-lymphocyte ratio; NT-proBNP-—N-terminal pro-B-type natriuretic peptide; PCT—procalcitonin;

PLT—platelet count; WBC—w| hite blood cell count. *—p values < 005,

Most of the oncology patients hospitalised in the COVID-19 Subunit with SARS-
CoV-2 infections were admitted so to undergo chemotherapy. We neither had to delay
therapies nor did we notice a worse tolerance of the treatment, We also performed sched-
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uled radiotherapy in two children without any additional complications, Moreover, even
during symptomatic COVID-19, we did not modify the immunosuppressive treatment
in transplant patients if coexisting acute states did not require it. Moreover, the mono-
clonal antibodies were administered to patients with atypical haemolytic uremic syndrome
{Eculizumab; one patient) and ulcerative colitis (Adalimumab; one patient). Patients with
demyelinating diseases received immunoglobulins with glucocorticoids (Devic's Discase;
one patient) or glucocorticoids (multiple sclerosis; one patient) as scheduled, A good
tolerance of the treatment was noticeable in each of the above-mentioned cases.

4. Discussion

Although the pandemic has lasted for a year and a half, reports of cases concerning
immunocompromised children are still relatively scarce. This population may be less
frequently exposed to SARS-CoV-2 due to the increased isolation that is crucial to their
therapies, and as a result, may not become a part of regular studies [10). Even in the Chil-
dren’s Memorial Health Institute in Warsaw, Poland’s biggest tertiary referral hospital, we
were only able to collect data on 55 immunocompromised, SARS-CoV-2-infected patients
during the six-month observation period.

The most frequently reported symptoms of COVID-19 in children included: fever,
cough, sore throat, gastrointestinal symptoms (i.e,, vomiting /diarrhoea), myalgia, and
fatigue [5]. However, these symptoms are non-specific and may indicate other infectious
or non-infectious diseases. Fever without an identifiable cause (<7 days’ duration) among
immunocompetent children was mainly caused by upper and lower respiratory tract or
urinary tract infections |11}, whereas among immunocompromised children, it could also
be brought on by febrile neutropenia. We have proved that the pandemic did not signifi-
cantly alter this trend and that COVID-19 can be one but not the most common cause of
fever in children. The issue of acute coughs looks similar, which are primarily caused by
respiratory tract infections [12] of viral aetiology rather than SARS-CoV-2 [13]. Having
studied the hospitalised population, there is a higher incidence of pneumonia than of
upper respiratory tract infections. Nevertheless, in both studied groups with respiratory
symptoms, COVID-19 was one of the rarest diagnoses. SARS-CoV-2 occasionally accom-
panies gastrointestinal symptoms, but even if 50, usually other and more specific viruses
are detected.

The dominant population in the study group with immunodeficiency were children
with tumours. Almost all of them had an asymptomatic course of the disease or had
mild symptoms. Due to this fact, we did not delay their therapies and proceeded with
chemotherapy or radiotherapy. In their study from the UK, Millen et al. also reported the
prevalence of a mild or asymptomatic course of COVID-19 in their cancer patients (91%),
and they also did not feel the need for any significant delays in treatments [ 14]. In the study
from Lombardia conducted at the beginning of the pandemic, the researchers reported
only two cases of pneumonia (one mild and one more severe) out of 42 positive patients
in the six paediatric onco-haematology centres [15]. Among the available studies, only
researchers from New York presented less optimistic data. In their population, 74.5% of
oncological patients had a symptomatic COVID-19 course, 25.5% required oxygen therapy,
and 7% required mechanical ventilation. They also proved that there is a higher risk of
severe disease in obese males. Moreover, a predominance of Hispanic/Latino ethnicities
was observed in the group [16], leading to the suspicion of an increased risk of disease
severity in this group [17]. Perhaps this is the cause of the entirely different results than
from studies performed elsewhere, This hypothesis requires further study.

The second dominant group among our patients were liver and kidney transplant
recipients. Even those who had coexisting FTLD did not experience a severe course of
COVID-19. They were admitted either for chemotherapy or due to complications from the
transplantation, such as gastrointestinal bleeding or cholangitis. No immunosuppression
scheme was altered during SARS-CoV-2 infection if coexisting acute states did not require
it. Furthermore, during the asymptomatic course of the disease, we also administered
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eculizumab in a patient after kidney transplantation with good tolerance. Our results
are consistent with those obtained in a large study from Bergamo. They proved that
paediatric liver transplant recipients either developed mild symptoms or did not present
any symptoms despite having household contact with infected relatives. None of the
patients required hospitalisation or suffered from pneumonia [15]. Based on scarce data,
we assumed that immunosuppression, as an individual factor, may not worsen the course
of COVID-19. On the contrary, data from the European Liver Transplant Registry suggest a
protective effect of tacrolimus on disease development in adults [19].

All three children hospitalised in our department with ulcerative colitis remained
asymptomatic throughout the course of infection, and there was no delay in their treatment.
Unfortunately, the literature lacks data on the course of SARS-CoV-2 infection in this
study group. Therefore, the researchers focused mainly on patients’ treatment adherence
or changes to in-hospital care [20,21]. However, a cohort study from Sweden reports
that among adults with Inflammatory Bowel Disease (IBD), despite the risk of hospital
admission during infection being higher, the course of the disease is not more severe than
in the general population [22].

There may be several reasons for the mild course of infection in children with immun-
odeficiency. Some authors have reported that increased isolation and sanitation may be
a possible explanation. However, these measures reduce the risk of infection rather than
the severity of its course. A more important factor seems to be immunosuppression itself,
which limits the inflammatory process responsible for a severe COVID-19 pattern [23].
Therefore, the factor that usually predisposes to more frequent and heavier infections is,
paradoxically, a protective factor for COVID-19 [23]. The mechanisms of this phenomenon
are better studied on patients with primary rather than secondary immunodeficiency
diseases. Researchers in this area reported that children with agammaglobulinemia tend
to have a milder course of the disease, suggesting that B-cell immunity does not play a
key role in the defence against the virus, nor is it responsible for the SARS-CoV-2-induced
hyper inflammation process [24-26]. Immunosuppression mechanisms in children with
secondary immunodeficiency are more complex; however, they usually impair the B-cell’s
function. Nevertheless, further studies are required in this field.

The role of numerous biomarkers in the diagnostic, prognostic, and management
process of SARS-CoV-2 infection has been carefully studied by researchers, A hallmark of
the disease is leukopenia with lymphocytopenia, which correlates with disease severity.
Regarding inflammatory markers, the CRP level is significantly more frequently elevated
than PCT. Other laboratory markers that often show elevated levels among children include
D-dimer, creatine kinase, transaminases, and urea, Decreased haemoglobin levels are
observed mainly in a severe COVID-19 pattern [27]. In our patients, neither leucocytosis
nor leukopenia was common. While CRP was a more sensitive marker of inflammation
than PCT, it did not reach high levels, Thus, we did not observe that any biochemical
markers were a halimark of the infection. Concerning the differences between the groups, a
lower count of lymphocytes, a lower haemoglobin level, and a higher level of urea among
immunocompromised children, in our view, may be due to the underlying diseases of this
group rather than to a different response to the infection.

5. Conclusions

The most frequently reported symptoms of SARS-CoV-2 infection, such as fever,
cough, dyspnoea, or gastrointestinal symptoms, even during the second and third waves of
COVID-19, indicate that this disease among children is only a small percentage. Therefore,
in both immunocompromised and immunocompetent children manifesting the above
symptoms, testing to rule out SARS-CoV-2 infection should be always carried out; however,
other diagnostics should not be delayed since there is a high probability that the cause is
entirely different.

The course of the SARS-CoV-2 infection among children with immunodeficiency
is mainly asymptomatic or mild and does not differ significantly from those who are
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immunocompetent. They may even have a reduced risk of PIMS due to the decreased
activity of the immune system, which is crucial in this disease.

Immunosuppressive treatment or chemotherapy should not be withdrawn or delayed
because of SARS-CoV-2 infection if coexisting acute statesdo not require it.

Immunocompromised children may present a lower count of leukocytes and lympho-
cytes and a lower haemoglobin level during COVID-19 compared to children with normal
immune systems, However, these differences may be falsified by underlying diseases with
coexisting acute conditions. In addition, no other tested laboratory marker seems to help
differentiate the response to infection between the groups,
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Abstract
Coronavirus disease 2019 (COVID-19) can lead to an illness characterized by persistent symptoms which affect various
organs and systems, known as long-COVID. This study aimed to assess the prevalence and clinical characteristics of long-
COVID in children with immunodeficiency, in comparison to those without. A self-constructed questionnaire was created,
which included questions regarding the child’s general health, the course of their COVID-19, their symptoms of long-COVID
and its impact on their daily functioning, the diagnosis of multisystem inflammatory syndrome (MIS-C), and vaccination
status. The questionnaire was completed by parents of 147 children — 70 children with a diagnosis of immunodeficiency
(47.6%) and 77 who were immunocompetent (52.4%). Immunocompetent children were more significantly affected by long-
COVID than those immunocompromised, Its prevalence in the first 12-week post-infection was 60.0% and 35.7% in these
groups, respectively. Beyond this period, these percentages had dropped to 34.6% and 11.43%, respectively. Children who
were immunocompetent reported more often symptoms of fatigue, reduced exercise tolerance, and difficulty concentrating.
Meanwhile, there was a slight increase in complaints of gastrointestinal symptoms in immunocompromised patients. The
risk of developing long-COVID increased with age and COVID-19 severity in both groups. Furthermore, the daily activities
of immunocompetent children were limited more frequently (41.8%) than for those who were immunocompromised (25%).
Conclusions: Although immunocompromised children experienced long-COVID, its prevalence and impact on daily
functioning were significantly lower than among immunocompetent children. However, as the pathomechanisms of long-
COVID are not yet fully understood, it is not currently possible to fully explain these findings.

What is Known:

o Long COVID iy characterized by persistent synyrtoms following COVID-19, which can gffect various tissuey and organs, as well ax mental
Tealth.

® Due 1o the similar course of COVID-19 — mainly mild or asymptomatic — among children with and without immunodeficiency, the question
arises, over whether the prevalence and severiy of long-COVID (s also similar in both groups.

What is New:

o Immunocompromised children also suffer from long-COVID, but the prevalence is significantly lower than in the immunocompetent group of
children,

o The potemtial causes of less frequent and mitder long-COVID in this group may be the milder course of COVID-19 and the state of reduced
immunity protecting against newroinfiammation.

Keywords Long-COVID - SARS-CoV-2 - Immunodeficiency « Pediatric population
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PTLD Post-transplant lymphoproliferative
disease

RNA Ribonucleic acid

RT-PCR Reverse transeription polymerase chain
reaction

SARS-CoV-2  Severe acute respiratory syndrome corona-
virus 2

TLRs Toll-like receptors

VZv Varicella-zoster virus

Introduction

Our understanding of the course of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection in children
has evolved over the last two and a half years of the cur-
rent coronavirus pandemic. Initially, children were typically
asymptomatic or had mild COVID-19 symptoms, and hos-
pitalization rates were low and complications were rare [1].
Following the introduction of universal vaccinations in adults
and adolescents, children under the age of 5 years became the
primary victims of the disease, besides unvaccinated people.
Indeed, they have been presenting with more severe symp-
toms and the hospitalization rate became slightly higher.
Alongside this, two significant complications of COVID-19
have appeared. namely MIS-C and long-COVID [2]. While
the former is a complication that occurs only in children and
adolescents, the latter has affected all age groups and has
only recently begun to attract the attention of pediatricians.
Long-COVID, otherwise known as post-COVID syndrome,
is characterized by persistent symptoms following COVID-19.
Such symptoms can affect the sensory, neurological, cardiovas-
cular, and respiratory systems, as well as mental health. Since
there are no strictly defined diagnostic criteria, researchers and
physicians have attributed more than 200 symptoms to the syn-
drome. Some of the most common symptoms described are
fatigue, dyspnea, cough, chest pain, headache, concentration
difficulties, and sleep disturbances. According to guidelines pub-
lished by the National Institute for Health and Care Experience
(NICE), long-COVID can be divided into two categories [3]:

1. Ongoing symptomatic COVID-19: signs and symptoms
of COVID-19 from 4 weeks up to 12-week post-infection.
Posti-COVID-19 syndrome: signs and symptoms that
continue or develop after SARS-CoV-2 infection, per-
sist for more than 12 weeks from the onset of the disease
and are not explained by alternative diagnoses. It usually
mianifests by a group of symptoms, which can fluctuate,
change over time, and affect any part of the body.

2,

The course of COVID-19 is mainly asymptomatic or
oligosymptomatic in children and is thought to be similar
among those immunocompetent and immunodeficient (4],

&) springer
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Therefore, the question arises over whether the prevalence
and severity of long-COVID is also similar in both groups,
or does immunodeficiency favor the development of the
symptoms mentioned above.

In this regard, this study aimed to evaluate and compare
the prevalence and clinical characteristics of long-COVID in
immunocompetent and immunodeficient children, who were
admitted to the COVID-19 subunit of the tertiary referral
hospital in Warsaw, Poland.

Materials and methods
Procedure

A self-constructed questionnaire was used 1o conduct this
study. This included questions about general health condi-
tion, diagnosis of MIS-C, COVID-19 vaccination status, the
course of COVID-19, the presence of long-COVID symp-
toms, and how this impacted on the child’s daily function-
ing. The questionnaire is visible at the end of the article as
a supplementary material.

Study group

The questionnaire was completed by parents of 147 children
who had been admitted, at least three months prior, to the
COVID-19 subunit in the Department of Pediatrics, Nutrition,
and Metabolic Disorders, Children's Memorial Health Institute
in Warsaw, Poland. Participants were admitted at some point
between the 15t of November 2020 and the 31st of January
2022, All participants had SARS-CoV-2 infection confirmed
by nasopharyngeal swab, followed by reverse transcription
polymerase chain reaction (RT-PCR) or rapid antigen test.

Division of the study group

Study participants were stratified into two separate cohorts,
depending on whether or not they had an immunodeficiency,
Children with immunodeficiency (n=70) comprised 47.6%
of the participants. while the control group (n=77) com-
prised 52.4%. Inclusion in the immunodeficient cohort was
dependent on the presence of tumors, liver or kidney trans-
plantation. demyelinating diseases, ulcerative colitis treated
with immunosuppressant’s, end-stage renal disease, and
asplenia or primary immunodeficiency. Some of the par-
ticipants displayed multiple of the inclusion criteria.

Statistical analysis

All data were analyzed using Microsoft Excel and Statis-
tica 13 software, Quantitative data was evaluated using
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the Mann-Whitney U test when the distribution was sig-
nificantly different from Gaussian distribution, which was
determined in the Shapiro-Wilk test. Meanwhile, qualita-
tive data was compared using the chi-square test. The prob-
ability value of p<0.05 was considered to be statistically
significant.

Ethical considerations

The study was conducted in accordance with the Declaration
of Helsinki and approved by the institutional Ethics Commit-
tee of the Children's Memorial Health Institute in Warsaw,
Poland (No. 41/KBE/2021).

Results
Characteristics of the group

Among immunocompromised children (37 males and 33
females), age ranged from 8 months to 17 years, This dis-
tribution was similar in the immunocompetent children (41
males and 36 females), ranging in age from 4 months to
17 years.

Within the immunodeficient cohort, the most common
immunosuppressive factors were tumors during treatment,
liver or kidney transplantation, ulcerative colitis, demyeli-
nating diseases, and primary immunodeficiency.

None of the immunocompromised children suffered from
allergic diseases, whereas the prevalence of these diseases in
the control group was 28.6%. Immunization against COVID-
19 was also significantly higher in immunocompetent chil-
dren. Only one immunocompetent and no immunocompro-
mised participant was diagnosed with MIS-C.

Detailed characteristics of the study group are presented
in Table 1.

The course of SARS-CoV-2 infection

The course of SARS-CoV-2 infection among the immuno-
compromised cohort was mainly asymptomatic (45.7%) or
mild (38.6%), with fever, cough, rhinitis, and fatigue as the
most common symptoms. On the other hand, the immuno-
competent cohort was more often symptomatic (87.0% ) with
a mild (48.1%) or moderate (31.2%) illness. The range of
symptoms reported in both groups is presented in Table 2.

Long-COVID

The prevalence of a range of long-COVID symptoms in both
cohorts, divided into the period of time up to 12 weeks from

41

the diagnosis of the infection and greater than 12 weeks, is
presented in Fig. 1.

