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Wykaz stosowanych skrotow

AAb — autoprzeciwciata

AMA-M2 — przeciwciata przeciwmitochondrialne typ M2

AN - autoimmunologiczna neutropenia

ANA — przeciwciata przeciwjadrowe
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Hgb — hemoglobina
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tIgE — stezenie IgE catkowitego
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tTG — transglutaminaza tkankowa

WBC - liczba leukocytow

WSS — Wojewodzki Szpital Specjalistyczny

XLA — agammaglobulinemia sprz¢zona z chromosomem X



Streszczenie w jezyku polskim

Wprowadzenie: Pierwotne niedobory odpornosci (PNO), okreslane aktualnie jako wrodzone
btedy odpornosci (ang. inborn errors of immunity, [EI) to heterogenna grupa chordb o podtozu
genetycznym. Poszczegolne jednostki chorobowe wchodzace w sklad tej grupy wystepuja
rzadko, jednak zdecydowanie czg$ciej niz pierwotnie sadzono. Wszystkie przypadki PNO jako
calo$¢ stanowig istotny problem zdrowotny. W chwili obecnej scharakteryzowano ponad 400
PNO, wynikajacych z defektu jednego lub kilku elementow uktadu odporno$ciowego. Postep
jaki dokonat si¢ w ich rozpoznawaniu i klasyfikacji przyczynit si¢ takze do ich lepszej
charakterystyki. Klinicznie PNO ro6znig si¢ ci¢zkoscig przebiegu, ale zwykle cechuja
je nawracajace lub przewlekte infekcje. Alergia, choroby autoimmunologiczne i1 autozapalne,
brak prawidtowego rozwoju fizycznego czy zwigkszona podatnos¢ na okreslone nowotwory
moga rowniez stanowi¢ objawy wiodace u pacjenta z PNO, a nawet by¢ pierwsza manifestacja
choroby lub jej komplikacja. Zaburzenia regulacji immunologicznej, rozumiane jako
zaburzenia funkcji  kontroli molekularnej procesow zachodzacych w  ukladzie
odpornosciowym, wydaja si¢ obecnie tak samo wazne w definiowaniu PNO jak zwigkszona
podatno$¢ na infekcje.

Cel: Glownym celem niniejszego cyklu prac oraz rozprawy doktorskiej bylo zwrocenie uwagi
na inne niz infekcyjne objawy towarzyszace PNO, ze szczegolnym uwzglednieniem chordb
alergicznych 1 autoimmunologicznych a takze na trudnos$ci diagnostyczne w zakresie ich
rozpoznawania. Cele szczegdtowe to: (1) ocena wystepowania swoistych przeciwciat IgE
(sIgE) u pacjentow z PNO ponizej 18. roku zycia oraz ich korelacja z danymi klinicznymi,
(2) ocena wystepowania autoprzeciwcial w populacji pacjentow pediatrycznych z PNO,
(3) omdwienie wyzwan diagnostycznych u pacjentéw z PNO ze szczegdlnym uwzglednieniem
zaburzen regulacji immunologicznej na bazie istniejacej literatury.

Materialy i metody: Grupe badang we wszystkich analizach stanowili pacjenci
ze zdiagnozowanymi PNO w wieku 1-17 lat, bedacy pacjentami Oddzialu Immunologii
Klinicznej i Pediatrii Wojewoddzkiego Szpitala Specjalistycznego im. J. Gromkowskiego
we Wroclawiu w okresie od lipca 2020 do lutego 2021 roku. Grupa badana, wsréd ktorej
oceniano wystepowanie sIgE, liczyta 72 osoby (publikacja nr 1). Od badanych pobierano probki
krwi, w ktorych oceniano takie parametry jak stezenie sIgE, IgE catkowitego 1 IgG, eozynofili¢
krwi obwodowe;j. sIgE oznaczano za pomoca metody immunoenzymatycznej — testu Polycheck
(Biocheck GmbH, Miinster, Germany), zgodnie z instrukcja producenta. Punkt odcigcia,

powyzej ktorego stezenie sIgE uznano za podwyzszone wynosit 0.35 kU/L. Dane laboratoryjne



analizowano w oparciu o dostepne dane kliniczne, uzyskane na podstawie medycznej
dokumentacji pacjentéw oraz autorskiego kwestionariusza. W publikacji nr 2 grupa badana
sktadata si¢ z 58 os6b. Grupe kontrolng stanowily dopasowane wiekowo osoby
immunokompetentne (n=14). W pobranych probkach krwi za pomoca iloSciowej metody
immunoenzymatycznej (Polycheck) wykrywano autoprzeciwciata w klasie IgG przeciwko 17
autoantygenom, a otrzymane wyniki korelowano ze st¢zeniem gtownych klas immunoglobulin
oraz podklas IgG, a takze parametrow morfologii krwi takich jak st¢zenie hemoglobiny, liczba
leukocytow oraz ptytek krwi. Za punkt odcigcia, powyzej ktorego stezenie autoprzeciwciat
uznano za pozytywne przyjeto > 0.80 kU/L. Zebrane wyniki laboratoryjne analizowano
w odniesieniu do zebranych danych klinicznych oraz dokumentacji medycznej pacjentow.

W publikacji nr 3 dokonano analizy istniejacej literatury poruszajacej temat metod
diagnostycznych oraz towarzyszacym im wyzwaniom u pacjentdéw z PNO w kontekscie chorob
alergicznych, autoimmunologicznych, nienowotworowej limfoproliferacji oraz chordb
nowotworowych.

Wiyniki: Podwyzszone sIgE stwierdzono u 50% pacjentow w grupie badanej, co korelowato
z wystgpowaniem klinicznych objawow alergii (p < 0.0001). W czasie trwania badania,
u 61.1% pacjentow obserwowano objawy alergii, z czego u 77.27% stwierdzono podwyzszone
stezenie co najmniej jednego sIgE. Stezenie catkowitego IgE bylo podwyzszone u 18.06%
pacjentdw w grupie badanej i statystycznie rowniez korelowato z objawami klinicznymi alergii
(p=0.004). W grupie pacjentdéw otrzymujacych leczenie substytucyjne preparatami
immunoglobulin nie obserwowano podwyzszonych stezen calkowitego IgE. Na podstawie
dokumentacji medycznej pacjentéw uzyskano informacje o zdiagnozowanych wczesniej
chorobach alergicznych takich jak: astma oskrzelowa u 18.06% pacjentow, alergiczny niezyt
nosa u 20.84%, alergia pokarmowa u 23.61%, atopowe =zapalenie skéry u 25%.
Autoprzeciwciata przeciwko co najmniej jednemu autoantygenowi stwierdzono we krwi
24.14% pacjentow w grupie badanej. NajczesSciej wykrywanymi autoprzeciwciatami byly
przeciwciala przeciwko peroksydazie tarczycowej (anty-TPO), ktére obecne byly u 13.8%
pacjentdow w grupie badanej. Statystycznie czgsciej stwierdzano je u pacjentow z dodatnim
wywiadem rodzinnym w kierunku choréb autoimmunologicznych (p=0.04). Sposrod czterech
pacjentow w grupie badanej, u ktorych wykryto podwyzszone stezenie przeciwciat przeciwko
deamidowanemu peptydowi gliadyny (anty-DGP), u dwoéch postawiono po raz pierwszy
rozpoznanie choroby trzewnej. Na podstawie przeprowadzonych badan nie stwierdzono rdznic
istotnych statystycznie w zakresie wystgpowania autoprzeciwcial pomiedzy grupa badang

a grupa kontrolna.



Whioski: Wykazano, ze czesto$¢ wystepowania chordb alergicznych w populacji pediatrycznej
z PNO jest wysoka. Stezenie sIgE oraz catkowitego IgE moga by¢ wiarygodnym narz¢dziem
diagnostycznym u pacjentow z IEI. Stezenie catkowitego IgE nie jest przydatnym markerem
w diagnostyce alergii u pacjentow otrzymujacych substytucyjne leczenie immunoglobulinami.
Pacjenci z PNO powinni by¢ uwaznie monitorowani pod katem ryzyka alergii
1 autoimmunizacji. Populacja pediatryczna z PNO wymaga szczegdtowej oceny statusu
immunologicznego, poniewaz autoimmunizacja cz¢sto rozwija si¢ we wczesnym okresie zycia.
Wybrane autoprzeciwciata (tj. anty-tTG, anty-DGP) moga by¢ przydatne w badaniach
przesiewowych wsrod pacjentow z PNO. Ich powszechna ocena pomoglaby uniknaé
opdznienia rozpoznania choroby. Zasadne jest przeprowadzenie analizy oplacalnosci
z uwzglednieniem czynnikow ryzyka i nasilenia choroby. Wczesna i trafna diagnoza moze

zapewni¢ podjecie leczenia, zanim dojdzie do powaznych uszkodzen narzadow.



Streszczenie w jezyku angielskim

Introduction: Primary immunodeficiency disorders (PIDs), now known as inborn errors of
immunity (IEI), are a heterogeneous group of diseases with a genetic background. If most PID
are individually rare, they are collectively more common than generally thought. All cases of
PID as a whole represent a significant health problem. Today, more than 400 PID have been
characterized, resulting from a defect in one or more components of the immune system. The
progress that has been made in the recognition and classification of PIDs has also contributed
to their better characteristics. Clinically, PIDs vary in severity, but are usually characterized by
recurrent or chronic infections. Allergy, autoimmune and autoinflammatory diseases,
disturbances of physical development or increased susceptibility to nonmalignant
lymphoproliferative and specific malignant manifestations may also be leading symptoms in
a patient with PID, and may even be the first manifestation of the disease or its complication.
Disturbances of immune regulation, understood as a breakdown or malfunction of molecular
control of immune system processes, now seem to be as important in defining IEI as increased
susceptibility to infections.

Aim: The main purpose of this series of publications and the doctoral dissertation was to draw
attention to other than infectious symptoms accompanying PID, with particular emphasis on
allergic and autoimmune diseases, as well as diagnostic difficulties in their diagnosis. Specific
goals are: (1) assessment of the prevalence of specific IgE (sIgE) in PID patients under 18 years
of age and their correlation with clinical data; (2) assessment of autoantibodies in paediatric
population with primary immunodeficiencies; (3) discussion of diagnostic challenges in
patients with PID with particular emphasis on immune dysregulation based on the existing
literature.

Materials and methods: The study group in all analyses consisted of patients diagnosed with
PID aged 1-17 years, who were patients of the Clinical Immunology and Pediatric Ward of the
J. Gromkowski Provincial Hospital in Wroclaw from July 2020 to February 2021. The study
group, among which the occurrence of sIgE was assessed, consisted of 72 people (publication
no. 1). A blood samples were collected from the subjects and such parameters as sIgE, total IgE
and IgG levels and peripheral blood eosinophilia were assessed. sIgE were measured by
quantitative enzyme immunoassay—the Polycheck ® test (Biocheck GmbH, Miinster,
Germany), according to the manufacturer’s instructions. The threshold for a positive result for
sIgE, which was indicative of sensitization, was >0.35 kUa/L. Laboratory data were analyzed

in the context of available clinical data obtained from the patients' medical records and
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a proprietary questionnaire. In the publication no. 2, the study group consisted of 58 people.
Age-matched immunocompetent individuals constituted the control group (n=14).
Autoantibodies were measured by means of a quantitative enzyme immunoassay — the
Polycheck ® test (Biocheck GmbH, Munster, Germany). In the collected blood samples, IgG
autoantibodies against 17 autoantigens were detected and the obtained results were correlated
with the concentration of the main immunoglobulin classes and IgG subclasses, as well as blood
count parameters such as haemoglobin level, the number of white blood cells and platelets. The
threshold for a positive result was > 0.80 kU/L. The collected laboratory results were analyzed
in relation to the collected clinical data and medical records of the patients.

Publication no. 3 analyzed the existing literature in terms of diagnostic methods and the
accompanying challenges in patients with PID in the context of allergic, autoimmune, non-
malignant lymphoproliferative and malignant manifestations.

Results: Serum sIgE was detected in the blood of 50% of the patients in the study group, which
significantly correlated (p < 0.0001) with clinical symptoms of allergy. During the period of
the study, 61.1% of the patients showed symptoms of allergy, with 77.27% of them having
tested positive for sIgE. The total IgE level was elevated in 18.06% of the patients and
correlated with clinical symptoms of allergy (p = 0.004). An elevated total IgE level was not
observed in children receiving immunoglobulin replacement therapy (IRT). Based on the
patients' medical records, information about previously diagnosed allergic diseases was
confirmed, asthma was previously diagnosed in 18.06% of patients, allergic rhinitis in 20.84%,
food allergy in 23.61%, atopic dermatitis in 25%. Autoantibodies against one or more antigens
were detected in the sera of 24.14% (n=14) subjects in the study group. The most frequent were
anti-thyroid peroxidase (anti-TPO) antibodies (n=8; 13.8%). Anti-TPO antibody levels were
elevated more often in PID patients with a positive family history of autoimmune diseases
(p=0.04). Four patients in the study group had elevated levels of antibodies against deamidated
gliadin peptide (anti-DGP), two of them were diagnosed with celiac disease for the first
time. There was no statistically significant difference between the study and the control group
in terms of the autoantibodies prevalence.

Conslusions: The conducted studies revealed that the prevalence of allergic diseases in the
pediatric population with PID is high. The study showed that serum sIgE and total IgE might
be a plausible diagnostic tool for these patients. However, for patients with IRT, the assessment
of total IgE is not useful in the diagnostics of allergy. PID patients should be carefully monitored
with regard to their risk of allergy and autoimmunity. The pediatric population with PID

requires a detailed assessment of immune status, as autoimmunity often develops at an early
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age. Selected autoantibodies (i.e. anti-tTG, anti-DGP) may be useful for the screening of PID
patients. Their widespread assessment would help avoid a delay in diagnosis. Cost-
effectiveness analysis should be considered along with the risk factors and severity of the
disease. Early and proper diagnosis can provide the initiation of treatment before serious organ

damage occurs.

12



Wprowadzenie

Pierwotne niedobory odpornosci (PNO), okreslane aktualnie jako wrodzone bledy odpornosci
(ang. inborn errors of immunity) to heterogenna grupa chor6b o podtozu genetycznym. W celu
zapewnienia jednolitej i prostszej terminologii, w niniejszej rozprawie postugiwac si¢ bede
skrotem PNO. Poszczegolne jednostki chorobowe wchodzace w sklad tej grupy wystepuja
rzadko, jednak zdecydowanie czg$ciej niz pierwotnie sadzono. Wszystkie przypadki PNO jako
cato$¢ stanowig istotny problem zdrowotny. Wedtug szacunkow na $wiecie zyje okolo szes¢
milionow chorych na PNO, z czego 70-90% pozostaje niezdiagnozowanych [1-3]. W chwili
obecnej scharakteryzowano ponad 400 jednostek chorobowych nalezacych do PNO,
wynikajacych z defektu jednego lub kilku elementow uktadu odpornosciowego [2]. Postep, jaki
dokonat si¢ w ich rozpoznawaniu i klasyfikacji przyczynit si¢ takze do ich lepszej
charakterystyki. Warto podkresli¢, ze badania nad PNO nie tylko pomagaja w znalezieniu
odpowiedniej terapii, ale co réwnie wazne, pozwalaja na poglebienie wiedzy na temat
funkcjonowania uktadu odpornosciowego, stanowig takze doskonaty model taczacy okre§lone

defekty monogenowe z klinicznymi fenotypami zaburzonej regulacji immunologiczne;j [2].

PNO sa spowodowane przez mutacje czgsto pojedynczego genu, ktéra skutkuje specyficznym
uposledzeniem prawidlowego rozwoju i funkcji uktadu odpornosciowego [2]. Progres, jaki
dokonat si¢ w ostatnich latach szczegdlnie w dziedzinie genetyki, umozliwit zarowno rozwdj
technologii sekwencjonowania DNA w celach diagnostycznych, jak i wykorzystywania terapii
genowej w leczeniu chordb wrodzonych. Rozwdj sekwencjonowania nowej generacji
(ang. next generation sequencing — NGS) zapoczatkowal rewolucje¢ w wielu dziedzinach
medycyny, w tym immunologii klinicznej. NGS uwazane jest za przetom, zwlaszcza w sytuacji
sekwencjonowania wiecej niz kilku gendéw, co czgsto ma miejsce, biorgc pod uwage
zréznicowanie genetyczne tak powszechne w PNO [3]. Dzigki intensywnym badaniom
naukowym, w klasyfikacji PNO z 2022 roku uwzgledniono ponad 400 defektow
odpowiedzialnych za wrodzone btedy odpornosci i ukazano ogromng ro6znorodnosé
fenotypowa PNO [2]. Zgodnie z klasyfikacja Miedzynarodowej Unii Towarzystw
Immunologicznych (ang. International Union of Immunological Societies; IUIS) obowiazujaca
w 2022 roku istnieje 10 gtownych kategorii, do ktorych naleza poszczegdlne jednostki
chorobowe zaliczane do wrodzonych btedéw odpornosci: 1) niedobory odpornosci z defektem
komorkowej i humoralnej odpowiedzi immunologicznej; 2) ztozone niedobory odpornosci

z dodatkowymi lub ukladowymi objawami; 3) niedobory z dominujacymi zaburzeniami
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produkcji przeciwcial; 4) zaburzenia regulacji immunologicznej; 5) wrodzone defekty liczby
lub funkcji fagocytow; 6) zaburzenia odporno$ci wrodzonej; 7) choroby autozapalne;
8) niedobory dopetniacza; 9) zaburzenia zwigzane z niewydolno$cig szpiku kostnego;
10) fenokopie wrodzonych niedoboréw odporno$ci. Pomimo ze zaburzenia regulacji
immunologicznej stanowia osobng kategori¢ w klasyfikacji IUIS, w praktyce klinicznej takze
pacjenci z zaburzeniami odpornosci humoralnej, komoérkowej czy wrodzonej wykazuja

zwigkszone ryzyko chorob autoimmunologicznych lub autozapalnych.