It is clear from the graph in Fig. | that immunocompe-
tent children were more significantly affected by prolonged
COVID-19 symptoms when compared to the immunocom-
promised cohort. This was evident within the first [2-week
post-infection and also in the period after 12 weeks. The
prevalence of ongoing symptomatic COVID-19 in the
first 12-week post-infection, defined as the presence of at
least one symptom, was 60.0% and 35.7% in these groups,
respectively (p=0.02), In the period beyond 12-week post-
infection, the percentages dropped to 34.6% and 11.43%,
respectively (p=0.01),

During the first 12-week post-infection, the immuno-
competent cohort reported more often symptoms of fatigue,
reduced exercise tolerance, difficulty in concentrating, slecp
disorders, and chronic coughing. In contrast, children in the
immunocompromised cohort experienced gastrointestinal
symptoms slightly more often. Beyond the 12-weck post-
infection period, the prevalence of almost all symptoms had
significantly decreased. However, children in the immu-
nocompetent cohort continued to display post-COVID-19
symptoms, including difficulty in concentrating, reduced
exercise tolerance, fatigue, headache, and frequent infec-
tions. In turn, the children in the immunocompromised
cohort continued to report the presence of fatigue, irritation,
and gastrointestinal symptoms. Additionally, the parents of
four immunocompromised children reported the persistence
of SARS-CoV-2 in nasopharyngeal swabs, beyond |2-week
post-infection.

During the first 12-week post-infection, the presence
of long-COVID symptoms correlated with age. Indeed,
the older the child, the greater the likelihood of develop-
ing symptoms. This was observed in all participants when
considered as a whole and within the individual cohorts of
immunocompromised and immunocompetent children. In
the period beyond 12 weeks, there was no such relationship
in any of the cohorts (Table 3).

Nonetheless, the relationship between the severity of
COVID-19 symptoms and the presence of long-COVID,
both up to 12 weeks and beyond 12 weeks. was significant.
This was true for the study population as a whole, as well as
for the immunodeficient cohort and the immunocompetent
cohort (Table 4).

However, no correlation was found between allergic
discases and the symptoms of long-COVID in the control
group, which was the only one presenting allergies, either
up to 12 weeks or beyond 12-week post-infection (Fig. 2).

According to the parents’ of the participants, the presence
of long-COVID symptoms limited the daily activities of
immunocompetent children more frequently (41.8%) than it
did for the immunocompromised children (25.0%; p=0.03).
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Table 1 Chamereristics of the ID(+)n=T0 ID(-)n=77

study group £
Age, v, median (range) 7(4-13) 9(4-13)
<1 years old 4(5.7%) 2(2.65) 041
1-5 years old 24(343%) 22 (28.6%)
6-10 years old 16(229%) 17 (22.1%)
11-15 years old 17 (24.3%) 28 (36.4%)
16-18 years old 9(12.9%) 8(10.4%)
Sex
Female 33(47.1%) 36 (46.8%) 0.96
Male 37(529%) 41 {53.2%)
BMI
17.2(16,1-18.5) 17.2(15.9-19.6) 0.88
Severity of COVID-19
Asymptomatic 32(45.7%) 10 (13.0%) <0.01
Mild 27 (38.6%) 37 (48.1%)
Moderate 8(11.4%) 24(31.2%)
Severe RECRY) 6(7.8%)
MIS-C
0(0.0%) 1(L3%)
Immunodeficiency
Tumors 44(62.9%) N/A
Chemotherapy 38(543%)
Rudiotherapy 2(2.9%)
Cheme- and radiotherapy 4(5.7%)
Liver mransplantation + PTLD 2Q2.9%)
Steroids 4+ chemotherapy
Liver transplantation 8(11.4%)
Steroids + other immunosuppressants
Kidney transplantion 7(10.0%)
Steroids + other immunosuppressants
Ulcerative colitis 4(5.7%)
Steroids 4 azuthioprine 34.3%)
Steroids + vedolizumab 1(1.4%)
Multiple sclerosis 22.9%)
Steroids 1(1.4%)
Steroids 4 natalizumab 1(1.4%)
Devic's discase 1(L4%)
Immunoglobuling
Primary immunodeliciency 2(2.9%)
Wiskott-Aldrich syndeome 1(LA%)
DiGeorge syndrome 1(L4%)
Allergic discases
0 (0.0%) 22 (28.6%) <001
Vaccination against SARS-CoV-2
34.3%) 21 ¢26.0%) <001

BMI, body mass index: COVID- 19, coronavirus disease 2019, 1D ( 4).children with immunodeficiency: (D
(=), children without immunodeficiency: MIS-C. multisystem inflammatory syndrome in children. PTLD,
post-trunsplant lymphoprofiferative discase
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Table2 The range of symptoms of SARS-CoV-2 infection in the
group of chuldren with and withoot immunodeficiency

ID(+)n=70 ID{-\n=77 p
Lack of symptoms 320 45T7% 10 1BRo% 001
Fever 28 H0.0% 47 61.0% 0,01
Cough 19 27.1% 30 30.0% 0.13
Rhinitis I8 257% 35 455% 001
Dyspnea 3 43% 6 78% 038
Diarrhea 3 4.3% (1) 13.0% 0,06
Vomiting 6 8.6% 10 13.0% 0.38
Fatigue 13 I18.6% 33 429% ool
Headache 6 86% 24 312% 00
Muscle pain g 1L4% 9 247% o0
Rash 0 0.0% 4 52% 0.05
Chest pain 2 29% 3 39 073
Sore throut | 14% 3 6.5% 013
Loss of taste and smell 3 4.3% 10 130% 095

1D (+), children with immunodeficiency: 1D (<), children without
immunodeficiency

Discussion

Initial reports of long-COVID were described in Italian
adults during August of 2020 (5], with the first five children
suffering from this syndrome identificd by Ludvigsson in
Sweden in November of 2020 [6]. According to his obser-
vations of these five children, the most common symptoms
were fatigue, dyspnea, palpitations, chest pain, headache,
concentration difficulties, and muscle weakness. Following
the publication of this information, Ludvigsson was con-
tacted by parents of a further 35 Swedish children with simi-
lar complications | 7], and similar reports began to quickly
emerge from other parts of the world. The second such report
of these symptoms in children were described by Buensenso
et al., from Rome. This report described 123 children whose
parents had been surveyed around 5 months after diagnosis
of COVID-19. Symptoms were reported to persist in 58%
of the children, the most common of which were insomnia,
fatigue. nasal congestion, headache, muscle pain, and diffi-
culty concentrating [8]. Subsequent studies reported similar
symptoms, although the prevalence of long-COVID varied
widely (4-66%) [9]. A larger prospective controlled study,
which included a cohort of 1734 children who had tested
positive for SARS-CoV-2, was published in August of 2021.
The authors, Molteni et al., observed that children most often
displayed symptoms of fatigue, headache. and anosmia. How-
ever, they did not report impaired concentration, anxiety, or
memory disturbances. Moreover, they estimated the preva-
lence of post-COVID symptoms to be only 4.4% on day 28
following a positive test and 1.8% on day 56. Nonetheless,
this percentage was significantly higher than in the control
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group, while the authors also suggested that older children
(> 12 years of age) experienced a higher incidence of symp-
toms than younger [ 10].

Because we take care of immunocompromised children
in our department on a daily basis who, based on our obser-
vations, suffer from COVID-19 surprisingly mildly and at
the same time develop post-COVID complications much
less frequently, we decided to investigate the phenomenon
of long-COVID in this particular group. Especially that,
according 1o our current knowledge, similar studies have
not been conducted yet. On the one hand, it could bring us
closer to the answer why this group is spared from COVID-
19, and on the other hand, it could explain the so far little-
known pathomechanism of long-COVID. Unfortunately, the
prevalence of symptoms in the immunodeficient children
cannot be compared as no similar studies are available in
the literature. Therefore, we can only compare our control
group, in which the prevalence of long-COVID was rela-
tively high (60,0%) and increased with age. Moreover, the
most frequently reported symptoms described by us were
consistent with those obtained by previous researcher. Like
others, we did not find a relationship between long-COVID
and the presence of allergic diseases, However, we have
demonstrated that the syndrome affects immunocompro-
mised children less often. Why immunodeficient children
are spared from the development of long-COVID is unclear,
though mechanisms underlying this complication can be
investigated. Although the underlying cause of long-COVID
has yet to be established, there are several possible theories
that do not exclude one another |11, 12].

One of the possible causes may be the higher frequency of
asymptomatic SARS-CoV-2 infection in this group. Although
it has been suggested that the severity of COVID-19 does
not correlate with the presence or severity of long-COVID
[13, 14]. it is currently postulated that this relationship is
dependent on the type of symptoms. Organ or tissue damage
caused by SARS-CoV-2, such as fibrosis and scarring, as well
as inflammation, may lead to long-term consequences [11],
such as severe pneumonia, chronic cough, or breathing dif-
ficulties [15]. Based on a 14-year-old girl with long-COVID
symptoms and lung dysfunction, Buonsenso et al. were the
first to prove that COVID-19, through ongoing inflamma-
tion, can lead 1o lung perfusion deficits with accompanying
microvascular and endothelial damage. The consequences
of this condition may be severe respiratory, cardiovascular,
and general symptoms [ 16]. This would explain the presence
of chronic respiratory symptoms and persistent declines in
blood oxygen saturation in several of our patients after severe
COVID-19 pneumonia requiring intensive treatment, How-
ever, this pathomechanism does not explain the presence of
the neurocognitive symptoms of long-COVID,

As for the symptoms that affect the central nervous sys-
tem, such as concentration and sleep disorders, fatigue, and
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Fig. 1 Prevalence of particulur symptoms of long-COVID in a group of children with and without immunodeficiency, with a division into the
periods of time up to (A) and over 12 weeks (B) from the diagnosis of the infection. The p-value is displayed ubove the graph's bars

irritability, the pathomechanisms seem to be at least par-
tally understood. Recent reports have suggested that the
spike protein of the virus can cross the blood—brain barrier
and cause perivascular inflammation |17, 18]. Morcover,
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molecular mimicry between the spike protein and human
proteins contributes to autoimmunity and activates toll-
like receptors (TLRs), leading to the release of inflamma-
tory cytokines [19]. Various researchers have linked these
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Table 3 Influence of age on the development of long-COVID symptoms in the whole study group and within the individual cohorts of immuno-
compromissed and immunocompetent children

Prevalence of long-COVID < 12-week post-infection in different age groups

<1 years old 15 years old 610 years old 11-15 years old 16-18 years old P
Whole study group 1(14.3%) 11 (24.5%) 15 (45.5%) 26(57.8%) 10 (58.8%) 0.01
1D (+) 1(250%) 4(16.7%) 6(37.5%) 9(52.9%) 5(55.6%) 0.01
1D (<) 0005 7(38.9%) 9 (52.9%) 17 (60, 7%) 5(62.5%) 044
Prevalence of long-COVID > 12-week post-infection in different age groups
<1 years old 1-5 years old 6-10 years old 11-15 years old 16-18 years old »
Whale study group 1(14.29%) B(17.78%) 6 (18.18%) 14 30L11%) 3(17.65%) 0.24
ID(+) 1(25.0%) 3 (12.5%) 1 (6.25%) 2(11.8%) (L) 0.80
D) 0(0.0%) 5(22.7%) 5(20.4%) 12(429%) 2(25.00%) 0.18

10 1 4), children with immunodeficiency; 10 (-), children without immunodeficiency

Table 4 Influcnce of the

§ 9 -COV -
seserity of COVID-19 on Severity of COVID-19 and the prevalence of long-COVID < 12-week post

infection
the development of long- .
COVID symptoms in the Asymptomatic Mild Moderate Severe ”
whole study group und within
the individual cohorts of Whole study group B(19.1%) 30 (469%) 22 (6B.8%) T(778%) <001
immunocompromised and 1D (+) 5(15.6%) 12 (44.4%) 5(62.5%) 2(66.7%) 001
Snmmonopotat childon 1D (-) 3(30.0%) I8(487%)  17(09%)  5(833%) 002

Severity of COVID=19 and the prevalence of long-COVID > 12-week post-
infection

Asymptomatic Mild Moderate Severe P
Whole study group I(TA%) 10 (15.6%) 13 (40.6%) 6 (66.7%) <001
ID(+) 2(6.25%) 2(74%) 3(375%) 2(66.7%) 0.m
- I (10.0%) 8(21.6%) 10 (41.7%) 4(66.7% 0.01

1D ( ), chukdren wath immunodenciency; /1 (<), children without mmumodeficiency

propose that the state of reduced immunity may constitute
a protective factor against this inflammatory reaction and,

. thus, protect against the symptoms of long-COVID.
Another possible pathomechanism of long-COVID is the
persistence of SARS-CoV-2 reservoirs in specific tissues,
with some patients infected with the virus not able to clear
it for a long period. Therefore, they are characterized by
viral ribonucleic acid (RNA) and proteins in nasopharyngeal
swabs and samples of feces [24, 25|, Morcover, immunosup-
pression seems to facilitate SARS-CoV-2 persistence |11,
26, 27], which leads to mutations in the virus that confer
resistunce 1o a typical class of neutralizing antibodies, It 1y
possible that SARS-CoV-2 evades the immune response and
thus causes persistent symptoms [27]. Among several of our
immunocompromised patients, we observed the persistence

Blergy ¢nd Iymptoms <12 wesks
pr03%)

Dliegy a0d symptoms *i2 weeks
=069

] H : ] “ | | .

Fig.2 Odds matios and ussociated 95% confidence mtervals for
the impact of allesgic diseases on the development of long-COVID
sympeoms in the immunocompetent cobort, both up o 12 weeks and
beyond 12-week post-infection

phenomena to neuroinflammation that may damage brain
blood vessels and brain cells, contributing 10 long-COVID
[20-22]. Additionally. mast cells may also contribute, as
they have been shown to be activated by SARS-CoV-2
and release numerous chemokines and cytokines that may
promote inflammatory symptoms [ 11, 23], Therefore, we

of SARS-CoV-2 for up 10 3 months; however, this did not
lead to the symptoms of long-COVID. Nevertheless, it was
a significant inconvenience, as parents reported that it hin-
dered the treatment of underlying diseases.

Another reason for the persistence of posi-COVID
symptoms is the reactivation of previously harbored
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pathogens. due to dysregulation of the host immune
response by SARS-CoV-2. It is well-known that during
their lifetime, people accumulate persistent viruses in their
bodies, mainly herpesviruses, When the host is in a state of
good health these pathogens do not cause any symptoms,
however, they can reactivate under conditions of reduced
immunity or stress. It has been shown that SARS-CoV-2
can dysregulate the immune response that keeps these
viruses latent, a process regulated by host interferons, lead-
ing to & change in their gene expression or protein produc-
tion that generate persistent symptoms [ 11, 28], Various
rescarchers have reported the reactivation of Epstein-Barr
virus (EBV), varicella-zoster virus (VZV), and human
herpesviruses 6 and 7, during COVID-19 [29-31]. These
viruses can infect new organs or tissues, generate new
symptoms, or induce neuroinflammatory processes in the
central nervous system [11]. It appears that this reactiva-
tion should be better promoted in children with immuno-
deficiency. However, we observe a more intense immune
response to the viral infection among immunocompetent
children, which may play a significant role in its interaction
with herpesviruses. Further research is needed to clarify
this issue.

Our study has some limitations. The biggest one is that
the questionnaire used was self-constructed and that it was
based on the subjective assessment of long-COVID symp-
toms. However, no standardized and especially objective
tool for the diagnosis of this complication has been created
so far. The second limitation is the small size of the study
group. Therefore, further studies on a larger group are neces-
sary to reliably determine the prevalence and characteristics
of long-COVID among immunocompromised children.

Conclusions

Immunocompromised children suffer from prolonged
COVID-19 symptoms, but the prevalence was significantly
lower than in the immunocompetent group of children.
Indeed, they often presented with fatigue, chronic cough,
and gastrointestinal symptoms, yet most of the symptoms
subsided within 3 months and rarely affected the daily func-
tioning of immunocompromised patients. The risk of devel-
oping long-COVID in this group increased with age and
with the severity of symptoms of SARS-CoV-2 infection.

The potential causes of less frequent and milder long-
COVID among immunocompromised children may be the
milder course of COVID-19, which does not lead to tis-
sue damage, and the state of reduced immunity protecting
against ncuroinflammation. Nevertheless, a tendency for
the persistence of SARS-CoV-2 reservoirs in this group and
reactivation of the latent herpesviruses should promote the
development of post-COVID symptoms,
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Based on current scientific data. and due to the fact that
the pathomechanism of long-COVID is not fully understood,
it is impossible to fully explain the lower prevalence and
milder course of this complication among immunocom-
promised children, Therefore, this issue requires further
research,
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Abstract

Background and Purpose It is a matter of research, whether children with immunodeficiencies are able to generate an
effective immune response to prevent SARS-CoV-2 reinfection. This study aimed to evaluate and compare the seroconver-
sion rates and changes of lymphocyte subsets during COVID-19 in immunocompetent children and those with secondary
immunodeficiencies,

Methods In 55 children — 28 immunocompromised and 27 immunocompetent — hospitalized with confirmed SARS-CoV-2
infection, the level of IgG antibodies against the Spike protein was determined on two to three occasions. In those children
from the study group whose immunosuppressive treatment did not alter during the study (n= 13) and in selected children
from the control group (n=11), flow cytometric evaluation of lymphocyte subsets was performed twice — 2 weeks and
3 months post-infection,

Results Scroconversion reached 96.3% in both studied groups:; however, the immunocompromised cohort achieved lower
titers of detectable anti-S antibodies. There was no correlation between seroconversion or titers of antibodies and the total
number of lymphocytes or their subsets. In the immunocompetent cohort, we reported a significant decrease in NK cells
during the infection. In this group and the entire study population, & positive correlation was noticed between the CD4 +/
CD8+T cell ratio and the severity of COVID-19 pneumonia.

Conclusions Children with secondary immunodeficiencies seroconvert in equal percentages but with a significantly lower
titer of anti-S antibodies compared to their immunocompetent peers, The lower number of NK cells in the immunocompe-
tent cohort may result from their participation in antiviral immunity, whereas reduced CD4 4 /CD8 4+ T cell ratios among
immunocompromised children may be a protective factor against a severe COVID-19.

Keywords SARS-CoV-2 . COVID-19 - Cancer - Kidney transplantation - Immunodeficiency - Children - Serology -
Lymphocyte subsets

Introduction

Since the onset of the coronavirus disease 2019 (COVID-
19) pandemic caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), scientists worldwide have
been investigating the induction of protective immunity fol-
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k kuczborska@ipezd.pl lowing previous infections :mdlor. su.ccessful v'nccmauon as
the only way to suppress transmission. Despite two and a
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Nevertheless, despite mild symptoms and rare compli-
cations, COVID-19 continues to be a significant clinical
problem in this group. It has been proven that SARS-CoV-2
infections frequently cause interruptions in oncological
treatment, which may have implications for the success of
treatment [3]. Additionally, in Kidney transplant children,
it may lead to proteinuria and acute Kidney injury (AKI),
which may affect the long-term survival of the graft [4].
Therefore, it is important 1o protect immunocompromised
children against COVID-19. To achieve this, it is crucial 1o
understand the immunopathogenesis of the infection and the
immune response against it, While humoral and to a lesser
extent cellular immunity against the virus is well described
in immunocompetent convalescent children, it is still a mat-
ter of research, whether immunocompromised children are
able to generate an effective immune response to reinfection,

In this regard, this study aimed to evaluate and com-
pare seroconversion rates following COVID-19, as well as
changes of lymphocyte subsets during SARS-CoV-2 infec-
tions between immunocompetent children and those with
secondary immunodeficiencies, who were admitted to the
COVID-19 subunit of the tertiary referral hospital in War-
saw, Poland.

Materials and Methods
Study Group

A group of 55 children (22 girls and 33 boys) hospitalized
in the COVID-19 Subunit at the Department of Pediatrics,
Nutrition, and Metabolic Disorders, Children’s Memorial
Health Institute in Warsaw, Poland, between October I,
2021, and March 15. 2022, participated in this prospective
study.

Inclusion Criteria

1. Age: 3 months to I8 years

2. SARS-CoV-2 infection confirmed by nasopharyngeal
swab, followed by reverse transcription polymerase
chain reaction (RT-PCR) or rapid antigen test performed
before or during hospitalization

Exclusion Criteria

I, Vaccination against SARS-CoV-2
2. Previous diagnosis of COVID-19

Division of the Group

Study participants were stratified into two separate
cohorts, depending on whether they had secondary
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immunodeficiencies. Children with immunodeficiencies
(n=28) comprised 50.9% of the study participants, while
the control group (n=27) comprised 49.1%. Inclusion in
the immunodeficient cohort was dependent on the presence
of & tumor undergoing oncological treatment or Kidney
transplantation.

SARS-CoV-2 51 1gG Assay

In all children included in this study, the level of 1gG anti-
bodies against the receptor-binding domain (RBD) of the
S1 subunit of the spike (S) protein of SARS-CoV-2 was
determined on two or three occasions, For this purpose, the
AdviseDx SARS-CoV-2 IgG IT assay (Abbott Laboratories.,
Abbott Park, IL) was used and performed according to the
manufacturer’s instructions, Results of the AdviseDx SARS-
CoV-2 1gG 1l assay are reported in arbitrary units (AU)/
mL, with the cutoff for seroconversion established at 50.0
AU/mL [5]. The first analysis was performed on samples
from all children at an interval of 2 weeks after obtaining a
positive RT-PCR or rapid antigen test result. In seronegative
children. the analysis was repeated 3 weeks post-infection.
In addition, within 3 months post-infection, all study partici-
pants had another test to assess the persistence of antibody
levels.

Flow Cytometry

In children from the study group whose immunosuppres-
sive treatment did not alter during the study (n=13) and
in selected children from the control group (n=11), flow
cytometric evaluation of lymphocyte subsets was performed
twice — 2 weeks and 3 months after obtaining a positive RT-
PCR or rapid antigen test result, The assessed lymphocyie
subset panel included T cells (CD3 +/CD45+), eytotoxic T
cells (CD3 4+ CDS 4-/CD45 +), helper T cells (CD3 +CD4 +/
CD454), NK cells (CDI6 4+ CD564CD3 - /CD45 +), and B
cells (CD19 4 /CD45 +). Their distribution and absolute cell
counts were determined using the lyse-no-wash approach
and Multitest six-color cocktails of antibodies and Trucount
tubes (Becton Dickinson, cat, no, 644611), The staining
procedure was performed according to the manufacturer’s
instructions, Initially, 50-pL blood samples from patients
were incubated with optimally titered antibodies for 15 min
at room temperature. After the incubation period, erythro-
cyte lysis was performed using 0.45 mL of BD FACSLys-
ing Solution (Becton Dickinson, cat. no. 349202) diluted
according to the manufacturer’s instructions, Identification
of lymphocyte subsets, i.e.. T lymphocytes (including CD4
and CDS cells), B lymphocytes, and NK cells. was per-
formed according to standard procedures [6]. The absolute
number of individual subsets was calculated based on the
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proportion of the respective cell subpopulation and absolute
lymphocyte count.

COVID-19 Severity — Definitions [7]

e Asymptomatic — children with no symptoms of
COVID-19

o Mild — children with various signs and symptoms that
generally do not require hospitalization (e.g., moderate
fever, cough, sore throat, malaise, headache, muscle pain,
nausea, vomiting, diarrhea, and loss of taste and smell),
but who do not have shortness of breath, dyspnea, or
abnormal chest imaging

* Moderate — children who show evidence of lower res-
piratory disease during clinical assessment or imaging
with an oxygen saturation (Sp0O2) = 94% on room air ut
sea level

® Severe — children with SpO2 <94% on room air at sea
level, tachypnea, or lung infiltrutes > 50%

Statistical Analysis

All data were analyzed vsing Microsoft Excel and Statis-
tica 13 software. Quantitative data was evaluated vsing the
Mann-Whitney U test or Spearman’s rank correlation coef-
ficient when the distribution was significantly different from
2 Gaussian distribution. Normality was determined using
the Shapiro-Wilk test. Qualitative data was compared using
the chi-square test. The probability value of p <0.05 was
considered to be statistically significant,

Ethical Considerations

The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the institutional Ethics
Committee of the Children’s Memorial Health Institute in
Warsaw, Poland (No. 4 /KBE/2021). Parents and children
were informed about the aim und methods of the study. Par-
ents and patients over 12 years of age provided their written
consent 1o participate in the study.

Results
Characteristics of the Group

Immunocompromised and immunocompetent children did
not differ significantly in terms of age and sex. However,
they did differ in terms of COVID-19 severity, which was
much more often symptomatic and severe in the immuno-
competent cohort. Within the immunodeficient cohort, the
most common immunosuppressive factor was tumor under-
going oncological treatment and a less numerous group was

50

composed of kidney transplant recipients. Detailed data on
the characteristics of both cohorts are presented in Table 1.

During the observation period, reinfection with another
variant of the virus was confirmed in one immunocompetent
(3.7%) and two immunocompromised patients (7.1%). All
of them had detectable IgG antibodies against the SARS-
CoV-2 S protein at the time. The course of reinfection in the
immunocompetent boy was mild, as was the first episode of
his COVID-19, but between infections, the patient under-
went severe multisystem inflammatory syndrome in children
(MIS-C) complicated by pulmonary embolism. In turn, two
oncological girls were reinfected only with low symptoms
(1 day of fever), while in the first COVID-19 they developed
moderate pneumonia.

Seroconversion

Seroconversion rates 2 weeks post-infection were lower
among immunocompromised children than in immuno-
competent children, but the difference did not reach statisti-
cal significance (p=0.17: OR=2.26; 95% CI=0.69, 7.39).
Moreover, these percentages were comparable at 4 weeks
and 3 months post-infection. It should be noted that chil-
dren with immunodeficiency both at initial and post-infec-
tion periods produced significantly lower antibody titers
(Table 2).

Lymphocyte Subsets

In the immunocompetent cohort, lymphocyte counts dur-
ing COVID-19 remained within normal ranges. As for the
analyzed subsets, we only noticed a significant decrease in
NK cells during the infection. All other differences did not
reach statistical significance. Among immunocompromised
children, the number of all subpopulations was reduced due
1o the treatment of the underlying disease; however, we did
not notice any significant differences in the number of indi-
vidunl subsets during infection and 3 months after its diag-
nosis (Table 3).

We also did not observe any significant correlations
between individual lymphocyte subsets or the CD4 +/
CD8 + ratios and the seroconversion rate or achieved anti-
body titers — in the whole study group and the subgroups
of children with and without immunodeficiency (p > 0.05).

Course of COVID-19 and Immunological Response

In the entire study population and the immunocompe-
tent cohort, we noticed & positive correlation between
CD4+/CD8+T cell ratios and the severity of SARS-
CoV-2 infection — the higher the ratio, the greater the
risk of developing and the greater the severity of COVID-
19 pnecumonia (p<0.01; R=0.73; p<0.01; R=0.77,
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Table 1 Chamereristics of the
participants

Table2 Seroconversion amd
anti-S [gG titer in 2 weeks,

3 weeks, and 3 months post-
infection in children with and
without immunodeficiency, p
values were caleulated using
the Mann-Whitney 1/ test

for gquantitative data (anti-S
titer), whereas qualitative data
(seroconversion ) were comparcd
using the chi-square test
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ID(4)n=28 ID(=)n=27 P
Age, y, median (runge) 6(3.8-10.3) 3(09-11.5)
<1 year old 2(7.1%) 8 (29.6%) 0.20
1-5 years old 11(39.3%) 9(333%)
610 years old 8 (25.8%) 2(74%)
> 10 years old 7(22.6%) 8(29.6%)
Sex
Female 12 (42.9%) 10(37.0%) 0.66
Male 16 (57.1%) 17 (63.0%)
Severity of COVID-19
Asymptomatic 8 (28.6%) 5(18.5%) <O
Mild 16 (537.1%) 6{222%)
Maoderate 2(7.1%) 10(37.0%)
Severe 2(7.1%) 6{222%)
Poeumonia 4014.3%) 16 (59.3%) <O
Immunodeficiency
Oncological treatment 23 (82.1%) NIA N/A
RTH 6(26.1%)
VCR 3(13.0%)
MTH 1 (4.3%)
VCR, CDDP 1(4.3%)
VP, DTIC 1 (4.3%)
VCR, ADM. IF 1 (4.3%)
VCR, CDDP, CONU 1 (4.3%)
VCR, VP, CBP 1(4.3%)
VCR, IF, ACT-D 1 (4.3%)
VCR, ADM, CTX 1 (4.3%)
VCR, CTX, prednisone 1 (4.3%)
VP, CDDP, CB, PAL 1 (4.3%)
VCR, VP, ADM. IF, PC 1 (4.3%)
VCR, MTX, VP, CTX, CDDP 2(8.7%)
VBL, CDDP, CTX, BLM, ADM, VP 1 (4.3%)
Kidney transplantation 5(17.9%)

Prednisone. tacrolimus, mycophenolate mofetil 5(100%)

ACT-D, actinomycin D; ADM, doxorubicin; BLM, bleomycin; CB, chlorambucil; CBP, carboplatin, CONU,
lomusting; CODP, cisplatin, COVID-19, coronavirus disease 2019; CTX, cyclophosphamide: DTIC, dac-
arbazine: /D {+), children with secondary immunodeficiency; 10 ( —J. children without secondary immu-
nodeticiency; /F, ifosfamide: PAL, palbociclib; PC. paclitaxcl; RTH, radiotherapy: VCR. vincristine; VP,
etoposide

ID(+)n=28 Mmi-ra=27 P
2 weeks post-infection Seroconversion  17(60.7%) 21(77.8%) 017
Anti-S 12G 171.5(27.9-874.7) 967.2 (178.0-3168.4) 0.03
titer — medhan
(runge) (ALY
mL]
3 weeks post-infection Seroconversion 27 (96.4%) 26 (96.3%) 0.98
3 months post-infection  Seroconversion 26 (92.9%) 26 (96.3%) 0.57
Anti-S 126G 2366 (140.5-1109.1)  750.1 (384.9-1956.15) O™
titer — mehan
(runge) (ALY
mL]

1D (+), children with secondary immunodeficiency; /D [ —), children without secondary immunodeficiency
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Table3 Lymphocyte subsets 2 weeks and 3 months post-infection
in children with and without immunodeficiency-absolute values-
median (range). p values were calculated using the Mann-Whitney

test to compare the number of cach lymphocyte subset 2 weeks and
3 moaths after the confirmation of SARS-CoV-2 infection

Variables ID(+) ID(-)

2 weeks postanfection 3 months postanfection p 2 weeks postanfection 3 months postanfection p
Lymphocytes [nfal] 833 (338-1580) 590 (422-2076) 092 4099 (3110-6042) 3339 (2793-5510) 0.85
T cells [n/pl] 539(269-1257) 331 (284-1546) 070 2749 (173240200 2584 (1940-3582) 0.85
CDA+T cells [vpl.] 265 (94-705) 129 (103-635) 008 2416 (1196-3242) 1791 (9442324 022
CDR+T cells [nfpl.] 269 (137-468) 223 (94-532) 0.14 667 (S14-1012) 855 (634-1113) 0.48
CD4 +/CDS + ratio 1.2 (0.6-1.9) 0R8(0.7-14) 097 31 (24-39) 25(1.4-3.6) 0.35
B cells [nful] 35 (25-155) 78 (49-267) 0.37 1192 (1087-1606) 1073 (463-1347) 043
NK cells [nfuL| 73 (45-98) 82 (69-235) 0.37 225 (195-276) 360 (294-558) 0o
1D ¢ +), childeen with secondary immunodeficiency, 1D ( ), children without secondary immunodeficiency
Fig. 1 Spearmun’s rank correla- a
tion between CD4 4+ /CDS+ T .
cell ratios und COVID-19 CD4+/CD8+ T cell ratio p<081,R=073
severity among a the entire
stuly population und b the
Immoshenpetent TOROT RN Rl i I I
numbers in the circles represent

the number of patients, The
degrees of COVID-19 severity
are described in the “Materi-
uls and Methods™ section, with
0 a5 an asymptomatic course,

| — mild, 2 — moderate, and
3 — severo

CD4+/CD&+ T cell ratio

2 : 4
COVID-19 seventy

p<001,R=077

respectively) (Fig. 1), No other predictors of the severe
course of COVID-19 were found in the immunocompe-
tent cohort, and since only mild and asymptomatic courses
were observed in this subgroup of immunocompromised

i ; 3 p
COVID-19 seventy

children, these predictors could not be assessed (Table 4),
Nevertheless, we did not observe any correlations between
the severity of disease and seroconversion rates as well as
the titers of produced antibodies {p > 0.05).
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Table4 Lymphocyte subsets 2 weeks post-infection in children with
und without immunodeficiency categonized according 10 the severity
of COVID-19-pbsolute values-median (mnge). p values were calkou-

lated using the Mann—-Whitney {7 test to compare the number of cach
lymphocyte subset

Variables 1D (+) D(-)
Asymptomutic/mild Moderute/severe ” Asymptomatic/mild Moderate/severe »

Lymphocytes [npl.| 833 (338-1580) NA N/A 4373 (3130-6493) 4683 (3198-6610) L0
T cells [n/pl.| 539 (269-1257) 2090 (1988-1488) 3006 (1988-4245) 0.93
CD4+T cells (L] 265 (94-705) 1965 (1217-2939) 2416 (1435-3242) 0.35
CDS+T cells [l 269 (137-463) 973 (691-1489) 582 (423-960) 0.32
CD4+/CDS + ratio 1L.2(0.6-1.4) 1.941.7-2.1) EREENEEN D] <0.01
B cells [n/pL.] 35 (25-155) 1166 (3158-1582) 1200 (1169-1805) 0.79
NK cells [nfpl] T3 (45-98) 254 (200-529) 218 (202-323) 0.79

1D {4, children with secondary immunodeficiency; /) ( —), children without secondary immunodeficiency

Discussion

Although the presence of neutralizing antibodies against
SARS-CoV-2 proteins does not fully protect against infec-
tion, it significantly reduces its risk. Letizia et al. proved
that seropositive convalescent young adults had as much as
five times lower risk of reinfection compared to a seron-
egative comparison group |8]. Hence, although seroconver-
sion is not a guarantee of effective neutralization activity,
it does indicate the acquisition of at least partial immunity
[9]. Moreover, the carly adaptive humoral immune response
involving seraconversion has a proven effect on slowing
down the replication of the virus during infections and its
faster elimination [10]. In addition, slow elimination and
persistence of the virus can lead to complications such as
mutations in viral proteins and long-COVID symptoms | 1 1].
Immunocompromised children still have low vaccination
rates. Additionally, they are exposed to significant clinical
implications of SARS-CoV-2 infections, such as delay and
modification in the treatment of their underlying disease [3],
deterioration of graft function [4], and a tendency for virus
persistence predisposing to the development of long-COVID
symptoms, as well as reactivation of latent herpesviruses
[11], Therefore, the question of whether this group can
develop an effective immune response to reinfections and
how long it may persist is incredibly important.