Klinicznie PNO réznig si¢ cigzkoscig przebiegu, ale zwykle cechuja je nawracajace lub
przewlekle infekcje. Niektore zaburzenia wplywaja na kluczowe szlaki immunologiczne,
skutkujac podatnoscia zaré6wno na powszechne jak i1 oportunistyczne patogeny, podczas gdy
inne moga powodowac podatno$¢ na waskie spektrum drobnoustrojéw i ujawniac si¢ w réznym
wieku [4,5]. Co ciekawe, liczne obserwacje wskazuja, ze defekty genow zwigzanych z uktadem
odporno$ciowym moga prowadzi¢ takze do fenotypéw klinicznych niezwigzanych
z podatnoscia na infekcje. Alergia, choroby autoimmunologiczne i autozapalne, brak
prawidlowego rozwoju fizycznego czy zwigkszona podatnos¢ na okreslone nowotwory moga
réwniez stanowi¢ objawy wiodace u pacjenta z PNO, a nawet by¢ pierwsza manifestacja
choroby lub jej komplikacja. Zaburzenia regulacji immunologicznej, rozumiane jako
zaburzenia funkcji  kontroli molekularnej procesow zachodzacych w  ukladzie
odpornosciowym, wydaja si¢ obecnie tak samo wazne w definiowaniu PNO jak zwigkszona

podatno$¢ na infekcje.

Prawidlowe funkcjonowanie uktadu odpornosciowego zalezy od balansu pomiedzy aktywacja
(by broni¢ organizm przed obcymi, inwazyjnymi patogenami) a kontrola (by réznicowaé
pomiedzy antygenami wiasnymi a obcymi). Alergia rozwija si¢ z powodu zaburzenia funkcji
uktadu odpornosciowego. W pierwotnych niedoborach odpornosci uktad odpornosciowy
z jednej strony funkcjonuje niedostatecznie, prowadzac do zwigkszonej predyspozycji do
zakazen, z drugiej za§ umozliwia rozwdj reakcji alergicznej, ktéra jest nadmierng odpowiedzig
immunologiczng przeciwko swoistym alergenom [6-8]. Dzigki badaniom naukowym coraz
lepiej rozumiane sg mechanizmy lezace u podtoza tego zjawiska, miedzy innymi zaburzenia
tolerancji centralnej w grasicy, zaburzenia rdéwnowagi miedzy funkcja komorek
T efektorowych a regulatorowych, zaburzenia produkcji interferonu gamma (IFN- ),

zaburzona produkcja cytokin, a takze mozliwe roznice w kolonizacji bakteryjnej [8-10].

14



W przesztosci PNO i choroby autoimmunologiczne uwazane byly za swoje przeciwienstwa.
Dzi$, dzigki zastosowaniu analizy genetycznej i lepszemu zrozumieniu immunologicznych
mechanizmow regulatorowych 1 sygnalizacyjnych, zlozone powigzania i zalezno$ci pomig¢dzy
PNO a chorobami autoimmunologicznymi sa coraz lepiej charakteryzowane. Mutacje
genetyczne moga mie¢ wplyw na liczne komorki i molekuty uktadu odpornosciowego,
w zwigzku z czym PNO i choroby autoimmunologiczne nie tylko nie wykluczaja si¢
wzajemnie, ale czgsto ze soba wspolistnieja [11]. Potencjalne mechanizmy zwigzane
z patogenezg autoimmunizacji to zaburzone réznicowanie komoérek B, zmieniona centralna lub
obwodowa tolerancja komoérek T, niekontrolowana proliferacja i réznicowanie limfocytow,
zaburzenia réwnowagi komoérek T regulatorowych i Th17 (Treg/Th17), zaburzenia uktadu
dopetniacza 1 aktywacji odpornosci wrodzonej, uposledzone usuwanie patogenow [12,13].
Dane naukowe sugeruja, ze zjawiska autoimmunizacyjne moga dotyczy¢ znaczacego odsetka

pacjentéw z PNO [14].

Rozpoznawanie pierwotnych niedoboréw odpornosci zar6wno w Polsce jak i na $wiecie
stanowi wcigz wyzwanie kliniczne, a dostepne dane z literatury $wiatowej pozwalajg
stwierdzi¢, ze ponad potowa przypadkéw pozostaje niezdiagnozowana lub opoznienie
w diagnostyce wynosi wiele lat. Objawy roznig si¢ w zalezno$ci od rodzaju jednostki
chorobowej, jednak istnieje kilka objawdéw alarmowych wskazujacych na potencjalny

pierwotny niedobor odpornosci [Tabela 1].

Tabela 1. Objawy alarmowe PNO wedtug Jeffrey Modell Foundation

Cztery lub wiecej zakazen uszu w ciggu roku

Dwa lub wigcej zapalen zatok w ciggu roku

Trwajaca dwa miesigce lub dluzej antybiotykoterapia z niewielkg poprawa stanu

klinicznego

Dwa lub wigcej zapalen ptuc w ciggu roku

Brak przyrostu masy ciala i zahamowanie prawidlowego rozwoju

Powtarzajace si¢ glebokie ropnie skorne lub narzadowe

Przewlekta grzybica jamy ustnej lub skory u dzieci po 1. roku zycia

Konieczno$¢ dlugotrwalego leczenia zakazen dozylnymi antybiotykami

Dwa lub wigcej zakazen tkanek migkkich, w tym posocznica

Wywiad rodzinny wskazujacy na wystepowanie pierwotnych niedoboréw odpornosci
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Powyzsze 10 objawow alarmowych sugerujacych PNO w duzym stopniu przyczynito si¢ do
rozpowszechnienia wiedzy na temat wrodzonych zaburzen odpornosci wsrdd lekarzy roznych
specjalnosci. Warto jednak zauwazy¢, ze rzadziej wystepujace objawy kliniczne, zwlaszcza
dotyczace zaburzen regulacji immunologicznej, nie zostaly w niej uwzglednione. Pacjenci
z mniej charakterystycznymi manifestacjami klinicznymi, nierzadko z towarzyszacymi
objawami choréb alergicznych, autoimmunologicznych badz nowotworowych, stanowig
bardzo czgsto wyzwanie diagnostyczne. Biorac pod uwage, ze schorzenia te w wigkszos$ci sg
stosunkowo rzadkie, zasadne wydaje si¢ zgromadzenie jak najwigkszej ilosci danych na temat
czestosci wystgpowania powiklan alergicznych, autoimmunologicznych, autozapalnych oraz
nowotworowych w tej szczegblnej grupie chorych. Jest to istotne rowniez dlatego, ze czynniki
takie jak rasa, grupa etniczna, miejsce zamieszkania czy szerokos$¢ geograficzna moga miec

wplyw na czesto$¢ ich wystepowania.
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Cele i1 zatozenia rozprawy doktorskiej

Glownym celem niniejszego cyklu prac oraz rozprawy doktorskiej byto zwrocenie uwagi na
inne niz infekcyjne objawy towarzyszace IEI, ze szczegdlnym uwzglednieniem chordb
alergicznych 1 autoimmunologicznych, a takze na trudnosci diagnostyczne w zakresie ich
rozpoznawania.

Celem pracy nr 1 byla ocena wystepowania swoistych przeciwcial IgE (sIgE) u pacjentow
z PNO ponizej 18. roku zycia oraz ich korelacja z danymi klinicznymi.

Celem pracy nr 2 byla ocena wystgpowania autoprzeciwcial w populacji pacjentow
pediatrycznych z PNO.

Celem pracy nr 3 bylo omowienie wyzwan diagnostycznych u pacjentow z PNO

ze szczegblnym uwzglednieniem zaburzen regulacji immunologiczne;.
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Materiaty i metody

Na przeprowadzenie badan wchodzacych w sktad prac oryginalnych (praca nr 1 i 2) uzyskano
zgode Komisji Bioetycznej Uniwersytetu Medycznego im. Piastow Slaskich we Wroctawiu
(nr 333/2020). Wszyscy pacjenci powyzej 16. roku zycia oraz rodzice/opiekunowie prawni
maloletnich pacjentdw przed przystgpieniem do badania wyrazili na nie $wiadomg i pisemng
zgode.

W pracy nr 1 grupe badang stanowito 72 pacjentow (n=46 plci meskiej; n=26 plci zenskiej)
w wieku 1-17 lat (mediana wieku = 7; $rednia wieku = 7.7) ze zdiagnozowanym
i udokumentowanym pierwotnym niedoborem odpornosci. Wigkszo§¢ stanowili pacjenci
z przewazajagcym defektem przeciwciat (n=51; 70.83%). 26.39% (n=19) pacjentéw bylo
w trakcie terapii substytucyjnej immunoglobulinami, pozostate 73.61% (n=53) grupy badane;j
nie otrzymywato terapii substytucyjnej. Pacjenci byli hospitalizowani na Oddziale
Immunologii Klinicznej i1 Pediatrii Wojewodzkiego Szpitala Specjalistycznego (WSS)
im. J.Gromkowskiego we Wroctawiu w okresie od lipca 2020 do lutego 2021. W tym czasie
pobierano od nich probki krwi, w ktdrych oznaczano jednorazowo 1) stezenie sIgE przeciwko
18 alergenom pokarmowym takim jak: mleko krowie, alfa-laktoalbumina, beta-laktoglobulina,
surowica albuminy wotowej, kazeina, biatko jaja kurzego, zottko jaja kurzego, dorsz, maka-
mix, soja, orzech ziemny, orzech laskowy, marchew, ziemniak, jabtko, kakao, kurczak;
2) stezenie sIgE przeciwko 11 alergenom wziewnym takim jak: pytek 6 traw-mix, pytek brzozy,
pytek bylicy, naskorek psa, naskorek kota, naskorek konia, Cladosporium herbarum,
Aspergillus fumigatus, Alternaria alternta, Dermatophagoides
pteronyssinus, Dermatophagoides farinae; 3) stg¢zenie 1gG; 4) eozynofilie krwi obwodowej;
5) stezenie catkowitego IgE. Na podstawie dokumentacji medycznej pacjentéw zgromadzono
takie dane jak: 1) udokumentowana diagnoza choroby alergicznej postawionej przez
alergologa/pulmonologa; 2) choroba alergiczna w rodzinie; 3) wystepowanie nawracajacych
infekcji drég oddechowych w wywiadzie; 4) wystepowanie wyprysku skornego;
5) przyjmowane leki, w tym antyhistaminowe; 6) niedobor masy ciata i/lub wzrostu; 7) miejsce
zamieszkania (wie$, miasto).

Za pomocg kwestionariusza uzyskano dane na temat wystepowania objawow alergii wziewnej
takich jak kichanie, katar, §wiad nosa/oczu, potrzeba pocierania nosa/oczu, tzawienie oczu,
niedroznos$¢ nosa z/bez §wigdem twarzy, wyciek z nosa, zmniejszone odczuwanie zapachu,
problemy z oddychaniem z zamknigtymi ustami. Oceniano takze objawy alergii pokarmowej

takie jak $wiad, zaczerwienienie, pokrzywka, obrzek naczynioruchowy, nastrzyknigcie
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spojowek, Izawienie, obrzek powiek, objawy ze strony jamy ustnej i gardta, objawy alergii ze
strony uktadu oddechowego, objawy ze strony ukladu pokarmowego takie jak
nudno$ci/wymioty, kurczowy bdl brzucha, przelewania, biegunka, objawy anafilaksji. Dane na
temat wystgpowania astmy oskrzelowej i/lub atopowego zapalenia skory byly uzyskane
gléwnie na podstawie specjalistycznej dokumentacji medycznej pacjentow.

slgE byly oznaczane za pomoca iloSciowego testu immunoenzymatycznego — metody
Polycheck® (Biocheck GmbH, Miinster, Germany) zgodnie z instrukcjg producenta. Punktem
odcigcia dla wyniku pozytywnego byto stezenie sIgE >0.35 kUa/L. Stgzenie IgG i st¢zenie IgE
catkowitego byly oznaczane za pomoca metody immunoturbidymetrycznej, wyniki zostaty
zinterpretowane w stosunku do norm dla wieku pacjentow. Podwyzszone IgE catkowite
definiowano jako stezenie IgE powyzej normy dla wieku.

W pracy nr 2 grup¢ badang stanowito 58 pacjentow (n=36 ptci meskiej, n=22 plci zenskiej)
w wieku 1-17 lat, ze zdiagnozowanym wczes$niej PNO, bedacych pod stala/ okresowa opieka
Oddzialu Immunologii Klinicznej 1 Pediatriit WSS im. J. Gromkowskiego. Wigkszo$¢ (n=46;
79.31%) stanowili pacjenci z przewazajacym defektem przeciwciat. 13.79% (n=8) bylo
w trakcie leczenia substytucyjnego immunoglobulinami. Do grupy kontrolnej zakwalifikowano
14 pacjentow (n=7 ptci meskiej; n=7 plci zenskiej) niespetniajacych kryteriow rozpoznania
PNO, z jedynie sporadycznymi lub tagodnymi nawracajacymi infekcjami drog oddechowych.
Od pacjentéw w grupie badanej pobierano probki krwi, w ktérych oznaczano 1) stezenie IgG
przeciwko antygenom takim jak Ro/SS-A 52, La/SS-B, Scl-70, PM/Scl-100, Sm, PCNA,
dsDNA, ribosomal P protein, CENP-B, AMA M2, MPO, PR3, TPO, TG, deamidowane
peptydy gliadyny (DGP), tkankowa transglutaminaza (tTG), czynnik wewnetrzny (IF);

2) stezenie hemoglobiny (Hgb); 3) liczbe leukocytow (WBC); 4) liczbe ptytek krwi (PLT);
5) stezenie IgG i podklas IgG; 6) anty-tTG IgA u czesci pacjentow w grupie badanej. Anty-tTG
IgA 1 anty-DGP IgA razem z st¢zeniem catkowitego IgA oraz autoprzeciwciala w klasie IgG
byly oznaczane w grupie kontrolnej zgodnie z rekomendacjami dla pacjentow
immunokompetentnych.  Autoprzeciwciata  byly = oznaczane  iloSciowa  metoda
immunoenzymatyczng, za pomocg testu Polycheck ® (Biocheck GmbH, Munster, Germany).
Za punkt odcigcia, powyzej ktorego wyniki uznano za pozytywne przyjeto > 0.80 kU/L.
Czuto$¢ testu wedtug charakterystyki produktu wynosita 96.4%, za$ swoisto$§¢ 97%. Stezenie
catkowitego IgG oznaczano za pomocg immunoturbidymetrii, podczas gdy stezenia podklas
IgG za pomoca metody nefelometrycznej. Stezenia immunoglobulin, hemoglobiny, liczbe

leukocytow i ptytek krwi pordwnywano z normami ustalonymi dla wieku pacjentow.
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Dokonano analizy dokumentacji medycznej pacjentow, bioragc pod uwage przede wszystkim
takie dane jak dotychczas postawiona diagnoza choroby autoimmunologicznej oraz choroby
alergicznej, wywiad rodzinny w kierunku choréb autoimmunologicznych, wystepowanie
nawracajacych infekcji drog oddechowych, powiklania PNO, obecnos$¢ hepato-/splenomegalii
i/lub limfadenopatii, przyjmowane leki, wyniki badan przeprowadzonych przed wiaczeniem
pacjenta do leczenia immunoglobulinami (jesli byty dostepne) oraz miejsce zamieszkania.
Analizy statystycznej dokonano za pomoca programéw Microsoft Office Excel (Microsoft
Corp., Washington, DC, USA) oraz Statistica v.13 — dla danych jako$ciowych uzyto testu chi-
kwadrat Pearsona, dla danych ilo$ciowych nieparametrycznych — testu U Manna-Whitneya.
Poziom istotno$ci statystycznej wynosit a = 0,05. Warto$¢ p ponizej 0.05 byta uwazana za
statystycznie istotng.

Praca nr 3 miala charakter pogladowy. Celem jej przygotowania dokonano analizy baz oraz
publikacji anglojezycznych ze szczegdlnym uwzglednieniem zaburzen regulacji

immunologiczne;.
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Wyniki i wnioski

Dzigki szerokiemu zastosowaniu sekwencjonowania catego genomu, na $wiecie dokonat si¢
olbrzymi postep w zakresie rozpoznawania i charakterystyki nowych PNO, za$ ich liczba
podwoita si¢ w latach 2009-2019 [15]. Z uwagi na fakt, ze niektére jednostki chorobowe
wchodzace w sktad PNO wystepuja niezwykle rzadko, niekiedy jako kilka przypadkéw na
$wiecie, przeprowadzenie badan na szeroka skale jest niezwykle trudne. Dane na temat
populacji pediatrycznej z PNO sa ograniczone oraz czgsto rdznig si¢ w zalezno$ci od
pochodzenia grupy badanej oraz rozbieznosci geograficznych. W ostatnich latach szczegdlnym
zainteresowaniem badaczy ciesza si¢ objawy inne niz infekcyjne, ktére to zostaty dobrze
zdefiniowane i scharakteryzowane. Poza 10 objawami alarmowymi PNO, znajdujacymi si¢
w Tabeli 1, uwage zwraca si¢ na manifestacje alergiczne, autoimmunologiczne, autozapalne
oraz nowotworowe. Niewielka liczba opublikowanych prac naukowych powoduje, ze dane
z poszczegdlnych krajow dotyczace populacji pediatrycznej stanowig cenne zrddto informacji,
a niekiedy sg wstepem do dalszych, wieloosrodkowych badan.