In research studies regarding the presence of antibodies
against SARS-CoV-2 among immunocompromised children,
the authors have focused on the seroprevalence in specific
populations rather than on the seroconversion of children
with confirmed SARS-CoV-2 infections. Therefore, we
aimed to explore the latter issue. Mayanskiy et al. revealed
a seroconversion of 92% in I8 pediatric oncology patients
by 3 weeks post-infection and in 100% by 6 weeks post-
infection, which is similar to our results. By 18 weeks after
the onset of COVID-19, this seropositivity rate declined
10 54%. However, the authors did not compare the level of
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antibodies with an immunocompetent control group [12]. On
the other hand, researchers from Hungary assessed the level
of antibodies in 10 children with cancer at an interval of |
to 4.5 months after the onset of COVID-19, They detected
a seroconversion level of only 60% [13]).

As for pediatric solid organ transplant (SOT) recipi-
ents, Talgam-Horshi et al. revealed a 96% seroconversion
rate among 25 patients. However, they did not present the
antibody levels or compare them with a control group [ 14].
Meanwhile, researchers from Saudi Arabia observed eight
pediatric Kidney transplant (PKT) recipients and showed
their ability to maintain detectable levels of antibodies at a
median follow-up time of 75 days [15]. We, in turn, observed
these patients to have a detectable antibody titer for at least
90 days. None of the above-mentioned authors reported the
number of patients reinfected with SARS-CoV-2 during
their observation, despite having detectable titers of anti-
bodies against the S protein. In our study, the reinfection rate
was 5.5% (n=3; one immunocompetent and two immuno-
compromised patients).

Various researchers have also assessed lymphocyte sub-
sets in immunocompetent children with COVID-19. They
proved that children, unlike adults, rarely have lymphopenia
in the course of SARS-CoV-2 infections, and if present, its
degree correlates with the severity of the disease and usu-
ally affects all lymphocyte subsets [16]. Our study did not
reveal a tendency for lymphopenia in children, regardless
of the severity of COVID-19. However, as for the values
of individual lymphocyte subsets, the scientific data is not
unequivocal, According to Mahmoudi et al., children with
SARS-CoV-2-induced pneumonia have higher CDS + T
cell counts and lower CD4 4 /CDS + T cell ratios [15]. On
the one hand, CD8 +T cells are responsible for destroy-
ing virus-infected cells and thus limiting their replication
and spread [17]. On the other hand, they can cause dam-
age to lung tissue if they are not sufficiently regulated | 18],
However, researchers from China present differing results,
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according to which the more severe the course of COVID-
19 and greater lung involvement, the higher the CD4 +/
CDS8 + T cell ratio [19]. This is in line with our results and
could ar least partially explain the milder course of SARS-
CoV-2 infections, usually asymptomatic or mild without
lung involvement, in immunocompromised children with
significantly lower CD4 4 /CDS + ratios. It should be noted,
however, that our study population differed from the groups
mentioned sbove, which may substantially impact the dif-
ferences in obtained results,

One of the most important features we observed in the
lymphocyte subsets of immunocompetent children was
the reduction of NK cells during COVID-19, which may
be due 1o their participation in the defense against SARS-
CoV-2, None of the above-mentioned studies in children has
addressed this issue. However, it has been studied in more
detail among adults. NK cells are part of innate immunity
and play a key role in tackling viral infections, They elimi-
nate virus-infected cells either directly through the degran-
ulation of cytotoxic granules or through the secretion of
cytokines and chemokines that modulate the activity of other
immune cells [20]. Many researchers have demonstrated a
reduced number of NK cells in patients with COVID-19
[21-23]. Kriimer et al. proved that the activity of NK cells
producing IFN-y and TNF-a in response to SARS-CoV-2
infection leads to a reduction of viral proteins [21). Unfortu-
nately, these cells have also been shown to be dysfunctional
in severe COVID-19, which reduces their participation in
antiviral immunity [21, 24]. To the best of our knowledge,
this phenomenon has not been analyzed in children, who are
often characterized by different immune mechanisms. Thus,
we are the first to report a reduced number of NK cells in the
immunocompetent pediatric group during COVID-19, but
unfortunately, we did not examine the activity of these cells.
Therefore. this issue requires further research,

Our study has some limitations. The first one is a small
size of the study group, especially the subgroup in which
lymphocyte subsets were assessed. The second one is the
disparity between the course of SARS-CoV-2 infection in
immunocompetent and immunocompromised children,
which can make it difficult to deduct conclusions on the
protective effect of a lower CD4/CDS8 ratio, However. due
10 the generally milder course of COVID-19 in the immu-
nocompromised group of children, this limitation is difficult
to omit. Another limitation is the lack of evaluation of a
specific T-cell response to the infection in both groups of
children, which would significantly complement the infor-
mation about the humoral response, Although the specific
T-cell response is the most important element of antiviral
immunity, yet impossible to perform in our Institute at the
beginning of our study, we decided to base on information
about the humoral response, especially since antibody titers
have been proven to correlate with the number of specific
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T-lymphocytes [25, 26]. However, further studies on a
larger group with a similar course of COVID-19, includ-
ing not only humoral, but also a cellular response to the
infection, are necessary to reliably determine the immune
response 10 SARS-CoV-2 infection in children with second-
ary immunodeficiencies,

Conclusions

After contracting COVID-19, children with secondary
immunodeficiencies seroconvert with the production of anti-
S antibodies in an equal percentage to their immunocompe-
tent peers. However, this seroconversion tends to occur later
and leads 10 the production of significantly lower titers of
detectable antibodies compared to the control group. Nev-
ertheless, both seroconversion and titers of these antibodies
do not depend on the number of total lymphocytes or their
subsets,

In the immunocompetent cohort, the number of NK
cells decreased during SARS-CoV-2 infections, which can
be explained by their recruitment into affected tissues and
participation in antiviral immunity. However, no significant
differences in lymphocyte subsets during COVID-19 were
observed in children with secondary immunodeficiencies,

Based on our study group, there seems to be 4 correla-
tion between the CD4 4 /CDS + T cell ratio and the sever-
ity of SARS-CoV-2 infections — the higher the ratio, the
greater the risk of developing and severity of COVID-19
pneumonia. Hence, a reduced ratio in immunocompromised
children may be a protective factor against a severe course
of COVID-19. However, duc to the disparate severity of the
disease course in both groups, this hypothesis requires con-
firmation in larger studies.
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PIMS-TS u dzieci z niedoborami odpornosci
- aktualny stan wiedzy

PIMS-TS in children with immunodeficiency - current state of knowledge
Karolina Kuczborska', Piotr Buda', Beata Wolska-Kusnierz, Janusz Ksiazyk'

Kinika Pediatril, Zywienia i Chordb Metabolicznych, Instytut , Pomnik - Centrum Zdrowia Deiecka’, Warszawa
T Knlka immunologi, instytut Pomni - Centrum Zdrowia Dziecka’, Warszawa

STRESZCIENIE
Daieciecy wielouklsdowy 2espdl zapalny powigzany 2 zakazeniem SARS-CoV-2 (ang. padiatric inflammalory mullisystem syndrome temparally associaled
with SARS-CoV-2, PIMS-TS) jest rzadkim powikianiem prretyteqo rakarenia SARS-CoV-2 (ang. severe acute respiratary syndrome coronavirus 2) u diieci  mio-

driezy. Z powadu sugerowanego podabnego pranblegu zakaienia ~ bez- kb skgpoobjawowego - u dieci z niedoborami odpornadci | bez tych niedobo-
réw, nasuwag s pytanla, czy rozpawszechvenie | manifestacja PIMS-TS sq réwniez podobne w obu grupach | czy zafel od rodzaju defektu, Dotychczas
opisano tylko Kika przypadiéw PIMS-TS u dzleci Z niecoborami adpomodo, zardwno widrnyml, jak | wrodzonymi, sugerujac jego radsze razpowszech-
nienie niz w populaci ogdlineg). Pokazujg ane, 2e powiklanie mode mied przebieg zardwne o fenotypie choroby Kawasaliego, jak | bez niego, ale szeroki
| niespecyficary zakres objawtw, Crgsto imitujacy zaostraenie chorobly padstawowej tzy powikliania polekowe, mode utrudniad razpaznanie. W patoge-
nezie bierre udrial nieprawidiowa cdpowleds immunologiczna ra zakakenie, zardwno kamérkows, Jak | humoraina. Distego stosowane leczenie immu-
nosupresyjne maae igadzé prachieg PIMS-TS u dzied 2 whdrnym| zaburzeniami odpomodc. Z kolel wptyw zaburzen wrodzamych zaledy od jego rodza)u
Dotychczas wykazano, 2e defekty Scierki interferanowe] 53 czynnlkiem ryzyka rozwinigcia PIMSTS.
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SLOWA KLUCZOWE: m MIVS-15 m NEDOSORY ODPOANCSC! B SARS-Cov-2

ABSTRACT

Pediatric inflammatary multsystem syntrome temparaly assocated with SARS-CoV-2 (PIMS-TS) is 3 mre complication of SARS-CaV-2 infection in children
and adolescents Due to the suggested simiar course of infection - asymptornatic or oligosymptomatic - in childmen with and without Immunodefidency,
questions arise whether the prevalence and manifestation of PIMS-TS are also simiar in both groups. So far, only a few cases of PIMS-TS have baen reported
In children with Immunodeficency, both secondary and primary, suggesting that It is less common than in the general population. They show that PIMS- TS
can occur both in the Kawasaki dissase phenotype and without It, but & wide, nor-specific range of symptoms, often imitating an exacerbation of the un-
derlying disease or drug-refsted complications, may make diagnesis dfficult. An abnormal immune response to the infection is involved in the pathagen-
st Therefore, the Immunosuppressive therapy may alleviate the course of PIMS-TS in children with secondary Immunodeficiency. The impact of pimary
disorders depends on its type - defects in the interferon pathway are a risk factor for PIMSTS.
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KEY WORDS: & FIMS-15 m IMMUNODEFICIENCY 8 SARS-Cov-2

" GROWNETEZY

Wstep N\
Od 2 lat zakaZenie SARS-CoV-2 (ang, severe acu- = Dziecipcy wioloukladaowy zesp6t zapainy powigzany z zaka-
te respiratory syndrome coronavirus 2) stanowi je- zeniem SARS-CoV-2 (FIMS-T5) jest rzadkim, ale potencjal-
den z najwezniejszych probleméw medycznych, tak- nie zagrazajacym 2yclu powikkaniem przebytego COVID-19
#ze w pediatrii, Po zaobserwowaniu stosunkowo la- u dziedi | miodych dorostych,

godnego przebiegu infekeji u dzieci zaczely si¢ nasu- ® PIMS-TS mode wystepowad takze u dzeci 2 niedobarami
waé pytania, czy stan obniZonej odpornoéci nie be- odpornoici, jednak jegoe rozpowszechnienie w tef grupie
dzie prowadzi¢ do ciedszego przebiegu choroby. Ak- Jest rzadsze, a rozpoznanie - trudniejsze.

tuaine doniesienia sugeruja jednak, ze przebieg za- = Stan obnlzonej odpomada maie stanowié czynnik ochron-
kazenia SARS-CoV-2 u dzieci z wtérnymi zaburze- ny przed rozwinieciem oraz cigzkim przebiegiem PIMS-TS,
niami odpornosci jest podobny — bez- lub skapoob- Jednak zwigzek ten nie zostat w pelni poznany.

jawowy — jak u dzieci z prawidlowym ukladem im-
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munologicznym. Ponadto w trakcic zakazenia mo-
ga one kontynuowaé leczenie choroby podstawo-
wej poprzez zastosowanie lekéw immunosupresyj-
nych, chemio- czy radioterapii, bez istotnie czgst-
szych powiklan'™,

Z kolei w ciggu ostatniego roku opublikowano pierw-
sze i dotychezas nicliczne prace dotyczace przebicgu
zakazenia u pacjentdw z wrodzonymi zaburzeniami
odpornodci (WZO) oraz pierwsze pordwnania czesto-
$ci clezkich przebiegéw 1 powiklan COVID-19 (ang.
coronavirus disease 2019). Dotychczas zaobserwo-
wano, ze u wickszosci pacjentow z WZ0 COVID-19
przebiega lagodnie. Nicmniej mimo Ze czynniki ry-
zyka predysponujace do cigzkiego przebiegu by-
ty poréwnywalne do tych, ktdre wyst¢puja w popu-
lacji ogolnej (wick oraz choroby wspalistmicjace)®,
wskaznik Smicrtelnosci byt wyzszy w grupie chorych
z WZO0, co sugeruje, ze same WZO0 zwickszajq dmier-
telnoé¢ w COVID-19% Autorzy podkresiajg jednak,
#e potrzebne sa dalsze badania majace na celu po-
znanie immunopatomechanizmow weryfikujacych
powyzsze obserwacje kliniczne.

Rzadkim powiklaniem zakazenia SARS-CaV-2 jest
dziecigcy wicloukladowy zespdl zapalny powigza-
ny # zakazeniem SARS-CoV-2 (ang. pediatric inflam-
matory multisystem syndrome temporally assodated
with SARS-CoV-2, PIMS-TS, PIMS). Jest on wynikiem
dysregulacji immunologicznej, wystepujace) u dzie-
ci i miodych dorosiych po ok. 2-6 tygodniach od za-
kazenia, zwykle bez- lub skypoobjawowego. Pierwsze
preypadki tego ostrego, potencjalnie zagrazajacego zy-
ciu zespolu zostaly opisane przez brytyjskich lekarzy
w kwietniu 2020 r.°, Od tamtej pory odnotowano liczne
przypadki PIMS-TS na calym éwiccie, sazacujac, Ze roz-
wija sig on u 0,1% dzieci zakazonych SARS-CoV-27.
Przebieg choroby moze by¢ burzliwy, niekiedy wyma-
gajacy leczenia w oddziale intensywnej terapii. Nie-
mniej szybko ustalone rozpoznanie oraz w porg podje-
te skuteczne leczenie dajg szansg na peiny powrdt do
zdrowia u zdecydowanej wickszodcei pacjentdaw.

W swietle powyZszych informacji nasuwaja si¢ pyta-
nia: Czy rozpowszechnienie i manifestacja PIMS-TS
sg, rownicz podobne u pacjentow z niedoborami od-
pormoéci w poréwnaniu z populacjg ogalng? Czy zale-
Zy to od rodzaju defektu (wrodzony vs widrny niedo-
bér odpornodci)? A mode sam PIMS-TS nalezy trakto-
wad jako niedobér odpornoéci?

Definicja i kryteria rozpoznania

Dotychezas brak jest ujednoliconych kryteriow roz-
poznania PIMS-TS. RézZnia si¢ one zaleznie od kra-
Ju i grupy wydajacych je ekspertow. Wedlug tej przy
Polskim Towarzystwie Pediatrycznym (PTP), do roz-
poznania PIMS-TS wymagane sa®:

» wick do 18, roku zycia;

» goraczks (bez zdefiniowanego czasu trwania);
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= podwyzszone wykladniki stanu zapalnego (biat-
ko C-reaktywne, prokalcytonina, OB, fibryno-
gen, dehydrogenaza mleczanowa, D-dimery,
ferrytyna);

= objawy uszkodzenia co najmniej 2 narzadow

i ukladow (sposrod ukiadow: pokarmowego, ser-

cowo-naczyniowego, nerwowego, oddechowego;

nerek, objawy skérno-§luzowkowe);
s wykluczenie innych mozliwych przyczyn;
» powigzanie z COVID-19 (zakazenie przebyte lub
aktualne).
W badaniach laboratoryjnych, oprécz znacznie wy-
sokich wykladnikow ostrej fezy, charakterystyczne
sa: limfopenia, niedokrwistodéé, hipoalbuminemia,
hiponatremia oraz podwyzszone wartosci wskazni-
kow uszkodzenia mig¢énia sercowego: peptydu na-
triurctyczncgo typu B (ang. brain natnuretic pepti-
de. BNP), N-koficowego peptydu natriuretycznego
typu B (ang. N-terminal pro-brain natriurefic pepti-
de, NT~proBNP) oraz troponiny®®,
PIMS-TS charakteryzuje réznorodnosé objawow kli-
nicznych, mozliwosé naktadania sig fenotypow kli-
nicznych choroby Kawasakicgo (postac klasyczna,
atypows, zespdl watrzasu zwiazanego z chorobg
Kawasakiego) oraz innych jednostek chorobowych
fukladowa postaé miodzienczego idiopatycznego za-
palenia stawow), co nasuwa hipotezg, czy nie sg to
rézne fenotypy uogélnionego zespolu reakcji zapal-
nej (PIMS/SIRS)'".
Wedlug metaanalizy dokonanej w odniesieniu do
917 chorych w érednim wieku 9,3 lat'’, najczest-
szym objawem PIMS-TS byla goraczka (99,3%),
& nastgpnic:
s objawy zclgdkowo-jelitowe (87,3%);
= bdle brzucha (70,1%);
» zajecie ukladu sercowo-naczyniowego, takie jak:

- dysfunkcja mi¢énia sercowego (55,3%),

~ tetmiaki tetnic wiencowych {21,7%),

- wstrzas (65,8%);
= laczna czgstoéé wystgpowania objawéw ze strony

ukladu oddechowego wyniosta 40,7%;

# laczna czestosd wystepowania objawow neurolo-

gicznych wyniosta 36,0%;

& najczgscie] zglaszanymi objawami podobnymi do
choroby Kawasakiego byly:

- zapalenie spojéwek (57,0%),

- wysypka (59,0%),

- zmiany na blonie sluzowej jamy ustnej (42,3%).
Przebieg PIMS-TS bez fenotypu choroby Kawa-
sakiego sprawia wicksze trudnosci w ustalenin
rozpoznania, diatego kazda obecnodé goraczki
ze znacznie podwyzszonymi wykladnikami sta-
nu zapainego, bez uchwytnej przyczyny i pray
nietypowym obrazie klinicznym, powinna wzbu-
dza¢ duzg czujnosé diagnostyczng w kierunku
PIMS-TS.
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PIMS-TS u dzieci z niedoborami
odpornosci - dotychczasowe doniesienia
W lutym 2021 r. ukazal sig¢ pierwszy opis przypad-
ku PIMS-TS u 5-letnicgo dziccka z ostra bislaczks
miclomonocytows, oporng na zastosowane leczenie
{3 rézne cykle chemioterapii). Dziewczynka w trak-
cie hospitalizacji w Bombaju (Indie) podczas kolej-
nego cyklu leczenia zagoraczkowala bez uchwytnej
przyczyny. W kolejnych dniach dolgczyly objawy
kliniczne (tachykardia, bicgunka, spadki satura-
¢ji) oraz laboratoryjne (znacznie podwyiszone steg-
zenia prokalcytoniny, bialka C-reaktywnego, kina-
zy kreatynowej, ferrytyny, [L-6 i D-dimerow), kio-
re w polaczeniu z obecnoscig przeciwcial przeciw-
ko SARS-CoV-2 umozliwily rozpoznanie PIMS-TS.
Do leczenia wiaczono pulsy z metyloprednizolo-
nu, uzyskujac poprawe stanu klinicznego i obni-
Zzenie wykladnikéw stanu zapalnego, Stan ogdlny
dziecka pozostawal dobry, a przez caly okres cho-
roby w badaniu echokardiograficznym (ECHO) ser-
c& nie opisano zmian w obrgbie tgtnic wiencowych,
Niestety, bialaczka okazala si¢ oporna na kolej-
ny schemat chemioterapii, przez co dziewczynka
zostata wypisana do domu 2z zaleceniami leczenia
paliatywnego™.

Drugi przypadek, dotyczecy 2,5-letniego chiopca
z ostra bialaczks szpikows, zosta!l opublikowany
w grudniu 2021 r. Osmego dnia chemioterapii in-
dukcyinej pacjent zagoraczkowal i zaczal oddawad
luzne stolce. Do leczenia wiaczono szerokospektral-
na antybiotykoterapi¢, a z uwsagi na pancytopeni¢
we krwi obwodowej przetoczono koncentrat krwinek
czerwonych (KKCz) i plytkowych (KKP). Mimo sto-
sowanego leczenia, eskalacji antybiotykoterapii oraz
jalowych posiewdw krwi pacjent nieustannie goracz-
kowat, a jego stan ogblny pogarszal si¢. Na tym eta-
pic zaczeto podejrzewad niczakazne przyczyny go-
raczki, szczegblnie PIMS-TS. W wykonanych wow-
czas badaniach laboratoryjnych zaobserwowano
znacznie podwyZszone wykladniki stanu zapalnego,
hipoalbuminemie oraz obecnoéé przeciwcial w kla-
sie IgG przeciwko SARS-CoV-2, Do leczenia wigczo-
no dozyine preparaty immunoglobulin (IVIG) oraz
deksametazon, co skutkowalo ustapieniem goracz-
ki. ECHO nie wykazalo poszerzenia tetnic wienco-
wych, a jedynie niewielka ilos¢ plynu w osierdziu,
Pacjent z powodzeniem ukoniczyl 2 cykle chemiote-
rapii indukeyjnej™.

Trzeci przypadek, opublikowany w marcu
2021 r. przez badaczy amerykanskich, dotyczyl
3-letniej dziewczynki po przeszczepieniu watro-
by z powodu marskos$ci narzadu na podlozu choro-
by Carolego, pozostajacej na przewleklym leczeniu
immunosupresyjnym. Dziecko zostalo przyjete do
szpitala z powodu ostrej niewydolnosci nerek z hi-
ponatremia. W ciagu kilku godzin do objawéw do-

laczyle goraczka, a w 2, dobie — rumieniowa wysyp-
ka na tulowiu z luszczeniem w okolicy krocza, ,tru-
skawkowy jezyk”, obrzgki powick bez zapalenia spo-
jowek oraz bicgunka. Badania laboratoryjne wyka-
zaly podwyzszone wyktadniki stanu zapalnego, leu-
kopenig, trombocytopenie, pedwyzszony NT-proBNP
oraz obecno&é przeciwcinl w klasie 1gG przeciw-
ko SARS-CoV-2, jak rownicz dodatni wynik bada-
nia metoda RT-PCR. Poczatkowo obraz tgtnic wien-
cowych w ECHO serca byl prawidiowy, natomiast
w 7. dobie wykryto lagedne poszerzenie lewej glow-
nej tetnicy wiencowej. Do leczenia wilaczono IVIG,
kwas acetylosalicylowy oraz enoksaparyne, osig-
gajac poprawg stanu klinicznego i wynikéw badan
leboratoryjnych. Przebieg choroby byl powikiany
przeiéciowym pogorszeniem czynnodci graftu oraz
pozawatrobowa niedroznodcia Zyly wrotnej, wyma-
gajace) rekaniulacii. Po prawie miesigeu hospitali-
zacji wyniki wazystkich badan laboratoryjnych i ob-
razowych wrocily do normy'.

Meredith i wsp. oraz Dolinger i wsp. opublikowa-
li pierwsze opisy przypadkow dzieci z nieswoisty-
mi zapaleniami jelit, pozostajacymi na przewlekiej
terapii infliksymabem, ktére rdwnieZ rozwinely ob-
Jjawy PIMS-TS. Zaréwno dziewczynka z wrzodzieja-
cym zapaleniem jelita grubego, jak i chiopiec z cho-
robg Crohna spelnili kryteria rozpoznania PIMS-TS
w trakcie przewleklego podawania przeciwciala mo-
noklonalnego anty-TNFa oraz przy stabilnym ob-
razie choroby podstawowej, Przebieg PIMS-TS byt
u nich stosunkowo lagodny, leczeni byli wlewa-
mi IVIG oraz glikokortykosteroidami systemowymi
—z poprawg, Nie przerywano terapii infliksymabem.
Z uwagi na fakt, i2 podwyZszone wartosci TNFa ob-
serwowane sg zardwno w nieswoistych zapaleniach
jelit, jak i w  burzy cytokinowe]® wywolanej przez za-
kazenie SARS-CoV-2, badacze postuluja, ze utrzy-
mana przez nich terapia anty-TNF byla skuteczna
nie tylko w leczeniu choroby podstawowej, lecz tak-
ze w zatrzymaniu ogdlnoustrojowej reakeji zapalnej
zwigzane] z COVID-19. Zdaniem autordéw terapia in-
fliksymabem moze byé przyczyng stosunkowo la-
godnego przebiegu PIMS-TS'#6,

Mniej optymistyczne dane dotyczgce przebiegu
PIMS-TS u dzieci z WZO prezentujg badacze z Mek-
syku. Sposrod 16 pacjentow pediatryeznych ujetych
w badaniu u 7 rozpoznano PIMS-TS (44%), z czego 2
zmarto. Jeden pacjent, 16-letni, chorowal na prze-
wlekia chorobg ziarniniakowa, a drugh, 12-letn,
na blizej nicokreslona chorobe autozapalng'’. Z ko-
lei Lee | wsp,, donoszac o przebiegu PIMS-TS u 2
pacjentow z heterozygotycznymi mutacjarmi SOCST
powodujacymi utrate funkeji tego genu, wskazuja,
#e 88 oni bardzie] predysponowan: do zachorowania
na PIMS-TS. Nie wydajq si¢ miec jednak zwigckszo-
nego ryzyka cigzkiego przebiegu choroby'®, Réwniez
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Goudouris i wsp. opisali przypadck pacjenta z za-
burzeniami Sciezki interferonowej, ktory jako jedy-
ny rozwingl PIMS-TS spoéréd 121 pacientéw z WZO,
co wydaje si¢ potwierdzaé predyspozycie w tej gru-
pie®, Najnowsze doniesienie z Iranu, dotyczace prze-
biegu PIMS-TS u 3-letniego dziecka z dziedziczonym
autosomalnic recesywnic niedoborem podjednostki
receptora interferonu alfa/beta (IFNAR1), sugeruje
dodatkowo, ze zaburzenia §ciezki interferonowej ty-
pu 1 sprzyjaja nie tylko rozwojowi, lecz takse cicz-
kiemu przebiegowi PIMS-TS, Opisywany przez auto-
row pagjent, mimo specjalistycznego leczenia na od-
dziale intensywnej terapii, zmarl z powodu niewy-
dolnodei serca i niewydolnodci oddechowej w prze-
biegu powiklania COVID-19%°,

Rozpowszechnienie

Pomimo publikowania coraz nowszych donicsien
dotyczacych COVID-19 wceiaZ liczba publikacji po-
ruszajacych temat PIMS-TS w grupie dzieci z niedo-
borami odpornosci jest niewielka. Moze to z jednej
strony sugerowac rzadkie wystgpowanie powiklania
w tej grupie, z drugicj zas - znaczne trudnosci dia-
gnostyczne, poruszone w dalszej czesci artykuta,

W publikacji opisujacej przebieg zakaZenia
SARS-CoV-2 u dzieci we Wloszech 1 pacjent spo-
srod 30 (3,3%) z rozpoznaniem PIMS-TS mial niedo-
bér odpornoéci (zespot Wiskotta i Aldricha)®. Z ko-
lei w pracy poiskich autoréw tylko 1 dziecko spo-
grod 171 (0,58%) bylo leczone immunosupresyj-
nie**. Niemniej wiekszod¢ prac obserwacyjnych do-
tyczacych przebiegu PIMS-TS nie wspomina o pa-
cjentach z niedoborami odpornosct, co unicmozliwia
oceng rozpowszechnienia powiklania w tej grupie.
Zgodnie z nasza aktualng wiedzg, nie powstala do-
tychezas takZe Zadna metaanaliza ani praca pogla-
dowa poruszajaca ten temat.

Trudnosci diagnostyczne

Wasazyscy autorzy opisujacy przypadki PIMS-TS
u dzieci z zaburzeniami odpornoéci podkredlaja
trudnosci diagnostyczne choroby w tej populacji.
Zakres objawow zespotu jest szeroki | niespecyficz-
ny. Ponadto stan pacjenta i jego dolegliwosdci zde-
cydowanie czgéciej nasuwajg podejrzenie innych,
czgstszvch przyczyn. Obecnodé goraczki z wysoki-
mi parametrami stanu zapalnego, niedokrwistosciy
i limfopenia w pierwszej kolejnosci sugeruje cigzkie
infekgje, na ktore dzicci z niedoborami immunolo-
gicznymi 88 szczegilnic narazone.

Spotykane w PIMS-TS objawy Zoladkowo-jelitowe
moga imitowad powiklania po chemioterapii w cza-
sie goraczki neutropenicznej. Z kolei podwyzszone
markery uszkodzenia migsnia sercowego w przebie-
gu PIMS-TS, wynikajacego z jego dysfunkcji, moga
zostaé blednic uznane za powikianic po zastosowa-
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niu lckow kardiotoksycznych w trakcie chemiotera-
pii, co dodatkowo utrudnia rozpoznanie.

Ponadto udowodniono, Ze w trakcie COVID-19 oraz
PIMS-TS obserwowane sa podwyzszone wartosci
kalprotektyny w kale i Ze stanowi ona biomarker za-
palenia przewodu pokarmowego w przebiegu ww.
chordb®. W polaczeniu z obecnymi dolegliwosciami
ze strony przewodu pokarmowego u dzieci z nieswo-
istymi zapaleniami jelit podwy2szone stgzenie kal-
protektyny sugeruje przede wszystkim zaostrzenie
choroby podstawowej, a nic PIMS-TS,

Z kolei u dzieci po przeszezepieniach narzadéw po-
stuluje si¢ ryzyko wystapienia powiklan zakrzepo-
wych graftu w przebiegu PIMS-TS, co skutkuje po-
gorszeniem czynnosci przeszezepionego narzadu',
Takie zjawisko moze mieé¢ réine przyczyny, znacz-
nic czgstsze niz PIMS-TS, a bedzie szczegdlnie rzad-
ko podejrzewane u dzieci bez dodatniego wywiadu
w kierunku COVID-19, choroby bardzo czesto bez-
objawowej i z tego powodu niediagnozowanej w tej
grupie pacjentow’.

Obraz kliniczny

Wyzej opisane przypadki pokazuja, Ze u dzieci z nie-
doborami odpornodci PIMS-TS moze mie¢ przebieg
zardéwno o fenotypie choroby Kawasakiego, jak i bez
niego. Dotychezasowe doniesienia sugerujg jednak,
ze przebieg PIMS-TS w grupie dzeci z wtornymi za-
burzeniami odpornoéci jest lagodnicjszy, stwarza
mniejsze ryzyko hospitalizacji na oddziale intensyw-
nej terapii, a dzieki temu moze nieS¢ mniejsze ryzy-
ko zgonu. Jesli za$ chodzi o WZO, to opublikowa-
ne dane sugerujg wigksza predyspozycjc do rozwi-
nigcia PIMS-TS oraz jego cigzszego przebiegu w kon-
kretnych deficytach immunologicznych, szczegéinie
w zaburzeniach sciezki interferonowej. Dostepnych
jest jednak zbyt malo danych, aby mée wnioskowad
0 jego przebiegu w tej grupie.

Podloze immunologiczne

Jak wytlumaczyé rzadkie wystepowanie oraz suge-
rowany lagodny przebieg PIMS-TS u dzieci z zabu-
rzeniami odpornosci? Zgodnie z aktualnymi donie-
sieniami, objawy tej choroby wynikajg z nicprawi-
dlowej odpowiedzi ukladu odpornosciowego na za-
kazenie SARS-CoV-2, obejmujacej zardwno komdor-
kowaq, jak i humoralng odpowiedz immunologiczna
skierowang przeciwko wlasnym antygenom.