W niniejszej pracy doktorskiej przeprowadzono badania okreslajace czesto$¢ wystepowania
autoprzeciwciat oraz sIgE u pacjentow z PNO. sIgE stwierdzono u 50.0% (n=36) pacjentow,
wykazujac  korelacjg z  obecnoscia  klinicznych — objawow  alergii  wziewnej
i/lub pokarmowej (p<<0.0001). U wigkszosci pacjentow z dodatnim wynikiem (n=20; 27.78%
pacjentow z PNO) stezenie sIgE miescilo si¢ w przedziale 0.35-3.5 kU/L, podczas gdy u 16
pacjentéw (22.22% pacjentow z PNO) sIgE wynosito >3.5 kU/L. U 22.22% (n=16) pacjentow
z PNO stwierdzono sIgE jedynie przeciwko jednemu alergenowi, podczas gdy u 18.06% (n=13)
stwierdzono sIgE przeciwko trzem lub wigcej alergenom. Najczesciej wykrywano
podwyzszone sIgE przeciwko alergenom pokarmowym (25%, n=18). U 12.5% (n=9) pacjentéw
podwyzszone sIgE dotyczylo jedynie alergenéw wziewnych. Sposrod 21 pacjentow (29.17%)
pacjentow, u ktorych stwierdzano staty lub okresowy wyprysk skorny, wigkszo$¢ (n=16) miato
podwyzszone sIgE (p=0.003). Nie stwierdzono istotnej korelacji pomigdzy wystepowaniem
nawracajacych zakazen drog oddechowych a stg¢zeniem sIgE (p=0.55). Podwyzszone st¢zenie
sIgE przeciwko alergenom wziewnym korelowalo z podwyzszonym catkowitym st¢zeniem IgE
(p=0.0002), natomiast nie korelowato z eozynofilig krwi obwodowej (p=0.85), nawracajacymi
infekcjami dréog oddechowych (p=0.23), pozytywnym wywiadem rodzinnym w kierunku
chorob alergicznych (p=0.99). Nie stwierdzono rowniez rdznicy w zakresie sIgE pomiedzy
ptciami (p=0.39). W przypadku sIgE przeciwko alergenom pokarmowym, nie stwierdzono

statystycznie istotnej rdznicy pomiedzy ich stezeniem a stezeniem catkowitego IgE (p=0.14),
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eozynofilig krwi obwodowej (p=0.31), niedoborem masy ciala (p=0.87), niedoborem wzrostu
(p=0.65), dodatnim wywiadem rodzinnym w kierunku choréb alergicznych (p=0.53),
stosowaniem lekow, w tym przeciwhistaminowych (p=0.54).

Analizujac stezenie sIgE bez rozrdzniania w zakresie rodzaju alergendéw, przeciwko ktorym
sIgE byly skierowane, wykazano rdéznice pomig¢dzy iloscig sIgE a miejscem zamieszkania
(p=0.047). Podczas gdy 25% pacjentéw mieszkajacych na wsi miato podwyzszone stezenie
slgE, ponad dwukrotnie cz¢sciej (57.14%) zjawisko to dotyczylo pacjentéw mieszkajacych
w miescie. Roznice obserwowano takze w zakresie stezenia sIgE: u zadnego pacjenta
mieszkajacego na wsi stgzenie sIgE nie przekroczyto 3.5 kU/I, natomiast u 26.79% pacjentow
z teren6w miejskich obserwowano stezenie sIgE> 3.5 kU/L.

Stezenie IgE catkowitego u wigkszosci pacjentdw z podwyzszonym stezeniem sIgE miescito
si¢ w zakresie normy (69.44%, n = 25). Wsrod pacjentow z podwyzszonym stezeniem IgE
catkowitego (n=13), 11/13 (84.62%) pacjentow miato rdwniez podwyzszone stezenie sIgE.
Podwyzszonego stezenia IgE catkowitego nie zaobserwowano u zadnego pacjenta bedacego
w trakcie terapii substytucyjnej immunoglobulinami.

Eozynofili¢ krwi obwodowej odnotowano u 15.28% (n=11) pacjentow z grupy badanej. Nie
korelowata ona ze st¢zeniem sIgE (p=0.74), stezeniem catkowitego IgE (p=-.66), klinicznymi
objawami alergii (p=0.62), wypryskiem skornym (p=0.85), nawracajacymi infekcjami uktadu
oddechowego (p=0.29).

Na podstawie dokumentacji medycznej pacjentow uzyskano informacje o zdiagnozowanych
wczesniej chorobach alergicznych takich jak astma oskrzelowa u 18.06% pacjentoéw, alergiczny
niezyt nosa u 20.84% pacjentéw, alergia pokarmowa u 23.61% pacjentow, atopowe zapalenie
skory u 25%.

Nieprawidlowo funkcjonujacy uktad odporno$ciowy u pacjentow z PNO zwykle nie zapewnia
ochrony organizmu przed zewn¢trznymi patogenami, jednocze$nie pozwalajac na nadmierne
reakcje nadwrazliwosci. Rozwdj alergii u pacjentow z PNO moze by¢ spowodowany
zaburzeniem réwnowagi pomigdzy komorkami T efektorowymi a regulatorowymi uktadu
odpornosciowego, zaburzeniem tolerancji centralnej grasicy, zaburzeniem produkcji IFN- y
[8,9]. Dodatkowo pewna rol¢ moga peni¢ réznice w kolonizacji mikrobami oraz wzorce
infekcji. Sama obecno$¢ sIgE nie jest rOwnoznaczna z klinicznym rozpoznaniem alergii,
a wyniki badan diagnostycznych musza by¢ zawsze interpretowane w konteks$cie historii
klinicznej pacjenta. Definitywna diagnoza alergii IgE-zaleznej wymaga wykazania sIgE
1 klinicznych objawow alergii po ekspozycji na konkretny alergen. U pacjentéw z PNO, ktérzy

prawdopodobnie sg bardziej predysponowani do chordéb alergicznych niz populacja ogolna,
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diagnostyka moze jednoczesnie sprawia¢ wigcej trudnosci. U pacjentow z niektorymi
zaburzeniami syntezy przeciwcial (np. CVID, XLA) wyniki badan serologicznych opartych
na IgE moga mie¢ charakter falszywie ujemny. Pacjenci z CVID czesto wykazuja ekstremalnie
niskie stezenia catkowitego IgE, a w badaniu Lawrence i wsp. sIgE byly niewykrywalne
u 96.5% pacjentow z CVID. W takich przypadkach w sytuacji klinicznego podejrzenia alergii
wskazane jest wykonanie innych testow diagnostycznych, takich jak np. préba prowokacyjna
[16,17]. W niniejszej pracy podwyzszone sIgE wykazano u 2 sposrod 3 pacjentow z CVID,
jednak stgzenie to byto stosunkowo niskie (0.35-0.70 kU/L), cho¢ korelowalo z objawami
klinicznymi alergii. Pomocne w praktyce klinicznej bytoby okreslenie wartosci odcigcia dla
swoistych IgE wérdd pacjentéw z pierwotnymi niedoborami odpornosci. W tym celu pomocne
bytoby przeprowadzenie badan na szeroka skalg¢ z dobrze zdefiniowana, reprezentacyjna grupa

badana, przy uzyciu takze innych metod diagnostycznych, w tym préb prowokacji.

Autoprzeciwciata przeciwko co najmniej jednemu antygenowi stwierdzono u 24.14% (n=14)
pacjentéw w grupie badanej, z czego wigkszos¢ byta skierowana przeciwko jednemu (n=7) lub
dwom (n=4) antygenom. Najczegsciej (13.8%; n=8) stwierdzano podwyzszone stezenie
przeciwcial przeciwko peroksydazie tarczycowej (anty-TPO). Anty-TPO statystycznie czgsciej
byly podwyzszone wsrdd pacjentow z dodatnim wywiadem rodzinnym w kierunku chorob
autoimmunologicznych (p=0.044). 2 sposrdd 8 pacjentow z podwyzszonymi anty-TPO byto
podczas trwania badania w trakcie terapii substytucyjnej immunoglobulinami. Wykazano
roéznicg statystyczng w zakresie stezenia anty-TPO pomiedzy grupa pacjentdw otrzymujaca
immunoglobuliny (IRT +) a pacjentami nie bedacymi w trakcie terapii (IRT (-); p=0.0009).
Wyzsze stezenia anty-TPO obserwowano w tej drugiej grupie (IRT -). Nie wykazano réznicy
statystycznej pomiedzy obecnoscia przeciwciat przeciwjadrowych (p=0.551) oraz anty-TPO
(p=0.609) pomiedzy grupa badang a grupa kontrolng. Istotnej statystycznie rdznicy nie
stwierdzono takze pomigdzy obiema grupami w zakresie wystepowania przeciwcial anty-DGP
— pomimo, ze wykazano je u 6.9% (n=4) pacjentow w grupie badanej, podczas gdy w grupie
kontrolnej nie wykazano obecno$ci anty-DGP. Obecnos$¢ autoprzeciwcial nie korelowata
z wystepowaniem niedokrwistosci (p=0.358), leukopenii (p=0.664), czy neutropenii (p=0.526).
Na podstawie dokumentacji medycznej pacjentéw zgromadzono dane na temat dotychczas
zdiagnozowanych chordb autoimmunologicznych. Sposréd 58 pacjentow w grupie badane;j,
jedynie 8.62% (n=5) mialo wczesniej uzyskang diagnozg choroby autoimmunologicznej, takiej
jak celiakia (n=2), matoptytkowo$¢ immunologiczna (n=2), neutropenia autoimmunologiczna

(n=1). Przeprowadzone badanie umozliwilo identyfikacje dwoéch kolejnych, dotychczas
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niezdiagnozowanych, przypadkow celiakii (za pomoca kolejnych badan diagnostycznych).
U 18.97% pacjentow z PNO (n=11) na podstawie dokumentacji medycznej odnotowano
obecnos$¢ hepato- i/lub splenomegalii i/lub limfadenopatii, ktére czgsciej dotyczyly ptci meskiej
(n=10) niz zenskiej (n=1; p=0.025). Limfoproliferacja byla obecna u wszystkich pacjentow
z CVID (n=3), u dwojga pacjentdéw byla to przyczyna diagnostyki w kierunku PNO.
Wspotwystepowanie niedoboru odpornosci i autoimmunizacji stanowi istotne pole do badan,
a rownolegle wystgpowanie stanu hipo- i hiperimmunizacji czyni je niezwykle interesujacym.
Badanie zlozonych mechanizméw regulacji immunologicznej w potaczeniu z badaniami
genetycznymi pozwolilo na ujawnienie zlozonych relacji pomiedzy chorobami
autoimmunologicznymi a PNO. Postulowane mechanizmy biorgce udzial w patogenezie tych
choréb to zaburzone usuwanie patogendw, zaburzone réznicowanie komorek B, zachwiana
tolerancja centralna i obwodowa komorek T, niekontrolowana proliferacja i réznicowanie
limfocytéw, zaburzenia rownowagi limfocytow T regulatorowych i limfocytéw Thl7,
zaburzona aktywacja uktadu dopetniacza i odpornosci wrodzonej [12,13].

Dotychczas przeprowadzono niewielka liczbe badan na temat wystepowania autoprzeciwciat
oraz chordb autoimmunologicznych u pacjentow z PNO, zwlaszcza w populacji pediatryczne;.
Najwicksze dotychczas badanie przeprowadzono we Francji [14]. Co najmniej jedno
powiktanie autoimmunologiczne i/lub zapalne odnotowano u 26.2% wszystkich pacjentow
z PNO. W badaniu podkreslono zwigkszone ryzyko rozwoju nieswoistych zapalen jelit
i zapalenia stawow u dzieci z PNO w poréwnaniu z populacja ogbdlng. W badaniu Tahiat i wsp.
u 32.4% pacjentow z PNO pochodzacych z Algierii i 15.8% badanych w grupie kontrolnej
stwierdzono obecnos$¢ autoprzeciwciat, a rdznica ta byla istotna statystycznie (p <0.0005) [18].
Najczgsciej stwierdzonymi autoprzeciwciatami byly przeciwciala przeciwjadrowe (ANA),
ktore wystepowaty u 10% grupy badanej, a nastepnie przeciwciata przeciwko transglutaminazie
tkankowej (8.4%). W analizie badan z r6znych osrodkéw naukowych w kontekscie PNO warto
wzig¢ pod uwage wiek badanych pacjentow, udzial poszczegolnych jednostek chorobowych
nalezacych do PNO, szerokos$¢ geograficzng, mozliwo$¢ wystepowania rdznic etnicznych oraz
odsetek pacjentow, ktorych przodkowie byli ze soba spokrewnieni, gdyz wszystkie te czynniki
moga mie¢ wpltyw na uzyskiwane wyniki. Stad niezwykle wazne jest zgromadzenie jak
najwickszej liczby danych z jak najwigkszej liczby osrodkéw na $wiecie. Cho¢
autoprzeciwciata wystepuja takze w populacji ludzi zdrowych, a ich obecno$¢ nie jest
wystarczajaca do postawienia klinicznej diagnozy, w tak szczegdlnej populacji jaka sa dzieci
i miodziez z PNO ich wykrycie wymaga uwagi, a w pewnych sytuacjach réwniez

monitorowania. Niezwykle fascynujacy jest fakt, ze niektorzy pacjenci z PNO z jednej strony
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moga nie wytwarza¢ specyficznych przeciwcial np. po szczepieniu, za$ z drugiej strony w ich
krwi stwierdza si¢ obecno$¢ autoprzeciwciat.

Powazne i/lub uporczywe nawracajace infekcje oraz niewyjasniona $mier¢ czlonka rodziny sg
coraz lepiej rozpoznawanymi objawami alarmowymi PNO, jednak warto zwrdci¢ uwage, ze
objawy zaburzonej regulacji immunologicznej takze moga by¢ manifestacja lub komplikacja
tej grupy chorob. Rokowanie u pacjentow z PNO z towarzyszacymi powiklaniami
autoimmunizacyjnymi jest gorsze niz u pacjentow bez tych powiktan, wobec czego ich
odkrycie u pacjentow z juz rozpoznanym niedoborem odpornosci moze prowadzi¢ do istotnych
zmian w strategii obserwacji i podejsciu terapeutycznym. Z drugiej strony, rozpoznanie PNO
u dziecka ze zdiagnozowana juz chorobg autoimmunologiczng roéwniez pozwala na
odpowiednie leczenie choroby podstawowej (terapia immunoglobulinami, HSCT, terapia
genowa) i/lub uniknigcie lub zmodyfikowanie leczenia immunosupresyjnego, co moze miec
kluczowe znaczenie dla powodzenia danej terapii.

Pediatryczna populacja pacjentow z PNO wymaga doktadnej oceny statusu immunologicznego,
poniewaz autoimmunizacja zaczyna si¢ nierzadko przed osiagnigciem pelnoletnosci. Nalezy
rozwazy¢ czy wybrane autoprzeciwciata np. charakterystyczne dla choroby trzewnej, nie
powinny znalez¢ si¢ w zestawie badan screeningowych dla pacjentow z wybranymi chorobami
nalezacymi do PNO. Wczesna i trafna diagnoza oraz idaca za nig odpowiednia terapia moga
zapobiec wystapieniu powiktan narzadowych oraz polepszy¢ rokowanie pacjentow. Z uwagi
na fakt, Ze obecnie badania te obarczone sg istotnymi kosztami, nalezy przeprowadzi¢ analize¢
optacalnosci, biorac pod uwage czynniki ryzyka oraz nasilenie choroby.

Nowoczesne spojrzenie na PNO, jednocze$nie korzystajace z coraz lepszych i bardziej
doktadnych narzedzi diagnostycznych, jak i oparte na wieloletnim klinicznym do$wiadczeniu,
pozwoli na prawidlowe diagnozowanie i monitorowanie chorych, a takze umozliwi
opracowanie precyzyjnych strategii leczniczych, ktore moga mie¢ wptyw na dlugos¢ i jakos¢

ich zycia.
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Abstract: Background: Allergy is a clinical condition that reflects a deviated function of the immune
system. The purpose of this study was to evaluate serum allergen-specific IgE (sIgE) along with clini-
cal manifestations of allergy in patients with diagnosed primary immunodeficiency (PID). Methods:
72 patients, aged 1-17 years, diagnosed with PID and hospitalized between July 2020 and February
2021 were included in the study. Blood samples were obtained by venipuncture. sIgE (30 allergens),
blood eosinophil count, as well as total IgE and IgG were measured and assessed in relation to a
detailed medical examination. Results: Serum sIgE was detected in the blood of 50% of the patients
in the study group, which significantly correlated (p < 0.0001) with clinical symptoms of allergy.
During the period of the study, 61.1% of the patients showed symptoms of allergy, with 77.27% of
them having tested positive for sIgE. The total IgE level was elevated in 18.06% of the patients and
correlated with clinical symptoms of allergy (p = 0.004). An elevated total IgE level was not observed
in children receiving immunoglobulin replacement therapy. Conclusion: The study showed that
serum sIgE and total IgE together might be a plausible diagnostic tool for PID patients. However, for
patients receiving immunoglobulin replacement therapy, the assessment of total IgE is not useful.

Keywords: allergy; inborn errors of immunity; immunoglobulin E (IgE); primary immunodeficiency
(PID); specific IgE (sIgE)

1. Introduction

Inborn errors of immunity (IEI) are a heterogeneous group of inherited diseases asso-
ciated with genetic susceptibility, often stemming from a single-gene mutation. In the past,
their prevalence was estimated at approximately 1:10,000-1:50,000. Due to novel diagnostic
procedures, new nosologic units have been described and classified as primary immunode-
ficiencies (PID). The description of clinical phenotypes is being continuously updated [1,2].
Currently, the prevalence of IEI is estimated at 1:1000-1:5000 [3]. More than 400 diseases
have been classified as PID. In most cases, they result from a single-gene mutation causing
impaired development and function of the immune system. Regardless of their exact
prevalence, PIDs are regarded as an unprecedented model, connecting defined monogenic
defects with clinical manifestations of incorrect immune regulation. Immune dysregulation
is a term used to characterize an array of autoimmune and inflammatory conditions [4]. In
practice, IEI are associated with increased susceptibility to infection (especially severe, atyp-
ical, and/or recurrent infections), autoimmunity, allergy, and malignancy [3,5]. Immune
dysregulation seems to be as important as susceptibility to infection in defining inborn
errors of immunity nowadays. The International Union of Immunodeficiency Societies
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(IUIS) regularly provides an overview of IEL In current IUIS classification, there are 10
IEI categories according to their underlying molecular defect, and one of them is called
‘diseases of immune dysregulation’. Within these IUIS classifications, each disorder is only
listed once; therefore, these overviews do not feature phenotypic overlaps. However, it has
been shown that other patients classified as having B-cell, T-cell, or innate immune system
deficiencies are also at risk of autoimmune or inflammatory conditions [6].

Allergy develops due to a deviated function of the immune system. The occurrence
of allergy in the context of PID has always been a compelling issue. Several PIDs are
frequently associated with allergies. Moreover, common allergic reactions (eczema, al-
lergic rhinitis, asthma, and food allergies) are exaggerated immune responses that may
be manifestations of an underlying PID [7]. Appreciation of allergy as a manifestation
of immune dysregulation should also stimulate the involvement of allergy specialists [8].
The misdiagnosis of PID as allergy has been described and may be complicated by the
comorbidity of allergic diseases [8].

Atopic dermatitis (AD), in association with an elevated level of total IgE, constitutes a
clinical feature of the hyper-IgE syndrome, Omenn syndrome, and Netherton syndrome. In
the Wiskott-Aldrich syndrome (WAS), features of eczema are indistinguishable from those
of atopic eczema. Selective IgA deficiency (sIgAD) often coexists with asthma, allergic
rhinitis (AR), AD, and food allergy (FA) [9,10]. Allergic diseases, including food and drug
allergies, are also present in other types of PID [11].

Studies on the prevalence of allergy in several PID disorders have shown mixed
results. The reported differences might be due to differences in methodological approaches,
as well as to ethnic and geographical diversity [12,13]. Thus, data on the prevalence of
FA in patients with PID are very limited. The purpose of this study was to evaluate the
prevalence of clinical manifestations of allergy and serum allergic-specific IgE (sIgE) in
patients with PID.

2. Materials and Methods

The study was consented by the Bioethical Commission of the Wroclaw Medical
University. Patients included in the study were previously diagnosed with PID (according
to IUIS criteria and classification and ICD-10) and hospitalized in the Clinical Immunology
and Pediatric Ward of the J. Gromkowski Provincial Hospital in Wroclaw from July 2020 to
February 2021. All parents/legal guardians and patients over 16 years signed an informed
consent before inclusion in the study.

The study group included 72 subjects (n = 46 boys, n = 26 girls) aged 1-17 years
(median age = 7; mean age = 7.7). The baseline characteristics of the patients are presented
in Table S1. Patients with predominantly antibody deficiencies (PAD; n = 51; 70.83%)
constituted most of the study group, followed by patients with combined immunodefi-
ciencies associated with syndromic features (1 = 11; 15.28%). In addition, the study group
was divided into two groups depending on the treatment received: a group of patients
received permanent immunoglobulin (Ig) substitution therapy (n = 19; 26.39%), and a
group did not receive Ig substitution therapy (1 = 53; 73.61%) at the time of the study.
The group of patients receiving Ig replacement therapy (IRT) included patients with X-
linked agammaglobulinemia (1 = 1), common variable immunodeficiency (CVID; n = 3),
IgG subclass deficiency (n = 1), four patients with other hypogammaglobulinemias such
as IgG deficiency (n = 3) and IgG subclass plus IgM deficiency (1 = 1), one patient with
Kabuki syndrome plus IgG subclass deficiency, one patient with PRKDC mutation with
IgG subclass deficiency, two patients with severe combined immunodeficiency (SCID; one
of them was enrolled before hematopoietic stem cell transplantation (HSCT), and the other
was enrolled four years after HSCT), three patients with Nijmegen breakage syndrome
(NBS), three patients with ataxia-telangiectasia (A-T). Doses of Ig were individualized and
were within 0.2-0.8 g/kg (Table S2). In all cases, substitution therapy had started before
the initiation of the current study. Patients with hyper-IgE syndrome, Omenn syndrome,
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Netherton syndrome, WAS, which are associated with an elevated level of IgE, were not
included in the study because they were not represented in our database.

During the study, a detailed medical history of the patients was collected, in par-
ticular: (1) a documented diagnosis of allergic disease performed by a trained aller-
gist/pulmonologist, (2) family history of allergic diseases, (3) recurrent respiratory tract
infections, (4) skin eczema, (5) medications taken, especially antihistamine drugs, (6) weight
and/or height deficiency, (7) place of residence (village, town, city).

The following parameters were assessed by venous blood analysis: (1) concentration
of sIgE against 18 food allergens: egg white, egg yolk, cow’s milk, alpha-lactalbumin, beta-
lactoglobulin, casein, bovine serum albumin (BSA), codfish, flour mix, rice, soybean, peanut,
hazelnut, carrot, potato, apple, cacao, chicken; (2) concentration of sIgE against 11 inhalant
allergens: 6 grass mix, birch pollen, mugwort pollen, Dermatophagoides pteronyssinus, Der-
matophagoides farinae, cat epithelia, horse epithelia, dog epithelia, Cladosporium herbarum,
Aspergillus fumigatus, Alternaria alternata; (3) IgG concentration; (4) blood eosinophilia;
(5) total IgE level.

Clinical symptoms were assessed by a questionnaire including questions on inhalant
allergy: sneezing, rhinorrhea, nose/eyes itching, need to rub nose/eyes, watery eyes,
nasal obstruction, with or without facial itching, nasal congestion, reduced sense of smell,
trouble breathing with mouth closed. Symptoms of IgE-mediated food allergy (like pruri-
tus, flushing, urticaria, angioedema, conjunctival injection, lacrimation, periorbital edema,
oropharyngeal symptoms, allergy symptoms from the respiratory tract, gastrointestinal
symptoms like nausea/vomiting, abdominal cramping, bloating, diarrhea, signs of anaphy-
laxis) were assessed separately. Assessment of asthma and atopic dermatitis was mainly
based on specialists’ consultations obtained from medical documentation.

sIgE were measured by quantitative enzyme immunoassay—the Polycheck ® test
(Biocheck GmbH, Miinster, Germany), according to the manufacturer’s instructions. The
threshold for a positive result for sIgE, which was indicative of sensitization, was >0.35 kUa/L.
Subjects with at least one positive sIgE were considered to be sensitized. IgG and total IgE
concentrations were measured by immunoturbidimetry. The total IgG and IgE reference
ranges depended on the age of the individual. Elevated total IgE was defined as total IgE
concentration above the age-related reference ranges.

Statistical analysis of the data was conducted using the spreadsheet of Microsoft
Office Excel (Microsoft Corp., Washington, DC, USA) and Statistica v.13—for qualitative
data—Pearson’s chi-squared. The significance level was accepted as « = 0,05. A p-value
less than 0.05 was considered statistically significant.

3. Results
3.1. Allergen-Specific IgE

sIgE > 0.35 kUa/L were detected in the sera of 50.0% (n = 36) of the PID patients
(n =72), which correlated (p < 0.0001) with the presence of clinical symptoms of inhalant
and/or food allergy (Table S3). During the period of the study, 61.11% (n = 44) of the
children with PID reported subjective symptoms of allergy, and in this group, 77.27%
(n = 34) tested positive for sIgE. In most cases, there was a correlation between reported
symptoms and positive sIgE. In 17 patients, the correlation was more evident, notably if
there were symptoms of inhalant allergy (n = 12).

sIgE concentrations in the majority of allergic patients (1 = 20; 27.78% of PID patients)
ranged from 0.35 to 3.5 kU/L, while in 22.22% (n = 16) of the patients, sIgE concentration
was >3.5 kU/L (Table 1 and Table S4). sIgE against only one allergen was observed in
22.22% (n = 16) of the PID patients, while in 18.06% (n = 13), sIgE against three and more
allergens were observed. In most cases, sIgE were against food allergens (n = 18; 25%),
whereas in 9 children (12.5%), they were only against inhalant allergens, and in other
9 children (12.5%) they were against both inhalant and food allergens.
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Table 1. Characteristics of patients with sIgE concentration > 3.5 kU/L.

Previous Correlation
Patient reviol Reported Allergy sIgE between sIgE Eosinophil S
No Age  Gender PID Type Diagnosis of Symptoms woL Total IgE [TU/mL] and Allergy Count[103/ur]  Antihistamines
Allergic Disease
Symptoms
Nasal obstruction 6 Grass mix = 2.9
Sneezing D. pteronyssinus > 100
1gM, IgG subclass y Nose/eyes itching D. farinae > 100 - . .
B 8 M deficiency A AR FA Trouble breathing with Cat=330 58710.5-393] Yes L7z Yes
mouth closed Dog = 0.89
Recurrent bronchitis
2 14 M IgM deficiency AR, FA Rhinorthea 207 [1.9-170] Possible 012 No
Y Diarrhea
Nose/eyes itching
3 13 M IgA deficiency AD Eczema . 34,2 [1.9-170] Possible 017 No
Pruritus BSA =38.0
D. pteronyssinus > 100
IgM and IgG D. farinae > 100
4 7 M subclass No Sneezing Cat=12 328[0.5-393] Yes 375 No
deficiency Dog =22
Horse = 0.45
6 Grass mix > 100
Birch pollen > 100
Mugwort pollen = 0.86
D. pteronyssinus = 4.5
D. farinac = 48
Cat=027
Dog =74
Eczema C. herbarum =19
Pruritus
IgG subclass Sneezing A. alternata = 5.0
5 6 F supclass A, AD, FA ) Egg white = 0.94 8235[0.5-393] Yes 0.32 Yes
deficiency Nose/eyes itching ) -
‘ Cow’s milk = 0.94
Trouble breathing with v
th closed Casein = 0.36
mou Flour Mix 0.46
Rice = 0.86
Peanut = 54.0
Hazelnut = 0.91
Carrot = 0.77
Potato = 1.8
Apple = 0.99
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Previous Correlation
Patient revion Reported Allergy sIgE between sIgE Eosinophil S
N Age  Gender PID Type Diagnosis of Symptoms oL Total IgE [1U/mL] and Allergy Count [103/ur)  Antihistamines
Allergic Disease
Symptoms
6 Grass mix > 100
Birch pollen = 35
Mugwort pollen = 0.
- D. pteronyssin
Sneezing D. farinae = 11
- Nose/eyes itching
1gG subclass Cat=4.1
6 12 F > > AR Watery eyes 466 [1.9-170] Yes 0.17 Yes
deficiency Dog = 0.6
Y Need to rub eyes/nose .
Nasal obstruction A alternata = 1.2
Flour Mix = 0.43
Rice = 0.48
Carrot = 0.50
Sneezing
Nose/eyes itching
Watery eyes sinus
Need to rub eyes/nose b ’g‘?ﬁ’x‘m”:’l n>01 00
7 6 M IgA deficiency A, AR Nasal obstruction heA 1s 699[0.5-393] Yes 035 Yes
Nasal congestion Cowremilh o044
Rhinorrhea ow's mifle =0
Abdominal cramping
Recurrent bronchitis
Sneezing
. Nose/eyes itching _
3 4 F IgG subclass A Watery eyes Birch pollen =13 38.4 [0.4-351] Yes 072 Yes
deficiency . Cat=15
Need to rub eyes/nose
Recurrent bronchitis
Sneezing
Nose/eyes itching
IgA and IgG Watery eyes 6 Grass mix 134
9 6 E subclass AD, AR, FA Need to rub eyes/nose  Srass p Yes 0.12 Yes
> ! Birch pollen [<90]
deficiency Rhinorrhea
Nasal obstruction
Eczema
1eG sublass 6 Grass mix > 100
10 10 F B oo AR Rhinorrhea Birch pollen = 0.63 227 [<200] Yes 022 No
eficiency N o
gwort pollen = 0.64
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Previous Correlation
Patient o0 Gender PID Type Diagnosis of Reported Allergy SIgE Total IgE [IU/mL]  Petween sIsE Eosinophil | s pictamines
No nosi Symptoms [KU/L] and Allergy  Count [10%/uL]
Allergic Disease
Symptoms
6 Grass mix > 100
Eeroma Birch pollen = 0.50
11 16 M IgM deficiency AD, AR ez Mugwort pollen = 0.51 1157 [15-100] Possible 017 Yes
Rhinorrhea ort
Cow’s milk = 0.54
BSA = 4.9
Eczema 6 Grass mix = 4.1
PRKDC mutation, Nasal congestion Birch pollen =
12 9 M 1gG subclass AD, AR, FA ough Mugwort pollen 131 (05-393] Yes 023 Yes
deficiency Sneezing Cat=096
Nose/eyes itching Dog = 0.63
Fezema Dog =037
Complement ruritus Horse = 0.36 ’
13 3 F Pl AD Excoriatio 10.5 [<60] Possible 02 No
deficiency « BSA = 9.9
Rhinorrhea | BsA-
Cow's milk = 0.73
Cough
Phagocyte B
14 2 M number/ function u Urticaria Cow’s milk =077 17.3[<60] Possible 0.22 No
/. BSA=7.0
deficiency
. ) 6 Grass mix = 4.0
15 7 F c‘)“gle“ff“l AR N R*)‘“?"‘f; X Horse = 0.72 47.3[05-393] Yes 027 Yes
asplenia ose/eyes itching e
6 Grass mix = 2.7
Lymphocyte T Urticaria Cow’s milk = 0.52 ~ )
16 10 F deficiency v Flushing BSA =44 908 [1.9-170] 019 Yes
Flour Mix = 037
Rice = 0.
Carrot = 0.39
Potato = 0.93
Apple =100

Abbreviations: A—asthma; AC—allergic conjunctivitis; AD—atopic dermatitis; AR—allergic rhinitis; BSA—bovine serum albumin; F—female; FA—food allergy; Ig—immunoglobulin;

ber; PID—primary i

PRKDC—Protein Kinase, DNA-Activated, Catalytic Subunit; U—urticaria.
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The presence of sIgE (>0.35 kU/L) against BSA in 33.33% (n = 24) of patients with PID
was an interesting finding. In most of these cases (1 = 20; 83.33%), it correlated with clinical
symptoms of milk allergy at the time of the study or in the past. sIgE against BSA showed
low values (<0.7 kU/L; n = 12). A higher concentration of sIgE against BSA was observed in
patients without Ig replacement therapy than in patients receiving Ig substitution therapy,
and the difference between these two groups was statistically significant (p = 0.03; Figure 1).

= —
o Median
IRT (-) IRT (+) []25%-75%
Immunoglobulin replacement therapy (IRT) I Min-Max

Figure 1. Concentration of sIgE against BSA (bovine serum albumin) in PID patients during im-
munoglobulin replacement therapy (IRT+) and not receiving IRT (IRT—) (p = 0.03).

Twenty-one (29.17%) patients showed chronic or recurrent skin eczema, and the
majority of them (1 = 16) had a significantly increased sIgE level (p = 0.003).

There was no significant correlation between the prevalence of recurrent respiratory
tract infections and the serum sIgE level (p = 0.55).

The levels of sIgE against inhalant allergens correlated with an elevated total IgE
(p = 0.0002). However, no correlation with blood eosinophilia (p = 0.85), recurrent respira-
tory tract infections (p = 0.23), family history of allergic diseases (p = 0.99) was observed.
There was no significant difference between males and females (p = 0.39).

The levels of sIgE against food allergens did not correlate with eosinophilia (p = 0.31),
total IgE (p = 0.14), weight deficiency (p = 0.87), height deficiency (p = 0.65), positive
family history of allergy (p = 0.53). There was no effect of the treatment with antihistamine
medications (p = 0.54).

Although 72.22% (n = 26) of the patients with increased sIgE were males, the difference
between the sexes was not significant (p = 0.14). In addition, there was no significant
difference between different groups of PID (Table 2).
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Table 2. Prevalence of sensitization to food allergens, skin eczema, clinical symptoms of allergy,
elevated total IgE and sIgE levels in the recruited patients with PID.