Cytokiny prozapalne

W przebiegu PIMS-TS wykazano zwigkszone uwal-
nianie cytokin prozapalnych |w szezegbinosci: [L-6,
1L-8, 1L~10, IL-18, IL-17A) oraz chemokin (CCL19,
CXCL10, CDCP1), ktore regulujg rekrutacje i mo-
dulacje komorek NK oraz limfocytow T, Zwigksza 8i¢
takze uwalnianic CCL3, CCL4 i CDCPI, ktére z ko-
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lei podrednicza w chemotaksji monocytiéw i neu-
trofili***, W niektérych pracach zwraca si¢ row-
niez uwage na podwyzszone wartosci TNFa™, Aktu-
alnic IL-6 stosuje si¢ jako marker stanu zapalne-
go w diagnostyce oraz ocenie aktywnosdci choroby.
Z kolei przeciwciala monoklonalne skierowane prze-
ciwko IL-1, IL-6 oraz TNFa stanowia terapie trzecie-
go rzutu PIMS-TS (odpowiednio: anakinra, tocilizu-
mab i infliksymab).

Odpowiedi komérkowa czy humoraina?
Wykazano, 2e w przebiegu PIMS-TS dochodzi do
zmniejszenia odsetka limfocytéw TCD4+, TCD8+
oraz komérek NK we krwi obwodowe] wskutek ich
masywnej] obwodowej ekspansji, podczas gdy limfo-
cyty B sg obecne w normalnej liczbie i rozkladzie* ¢,
Ponadto zauwazono aktywacje i chemotaksje neu-
trofili oraz nieklasycznych monocytéw®. Wynikalo-
by z tego, Ze w patogenezie choroby glowna rolg od-
grywa odpowiedz komorkowa, a udzial limfocytow
B jest mniej istotny. Niemniej amerykanscy bada-
cze wykryli blisko 300 autoprzeciwcial u pacjen-
téw z PIMS-TS, ktére moga byé potencjalnie istotne
w patogenezie choroby, Sa to zardwno przeciwcia-
fa typowe dla chorob autoimmunologicznych (np.
anty-La), jak i te skicrowane przeciwko antygenom
obecnym na narzadach, ktére sa najczegsciej objeg-
te procesem zapalnym w przebiegu PIMS-TS (serce,
przewdd pokarmowy)®®, Postuluje si¢, ze zakaZenie
SARS-CoV-2 wyzwala widrng, auloreaklywny odpo-
wiedz humoralng, uszkadzajace narzady. Skutecz-
nosc terapii IVIG u sporej grupy pacjentaw zwicksza
prawdopodobienstwo tej hipotezy’#,

Czynniki genetyane

Nie uslalono dotychczas, czy podiloze genelycz-
ne moze predysponowaé do rozwinigcia PIMS-TS
po zakaZeniu SARS-CoV-2. Nicktorzy badacze su-
geruja wigkszq podatnosé na to powikianie u osob
pochodzenia afrykafiskiego i latynoamerykanskie-
2o™, Wydaje si¢ jednak, Ze stosunkowo czeste roz-
poznanie PIMS-TS wsrod dzieci z tych 2 grup et-
nicznych wynika raczej z wicksze] zapadalnosci
na COVID-19, co z kolei jest nastgpstwem gorszego
statusu socjoekonomicznego i wigkszej gestodci za-
ludnienia®, Z drugiej strony, w wickszosci krajow
wysoko rozwini¢tych odsetek dzieci z PIMS-TS wy-
magajacych leczenia na oddziale intensywnej tera-
pii osigga 40-60%, podczas gdy w Polsce jest to nie-
cale 8%, co moze wskazywac na genetycznic uwa-
runkowany lagodniejszy przebieg choroby w na-
szej populacji®®, Sa to jednak jedynie hipotezy, nie-
znajdujace potwierdzenia w badaniach naukowych.
Autorzy planujg porownanie genotypu pacjentow
z PIMS-TS oraz chorobg Kawasakiego sprzed pan-
demii COVID-19%,

Wplyw wtornych zaburzen odpomosci

Skoro patogeneza PIMS-TS w glowne]j mierze opie-
ra si¢ na nieprawidtowej odpowiedzi immunolo-
gicznej na zakazenic SARS-CoV-2, a nic na pato-
gennym wplywie samego wirusa, wydaje sig, Ze im-
munosupresja moze odgrywaé role pewnego rodza-
ju profilaktyki przed tym powiklaniem. Jak zazna-
czono powyzej, mimo udzialu odporno$ci humo-
raine) w patogenezie PIMS-TS sugeruje sie, ze ca-
la kaskada zapoczatkowana jest raczej przez odpo-
wiedz komérkows, przede wszystkim limfocyty T,
a to wiladnie one sa hamowane przez zdecydowa-
ni, wickszos¢ lekow immunosupresyjnych. Gliko-
kortykosteroidy ograniczaja proliferacje i uwalnia-
nie cytokin zaréwno przez limfocyty T CD4+, jak
i CD8+, indukujg przeciwzapalny fenotyp u mono-
cytéw oraz hemuja transkrypcje gendw kodujacych
interleukiny prozapalne™®, Inhibitory kalcyneuryny
dzialaja immunosupresyjnie glownie poprzez obni-
zenie aklywacji limfocytow T | zmniejszenie uwal-
niania prozapalnych cytokin®'. Z kolei inhibitory
szlaku mTOR hamujg nie tylko proliferacje limfocy-
téw T, lecz takze réznicowanie limfocytéw B w ko-
morki plazmatyczne, co osiabia wytwarzanie prze-
ciwcial, rowniez istotnych w patogenezie PIMS-TS?,
Przeciwciala monoklonalne, przede wszystkim
te skicrowane przeciwko IL-1, IL-6 oraz TNFa,
ograniczajg reakcie zapaina, lagodzac przebieg
choroby, co chroni pacjentéw leczonych tymi leka-
mi przed rozwojem cigzkiego przebiegu PIMS-TS®,
Chemioterapia natomiast, poprzez dzialanic mie-
lotoksyczne, wplywa na wszystkie elementy od-
pornosci, ktére biorg udzial w patogenezie tego
powiklania.

Wplyw wrodzonych zaburzen odpornosci

Niestety, kwestia wplywu WZO na przebieg PIMS-TS
nic wydaje si¢ juz tak oczywista. Liczni badacze pod-
kredlajg, ze przebiegzaréwno COVID-19, jaki PIMS-TS
w tej grupie zalezy od typu niedoboru odpornodei’™?,
Dotychczasowe doniesienia  sugerwja, 2¢ defek-
ty sciezki interferonowej, poprzez stymulacje burzy
cytokinowej, stanowig czynnik ryzyka rozwiniccia
PIMS-TS i jego ci¢zszego przebiegu. Z kolei niedobo-
ry, kidre prowadza do zwigkszonego ryzyka chordb
autoimmunizacyjnych, jak opisana powyZej prze-
wlekta choroba ziaminiakowa, moga prayczyniaé sie
do cigzkiego przebiegu PIMS-TS, z ryzykiem zgonu
wlgcznie®'”'*, By¢é moze podobnie sytuacja wygla-
da w cigzkim zloZonym niedoborze odpornodci (ang.
severe combined immunodeficiency, SCID), w kté-
rym dochodz do zaburzen czynnodci limfocytow T, B
i/lub NK, w tym takze limfocytdw T regulatorowych,
odpowiedzialnych za ttumienic procesow autoimmu-
nizacyjnych. Sg to jednak tylko spekulacje, Nie zna-
lezlismy natomiast Zadnych doniesies dotyczacych
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przebicgu PIMS-TS w chorobach z wybiorcza dys-
funkcja limfocytow B, takich jak hipogammaglobu-
linemia. By¢ moze zespdi zapalny rozwija si¢ u tych
pacjentow rownie rzadko, albo weale, jak ciezki prze-
bieg samego zakazenia SARS-CoV-2, postulowany
przez nicktérych badaczy®?, co ttumaczone byloby
faktem, iz limfocyty B nic odgrywaijs kluczowej ro-
1 w obronie przed wirusem ani wywolang przez nie-
go nadmierng odpowiedzia zapalna. Hipotezy te wy-
magaja jednak potwierdzenia w dalszych badaniach.
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kareniem SARS-CoV-2 (PIMS-TS] moie wystgpowad U deie-
¢l z niedoborami odpornoscl, zardwno plerwotnymi, jak
| wtérnyml, jednak wydaje sig, 2e razpawszechnlenle tego
powikiania jest rzadsze ni2 w ogdine) populac)! pediatrycz-
nej.

7 uwagi na szeroki | niespecyficzny zakres objawbw, czgsto
imitujacy zaostrzenie choroby podstawowej czy powikle-
nia po zastosowanym leczeniy, rozpoznanie PIMS-TS wéndd
pacjentdw z niedoborami odpornodcl moze byt trudne
Stad kakda obecnost gorgezki 2e znacenie podwylszonymi
wykbadniami stanu zapalnego | przy nietypowym obrazie
kinicznym powinng wrbudzad dukq crupnoi disgnostycr-
na w kierunku PIMSTS,

= W patogenezie PIMS-TS blerze udzial nleprawidiowa odpo-
wied? knmunologicina na zakazenie SARS-CoV-2, zarbwno
komérkowa, jak | humoralna, a stosowane leczenie immu-
nosupresyjne moae zard zapobiegal rozwojowi tego
powiklania, jak | lagodzif jeqo prrebieg.

= Przebleg PIMS-TS w gruple dalecl z wtémym| zaburzeniami
odpornosci moze byt lagodniejszy, stwarzad mniejsze ry-
zyko hospitalizacji na oddziale intensywnej terapli, a dzigki
temu niedd mniejsze ryzyko zgonu, Hipoteza ta wymaga
Jednak potwierdzenia w szerszych badanlach,

= Spoéréd wrodzomych zaburzen odpornoécd zaburzenla
sciedkl interferonowe] wydajg sie by¢ czynnikiem ryzyka
rozwinigcia PIMS-TS. Jednak przebieg samego powiklania
W te] grupie nie zostat dotychezas w pedni poznany. Zagac-
nienie to wymaga szerszej analizy na podstawie wiglsoaj
liczbry opisanych przypadiciw.
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Abstract

Even after two years of the Coronavinus Disease 2019 (COVID-19) pandembc, desplte known risk factors, we
are still unable to predict the severity of the infection in specific patients. Due to the contradictoey data, the
pratective role of immunosuppression in preventing the severe course of the infection remains uncertain,
Therefore, we want to discuss the influence of several iImmumosuppressive factors on the COVID-14 pattern
in children, based on two case reports regarding 17-year-old boys with other immunosuppressive factors and
a completely different cousse of the disease. The first pationt suffered from AIDS, syphilis and primary
central nervous system B-cedl lymphaoma, treated with radiotherapy. He experienced a Fght path of the
Infection, presenting only periodically appearing cough with no X-ray infla y changes, Neverthel

due to the risk of severe COVID- 19 and transient hypoxia, remdesivir was administered, He remained in o
generally good condithon and his follow-up did not revesl any noticeable complications, The second patient
was charscterised by Down syndrome, dmdty. pdmahhmdwwdthmkmwe
therapy. He developed i i inthe | fver care unit with the use of
mechanicol ventilation, mndeswlr und nnllnnm. Despite the initial improvement of s general cordition,
including the degree of lung involvement and respiratory function, he developed an intracorebral
haemorthage, leading 1o brain hemiation and ultimately death, In conclusion, HIV infection, oncological
and immunosuppeessive treatment do not seem to predispose to the severe course of COVID- 19, whereas
Dawn syndrame ancd obesity do.

Categories: Pedi Allergy/1 dogy, Infe Disease
Keywords: inmunodeficloncy, sars-cov-1, biv, down synidrome, covid-19

Introduction

Coronuvirus Disease 2019 {COVID-17), o disease caused by Severe Acute Resplratory Syndrome Coronavirus
2 (SARS-CoV-2) infection, has been the most crucial health problem around the warld for the last two years,
Our knowledge about the infection, its spread, susceptibility, severity and treatment hos changed a bot over
this time. Compared to the first wave of the pandemic, we currently have voccines that protect us agalinst
the severe course of the infection, as well as the first-line drugs effective in COVID-19 poesmaonia.
Nevertheless, desplte the known risk factors, sclentists and physiclans are stll unable to predict the severity
of the Infection in specific patients, who are often amazed by the serfousness or lightness of thelr cousse of
the disease,

The vast majority of publications prove that immunocompromised patients, especially children, are
characterised by a mikd course of SARS-CoV-2 Infection and therefore rarely require hospitalisation (1.2
However, some researchers deny this statement and present 2 mm course of COVID- 1% in this group
wumnwkw“muhﬁthmlﬂskmw With this dictory data, the protective role of

in g the infoction's severe course and its complications remuains uncertain,
mnngwlth this controversy, we would like to present two case reports of 17-year-old boys not vaccinated
against COVID- 1Y, with other immunosuppressive factors and with o completely different course of the
diseasc,

Case Presentation

First case

A 17-year-old boy, previously diagnosed with AIDS with CD4 count 396/10L, primary central pervous system
(CNS) B-cell lymphoma, secondary syphilis and suspected CNS syphilis, was admitted to our department
durtng quarantine for radiatherapy. The pationt was diagnosed with B-cell lymphoma and AIDS seven
months before admission. During this period, the patient underwent cl herapy, and the patient
experienced bleeding in the ONS complicated by cardiac arrest and Rickham reservair implantation. Three
weeks befare admission, he began radiotherapy with good tolesance, On the day of admission, &
nasopharyrgeal swab was collected from the patient and his mother 1o perform the reverse transcription
polymerase chain reaction (RT-PCR) test for SARS-CaV-2. The test was positive for the mother and negative
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for the child, They were transformed to the COVID department, where the treatment was continued. During
this stay, two sesstans of radiation therapy to the CNS were performed without complicatsons.

A day after oncologcal troatment, due to periodically appearing cough, a nasopharyngeal swab was colbected
froms the patient to perform the KI-PCR test for SARS-CoV-2, which turned out to be positive, His chest X-
ray revealed no inflammatocy changes, and he had no dyspooea or fever. Yet, doe to the rizk of severe
COVID-19 and transient hypoxia, remdesivic was administered, and the treatment was continued for seven
days. The patlent temalned In a good condition, coughed perfodically and his bloo) cxygen saturation
rensrined normual. Due to leukopenia, granulocyte colany-stimulating factor (G-CSF) was administered

twice. After the end of the treatment, he was discharged home in a good condition, and his follow - up did

not reveal any noticeable complications.

Second case

A 17-year-old boy with Down syndrome, obesity, childbood-onset polyarteritis nodosa (PAN), on chronle
immunosuppressive therapy (methatrexate and methylprednisolone), after the correction of atriaventricular
canal (AVC}, was admitted to our department due to fever and dectine in bload oxygon saturation. He was
hospitulised In our departiment four weeks eaflber due to nassive preumonia. COVID- 19 was ruled out. The
present admission was preceded hy fever, cough and dyspnoga far three days. On admission, he presented
with tachy pooea and respiratory effort and therefore required oxygen therapy st a flow of 7 Lmin, ut which
the blood oxygen saturation level remained at 86-88%, His chest X-ray revealed massive hilateral
inflammuatary changes (Figure [4), whereas computed tomogruphy scan revealed multifocal groand -glass
apacity and decreased lung valume, indicating COVID- 19 (Figure /7). He had significantly elevated
Inflammatory markess (C-reactive protein 14.4 mg/dL; procalGitonin 0.15 ng/mL; ferritin 569535 ng/mi),
and his nasopharyngeal swab fue SARS-CoV-2 was pasitive. Neithes he nor his pasents wene vaccinated
agalnsz COVID- 19, despite being advised to do so,

—

FIGURE 1: Radiological findings on chest X-ray and CT scan of the

second patient
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He recetved meropenem, dexamethasone, remdesivir and low-mobecular-weight heparin, Doe to the
symptores of macropbage activation syndrome (MAS), hypecferritinaemia, beukopenia and the underlying
chromic inflammatory disease {PAN), amakinra was administered, Because of the lack of improvement in the
patient’s generad condition and respiratory parsmeters on high-Dow nasal oxygen therapy, he was
transferred to the ICU. There he required mechanical ventilation, sedation, faccidity, anti-inflamematory
(ghucocarticesteroils and anakinra in reduced dases) and antibypertensive medications, 25 well as insulin
Infuston due to hyperglycsemio. The treatment administered In the paedintric ward was continued, Inclisding
remdesivir, for seven days, Initially, the patient's general condition impraved, induding the degree of lung
Involvemens and reapiratory function, He was weaned from mechanical ventilation after one month.
However, after this, the boy developed an Intracerebeal haemarrhage, leading to braln berniotion and death,
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Discussion

From the heginning of the COVID- 1% pandemic, a mild course of the disease was noticeable in children, The
younger the child, the lower the risk of severe course, plicotions amd hospitalisation, H L there was
@ far children with chronic ilnesses, especially those receiving immunosuppressive drugs or
undergolng chematherapy. Further observations showed that these clildren are predominantly as mildly
alfected by COVID-19 s theit healthy peers. As an excessive, Ussup-damaging imune response causes
severe COVID- 19 pattern, it is carrently assumed that the state of reduced immunity in children s usually 2
protective factor. Nevertheless, it is still unclear whethes this protective role differs in children with primary
and secondary immunodeficiency and specific diagnoses or treatments,

In our case, the first patient had two immunosuppressive factors: AIDS and tymphoma accompansed by
tadio- and chemotherapy. The research results regarding the course of COVID-19 in children infected with
HIV are scarce, Therefore, we need to focus on reports on adult patients. Several scientists have tried to
answer the question of whether HIV status portends poor COVID- 19 outcomes. Lesko and Bengtson claimed
that people living with HIV (PLWH) are as vulnerable to SARS-CoV-2 infection as the standard population
1A Simudtaneously, Durstenfeld et al,, in the study involvieg 220 PIWH from Americun hospitals, proved
thut HIV does not worsen the COVID- 19 course, Including mmulynmhm(mﬁumu m
However, Kanwugu and Adadi emphaxised that the vast majority of described arean il
therapy (ART) and their viral oplications are well controlled }l-}. Thervfore, lhun findings may not be
sienilar umong pativents with high vitemia, kw CD4 cell count or other comarbidities. Our patient was not
recviving ART before contructing COVID-19. Moreover, hue had CNS B-cell lymphoms, drug nephropathy,
cachexia and radiotherapy. Nevertholess, all these comorbidities did not alter his mild COVID-19 pattern,
As for the benefictal effects of remdestvis in this group, there are limited data on its use in PLWH. However,
taking into account the balance of risks and benefits, we decided on the drug administration. Nevertheless,
its effectiveness cannot be confirmed based on a single case repart.