Type_0f7;’lD .. Sensitization to Food Allergens
(n=72) Cl‘“‘cf“ﬁlyml’m‘“s sIgE > 035kUa/L  Elevated Total IgE (SIgE > 0.35 kUa/L) + Clinical Skin Eczema
Selected ° = zgy (n=36) (n=13) Symptoms (n=21)
Parameter h (n=23)

SCID (n =2) n =0 (0.00%) n=1(50.00%) 1n=0(0.00%) n =0 (0.00%) n =0 (0.00%)
Ataxia-telangiectasia (n = 4) n =3 (75.00%) n =3 (75.00%) n =0 (0.00%) n =2(50.00%) n=1(25.00%)
Nijmegen syndrome (1 = 3) n=1(33.33%) n=1(33.33%) 1n=0(0.00%) n=1(33.33%) n=1(33.33%)
DiGeorge syndrome (1 = 2) n=1(50.00%) n=1(50.00%) 1n=0(0.00%) n=1(50.00%) n =0 (0.00%)

Kﬂbulz':f:&’?;imme 1=0(0.00%) 1=0(0.00%) 1=0(0.00%) =0 (0.00%) 1=0(0.00%)
PRKDC mutation (1 = 1) =1 (100.00%) =1 (100.00%) 1= 0(0.00%) =0 (0.00%) a 0%301%)
Predominantly Ab defici N R R R -16
(nre: ;’l“)‘:‘“"‘“ y Ab deticiency n =31 (60.78%) 1 =24 (47.06%) 1 =12 (23.53%) 1 =15 (29.41%) (3”1_37% )
CVID (1 =3) =2 (66.67%) =2 (66.67%) 1 =0 (0.00%) =2 (66.67%) n=1(33.33%)
X-linked agammaglobulinemia _ o _ o _ o, _ o n=1
oD 1 =1 (100.00%) =1 (100.00%) 1 =0 (0.00%) 1 =1 (100.00%) (10000%)
E’f‘fg;‘)ypmg"““‘“agl“"““"e““a s 1 = 12 (60.00%) 1 =10 (50.00%) 1 = 4 (20.00%) 1 = 4 (20.00%) 1= 6 (30.00%)
IgG subclass deficiency (1 = 20) n =12 (60.00%) n =7 (35.00%) n =6 (30.00%) n=5(25.00%) n =7 (35.00%)
selective IgA deficiency (n = 7) n =4 (57.14%) n =4 (57.14%) n =2 (28.57%) n =3 (42.86%) n=1(14.29%)
Congenital defects of phagocyte _ o _ o _ o, _ o _ o
momber, function or both on = 3 1 =2 (66.67%) 1 =1(33.33%) 1= 0(0.00%) n=1(33.33%) 1= 0(0.00%)
Complement deficiency (1 = 2) n =2 (100.00%) n=2(100.00%) 1n=0(0.00%) n =2 (100.00%) n=1(50.00%)
Others (1 = 3) 1 =3 (100.00%) =2 (66.67%) n=1(33.33%) n=1(33.33%) n=1(3333%)

Abbreviations: Ab—antibody; CVID—common variable immunodeficiency; n—number of cases; sigE—allergen-
specific immunoglobulin class E; PID—primary immunodeficiencies; PRKDC—Protein Kinase, DNA-Activated,
Catalytic Subunit; SCID—severe combined immunodeficiency; X-linked—gene is located in the X chromosome.

An increased sIgE level was observed in 47.17% (25/53) of patients not receiving IRT
and in 57.89% (11/19) of patients undergoing IRT, but the difference between these two
groups was not statistically significant (p = 0.42).

A statistically significant difference (p = 0.047) was observed with regard to rural or
urban residence (Figure 2): 25% of patients living in the countryside had increased sIgE.
Increased sIgE was found in the serum of 57.14% of children living in an urban area, while
26.79% of children from urban environments showed an sIgE level > 3.5 kU/L, and none
of the individuals from the countryside had sIgE levels > 3.5 kU/L (p = 0.047; Figure 2B).

3.2. Total IgE Level

The total IgE level was normal in the majority (69.44%, n = 25) of the 36 children with
increased (>0.35 kU/L) sIgE. On the other hand, 84.62% (n = 11) of the 13 patients (18.06%
of all 72 recruited patients) with an elevated total IgE level had increased sIgE concentration
as well. There was a statistically significant correlation between sIgE and total IgE levels
(p = 0.014). Furthermore, an elevated level of total IgE correlated with clinical symptoms of
allergy in this particular group (p = 0.004; Table S3) but did not correlate with skin eczema
(p=0.31).

There was a statistically significant difference (p = 0.04) between PID patients treated
with Ig and PID patients who were not undergoing Ig therapy (Figure 3). While the total
IgE level was elevated in 24.53% (1 = 13) of patients not receiving IRT, such deviation was
not observed in those patients (1 = 0) who were undergoing IRT.
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PERCENT

PERCENT

WsIgE > 0.35kU/L  msIgE <035 kU/L

VILLAGE TOWN & CITY

mslgE>35kU/L  msIgE <3.5 kU/L

VILLAGE TOWN & CITY

Figure 2. (A). sIgE level depending on the living place (p = 0.047). (B). Prevalence of allergen-specific
IgE concentration > 3.5 kU/L depending on the living place (village vs. town and city; p = 0.047).
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mnormal total IgE level  melevated total IgE level

PERCENT

IMMUNOGLOBULIN REPLACEMENT WITHOUT IMMUNOGLOBULIN THERAPY
THERAPY

Figure 3. Total IgE level in relation to immunoglobulin replacement therapy (p = 0.04).

3.3. Blood Eosinophilia

Increased counts of eosinophils were observed in the blood of 15.28% (n = 11) of the
72 patients included in the study. Eosinophilia was slightly more often observed in females
(n =5;19.23% of all females) than in males (1 = 6; 13.04% of all males), but the difference
was not statistically significant (p = 0.48). The counts of eosinophils did not correlate with
sIgE presence (p = 0.74), clinical symptoms of allergy (Tables S3 and S5; p = 0.62), skin
eczema (p = 0.85), recurrent respiratory tract infections (p = 0.29), or total IgE level (p = 0.66).

3.4. Clinical Manifestations

Of the 72 patients included in the study, 18.06% were previously diagnosed by a
trained allergist/pulmonologist with asthma, 20.84% with AR, 23.61% with FA, and 25%
with AD; urticaria occurred in 2.78% of the patients, AC in 1.39%, and drug-induced
anaphylaxis in 1.39% (Table S5). Previous diagnoses were obtained from the patients’
medical records.

4. Discussion

IgE plays a key role in the pathogenesis of allergic diseases, especially in mast
cell/basophil activation, as well as in antigen/allergen presentation. The level of total
IgE was considered in early studies as a marker to identify allergic subjects, but it became
evident that total IgE levels cannot confirm an allergy status in a patient [14,15].

Performing serological diagnostics in patients with PID presents some challenges.
For example, in patients with a common variable immunodeficiency (CVID), who show
extremely low levels of IgE, traditional methods of sIgE measurement may provide false-
negative results. In such conditions, sensitization should be confirmed using other methods,
for example, bronchial provocation tests with allergens, etc. [16]. In a study conducted
by Lawrence et al., an undetectable IgE level appeared in 75.6% (95% ClI, 65.6-85.7%)
of patients with CVID, and allergen sIgE was not detectable in 96.5% of patients with
CVID [17]. Three patients with CVID participated in our study, and sIgE (but not total IgE)
correlated with clinical symptoms of allergy (Table 2). However, it is worth adding that the
sIgE level was between 0.35 and 0.70 kU /L in these patients, and the correlation was not
confirmed by an oral food challenge.

According to some studies, the cut-off level of 0.35 kUa/L for allergen-specific IgE
might be insufficient to predict clinical reactivity [18-22]. For example, in the study by
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Garcia-Ara et al., it was shown that different cut-off points for specific IgE levels for milk
and casein, which indicated clinical reactivity, were found at different ages. The specific IgE
levels that were predictors of clinical reactivity (positive predictive value > 90%), grew as
the age of the infants increased: 1.5, 6, and 14 kUA /L for milk for patients in the age ranges
of 13-18 and 19-24 months and in the third year, respectively [18]. However, it is worth
noticing that this study was not conducted among children with PID. The application of the
predictive values of a diagnostic test changes with the disease prevalence, and consequently,
these values are not valid for populations with a different prevalence [18]. In our study, an
sIgE concentration between 0.35 kU/L and 3.5 kU/L was detected among 27.78% (1 = 20)
of the patients with PID, while 22.22% (n = 16) of the study group had an sIgE level
above 3.5 kU/L. Nevertheless, we are aware that the utility of, especially, food-specific
IgE concentrations in predicting symptomatic food allergies in the context of IEI patients
may be questionable, and further studies including, e.g., oral food challenges are needed.
Defining the cut-off values for specific IgE among patients with immunodeficiency would
be helpful in clinical practice.

Allergy tests, both skin testing and in vitro sIgE tests, must always be interpreted in
the context of the patient’s specific clinical history, because a “positive” test does not always
entail clinical allergy [23-25]. The definitive diagnosis of an IgE-mediated allergy requires
the detection of specific IgE and knowledge of the history of allergy on exposure to that
allergen [15]. It is not uncommon to find allergen-specific IgE in the serum of people who
do not report allergic symptoms [26].

The likelihood that a positive sIgE test result will correlate with clinical symptoms
is influenced by the degree of positivity, the type of allergen, and the patient’s clinical
history. Venom- and food-specific IgE have been reported in up to 25% and 60% of the
general population, respectively [26-28]. In food-allergic subjects, the test sensitivity can be
improved by using higher cutoffs, which, however, are food-specific. The predictive values
also vary with age. Younger children and infants show symptoms while presenting lower
sIgE levels compared with older children [18]. Patients with higher sIgE levels are more
likely to develop symptoms upon exposure to an allergen than patients with lower sIgE
levels. However, strongly positive tests do not necessarily predict the severity of allergic
symptoms (anaphylaxis) [29]. Regrettably, the threshold levels have not been determined
for most allergens.

An elevated level IgE is often associated with a number of PIDs, such as hyper IgE
syndrome, WAS, Netherton syndrome, IPEX syndrome, Omenn syndrome [30]. One
phenotype of complete DiGeorge syndrome has oligoclonal T cell expansion with elevated
IgE levels. The pathophysiological role of increased IgE in these disorders is unclear.
However, patients with these disorders were not included in this study. Children with
hypogammaglobulinemia (1 = 20) involving one or more main classes of immunoglobulins
as well as patients with IgG subclass deficiency (n = 20) constituted the majority of the
study group. The prevalence of sIgE and clinical symptoms of allergy varied between
the types of PID (Table 2), affecting 50% (sIgE presence) and 61.11% (self-reported allergy
symptoms) of the patients in the study group, respectively.

In the USIDNET study, the prevalence of FA as well as AD in PID patients from
the USA was found to be lower than in the general population (FA, 2.5%; AD, 10.7%).
However, the authors indicated that FA was more commonly reported in patients with
specific PIDs, compared to what would be expected in the general population, i.e., in the
presence of combined immunodeficiencies (33.3%), sIgAD (25%), CD40 ligand deficiency
(7.7%), primary hypogammaglobulinemia (7.1%), hyper IgE syndrome (6.3%) [11]. AD was
most commonly reported in patients with a deficiency of the nuclear factor kB essential
modulator (62.5%), WAS (41.5%), combined immunodeficiency (33.3%), selective IgM
deficiency (33.3%), and hyper IgE syndrome (25%) [11].

Although the problem of the coexistence of allergy and PID diseases has been a sub-
ject of investigation in a number of studies, the results are largely inconsistent. While
in an Iranian study involving patients with sIgAD, atopic eczema was observed in 52%
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of the patients [12], in Brazil, it affected only 2.38% of the patients [31], and in a study
conducted in Sweden, a statistically significant correlation between AD and sIgAD was
not observed [13]. In a study conducted by Dadkhah et al., 20% of Iranian patients with
hypogammaglobulinemia additionally suffered from asthma, 22% of patients were diag-
nosed with AR, and 9% with AD [32]. A study from Kuwait confirmed that 19% of PID
patients suffered from AD [33]. A 2020 study conducted in a Polish city in patients with
Ab deficiencies revealed that the total level of IgE was elevated in 21% of the patients, and
slgE against inhalant allergens was found in 21% of the patients. The most common clinical
manifestations included asthma (66.7% patients), AD (22.8%), and AR (12.3%) [34]. In our
study, a comparable, elevated total IgE level (23.53%; Table 2) was observed in patients with
PAD. The presence of sIgE was much more common (47.06%) in our patients with PAD, but
it is worth mentioning that in our study, we used a larger test kit with more allergens, and
different laboratory methods were applied in both studies (ImmunoCAP vs. Polycheck).

In the group of patients with PID, differences with regard to the place of residence
and an increased prevalence of allergy in patients residing in urban areas were observed,
which mirrors the results of epidemiological studies involving the general population [35].
This is definitely an interesting observation, and more studies concerning the impact of
environmental factors on the prevalence of serum sIgE and the progress of allergy in this
particular group of patients are needed.

The fact that the values of the total IgE level were normal in PID patients undergoing
IRT is an interesting observation that is confirmed by some other studies [36,37]. Durandy
etal. treated a cohort of children with recurrent infections with low doses of Ig and observed
that in several allergic patients from this group, in whom serum IgE concentrations were
high, the serum levels of IgE were normalized after 3 to 4 months of Ig therapy [38]. A
study conducted by Jee et al. in patients with AD and an elevated total IgE concentration
demonstrated that intravenous immune globulin (IVIg) therapy (2 g/kg/month) had an
impact on IgE levels: the levels declined during IVIg treatment but returned to their initial
values 6 months after treatment [37]. Noh et al. investigated 41 children given a single
dose of IVIg and observed that in 40% of the subjects there was a significant improvement
associated with a decrease in serum IgE [39]. This effect may be associated with the
immunomodulatory effect of IVIg or stem from a downregulation of the factors driving
IgE production [39,40]. The impact of substitutional doses of immunoglobulins on total
IgE and specific IgE in PID patients in a long-time perspective requires further research
and should involve a larger study group. However, it is worth noticing that few patients
in the Ig replacement therapy group (e.g., with X-linked agammaglobulinemia, CVID)
might have a deficiency of other antibody classes, including IgE; however, there were
also patients with other conditions, such as IgG subclass deficiency /Nijmegen breakage
syndrome/ataxia-telangiectasia, in that group (IRT+).

Another point to be addressed regards patients with reported symptoms of allergy
without positive (>0.35 kU /L) sIgE (n = 10). Two patients from that group were receiving Ig
replacement therapy at a stable dose during the entire study, two had an sIgE concentration
between 0.15 kU/L and 0.35 kU /L against cat dander, and another two against birch pollen
with airway allergic symptoms. The possibility of non-IgE-mediated mechanisms remains
to be investigated.

The main limitations of this study was the use of a single method for confirming
patients’ sensitization, without provocation tests and assessment of asthma phenotypes.
These issues will be addressed in follow-up studies.

In IEL an abnormally functioning immune system often does not protect the organism
from infections and permits abnormal and excessive hypersensitivity reactions. The de-
velopment of allergies in IEI is caused by the disruption of the complex balance between
effector and regulatory cells in the immune system [6]. The potential mechanisms leading to
such dysregulation include failure of central thymic tolerance, imbalance between effector
and regulatory T-cell functions, failure in the production of counter-regulating interferon-
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gamma (IFN-y) [6,41]. Possible differences in microbial colonization and infection patterns
are additional factors of interest.

5. Conclusions

This study revealed that the prevalence of allergic diseases and atopy in the pediatric
population with IEI is high. PID patients should be carefully monitored with regard to
their risk of allergy. The study showed that serum sIgE and total IgE together might be a
plausible diagnostic tool for these patients. However, for patients with IRT, the assessment
of total IgE is not useful in the context of allergy. Further, more detailed studies including
patients with increased levels of sIgE are needed.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/children9040466/s1, Table S1: Patients” baseline characteristics according to PID classification.
Table S2: Characteristics of patients during immunoglobulin replacement therapy (1 = 19). Table S3:
Characteristics of patients with positive (>0.35 kU/L) sIgE against allergens. Table S4: Number of
patients with the maximum sIgE concentration against allergens. Table S5: Manifestation of allergy
in patients with PID, expressed as previously diagnosed asthma, food allergy, allergic conjunctivitis,
atopic dermatitis, allergic rhinitis, or urticaria.
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Abbreviations

A asthma

Ab antibody(ies)

AC allergic conjunctivitis

AD atopic dermatitis

AR allergic rhinitis

A-T ataxia-telangiectasia

BSA bovine serum albumin

CVID common variable immunodeficiency
FA food allergy
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HSCT hematopoietic stem cell transplantation

ICD-10 International Statistical Classification of Diseases and Related Health Problems
TEL inborn errors of immunity

IFN-y interferon-gamma

IgE/G/A/M immunoglobulin(s) class E/G/A/M
IPEX syndrome  immunodysregulation, polyendocrinopathy, enteropathy X-linked syndrome

IRT immunoglobulin replacement therapy

IUIs International Union of Immunodeficiency Societies
n number

NBS Nijmegen breakage syndrome

NHANES The National Health and Nutrition Examination Survey
PAD predominantly antibody deficiencies

PID primary immunodeficiency

PRKDC Protein Kinase, DNA-Activated, Catalytic Subunit
sIgE allergen-specific immunoglobulin class E

sIgAD selective IgA deficiency

SCID severe combined immunodeficiency

SPT skin prick test

U urticaria

USIDNET US Immunodeficiency Network

WAS Wiskott-Aldrich syndrome

X-linked gene is located in the X chromosome
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Abstract

a detailed medical examination.

diagnosis of an autoimmune disease.

immunodeficiency

Background The correlation between primary immunodeficiencies (PIDs) and autoimmunity shows ethnic and geo-
graphical diversity. The aim of our study was to accumulate more data in paediatric PID population.

Methods 58 children aged 1-17 and with PID (study group) and 14 age-matched immunocompetent individuals
(control group) were included in the study. Serum levels of 17 different specific IgG antibodies against autoantigens
were measured by means of a quantitative enzyme immunoassay. Immunoglobulin levels were analysed in relation to

Results Autoantibodies against one or more antigens were detected in the sera of 24.14% (n=14) subjects in the
study group. The most frequent were anti-thyroid peroxidase (anti-TPO) antibodies (n=8; 13.8%). Anti-TPO antibody
levels were elevated more often in PID patients with a positive family history of autoimmune diseases (p=0.04). The
screening for anti-deamidated gliadin peptide (DGP) and anti-tissue transglutaminase (tTG) antibodies in our series
allowed identifying two previously undiagnosed cases of coeliac disease in PID patients. There was no statistically
significant difference between the study and the control group in terms of the autoantibodies prevalence.