‘The eifect of the patient’s lymphoma and the treatment against it on the course of SARS-CoV-2 infection
seems to be better understood and less ambiguoas than that of AIDS, Many stadies on oncologica! paediatric
patients confirmed that tumours do not impait benign COVID- 19 petterns in this group, Moreover, radio-
and chemotherapy can be continoed during this period as they are well toleratod. Millen et al, from the
United Kingdom and Ferrar et al, from Lombardia did not feel the need for any significant delays In
ancological treatment if coexisting acute states did not require it (2.7, Based on these reports, we also
continoed routinely both chemo- and radiotherapy in our centre, without ohserving increased complications
regarding the oncologicnl treatment as well as the course of acute infection.

Also, the impact of Down syndrome (DS) on the course of COVID- 19 seems to be well understood, and
reports about it &re consistent. Several scientists have proved thot children with DS are ot higher risk of
SARS-CoV-2 infection-related poar outcomes. They have a higher prevalence of resplratory syndtames, more
often require haspitalisation and mochanical ventilation, are more vuinerahle to complications and the
mmonhmdnmhnmxmmmw martaliry (9], Memmtﬂupunmfm(w this

t First, i dysregulation and specific ical airway [ Inerability to
vimL respiratory infections | 111, Second, they are often characterised by comorbidities with a peaven
nepﬂw Impaa on the COVID- 19 course, such as obesity, heart defects or ypothyroidism | ¥ Finally, the

ber of 215t ok ils substantial 0 It contains the locus of the

transmembrune serine protease 2 (TMPRSS2) gene, which is necessary for the viral entry into cells via an
angiotensin-converting enxyme 2 (ACEZ) receptor [1,11], Moreaver, four interferon (IFN) receptors are
Jocated an the 21st chramosome (IFNARE, IFNARZ, IFNGR2 and ILIORB), and their overexpression leads to
hypersensitivity of the 1EN pathway in the pulmanary tissue and consequently increases the cytokine storm
syndrome responsible for the pathagenesks of the severe COVID-19 pattern | | 1] Summarising the impact of
malecular Eactars, children with DS are more vulnerable to viral penetration and lung tissue inflammation
cansed by It Doe 1o all the above reasons, great emphasis ts put on the valldity of vacctnating children with
D5 agalnst COVID-19,

Our yecond patient was also characterised by more than one Immunodeficlency factor, He suftered from PAN
treated with Imausnosuppressants. Unfortunately, only limited dats are available about the course of
COVID-1% in paediatric rheumatology patients, Present reports claimed that these pationts da not have #
propensity to a more freguent of severe SARS-CoV-2 Infection | 17111 Mareower, researchers emphasise that
anti-thewmatic medication should be cantinued during this period since uncontrolled undeslying disease
and its high acthvity are cruclal predictors of infection in these children 15,15, Interestingly, some anti-
rheumatic drugs and monoclonal antibodies are benefictal In the fight agalnst COVID-19. The most
promising theraples are anti-IL- 1 and anti-IL-6 medicoments (anakinrg and tocilizumab, respectively),
which reduce the need for mechanical ventilation and decrease martality in severe COVID 19 [ 10171
However, there are no clear-cut guidelines about unln:unabmmnomd drogs under such conditions.
Initially, our patient continued his basic i b but after the deterioration of his
general condition and development of MAS, a dl.-clslun was made to administor him with anakinra, with
which our hosgritul has more experience than with tocllizumat, Unfortunately, althaugh it reduced the

ity of infk fon, it dil not pr further complications, leuding to death,
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Apart from DS, obesity appeared to be the major vontributor to the severity of COVID- 19 in our second
patient, Obesity is one of the best-proven risk factars for deterlorating the course of the disease and
slgnificantly increasing the risk of hospitalisation in the ICU in adults and children [ 19). There are various
causes and mechanisms of this phenomenon. First, obese patients are ch ised by cheanic subclinical
Inflammation, which is probably induced by adipokines produced In adipose tissue | 19], As sesese COVID-19
Is coused by the cytokine storm syndrome resulting in tissue damage, especially in the resplratory area, this
pro- inflasmmatoey state is an important trigger for poeumonida |15, 19, Second, it is proved that respintory
physiology Is impaired in obese children | 11, Thelr haematosis &s defective due to the adiponectin that
damoges pulmonary vascular endothelinm [ 20), This state, combined with the restriction of chest mobility
caused by the d by abdaminal abesity, is deterioeating propartionally to the area of
Irsflammation of the lunyg tissee. This reduces the blood oxygen saturation bevel sl worseny the petient s
genenl condition [ 17, Finally, cardiovescular changes slso play an important role. Obesity in uny age group
Is often associated with higher blood pressure that may cause endothelial dysfunction, one of the major
factors underlying the pathophysiology of COVID-19 |15,

Conclusions

Although the majority of Immunocompromised children are spared from the consequences of COVID-19,
few individuals develop o more severe pal of this di Unfi ly, it is still o matter of debate as
1o which diagnosis or treatments worsen the prognosis, and pat inue to surprise with 3 much

heavder oe lighter course of the disease thun expected,

‘The lmpact of HIV Infection Is still controversial, In the case of remaining on antiretraviral therapy, with
wedl-controlied viral replication and lack of comaorbidities, HIV is not associated with adverse ootcomes of
COVID-19. Otherwise, the effects of the infection muy be less lavourable. However, this hypothess is based
on scarce data and reguires firther research, especially among children, With bis mild COVID-19 course, the
patlent described by us s certainly o phenomenon and may not be an excelbent example of a previously
unknawn population, On the other hand, it can be concluded that logical and immuncsuppressive
trestnent does not predispose to the severe course of COVID- 19, whereas DS and obesity do. Therefore,
patients with DS, especially those obese and with comarbiities, and their relatives should be strongly
encouraged to get vacrinated. Moreover, the use of remdesivir among immunccompeomised children may
have o benefickal effect both on the trestment and prevention of the severe course of COVID- 19 prewmonia,
Haen T, the latter Jusi ires confirmation in further studies.
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Zalaczniki

Ankieta  wykorzystana do przeprowadzenia badania: ,Long-COVID in

immunocompromised children”

Zespol pocovidowy u dzieci

Ponizsza ankieta dotyczy wystepowania objawdw zespotu pocovidowego (tzn. long-COVID)
u Panstwa dziecka. Celem zebrania ponizszych danych jest oszacowanie czgstosci
wystepowania tego zespotu U dzieci, jego najczestszych objawow i czynnikow ryzyka. Ankieta

jest catkowicie anonimowa, a jej wypelnienie zajmie Panstwu tylko kilka minut.
Dzigkujemy Panstwu za pomoc i za po$wigcony czas.

Klinika Pediatrii, Zywienia i Choréb Metabolicznych, Instytut ,,Pomnik — Centrum Zdrowia

Dziecka”
Ogolny stan zdrowia Panstwa dziecka

1. Prosze poda¢ aktualny wiek Panstwa dziecka:

2. Jakiej pfci jest Panstwa dziecko:
I Dziewczynka
I Chiopiec

3. Czy Panstwa dziecko choruje na choroby alergiczne?
I Tak — astm¢ oskrzelowa

Tak — atopowe zapalenie skory

Tak — alergiczny niezyt nosa

Nie

—_ = = =

Nie wiem

4. Czy Panstwa dziecko choruje na inne choroby przewlekle? Jesli tak, to jakie?
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Przebieg COVID-19 u Panstwa dziecka

5. Kiedy Panstwa dziecko byto hospitalizowane w naszej Klinice z rozpoznaniem COVID-19

(moze by¢ orientacyjnie)?

6. Jakie objawy infekcji COVID-19 wystepowaty u Panstwa dziecka (mozna zaznaczy¢ Kilka
odpowiedzi)?

I Goragczka
Kaszel
Katar
Dusznos¢
Biegunka
Wymioty
Ostabienie
Boéle migsni
Bole glowy
Wysypka

Bole w klatce piersiowej

—_ = = = = = = = = = =

Brak objawow

T Inne:

7. Jaki byt w Panstwa opinii przebieg infekcji u dziecka? (prosze wybrac tylko jedng

odpowiedz)
I Bezobjawowy
Lagodny
I Umiarkowany
I Ciezki
T Nie umiem okresli¢
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Zespot pocovidowy

8. Czy w czasie trwajacym DO 12 tygodni (~ 3 miesigce) po przechorowaniu COVID-19
obserwowali Panistwo u swojego dziecka ktores z ponizszych objawow (ktorych nie mozna
wythumaczy¢ inng przyczyng)? Prosze zaznaczy¢é wszystkie, ktore wystepowaty lub
zaznaczy¢ ,,nie zauwazytam/-tem zadnych objawéw” lub ,,nie wiem™:

Kaszel

Przewlekty katar

Trudnosci z nabraniem powietrza

Bole w klatce piersiowej

Ogodlne ostabienie

Szybsze me¢czenie si¢ W trakcie wysitku

Trudnosci w koncentracji

Zaburzenia pamieci

Rozdraznienie

Bole glowy

Zawroty glowy

Bole brzucha

Objawy zotadkowo-jelitowe (biegunka, wymioty, nudnosci)

Kotatania serca

Utrata masy ciala

Nawracajace stany goraczkowe

Bole migsni 1/lub stawow

Wysypki

Bezsennos¢

Nadmierna sennos¢

Zaburzenia smaku

Zaburzenia wechu

Utrata apetytu

Czgstsze niz zwykle infekcje

Nie zauwazytam/-tem zadnych objawow

Nie wiem

— = = = = = = = = = = = = = = = = = = = = = = = = = =

Inne:
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9. Czy w czasie trwajacym DLUZEJ NIZ 12 tygodni (~ 3 miesiace) po przechorowaniu
COVID-19 obserwowali Panstwo u swojego dziecka ktores z ponizszych objawow (ktorych
nie mozna wytlumaczy¢ inng przyczyng)? Prosze zaznaczy¢ wszystkie, ktore wystepowaty
lub zaznaczy¢ ,,nie zauwazytam/-tem zadnych objawoéw” lub ,,nie wiem™:

I Kaszel

Przewlekty katar

Trudnosci z nabraniem powietrza

Bole w klatce piersiowej

Ogodlne ostabienie

Szybsze me¢czenie si¢ W trakcie wysitku

Trudnosci w koncentracji

Zaburzenia pamieci

Rozdraznienie

Bole glowy

Zawroty glowy

Bole brzucha

Objawy zotadkowo-jelitowe (biegunka, wymioty, nudnosci)

Kotatania serca

Utrata masy ciata

Nawracajace stany goraczkowe

Bole migsni 1/lub stawow

Wysypki

Bezsennos¢

Nadmierna sennos¢

Zaburzenia smaku

Zaburzenia wechu

Utrata apetytu

Czestsze niz zwykle infekcje

Nie zauwazytam/-tem zadnych objawow

Nie wiem

s T T T e e e e T T T e S S S A e T T

Inne:
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10. Jak w Panstwa ocenie wyzej wymienione objawy ograniczaty codzienng aktywno$é
dziecka? (proszg¢ wybrac tylko jedng odpowiedz)

Nie ograniczaty

Ograniczaty w niewielkim stopniu

Ograniczaty w umiarkowanym stopniu

Ograniczaty w znacznym stopniu

Uniemozliwiaty codzienne funkcjonowanie

—_ = = = = =

Nie dotyczy — brak objawow

11. Czy obecno$¢ powyzszych objawow u Panstwa dziecka skutkowata jednym z ponizszych?
(mozna zaznaczy¢ wiecej niz jedng odpowiedz)

Ograniczanie zajg¢¢ szkolnych

Ograniczanie zaj¢¢ dodatkowych

Opuszczanie zajec¢ sportowych

Czasowa rezygnacja z uprawiania sportu

Poglebienie diagnostyki w trybie pozaszpitalnym

Hospitalizacje

Modyfikacj¢ leczenia przewlektego

Wiaczenie nowego leczenia

Nie skutkowaly zadnym z wyzej wymienionych

—_ = = = = = = = = =

Nie dotyczy — brak objawow

T Inne:

12. Czy rozpoznano u Panstwa dziecka PIMS (wielouktadowy zespot zapalny powigzany z
zakazeniem SARS-CoV-2)?

Y Tak
Y Nie
Y Nie wiem

Szczepienie przeciwko COVID-19
13. [Dotyczy dzieci w wieku 5 lat i starszych] Czy zaszczepili Panstwo swoje dziecko
przeciwko COVID-19?
T Tak
I Nie
I Nie, ale zamierzam to zrobi¢
I

Nie dotyczy
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Oswiadczenia wspolautoréw okreslajace indywidualny wkiad w powstanie pracy

Publikacja 1.

Kuczborska K, Ksigzyk J. Prevalence and Course of SARS-CoV-2 Infection among
Immunocompromised Children Hospitalised in the Tertiary Referral Hospital in Poland. Jowrnal of
Clinical Medicine. 2021; 10(19):4556. https://doi.org/10.3390/jcm 10194556

Impact Factor = 4,242; MNiSW = 140 pkt

Autor Wklad merytoryczny Podpis

pomystodawca badania, opracowanie
koncepcji i zalozen pracy badawczef

oraz jej metodologii, rekrutacja KO"'Q b
pacjentow, gromadzente danych n
i Klinicznych | wynikow badan
Baolin Raotech (Kucrhaia) dodatkowych, wykonanie analizy m‘ 3 ‘«L\,

wynikdw, przeglqd pismiennictwa,
opracowanie manuskryptu, odpowiedzi
na sugestie recenzentow,
korespondencia = wydawnictwen

wspdlpomystodawea badania, V h‘\ﬂ
Janusz Ksiazyk merytoryezna recenzja artvkuly, .

odpowied=i na sugestie recenzentow
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Publikacja 2.

Kuczborska K, Buda P, Ksiazyk J. Long-COVID in immunocompromised children. Eur J Pediatr.

2022;181(9):3501-3509. doi: 10.1007/s00431-022-04561-1.

Impact Factor = 3.860; MNiSW = 70 pkt

Autor Wklad merytoryczny Podpis
opracowanie koncepcfi | zalozen
pracy oraz fef metodologii,
rekrutacja pacjentow, \ z
gromadzente danych kiinicznyeh | m\‘ na

Karolina Kautsch (Kuczborska)

biachemicznych, wykonanie
analizy wynikdw, przeglad

pismiennictwa, opracowanie
manuskryptu, odpowiedsi na

Wgutsh

sugestie recenzentow,
korespondencija = wydawnictwem
opracowanie koncepcji i zalozen 7
Piotr Buda pracy badawczef, merytoryczna ot Mo, C 2
recenzja artykulu rd
/
) Ksigzyk pomystodawca badania, [ M M hL(

merytoryezna recenzia artykulu




blikacja 3.