Conclusions This study provides data on the prevalence of autoantibodies in paediatric population diagnosed with
PID. Selected autoantibodies (i.e. anti-tTG, anti-DGP) might be useful for the screening of PID to avoid the delay of
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Background

Inborn errors of immunity (IEI) are a heterogeneous
group of inherited diseases caused by monogenic ger-
mline mutations and result in the loss or gain of the func-
tion of the encoded protein. Individually, most IEI occur
rarely, but collectively they are more common than is
generally believed [1, 2]. The description of clinical phe-
notypes is constantly updated in the growing field of pri-
mary immunodeficiencies (PIDs) [1, 3-5]. The 55 novel
gene defects reported in the last IEI update bring the
total number of IEI to 485. In practice, IEI are associated
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licence, visit http//creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http//creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
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with increased susceptibility to infectious diseases (espe-
cially severe, atypical, and/or recurrent infections). The
diversity of autoimmune, autoinflammatory, allergic and/
or malignant phenotypes is also associated with IEI [1].

The correlation between PIDs and autoimmunity has
been extensively analysed [6-12]. In the past, PIDs and
autoimmune diseases (AD) were considered independ-
ent, or even polar opposites (7, 8]. Nowadays, PIDs are
regarded as unprecedented models connecting defined
monogenic defects with clinical manifestations of incor-
rect immune regulation and a clinical picture character-
ised by infectious complications and autoimmunity [5, 6,
13]. The pathogenic process leading to the autoimmun-
ity is complex and includes disturbed B cell differentia-
tion and germ-center reactions, altered T cell central or
peripheral tolerance, uncontrolled lymphocyte prolif-
eration and differentiation, disturbances in Treg/Th17
balance, dysfunctional complement and innate immune
activation, and the defective clearance of the infectious
agents [6, 11].

Scientific data suggests that autoimmunity may be
associated with PIDs in a significant proportion of
patients [14-18]. Autoimmune manifestations are
observed frequently in patients with primary antibody
deficiencies (PADs), but are also reported in individuals
with combined immunodeficiency disorders (CIDs) [19].
Moreover, many PIDs are associated with defects in the
frequency and function of T regulatory (Treg) cells, as
well as with the production of autoantibodies (AA). The
IUIS classification features an independent category
named’diseases of immune dysregulation” A regulatory
disorder can cause abnormal activation and expansion of
immune cells, leading to autoimmunity, hyperinflamma-
tion and malignant proliferation [8]. Those might result
in a bad prognosis in patients with immune dysregulation
compared to those with only high susceptibility to infec-
tions [13, 14]. Due to the coexistence of autoimmunity
and immunodeficiency in some cases, the treatment may
be challenging and requires a personalised approach [18].

To this date, several studies have been conducted to
analyse the frequency as well as the mechanisms of an
AD in PIDs [14, 15]. Most of the published studies were
concentrated on clinical presentation of AD. However,
their interpretation is difficult due to ethnic and geo-
graphical diversity. More data is required for conclu-
sive evidence. The occurrence of AA in paediatric PID
patients has not been well established. Considering its
poor prognosis and difficult treatment, a better under-
standing of the wide spectrum of immune dysregulation
in IEI is required for precise and timely diagnosis, as well
as disease monitoring and therapy. The aim of our study
was to collect more data about the occurrence of AA in
paediatric PID population.

Page 2 0f 10

Methods

The study was approved by the Bioethical Commis-
sion of Wroclaw Medical University, Wroctaw, Poland.
Patients included in the study group remained under
the care of the Clinical Immunology and Paediatric
Department of the ]J. Gromkowski Provincial Hospital
in Wroctaw due to the previously diagnosed PIDs (by
a trained immunologist, according to the IUIS classifi-
cation and ICD-10). Age-matched immunocompetent
individuals constituted the control group (Additional
file 1: Table S1). The control group consisted of patients
with occasional or mild recurrent infections (less than
8 per 12 months, often treated without antibiotics,
mostly upper respiratory tract infections) diagnosed in
the Department of Immunology and Paediatrics who
did not show abnormalities in immunological tests and
did not meet IUIS criteria for inborn errors of immu-
nity (IEI).

Blood samples were collected between 2020 and 2021.
All parents or legal guardians and patients over 16 years
of age signed informed consent before participating in
the research.

The control group numbered 14 subjects (n=7 boys,
n=7 girls) whose age ranged from 1 year old up to
16 years old (median age=7; mean age=7). The study
group included 58 subjects (n=36 boys, n=22 girls) aged
1-17 (median age=7; mean age=38). Patients with pre-
dominantly antibody deficiencies (PADs; n=46; 79.31%)
comprised the majority of the study group, followed by
individuals diagnosed with CIDs associated with syn-
dromic features (n=5; 8.62%). The baseline character-
istics of the patients are presented in Additional file 2:
Table S2. During the study period, eight patients (13.79%)
were undergoing immunoglobulin replacement therapy
(IRT), one (1.67%) completed treatment with high doses
of immunoglobulins (Ig) due to immune thrombocy-
topenia, while 49 (84.48%) did not receive IRT (IRT-).
Individuals receiving IRT (IRT +) included patients with
X-linked agammaglobulinemia (XLA; n=1), common
variable immunodeficiency (CVID; n=3), IgG subclass
and IgM deficiency (n=1), IgG deficiency (n=1), as well
as ataxia-telangiectasia (A-T; n=2). Doses of Ig were
individualized and were within 0.2-0.8 g/kg. In all cases,
substitution therapy had started before the inclusion
in the current study. The blood samples were collected
immediately before Ig infusion.

During the study, detailed medical history of the
patients was collected, in particular place of residence
(village, town, city), diagnosis of autoimmune disease,
family history of autoimmune diseases, recurrent res-
piratory tract infections, PID complications, presence
of hepato- and/or splenomegaly and/or lymphadenopa-
thy, medications taken, diagnosis of allergic diseases,
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results of tests conducted before inclusion in the IRT (if
available).

The following parameters were evaluated based on
venous blood samples during the study period among the
study group: (1) concentration of specific IgG antibodies
against antigens: Ro/SS-A 52, La/SS-B, Scl-70, PM/Scl-
100, Sm, PCNA, dsDNA, ribosomal P protein, CENP-B,
AMA M2, MPO, PR3, TPO, TG, deamidated gliadin pep-
tides (DGP), tissue transglutaminase (tTG), intrinsic fac-
tor (IF); (2) haemoglobin (Hgb) level; (3) white blood cell
(WBC) count; (4) platelet count; (5) IgG and IgG sub-
class concentration; (6) anti-tTG IgA in part of the study
group. Anti-tTG IgA and anti-DGP IgA together with
total IgA were measured in the control group according
to the guidelines for immunocompetent subjects [38].

Autoantibodies were measured by means of a quanti-
tative enzyme immunoassay—the Polycheck ® test (Bio-
check GmbH, Munster, Germany). The threshold for a
positive result was>0.80 kU/L. According to the assay
characteristics, the sensitivity of an assay was 96.4%
and the specificity was 97%. The IgG concentration was
evaluated using immunoturbidimetry, while IgG subclass
levels by the nephelometric method. Immunoglobulin
levels, Hgb level, WBC count and platelet count refer-
ence ranges depended on the age of the tested individual.

A statistical analysis of data was conducted based
on a spreadsheet prepared in Microsoft Office Excel
(Microsoft Corp. Washington, WA, USA) and Statistica
v.13—Mann-Whitney U test for non-parametric quanti-
tative data and Pearson’s chi-squared test for qualitative
data. The significance level was established at a=0.05.
A p-value less than 0.05 was considered statistically
significant.

Results

Prevalence of autoantibodies

Autoantibodies against one or more antigens from the
used kit were detected in sera of 24.14% (n=14) PID
patients (Table 1). Most of patients had positive AA
against one (n=7) or two (n=4) antigens. The majority
of individuals with positive AA were boys (n=9), how-
ever, there was no statistically significant difference in
terms of gender (p=0.844). There was no statistically sig-
nificant difference between PID patients and healthy con-
trols in case of antinuclear antibodies (ANA; p=0.551)
and anti-thyroid peroxidase (anti-TPO; p=0.609).

Eight out of 58 patients (13.8%) had positive (>0.80
kU/L) anti-TPO antibodies, which were the most fre-
quently increased AA. None of these patients were pre-
viously diagnosed with Hashimoto’s thyroiditis. Two out
of eight patients with positive anti-TPO antibodies were
undergoing immunoglobulin replacement therapy (IRT).
The difference between patients receiving IRT and those
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who were not included in the treatment was statistically
significant (p=0.0009; Fig. 1). Anti-TPO antibodies were
elevated more often in patients with a positive family
history of AD, including Hashimoto’s thyroiditis (n=3;
p=0.044; Fig. 2). Two out of 10 subjects from the control
group had positive anti-TPO, however the level of anti-
bodies was low and clinically insignificant (< 1.00 kU/L).

Positive anti-deamidated gliadin peptide (anti-DGP)
antibodies were detected in 6.9% (n=4) of patients in the
study group, two of them had also elevated anti-tissue
transglutaminase (anti-tTG) IgG antibodies. Only one
of the patients with antibodies specific to coeliac disease
(CD) had been previously diagnosed with CD. Although
none of the control group had positive anti-tTG and
anti-DGP IgA antibodies, the difference between the
study and the control group was not statistically signifi-
cant (p=0.312). 3.45% of those in the study group (n=2)
had positive anti-Sm antibodies and only one (1.72%) had
anti-La/SS-B antibodies.

There was no significant difference between PAD
patients and patients with other PIDs with regard to the
presence of AA.

There was a significant correlation (p=0.0009) between
positive coeliac antibodies and IgG levels in the study
group—patients with positive anti-DGP and/or anti-
tTG IgG had normal (n=3) or increased (n=1) total IgG
levels. A significant difference was observed with regard
to IgG1 levels and presence of coeliac autoantibodies
(p=0.00009) as well.

Clinical manifestations
Among all 58 patients included in the study, only 8.62%
(n=>5) had a previous diagnosis of autoimmune dis-
ease, including CD (n=2), autoimmune thrombocyto-
penia (n=2) and autoimmune neutropenia (AN; n=1;
Table 2). Most of them were girls (n=3), but the differ-
ence between the sexes was not statistically significant
(p=0.113). Three patients were previously diagnosed
with hypothyroidism. Among four patients with positive
anti-DGP and/or anti-tTG, only one had been previously
diagnosed with CD and IgG subclass deficiency, one was
under immunological care due to AN and lymphocyte T
deficiency with a history of pyogenic infections, two were
complaining of chronic diarrhoea (one of them had selec-
tive IgA deficiency and the other IgM deficiency). CD
was then confirmed by means of other serological tests
(e.g. anti-endomysial antibodies IgA/IgG) and typical his-
topathological changes were found in duodenal mucosa
in two out of three patients.

18.97% (n=11) of patients with PIDs had hepato-
megaly and/or splenomegaly and/or lymphadenopathy
(considered as lymphoproliferation below) documented
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Table 1 Characteristics of PID patients with positive autoantibodies (>=0.80 kU/l)

Patient no. Age (years) TypeofPID Reported Detected 1gG (mg/dl) IRT Family history  Diagnosis of
clinical autoantibodies of i e i
symptoms and diseases disease
signs

1 17 PAD (selective IgA  Hepatomegaly Anti-Sm=67 kU/l 1386 [680-1530] No No Not confirmed

deficiency) Splenomegaly Anti-S5-B=0.92
ku/l

2 13 PAD (selective IgA  Chronic diarrhoea Anti-DGP=1.4 1472[518-1284] No Yes (coeliac CD—not con-

deficiency) ku/l disease) firmed with other
tests

3 6 PAD (selective IgA  Failure to thrive  Anti-TPO=33 1296 [540-1822] No Yes (Hashimoto  Not confirmed

deficiency) ku/I disease)
Anti-IF=1.1
4 6 PAD (selective IgA  Failure to thrive Anti-TPO=4kU/l 1376 (553-1631] No Yes (Hashimoto Not confirmed
deficiency) Anti-TG=0.53 disease)
ku/I
5 8 PAD (IgM defi- Chronic diarrhoea Anti-DGP=7.4 823[553-1631] No Yes (coeliac Confirmed CD
ciency) Hepatomegaly ku/l disease)
Anti-tTG=1.1 kU/I
Anti-tTG
IgA =140 AU/ml|
6 4 PAD (IgG subclass  Chronic diarrhoea Anti-DGP =14 480 [468-1150] No No CD (diagnosed
deficiency) Failure to thrive ku/I before the study)
Coeliac disease Anti-tTG=1.1 kU/I
Anti-tTG
IgA=1140 AU/ml

7 7 PAD (IgG subclass  Hypothyroidism — Anti-TPO=10 751[553-16311 No Yes (psoriasis) Under endocri-

deficiency) Coeliac disease ku/l nologist care

8 9 PAD (IgG subclass  No Anti-TPO=34 826[540-1822] No Yes(Hashimoto  Not confirmed

deficiency) ku/I disease)

9 6 PAD (IgG subclass  Failure to thrive Anti-TPO=13 964 [553-1232) No No Not confirmed

deficiency) ku/l

10 15 PAD (X-linked No Anti-TPO=1.1 872(518-1284] Yes Yes Not confirmed

agammaglobu- ku/I
linemia)

1 n Ataxia-telangiec-  No Anti-TPO=0.92 906 [553-1631]  Yes No Not confirmed

tasia ku/I

12 10 Lymphocyte T Skin eczema anti-Sm=18kU/l 939[553-1631] No Unknown Not confirmed

deficiency

13 4 Phagocyte num-  No Anti-TPO=6.2 665 [468-1150] No Yes Not confirmed

ber and/or func- ku/l
tion deficiency Anti-TG=1kU/I
14 3 Other: lympho- Papulovesicular ~ Anti-DGP=84 1098 [540-1822] No No Confirmed CD
cyte T deficiency, eczema ku/l
chronic neutro- Anti-tTG
penia IgA=18.7 AU/ml
Anti-55-B—anti Sjogren’s Syndrome B; CD—coeliac disease; DGP—d idated gliadin peptides; IF—intrinsic factor; Ig lobulin; IRT—il lobuli

replacement therapy; No—number; PAD—predominantly antibody deficiency; PID—primary immunodeficiencies; Sm—S

; tTG—tissue |

thyroid

in their medical history. It more often affected boys
(n=10) than girls (n=1), and the difference between
the sexes was statistically significant (p=0.025). All
patients with CVID who took part in the study (n=3)
had developed lymphoproliferation. In two of them, it
proved to be the cause of immunological diagnostics
(collaterally with recurrent respiratory tract infections).

lobulin; TPO—

ith antigen; TG—thy

Haematological findingss

Among 58 patients in the study group, haematological
abnormalities were quite common in the course of the
research. Decreased haemoglobin levels were found in
12.07% (n=7) of patients, leukopenia in 25.86% (n=15)
and neutropenia in 22.41 (n=13) (antineutrophil anti-
bodies were detected in one case of chronic neutropenia).
There were two cases of immune thrombocytopenia. No
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Fig.1 Anti-TPO antibodies level in patients undergoing (IRT+) and not undergoing (IRT —) immunoglobulin replacement therapy (IRT; p=0.0009;

Mann-Whitney U test for non-parametric quantitative data)

statistically significant difference was found between
patients with positive or negative AA in the presence of
leukopenia (p=0.664), neutropenia (0.526) and anaemia
(0.358). Such factors as gender, IRT, recurrent infections,
positive family history of autoimmune diseases, lym-
phoproliferation did not correlate with the presence of
anaemia, leukopenia or neutropenia.

Discussion

The coexistence of immunodeficiency and autoimmun-
ity is an important research field because of the parallel
hypoimmune and hyperimmune state one of each other
[18, 20]. The main pathophysiologic mechanisms lead-
ing to the development of autoimmunity in PIDs are still
under debate. Investigation of complex immune regula-
tory and signalling mechanisms coupled with the genetic
analysis, reveals complex relationships between primary
immunodeficiency syndromes and autoimmune diseases
[12, 21].

It was demonstrated that in PID patients, either toler-
ance or ignorance may be affected by intense antigen load
as a result of recurrent or persistent infections (by molec-
ular mimicry and/or the presence of superantigens) and
defects in antigen clearance, which make patients liable

to dysregulated immune responses and autoimmune
disorders [18]. Defective antigen clearance may result
in end-organ deposition of immune complexes, cellular
activation, chronic inflammation, and tissue destruction,
as well as in the formation of anti-tissue antibodies [18].
In this study, the majority of patients (n=38) had a his-
tory of recurrent infections (i.e. recurrent otitis media/
sinusitis/pneumonia/abscesses), yet no statistically signif-
icant difference between patients with positive/negative
autoantibodies and recurrent infections was found.
Autoimmunity is an easily recognised complication in
PID patients, but data about its prevalence among paedi-
atric individuals are limited. Most of the reported stud-
ies on the frequency of autoimmune and inflammatory
manifestations in PID patients were conducted in adults.
A recent French national study by Fischer et al. [14],
which is the largest to date and includes all types of PID
and autoimmune manifestations, was carried out in both
paediatric and adult populations. One or more autoim-
mune and inflammatory complications were recorded in
26.2% of all subjects with a risk of onset throughout the
patient’s lifetime. The study highlighted the increased risk
of developing inflammatory bowel disease and arthritis in
PID children compared to the general population [14].
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non-parametric quantitative data)

Table 2 Prevalence of autoantibodies and previously diagnosed autoimmune diseases among recruited PID patients

Type of PID Previous diagnosis of Presence of
(n=58) disease autoantibodies
Combined immunodeficiency with associated or syndromic features (CID; n=5) 0.00% (n=0) 20% (n=1)
Predominantly antibody deficiency* (PAD; n=46) 8.7% (n=4) 21.74% (n=10)
Congenital defects of phagocyte number, function or both (n=3) 0.00% (n=0) 3333% (n=1)
Complement deficiency (n=2) 0.00% (n=0) 0.00% (n=0)
Others** (n=2) 50.00% (n=1) 100.00% (n=2)

*PAD: CVID/IgG subclass deficiency/IgG subclass deficiency with IgA deficiency/IgG deficiency/IgG and IgA deficiency/IgM deficiency/IgM and IgG subclass
deficiency/IgM and IgA deficiency/IgM, IgG and IgA deficiency/selective IgA deficiency/transient hypogammaglobulinemia of infancy/X-linked agammaglobulinemia

**Others: lymphocyte T deficiency/ lymphocyte T deficiency and autoimmune neutropenia

Ab—antibody; CID—combined immunodeficiency; CVID—common variable i

defi huli

iency; lg—immunog| n—numb

deficiency; PID—primary immunodeficiencies

In a retrospective study by Kaplan et al. [22] con-
ducted in Turkish children with PID, autoimmune and
inflammatory manifestations were observed in 10.1%
and the median age of autoimmunity initial time was
61.3+53 months. In comparison to this study, most of
the patients were male (55.4%). However, consanguin-
ity was present in the case of 34.9%. The distribution
of PID types associated with autoimmunity was differ-
ent (phagocyte deficiencies—56%, CIDs—53%, immune

; PAD—predominantly antibody

dysregulation diseases—52%). The most common auto-
immune manifestation was autoimmune thyroiditis. Our
study group did not include individual diagnosed with
documented Hashimoto’s thyroiditis before the study, but
three others had hypothyroidism. During the research,
anti-TPO antibodies were the most frequently increased
ones and statistically occurred more often in children
with a positive family history of Hashimoto’s thyroiditis.
This group of patients was characterized by a larger risk
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of potential development of autoimmune thyroiditis and
should be monitored in this regard. However, the pres-
ence of anti-TPO antibodies in a significant percent of
the control group (20%) and the lack of statistical differ-
ence between groups challenges anti-TPO as a screening
marker in an asymptomatic patients. Presented results
should be considered with caution due to the small num-
ber of patients. Thereupon, further studies on represent-
ative groups are crucial.

In a study by Tahiat et al [23] carried out on Algerian
patients diagnosed with PID aged 0.1-80, AA were found
in 32.4% of PID patients and 15.8% of healthy controls
(p<0.0005). Anti-nuclear antibodies (ANA) (10.0%) and
transglutaminase antibodies (TGA) (8.4%) occurred most
frequently. Taking into account that our study group was
smaller and consisted of children, ANA were found in
3.45% of patients and TGA in 5.17% (anti-DGP IgG in
6.9%). In Tahiat’s study, almost one-third of patients with
positive AA had no autoimmune manifestations, while in
this one, 28.57% (4/14) of patients with positive AA were
completely asymptomatic in the course of the research.
The authors highlighted that positive results regard-
ing AA should be interpreted with caution in patients
diagnosed with PIDs due to their low positive predictive
value.

It seems paradoxical that AA are produced against
self-antigens in patients with CVID, who, at the same
time, have low IgG levels and do not produce specific
antibodies after vaccinations. In this study, none of the
patients with CVID had positive AA. One individual with
X-linked agammaglobulinemia had positive anti-TPO
antibodies, but this result should be considered with cau-
tion since this particular patient was undergoing IRT.
Patients with XLA are not expected to produce AA, yet
the “leaky” production of autoantibodies and defects in
central B-cell tolerance have been reported [24, 25]. The
use of intravenous/subcutaneous immunoglobulin in
regular therapy may interfere with immunologic tests for
AA detection. However, in our study, a generally higher
anti-TPO IgG concentration has been recorded in a
group that did not undergo IRT.

It has been shown that patients with various PIDs may
also develop intestinal inflammation as one of the leading
symptoms. Furthermore, it has been demonstrated that
individuals diagnosed with CD may have immunodefi-
ciency (i.e. sSIZAD; CVID) [18, 26]. Antibodies character-
istic of CD were present in 6.9% (n=4) of patients and
only one had been previously diagnosed with this syn-
drome. The screening for anti-DGP and anti-tTG anti-
bodies in the series identified two earlier undiagnosed
CDs. In both cases, CD was confirmed by further testing.
Moreover, one patient had sIgAD, a low (1.4 kU/I) level
of anti-DGP IgG antibodies and a positive family history
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of CD, yet further tests did not confirm the diagnosis.
Another patient with IgG subclass deficiency had been
previously diagnosed with CD and stuck to a gluten-
free diet and in this case, antibodies were not detected.
Although there was no statistically significant difference
between the study group and the control group in regard
to coeliac antibodies, it is worth to consider screening for
coeliac disease in PID patients. The lack of significant dif-
ference between groups probably arised from small num-
ber of cases in the control group.

The high prevalence of AD within IgAD and CVID
cohorts together with a recent report on the increased
prevalence of autoimmunity (10%) in their normoglobu-
linemic first-degree relatives indicate a role of a common
genetic denominator in the induction of these diseases.
Studies on the genetic linkage and HLA have demon-
strated that IgAD and CVID share a major susceptibility
locus in the DQ-DR haplotype on chromosome 6 [27—
29]. In our study, 66.67% of patients with sIgAD had posi-
tive AA and most of them had a positive family history of
AD. Based on the evidence concerning the concurrence
of sIgAD and autoimmune disorders, it is worth consid-
ering screening patients with sIgAD for autoantibodies.

The IgG subclass deficiency causes susceptibility to
infections, however, according to studies, it does not
appear to be associated with AD until it co-occurs with
IgA deficiency [27, 30, 31]. In our study, 21.05% (n=4) of
patients with isolated IgG subclass deficiency had posi-
tive AA and half of them had been previously diagnosed
with an AD (coeliac disease in both cases).

The serological diagnosis of most AD is based on AA
circulating in the serum and/or plasma and the pres-
ence of immune complex deposits containing AA and a
complement [18]. Due to the hypogammaglobulinemic
condition in individuals diagnosed with PADs and some
types of CIDs, diagnostic tests based on antibodies may
not be useful in these patients. Specific antibody defi-
ciency (SAD) and CVID are obvious examples of PADs
in which the production of AA is low or negative due to
dysfunctions of the immune system [32, 33]. Despite a
close relationship between the diagnosis of autoimmun-
ity and AA, the results of some PID patients’ tests are
persistently negative for disease-specific autoantibodies.
On the other hand, multiple studies show that positive
AA are more common among PID patients rather than
healthy controls [23].

In our study, we found a statistically significant dif-
ference between patients with positive and negative
coeliac autoantibodies according to IgG level. Higher
levels of IgG were observed among PID patients with
positive AA. The difference in IgG levels in CVID
patients was reported by Boileau et al. [34]—the
authors observed a significantly higher IgG levels
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among CVID patients with autoimmune cytopenia.
Other studies have shown that CVID patients with
autoimmunity exhibit higher levels of IgM compared
to non-autoimmune phenotypes [6, 35]. In this project,
the correlation between IgG levels and the presence of
autoantibodies should be interpreted in a broad con-
text. Lower IgG levels and a greater percentage of IgG
deficiency among patients with negative AA may con-
stitute the cause of negative results of autoantibody
tests. In our study, IgM levels did not correlate with
the presence of autoantibodies.

Autoimmune diagnostics in patients undergoing
IRT seems even more complicated as the use of Ig may
interfere with some of the immunologic tests. There-
fore, it may be helpful to use frozen serum for future
testing if IRT has been initiated [36].

Early onset autoimmunity and autoimmunity that
involves multiple organs (known as polyautoimmunity)
or significant lymphoproliferation may be signs of an
underlying IEI and suggest an immune dysregulation
defect. Therefore the awareness of signs of AD and
immune dysregulation among patients and clinicians
is of the utmost importance. Clinical symptoms, as
well as patient personal and family history are crucial
in diagnostics and management of patients with IEL
The patients should be closely followed up, especially
with regard to their immune status. Combined with
genetic information or family history, the presence of
elevated levels of autoantibodies may be highly predic-
tive of the later onset of an autoimmune disorder and
improve efforts at prevention in individuals at high
risk of disease whenever possible. On the other hand,
the presence of the AA in a patient does not guaran-
tee a diagnosis of AD and the screening of variable AA
might involve considerable cost. Furthermore, autoan-
tibodies can be detected in otherwise healthy individu-
als and their production is not sufficient for clinical
disease. However if the symptoms of an AD occur,
especially among patients with already positive AA, an
early and proper diagnosis may be helpful to avoid a
diagnostic delay. The positive autoantibodies help to
support the diagnosis. This is crucial, especially when
the treatment requires balancing between increased
susceptibility to infections and the additional suppres-
sion of the immune system [37].

A main limitation for definitive conclusions was
small number of the study and the control group. Since
the control group consisted of patients with occasional
or mild recurrent infections who did not meet the IUIS
criteria for IEI, the comparison between groups should
be taken with caution.
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Conclusions

Paediatric PID population requires more detailed assess-
ment of the immune status because autoimmunity often
develops at an early age. Selected autoantibodies (i.e.
anti-tTG, anti-DGP) may be useful for the screening of
PID to avoid a delay of the diagnosis of an autoimmune
disease. Early and proper diagnosis can provide treat-
ment options before serious organ damage occurs. Cost-
effectiveness analysis should be considered along with
the risk factors and clinical symptoms.
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SS-B Sjogren’s syndrome type B antigen

Sm Smith antigen

TPO Thyroid peroxidase

G Thyroglobulin

t1G Tissue transglutaminase

Treg T regulatory cells

WBC White blood cell

X-linked  Gene is located in the X chromosome

XLA X-linked agammaglobulinemia

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512865-023-00543-6.

Additional file 1.
Additional file 2.

\ J

Acknowledgements
The following HCPs were involved in patient management: Maria Niemczuk,
managed the study material handling.

Journal : BMCTwo 12865
Article No : 543
MS Code :

Dispatch : 23-5-2023 Pages : 10
O LE O TYPESET
cp DISK

482
483

485
486

488
489
490

492

493
494
495
496
497
498
499

501
502

504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533

534

535
536

537
538

539
540
541

51



Pieniawska-Smiech et al. BMC Immunology _####################H_

542 Copyright and license agreement
543 The article is original, has not already been published in a journal, and is not

Page 9 of 10

union of immunological societies expert committee. J Clin Immunol.
2022;2022:1-35. https://doi.org/10.1007/510875-022-01289-3.

544 currently under consideration by another journal. All authors agree to the 6. Costagliola G, Cappelli S, Consolini R. Autoimmunity in primary immu-
545 terms of the BioMed Central Copyright and License Agreement. nodeficiency disorders: an updated review on pathogenic and clinical
implications. J Clin Med. 2021;10:4729. https://doi.org/10.3390/jcm10
546 Author contributions 204729.
547 Conceptualization, K.P-S, AL-U.and M.J; Data curation, K.P-S.; Formal analysis, 7. Jacob CM, Pastorino AC, Fahl K, Carneiro-Sampaio M, Monteiro RC.
548 KP-S.; Founding acquisition, K.P-S. and M.J; Investigation, KP-S. and M.Z-W,; Autoimmunity in IgA deficiency: revisiting the role of IgA as a silent
549 Methodology, K.P-S., M.Z-W. and M.J; Project administration, KP-S,; Supervi- housekeeper. J Clin Immunol. 2008;28(Suppl 1):556-61. https://doi.org/10.
550 sion, A.L-U. and M.J; Visualization, K.P-S.; Writing—original draft, K.P-S.; Writ- 1007/510875-007-9163-2.
551 ing—review & editing, A.L-U. and MJ. All authors of the manuscript have read 8. Cunningham-Rundles C. Autoimmunity in primary immune deficiency:
552 and agreed to its content and are accountable for all aspects of the accuracy taking lessons from our patients. Clin Exp Immunol. 2011;164(Suppl
553 and integrity of the manuscript in accordance with ICMJE criteria. 2):6-11. https//doi.org/10.1111/}.1365-2249.2011.04388.x.
9. Costagliola G, Peroni DG, Consolini R. Beyond infections: new warn-
554 Funding ing signs for inborn errors of immunity in children. Front Pediatr.
555 This research was financially supported by The Ministry of Health subven- 2022;10:855445. https://doi.org/10.3389/fped.2022.855445.
556 tion according to number of STM.A020.20.063 from the IT Simple system of 10. Grzesk E, Dabrowska A, Urbanczyk A, Ewertowska M, Wysocki M, Koftan
557 Wroctaw Medical University. The funding body played no role in the design S. Common variable immunodeficiency: Different faces of the same
558 of the study and collection, analysis, interpretation of data, and in writing the disease, Postepy Dermatol Alergol. 2021;38:873-80. https://doi.org/10.
559 manuscript. 5114/ada.2021.110067.
11. Amaya-Uribe L, Rojas M, Azizi G, Anaya JM, Gershwin ME. Primary immu-
560 Availability of data and materials nodeficiency and autoimmunity: a comprehensive review. J Autoimmun.
561 The datasets used and/or analysed during the current study available from the 2019,99:52-72. httpsi//doi.org/10.1016/j jaut.2019.01.011.
562 corresponding author on reasonable request. The raw de-identified data may 12 Schmidt RE, Grimbacher B, Witte T. Autoimmunity and primary immuno-
563 be made available upon reasonable request from the corresponding authors. deficiency: two sides of the same coin? Nat Rev Rheumatol. 2017;14(1).7—
18, https://doi.org/10.1038/nrrheum.2017.198.
. 13. Ren A,Yin W, Miller H, Westerberg LS, Candotti F, Park CS, Lee P, Gong Q,
564 Declarations Chen'Y, Liu C. Novel discoveries in immune dysregulation in inborn errors
. . of immunity. Front Immunol. 2021;12:725587. https://doi.org/10.3389/
565 Ethics approval and consent to participate ) fimmu.2021.725587.
566  The study was conducted according to the guidelines of the Declaration of 14 Fischer A, Provot J, Jais JP, Alcais A, Mahlaoui N. Members of the CEREDIH
567  Helsinkiand approved by the Institutional Review Board (or Ethics Commit- French PID study group. Autoimmune and Inflammatory Manifestations
568 tee) of Wroclaw Medical University (protocol code 333/2020; date of approval Qccur Frequently in Patients With Primary Immunodeficiencies. J Allergy
569  30June 2020). All subjects over 16 years of age gave their informed consent Clin Immunol. 2017;140:1388-93.8. https://doi.org/10.1016/jjaci 2016.12.
570 for inclusion before they participated in the study. The consent was obtained 978,
571 from the parent or legal gaurdians of all participants. 15. Massaad M), Zainal M, Al-Herz W. Frequency and manifestations of
L autoimmunity among children registered in the kuwait national primary
572 Consent for publication immunodeficiency registry. Front Immunol. 2020;11:1119. https://doi.org/
573 Notapplicable 10.3389/immu.202001119,
o 16. Lugo Reyes SO, Ramirez-Vazquez G, Cruz Hernandez A, Medina-Torres EA,
574 Competing interests o \ . . Ramirez-Lopez AB, Espana-Cabrera C, Hernandez-Lopez CA, Yamazaki-
5h The authprs declare that they have no competing interests in relation to this Nakashimada MA, Espinosa-Rosales FJ, Espinosa-Padilla SE, Murata C.
5 manuscript. Clinical features, non-infectious manifestations and survival analysis of
577 161 children with primary immunodeficiency in Mexico: a single center
. experience over two decades. J Clin Immunol. 2016;36(1):56-65. https//
578 Received: 22 August 2022 Accepted: 16 May 2023 doi.org/10.1007/510875-015-0226-5.
579 17. Aghamohammadi A, Mohammadinejad P, Abolhassani H, Mirminachi
B, Movahedi M, Gharagozlou M, Parvaneh N, Zeiaee V, Mirsaeed-Ghazi
B, Chavoushzadeh Z, et al. Primary immunodeficiency disorders in
Iran: update and new insights from the third report of the national
580 References registry. J Clin Immunol. 2014;34(4):478-90. https://doi.org/10.1007/
581 1. Bousfiha A, Jeddane L, Picard C, Al-Herz W, Ailal F, Chatila T, Cunningham- 18 293.75{)14‘0001 . . ) . .
582 Rundles C, Etzioni A, Franco JL, Holland SM, et al. Human inborn errors . Azizi G, Ziaee \/,Taval‘<ol M, Alinia T, Yazdai R, Mohammadi H, Apolhassan|
583 of immunity: 2019 update of the IUIS phenotypical classification. J Clin H Agha.mOha.mmad' - Af? proach to the management Of,aum!mm“n'
584 Immunol; 202040(1)66-81. https//doiorg/10.1007/510875-020-00758x. 1 I priy MIT oG ey sesic Imemwct 2017230125,
585 2. Bousfiha AA, Jeddane L, Ailal F, Benhsaien |, Mahlaoui N, Casanova JL, 1o Ar‘.p‘s//d01.org(1 0.1111/5ji.12506. , T
586 Abel L. Primary immunodeficiency diseases worldwide: more common . Azizi G, Ahmadi M, Abolhassani H, Yazdani R, Mohammadi H, MF’Shaﬁey
587 than generally thought. J Clin Immunol. 2013;33(1):1-7. https//doi.org/ A Re‘zael _N' Aghamohammadi A. Autoimmunity in primary antibody :
588 10.1007/510875-012-9751-7. deficiencies. Int Arch Allergy Immunol. 2016;171(3-4):180-93. https://doi.
589 3. Bucciol G, Moens L, Bosch B, Bossuyt X, Casanova JL, Puel A, Meyts |, Les- 0rg/10.1159/000453263. _ o
590 sons learned from the study of human inborn errors of innate immunity. 20. Xiao X, Miao Q Chang C, Gershwin ME, Ma X. Common variable immu-
5901 J Allergy Clin Immunol. 2019;143(2):507-27. https//doi.org/10.1016/jjaci. nodeficiency and autoimmunity-an inconvenient truth. Autoimmun Rev.
502 201807013, 20141 3:858—64_. h.I}pS.J/dOLOfg/ 10.'1 01 6/Jvautr§v:2014v0‘4.006.
o3 4. Meyts |, Bosch B, Bolze A, Boisson B, Itan Y, Belkadi A, Pedergnana V, 21, Hogendor(/f«, Zieliriski M Constantinou M, Smigiel R, Wierzba ‘J, Wyka K,
594 Moens L, Picard C, Cobat A, et al. Exome and genome sequencing for Wedrychowicz A, Jakubiuk-Tomaszuk A, Budzynska E, Piotrowicz M, et al.
595 inborn errors of immunity. J Allergy Clin Immunol. 2016;138(4):957-69. Immune dysregulation in patients with chromosome 18q deletions—
s06 https//doi org/10.1016/}jaci.2016.08.003. searching for putative loci for amonmmunlt_y and immunodeficiency.
07 5. Tangye SG, Al-Herz W, Bousfiha A, Cunningham-Rundles C, Franco JL, ;;ozrét;;nmunol. 2021;12:742834. https://doi.org/10.3389/fimmu.2021.
598 Holland SM, Klein C, Morio T, Oksenhendler E. Human inborn errors . _
599 of immunity: 2022 update on the classification from the international 22. _Kap""‘" MY, Ozen S'_Akca[ O G}Jlez N{ G?”EI F..Autom.\mun'e and
inflammatory manifestations in pediatric patients with primary
Journal : BMCTwo 12865 Dispatch : 23-5-2023 Pages : 10
Article No : 543 O LE O TYPESET
MS Code : & _Cp & DISK