Kuczborska K, Krzeminska E, Buda P, Heropolitanska-Pliszka E, Piatosa B, Ksigzyk J. Immune
Response to SARS-CoV-2 Infections in Children with Secondary Immunodeficiencies, J Clin

Immunol. 2022: 1-8. doi: 10.1007/s10875-022-01365-8.

Impact Factor = 8.542; MNiSW = 100 pkt

Autor

Wklad merytoryczny

Podpis

Karolina Kautsch (Kuczborska)

pamyslodawca badania,
opracowanie koncepcyi i zalozen
pracy badawczej oraz jej
metodologii, rekrutacja
pacjentow, gromadzenie danych
klinicznych t biochemicznych,
wikonanie analizy wynikdw,
preeglad pismiennictwa,
opracowanie manuskryptu,
odpowiedzi na sugestie
recenzentow, korespondencja =
wydawnictwem

Banolung
Wogut s

Ewelina Krzeminska

gromadzenie danych klinicznych i
biochemicznych, wykonanie
analizy wynikéw

Evehua  Kagwista

Piotr Buda

opracowanie koncepcil | zalozen
pracy badawezef, merytoryezna
recenzja artykufu

=y
/-I

LI /
£ n/i"\ Lo (:
’,

rd

Edyta Heropolitanska-Pliszka

opracowanie metodologii pracy
badawczej, merytoryesna recensja

artykulu

merytoryczna recenzja artykulu,

Barbara Pigtosa praes ki W
opracowanie koncepefi i zalozen b’

Janusz Ksigzyk pracy badawezej, merytoryezna / m é\(
recenzja artykulu
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Publikacja 4.

Kuczborska K, Buda P, Wolska-Kusnierz B, Ksiazyk J. PIMS-TS u dzicci z zaburzeniami odpornosci

- aktualny stan wicdzy. Standardy Medyczne 2022, 19: 253-259.

Impact Factor = 0; MNiSW = 5 pkt

_Autor

Wklad merytoryczny

Podpis

Karolina Kautsch (Kuczborska)

pomystodawea badania,
opracowanle koncepcyi i zalozen
pracy badawezej, prregiqd
pismiennictwa, opracowanie
manuskryptu, odpowiedsi na
sugestie recenzentow,
korespondencia = wydawnictwem

W anouna
Wit s

Piotr Buda

opracowanie koncepeji i zalozen
pracy badaweze, opracowanie
manuskryptu

A
7 4

Beata Wolska-Kusnierz

merytoryczna recenzja artykulu,
korekta manuskryptu

-~

" /’3/{_‘; ( 4[7

Janusz Ksigzyk

merworyezna recenzja artykulu

Joudené
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Publikacja 5.
Kuczborska K, Buda P, Ksiazyk JB. Different Course of SARS-CoV-2 Infection in Two Adolescents
With Other Immunosuppressive Factors. Cureus. 2022;14(2):¢22710. doi: 10.7759/cureus.22710.

Impact Factor = 0; MNiSW = 20 pkt

Autor Wktad merytoryczny Podpis
opracowanie koncepeji i zalozen
pracy badawezef, gromadzenie
danych kliniczrych { wynikdw \’(A)/V:)\" na
badami dodatkowych, wykonanie
Karolina Kautsch (Kuczborska) analizy wynikow, przeglqd
pismiennictwa, opracowanie k—&*ﬁ Ju"\'
manuskryptu, odpowliedsi na
sugestie recenzentow,
korespondencja = wydawnictwem < e
S 4
. pomysitodawea pracy, 74 / /
HowBuds merytoryezna recenzja artykulu Lt PRAs
/
'
Janusz Ksigzyk merytoryczna recenzja artykulu V4 w V G J
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Zgoda Komisji Bioetycznej

KOMISJA BIOETYCZNA

przy Instytucie ,,Pomnik-Centrum Zdrowia Dziecka"
Al. Dzieci Poiskich 20

04-730 Warszawa-Migdzylesie

T. (22) 815-16-03

UCHWALA nr 41/KBE/2021

OPINIA KOMISJI BIOETYCZNEJ
przy INSTYTUCIE ,POMNIK-CENTRUM ZDROWIA DZIECKA"

Komisja Bioetyczna przy Instytucie Pomnik-Centrum Zdrowia Dziecka® na posiedzeniu w dniu
22.09.2021 rozpatrzyta badanie pt: Przebieg infekcji SARS-CoV-2 u dzieci z niedoborami
odpornosci

Gt Badacz: lek med. Karolina Kuczborska

Badanie zgtoszone jako doktorat

W badaniu uczestniczy¢ bedzie ok 140 pacjentdw (dzieci | mtodziezy w wieku od 0 do 18 lat lat) ze
stwierdzonym zakazeniem wirusem SARS-CoV-2, hospitalizowanych na Pododdziale COVID Kiiniki
Pediatrii, Zywienia | Choréb Metabolicznych IP-CZD od 1.11.2020 roku,

Planowany czas trwania badania — 12 miesigcy lub diuzej, w zaleznosci od wynikow badania

Celem pracy jest ocena czestosci wystepowania oraz przebiegu zakazenia SARS-CoV-2 u dzieci z
niedoborami odporne$ci w pordwnaniu do ogdinej populacji pediatrycznej, analiza objawdw
klinicznych, wynikdw badan dodatkowych, zastosowanego leczenia (zaréwno COVID-19 jak |
choroby podstawowe] w trakcie infekcji), wystepowania | rozpowszechniania powikian, w tym
zespotu pocovidowego (ang. Long COVID) oraz ocena roznic w odpowiedzi immunologicznej na
zakazenie

Kryteria wiaczenia do badania:

Wiek: od 1 doby zycia (wiek poporodowy) do 18roku 2ycia

Stwierdzone zakazenie wirusem SARS-CoV-2 przed lub w trakcie hospitalizacji w Klinice Pediatrii,
Zywienia | Chordb Metabolicznych

Schemat badania;

Pierwszy etap badania - badanie retrospektywne, prowadzone na podstawie dokumentaci
medycznej pacientdw hospitalizowanych w okresie 1.11,2020 do 30.04.2021, co odpowiada
okresom drugigj i trzeciej fali pandemii COVID-19.

Na te czeéé badania nie przygotowano odrgbnej zgody. Wszyscy rodzice | pacjenci w wieku
powyze] 16 lat w chwili przyjecia do szpitala podpisuja dokument Upowaznienia, w ktérym (na
drugiej stronie) znajduje sie punkt poed tytulem ,zgoda na wykorzystanie danych medycznych do
celéw naukowych®, co dotyczy ,danych kidre zostaly zgromadzone w dokumentacji medyczne| w
przesziosci oraz zostang zebrane w przysziosdci, na potrzeby badaf naukowych prowadzonych
przez pracownikdéw naukowych IPCZD zgodnie z obowigzujgcym w Polsce prawem. Uznano to za
wystarczajgce na potrzeby retrospektywne] oceny danych. Gidwny badacz zostal zobowigzany do
sprawdzenia tego punktu (co bylo przedmiotem dyskusji przed glosowaniem Komisji), z czego sie
wywiazal.

Podziat na podgrupy

Grupa badana zostanie podzielona na podgrupy dzieci z | bez niedoboréw odpornosc. Do
czynnikow niedobordw odpornosci zaliczane beda:

- Nowotwory (wskutek stosowane| chemicterapii)

- Stan po przeszczepieniu watroby lub nerki (wskutek stosowanego leczenia immunosupresy|nego)

- Choroby demielinizacyjne (w trakcie leczenia)

- Wrzodziejace zapalenie jelita grubego (w trakcie leczenia)

- Schytkowa niewydoinosé nerek

- Asplenia
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- Pierwotne niedobory odpornosci

Analizowane dane

- Kliniczne: wiek, pte¢, przyczyna przyjecia. status COVID u pacjenta i opiekuna. ostateczna
diagnoza, manifestacja choroby. leczenie, obecnosé powikian, choréb wspotistniejacych oraz
niedoborow odpornosci

- Temperatura ciala, saturacjia krwi, czesto$é oddechdw, czestosé rytmu serca oraz cisnienie
tetnicze krwi przy przyjeciu do szpitala

- Wyniki badan laboratoryjnych przy przyjeciu: liczba biatych krwinek (WBC), stosunek neutrofili do
limfocytéw (NLR), biatko C-reaktywne (CRP), prokalcytonina (PCT), szybkosé sedymentacjl
erytrocytow (OB), poziom hemoglobiny (Hgb), liczba plytek krwi (PLT), ferrytyna, D-dimery,
fibrynogen, dehydrogenaza mleczanowa (LDH), transaminazy (ALT | AST), poziomy kreatyniny |
mocznika, albumin, kinazy kreatynowej (CK) i N-koricowego prohormonu mézgowego peptydu
natriuretycznego (NT-proBNP);

- RTG kiatki piersiowe|

Drugi etap badania — badanie ankietowe

Grupe badang beda stanowic, jak w pierwszym etapie, dzieci ze stwierdzonym zakazeniem wirusem
SARS-CoV-2, hospitalizowane na Pododdziale COVID Kiiniki Pediatrii, Zywienia i Chordb
Metabolicznych IP-CZD w okresie od 1.11,2020 do 30.04.2021.

Kryteria wigczenia

. Wiek: od 1 doby zycia do 18 roku zycia

. Hospitalizacja w Kiinice Pediatrii, Zywienia i Choréb Metabolicznych IP-CZD w okresie od
1.11.2020 do 30.04.2021

. Stwierdzone zakazenie wirusem SARS-CoV-2 przed lub w trakcie hospitalizacji

. Pisemna $wiadoma zgoda odpowiedniego przedstawiciela prawnego

Podziat na podgrupy

Grupa badana zostanie podzielona na podgrupy dzieci z i bez niedoboréw odpornosci, jak w etapie
pierwszym.

Interwencja

Samodzielnie skonstruowana, anonimowa ankieta dotyczaca objawdw zespotu pocovidowego (ang.
Long COVID) i jego czynnikdw ryzyka.

Etap trzeci - badanie prospektywne

Grupe beda stanowié¢ dzieci z rozpoznaniem zakazenia SARS-CoV-2. hospitalizowane w Klinice
Pediatrii, Zywienia i Chor6b Metabolicznych IP-CZD od 10.2021 r.

Kryteria wigczenia

. Wiek: od 1 doby zycia do 18 roku zycia

. Hospitalizacja w Klinice Pediatrii, Zywienia i Choréb Metabolicznych IP-CZD w okresie od
10.2021

. Stwierdzone zakazenie wirusem SARS-CoV-2 przed lub w trakcie hospitalizacji

. Pisemna $wiadoma zgoda odpowiedniego przedstawiciela prawnego

Kryteria wylaczenia

. Zaszczepienie przeciwko wirusowi SARS-CoV-2

. Uprzednio stwierdzone zachorowanie na COVID-18

Interwencja

. Wszystkie dzieci wiaczone do badania beda miaty wykonane:

Oznaczenie przeciwcial przeciwko wirusowi SARS-CoV-2 w klasie IgG w odstepie 2 tygodni od
stwierdzenia zakazenia oraz ponownie w odstepie 3 miesigecy. Badanie serologiczne zostanie
wykonane po pobraniu 2-5 ml krwi 2yinej (na kazde z dwdch pobran),

Potencjaine ryzyko | skutki uboczne zwiazane z procedurami badawczymi:

Na potrzeby badania nie beda wykonywane zadne inwazyjne procedury.

Etap pierwszy to analiza danych z dokumentacji medycznej

Etap drugi to badanie ankietowe.

Etap trzeci — dwukrotne pobranie krwi w objetosci 2,5-5 ml, w odstepie okolo 3 miesigcy, przy okazji
rutynowych pobran krwi.

W zwigzku z tym z przeprowadzeniem badania nie wiaze sig zadne dodatkowe ryzyko.
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Do zespotu badaczy naleza:

Prof. dr hab. n. med. Janusz Ksiazyk (pediatria, gastroenterologia dziecigca)
Dr n. med. Piotr Buda (pediatria, reumatologia)

Lek. Ewelina Krzeminska

Przediczone dokumenty:

1.

W

X G

©m

Whiosek o wydanie opinii o projekcie

Streszczenie protokotu badania

Formularz swiadomej zgody na badanie naukowe — do podpisania przez rodzicow |
pacjenta w wieku powyzej 12 lat

Informacja pisemna dla uczestnika badania - etap Il

Informacja pisemna dla uczestnika badania - etap |I|

Informacja pisemna dla uczestnika badania i rodzicow/przedstawicieli ustawowych
dziecka- etap ||

Informacja pisemna dla uczestnika badania i rodzicéw/przedstawicieli ustawowych
dziecka- etap Il

Ankieta pt. Zespol pocovidowy u dziaci

Opinia Eksperta

Na podstawie przediozone] dokumentacji, dodatkowych wyjasnien przedstawionych przez lek med.
Karoling Kuczborskg oraz dyskusji | wyniku tajnego gtosowania Komisja Bioetyczna przy IPCZD
wyrazita zgode na przeprowadzenie badania. Skiad | dziatanie Komisji zgodne z GCP oraz
wymogami lokainymi. Tekst uchwaly zostat sporzadzony w 2 jednobrzmigcych egz. po jednym dla
wnioskedawcy | Komisji Bioetyczne). Lista czionkéw Komisji bioracych udziat w posiedzeniu stanowi
zatacznik do niniejszego dokumentu,

PRZEWODNICZACY KOMISJI BIOETYCZNEJ

przy Instytucie ,Pomnik-Centrum Zdrowia Dziecka"
Prof. nadzw dr hab. n. med. Sylwester Prokurat
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KOMISJA BIOETYCZNA posiedzenie W Al bbb
Przy Instytucie , Pomnik- Centrum Zdrowia Dziecka" ¢ )
Al. Dzieci Polskich 20
04-730 Warszawa- Migdzylesie
e-mail : komisja.bloetyczna@ipczd.pl
Tel:(22)815-16-03
LISTA OBECNOSCI
Lp. Imig, nazwisko, zawéd /specjainost, funkcja podpis
1. | Prof. dr hab. n hum Pawet Lukow A,
Etyk o
2. | Mgr praw. Marcjanna Debska A
Adwokat HN=h
3. | Ks. Pawet Smierzchalski )y
Teolog, Duszpasterstwo Stuzby Zdrowia ¥ .
4. | Mgr Piel Ewa Szklela Wy
Pielegniarka e
5. | Dr n med.farm Anna Cieslik -
8. | Dr n med. Ludmita Bacewicz )
Lekarz chirurg- IPCZD
7. | Prof. Dr hab. n med. Katarzyna Kotulska-
Jozwiak 1w
Lekarz (neurolog, neurolog dziecigcy)- IPCZD
8. | Lek med. Jacek Rubik IPCZD WL
9. | Dr n med. Maigorzata Lyszkowska
' Lekarz ( pediatra, transplantolog Kiiniczny) - 1N/
IPCZD
10.| Prof. nadzw dr hab. n med. Wieslawa ; ©J
Grajkowska W
IPCZD
11, Dr hab. n med. Sylwester Prokurat, prof. .
nadzw il
Lekarz ( pediatra, nefrolog, transplantolog
Kliniczny)- IPCZD A
Oinedt g et fc NN ONO 4
Lk o  ame 220

2 2,
XY A=
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KOMISJA BIOETYCZNA

przy Instytucie ,Pomnik-Centrum Zdrowia Dziecka"
Al. Dzieci Polskich 20

04-730 Warszawa-Miedzylesie

T. (22) 815-16-03

Warszawa 04.04.2022

Lek med Karolina Kuczborska
Klinika Pediatrii , Zywienia | Choréb Metabolicznych

Dtk bl o jektu 41/KBE/2021

Szanowna Pani,

Glowny badacz dn. 21.02.2022 r zwrocit sie prosba o wyrazenie zgody na uzupeinienie
protokotu badania © wykonanie dodatkowo badania subpopulacji limfocytow (panel
podstawowy) u badanych dzieci w odstepie 2 tygodni oraz 3 miesiecy od stwierdzenia
zakazenia wraz z oznaczanym do te pory mianem przeciwciat w kiasie 1gG p/ko SARS-CoV-
2.

Badanie to bedzle wymagato pobrania dodatkowo 1 mi krwi zylnej | nie bedzie miato wplywu
na bezpieczenstwo pacjentdw

Komisja Bioetyczna w dniu 30.03.2022 pozytywnie zaopiniowata zatgczone dokumenty,

Przewodniczacy Komisji Bioetycznej
przy Instytucie ,Pomnik-Centrum Zdrowia Dziecka”

- f%’%’(“ /‘

dr hab.n. med. prof. CMKP
-~ Sylwester Prokurat
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