601
602
603

605

607

609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629

52



Pieniawska-Smiech et al. BMC I logy _ - Page 10 of 10
671 immunodeficiencies and their importance as a warning sign. Allergol
672 Immunopathol (Madr). 2020;48(6):701-10. https://doi.org/10.1016/jaller.
673 2020.02.009.
674 23. Tahiat A, Yagoubi A, Ladj MS, Belbouab R, Aggoune S, Atek L, Bouziane D,
675 Melzi S, Boubidi C, Drali W, et al. Diagnostic and predictive contribution
676 of autoantibodies screening in a large series of patients with primary
677 immunodeficiencies. Front Immunol. 2021;12:665322. https://doi.org/10.
678 3389/immu.2021.665322.
679 24. NgYS, Wardemann H, Chelnis J, Cunningham-Rundles C, Meffre E.
680 Bruton's tyrosine kinase is essential for human B cell tolerance. J Exp Med.
681 2004;200:927-34. https://doi.org/10.1084/jem.20040920.
682 25. Samuels J,Ng YS, Coupillaud C, Paget D, Meffre E. Human B cell tolerance
683 and its failure in rheumatoid arthritis. Ann N'Y Acad Sci. 2005;1062:116—
684 26. https://doi.org/10.1196/annals.1358.014.
685 26. Heneghan MA, Stevens FM, Cryan EM, Warner RH, McCarthy CF. Celiac
686 sprue and immunodeficiency states: a 25-year review. J Clin Gastro-
687 enterol. 1997,25(2):421-5. https://doi.org/10.1097/00004836-19970
688 9000-00004.
689 27. Arason GJ, Jorgensen GH, Ludviksson BR. Primary immunodeficiency
690 and autoimmunity: lessons from human diseases. Scand J Immunol.
691 2010;71(5):317-28. https://doi.org/10.1111/j.1365-3083.2010.02386.x.
692 28. Jorgensen GH, Thorsteinsdottir |, Gudmundsson S, Hammarstrom L,
693 Ludviksson BR. Familial aggregation of IgAD and autoimmunity. Clin
694 Immunol. 2009;131:233-9. https://doi.org/10.1016/j.clim.2008.11.013.
695 29. Lopes-da-Silva S, Rizzo LV. Autoimmunity in common variable immuno-
696 deficiency. J Clin Immunol. 2008;28(Suppl 1):46-55. https://doi.org/10.
697 1007/510875-008-9172-9.
698 30. Pan Q, Hammarstrom L. Molecular basis of IgG subclass deficiency.
699 Immunol Rev. 2000;178:99-110. https://doi.org/10.1034/j.1600-065x.2000.
700 17815x.
701 31. Herrod HG. Clinical significance of IgG subclasses. Curr Opin Pediatr.
702 1993,5:696-9. https://doi.org/10.1097/00008480-199312000-00010.
703 32. BoyleRJ, Le C, Balloch A, Tang ML. The clinical syndrome of specific anti-
704 body deficiency in children. Clin Exp Immunol. 2006;146:486-92. https://
705 doi.org/10.1111/).1365-2249.2006.03242.x.
706 33. Cheng YK, Decker PA, O'Byrne MM, Weiler CR. Clinical and laboratory
707 characteristics of 75 patients with specific polysaccharide antibody defi-
708 ciency syndrome. Ann Allergy Asthma Immunol. 2006;97:306-11. https://
709 doi.org/10.1016/51081-1206(10)60794-6.
710 34 Boileau J, Mouillot G, Gérard L, Carmagnat M, Rabian C, Oksenhendler E,
71 Pasquali JL, Korganow AS. DEFI Study Group, Autoimmunity in common
712 variable immunodeficiency: correlation with lymphocyte phenotype in
713 the French DEFI study. J Autoimmun. 2011;36(1):25-32. https://doi.org/
714 10.1016/}jaut.2010.10.002.
715 35. PicchiantiDiamanti A, Rosado MM, Scarsella M, Ceccarelli S, Lagana
716 B, D’Amelio R, Carsetti R. Increased serum Igh, immunodeficiency,
717 and autoimmunity: a clinical series. Int J Immunopathol Pharmacol.
718 2015;28(4):547-56. https¥//doi.org/10.1177/0394632015600231.
719 36. Azizi G, Abolhassani H, Asgardoon MH, Rahnavard J, Dizaji MZ, Yazdani R,
720 Mohammadi J, Aghamohammadi A. The use of Immunoglobulin Therapy
721 in Primary Immunodeficiency Diseases. Endocr Metab Immune Disord
722 Drug Targets. 2016;16(2):80-8. https://doi.org/10.2174/187153031666616
723 0724214418,
724 37. Delmonte OM, Castagnoli R, Calzoni E, Notarangelo LD. Inborn errors
725 of immunity with immune dysregulation: from bench to bedside. Front
726 Pediatr. 2019;7:353. https://doi.org/10.3389/fped.2019.00353.

38. Husby S, Koletzko S, Korponay-5zabé |, Kurppa K, Mearin ML, Ribes- 3
;:; Koninckx C, Shamir R, Troncone R, Auricchio R, Castillejo G, et al. European Ready to submit your research? Choose BMC and benefit from:

society paediatric gastroenterology, hepatology and nutrition guidelines : . . S

;gg for diagnosing coeliac disease 2020. ) Pediatr Gastroenterol Nutr. * ot conenentorline submission
731 2020;70(1):141-56. https.//doi.org/10.1097/MPG.0000000000002497. o thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

732 Publisher’s Note

733 Springer Nature remains neutral with regard to jurisdictional claims in pub- ® gold Open Access which fosters wider collaboration and increased citations
734 lished maps and institutional affiliations. ® maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions . BMC
Journal : BMCTwo 12865 Dispatch : 23-5-2023 Pages : 10
Article No : 543 O LE O TYPESET
MS Code : E CP © D&(




Diagnostic Challenges in Patients with Inborn Errors of Immunity with Different
Manifestations of Immune Dysregulation

Joumal Of ::I\AIIETACT(m Indexed in:
Clinical Medicine Y Il PubMed

Review

Diagnostic Challenges in Patients
with Inborn Errors of Immunity with
Different Manifestations of Immune
Dysregulation

Karolina Pieniawska-Smiech, Gerard Pasternak, Aleksandra Lewandowicz-Uszyriska and Marek Jutel

Special Issue

Primary Immunodeficiencies: Pathogenetic Advances, Diagnostic and Management Challenges

Edited by
Dr. Rita Consolini and Dr. Giorgio Costagliola

54



Journal of

%

Clinical Medicine

Review

Diagnostic Challenges in Patients with Inborn Errors of Immunity
with Different Manifestations of Immune Dysregulation

Karolina Pieniawska-Smiech 1'2*©, Gerard Pasternak 23, Aleksandra Lewandowicz-Uszyriska 2,3

and Marek Jutel 1/4*

check for
updates

Citation: Pieniawska-Smiech, K.;
Pasternak, G.; Lewandowicz-Uszyriska,
A.; Jutel, M. Diagnostic Challenges in
Patients with Inborn Errors of
Immunity with Different
Manifestations of Immune
Dysregulation. J. Clin. Med. 2022, 11,
4220. https://doi.org/10.3390/
jem11144220

Academic Editors: Rita Consolini

and Giorgio Costagliola

Received: 24 June 2022
Accepted: 18 July 2022
Published: 20 July 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Clinical Immunology, Wroclaw Medical University, 50-368 Wroclaw, Poland

Department of Clinical Immunology and Paediatrics, Provincial Hospital J. Gromkowski, 51-149 Wroclaw, Poland;
gerard.pasternak@umw.edu.pl (G.P.); aleksandra.lewandowicz-uszynska@umw.edu.pl (A.L.-U.)

3rd Department and Clinic of Paediatrics, Inmunology and Rheumatology of Developmental Age,
Wroclaw Medical University, 50-367 Wroclaw, Poland

4 ALL-MED Medical Research Institute, 53-201 Wroclaw, Poland

*  Correspondence: karolina.pieniawska-smiech@student.umw.edu.pl (K.P-S.); marek jutel@umw.edu.pl (M.J.)

Abstract: Inborn errors of immunity (IEI), formerly known as primary immunodeficiency disorders
(PIDs), are inherited disorders caused by damaging germline variants in single genes, which result in
increased susceptibility to infections and in allergic, autoimmune, autoinflammatory, nonmalignant
lymphoproliferative, and neoplastic conditions. Along with well-known warning signs of PID,
attention should be paid to signs of immune dysregulation, which seem to be equally important to
susceptibility to infection in defining IEI. The modern diagnostics of IEI offer a variety of approaches
but with some problems. The aim of this review is to discuss the diagnostic challenges in IEI patients
in the context of an immune dysregulation background.

Keywords: allergy; autoimmunity; autoimmune lymphoproliferative syndrome; inborn errors of
immunity; lymphoproliferation; malignancy; primary immunodeficiency

1. Introduction

Inborn errors of immunity (IEI), formerly known as primary immunodeficiency disor-
ders (PIDs), are inherited disorders caused by damaging germline variants in single genes,
resulting not only in increased susceptibility to infections but also in allergic, autoimmune,
autoinflammatory, nonmalignant lymphoproliferative, and malignant manifestations. Ac-
cording to the most recent report by the International Union of Immunological Societies
(IUIS), the identified IEI were classified in 10 tables with subtables segregating groups
of disorders into overlapping phenotypes: (1) immunodeficiencies affecting cellular and
humoral immunity (combined immunodeficiencies); (2) combined immunodeficiencies with
associated or syndromic features; (3) predominantly antibody deficiencies; (4) diseases of im-
mune dysregulation; (5) congenital defects of phagocyte number or function; (6) defects in
intrinsic and innate immunity; (7) autoinflammatory diseases; (8) complement deficiencies;
(9) bone marrow failure disorders; and (10) phenocopies of IEIL. The 55 novel monogenic
gene defects positioned in the last IEI update enhanced the total number of IEI to 485 [1,2].

The COVID-19 pandemic had an impact on various fields of medicine. In the context
of clinical immunology and IEI, it has uncovered several new IEI [1]. Each time, the
appearance of new pathogens is a potential challenge for the general population and
also healthcare systems because of the lack of significant pre-existing immune memory.
Similarly, in the case of pathogens learned about so far, patients with specific germline
genetic variants (causing known and unknown IEI) may be more exposed to severe disease
than the general population. Research on the COVID-19 pandemic course led to the
detection of genes and mechanisms necessary for anti-SARS-CoV-2 immunity. About 2-3%
of cases of severe SARS-CoV2 infection resulted from germline LOF/LOE variants in the
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type 1 IFN signaling pathway: TLR3, UNC93B1, TICAM1, TBK1, IRF3, IRF7, [IFNAR1, and
IFNAR? [1]. According to Asano et al., X-linked recessive TLR7 deficiency is a highly
penetrant genetic etiology of severe COVID-19 among 1.8% of males below the age of
60 years [3].

The defects of the number or the function of immune system elements determine the
clinical presentation of an IEL. Family history, as well as personal and clinical data, are
considered a core element of patient initial management. Extensive anamnesis and clinical
evaluation are the main tools for a suspected diagnosis of IEI [4]. The early diagnosis of IEI
can be life-saving but remains challenging due to the low prevalence of these pathologies.
This can result in the delay of diagnosis and consequently in a worse prognosis [5].

Disease manifestation appearance (i.e., Nijmegen breakage syndrome (NBS), Shwachman-
Diamond syndrome, and DiGeorge syndrome), as well as subject growth during both in
utero life and later, may suggest the diagnosis of IEI and provide an important diagnostic
clue [6]. Severe and/or recurrent infections, consanguinity, or an unexplained death in
one’s family are well-known signs of IEI; however, more attention should be paid to signs of
immune dysregulation. Immune dysregulation is defined as a breakdown or malfunction
of molecular control of immune system processes, and it is used to characterize an array
of autoimmune and inflammatory conditions [7]. According to IUIS classification, there
are 10 IEI categories based on their underlying molecular defect. One of them is called
‘diseases of immune dysregulation’. Moreover, it has been established that other patients
with humoral, cellular, or innate immune system deficiencies are also at risk of autoimmune
or inflammatory conditions [8]. Currently, signs of immune dysregulation are of great
importance in defining IEI, as well as an increased tendency to infection.

The modern diagnostics of IEI include various diagnostic measures, such as a simple
blood count with particular attention paid to the total absolute lymphocyte count, the
serum immunoglobulin levels, and the complete sequencing of the exome or genome [9].
However, during the clinical evaluation of a patient with suspected or confirmed IEI, we
should be aware of the possible problems and finer points that may restrict diagnosis in
patients with IEL The aim of this review is to summarize these diagnostic challenges, in
particular, in the context of immune dysregulation in IEI patients.

2. Allergic Disease

Allergy develops on account of disturbed function of the immune system. The immune
system depends on a complex balance of activation, to defend against invasive, foreign
pathogens, and control, to differentiate between self and foreign matter. Allergic reactions
are exaggerated immune responses against specific allergens [10,11]. The comorbidity of IEI
and allergy appears because of the impairment of the immune system, leading to infectious
susceptibility; however, it is still able to trigger an allergic response [8]. The mechanisms
underlying the relationship between atopy and immunodeficiency are better recognized,
thanks to the discovery and characterization of genetic variants, often showing “a new face
of old disorders” [8]. Several studies indicated the potential mechanisms leading to such
dysregulation, which include the failure of central thymic tolerance, an imbalance between
the effector and regulatory T-cell function, a failure in the production of counter regulating
interferon-gamma (IFN-y), disturbed cytokine production, and possible differences in
microbial colonization and infection patterns [8,12,13].

Thanks to growing interest in the coexistence of allergy and IEI, the topic has been
investigated in a number of studies. However, the results are still inconsistent. For ex-
ample, in one Iranian study atopic dermatitis (AD) was present in 52% of patients with
selective IgA deficiency (sIgAD) [14], while among Brazilian patients with sIgAD, AD
was found in 2.3% [8,15]. In the USIDENT study, AD was most commonly reported in
patients with a deficiency of the nuclear factor kB (NFkB) essential modulator (62.5%),
the Wiskott-Aldrich syndrome (WAS: 41.5%), combined immunodeficiency (CID: 33.3%),
selective IgM deficiency (33.3%), and autosomal-dominant hyper-IgE syndrome (AD-HIES;
25%) [8,16]. A cohort study of patients with early onset severe combined immunodefi-
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ciency due to adenosine deaminase deficiency (ADA-SCID) demonstrated that atopy was
present in 56% of the patients, including mild AD in 11.1%. Severe AD was not a common
feature [17]. A possible explanation of the diverse results are ethnic and geographical
diversity and differences in methodological approaches.

Potential diagnostic difficulties may start even at the beginning in diagnosing IEIL
An underlying, sometimes severe immune deficiency can manifest as common allergic
symptoms, and IEI may masquerade allergic atopic patients [10]. In clinical practice, there
are few warning signs of an underlying IEI among atopic phenotypes, and these include
severe atopic disease, usually with a poor response to standard therapies, early-onset of the
disease, a positive family history for IEI and/or severe familial atopy, and immunological
abnormalities [11].

The standard screening tests for antibody deficiency include the measurement of
immunoglobulin, IgG, IgA, and IgM levels in serum and the interpretation according to
age-related reference values [18]. The routine measurement of serum IgE is not obliga-
tory in the management of patients with suspected antibody deficiency and a history of
recurrent infections. Previously, the level of total IgE was considered as a marker to catch
allergic patients, but because it is nonspecific, it cannot confirm the allergy status of a
patient [19,20]. Non-immunodeficient patients have variable IgE concentrations associated
with atopic disease such as allergic rhinitis (AR), asthma, food allergy (FA), and AD, as
well as other conditions, including parasitic disease [21]. However, in the context of PID,
IgE measurement plays a role, especially in patients with concomitant eczema. Elevated
IgE is common in a number of IEI, such as HIES, WAS, Netherton syndrome, immune
dysregulation, polyendocrinopathy, enteropathy, X-linked (IPEX) syndrome, and Omenn
syndrome [22]. One phenotype of complete DiGeorge syndrome, which is known as atypi-
cal complete DiGeorge syndrome, has oligoclonal T cell expansion with elevated IgE levels
with concomitant generalized rash and lymphadenopathy [23]. The pathophysiological
role of increased IgE in these disorders was not clearly characterized; however, there are
few hypotheses [13]. Increased IgE production is associated not only with well-defined
genetic syndromes but also with humoral, cellular, innate, and combined immunodefi-
ciency disorders [5]. However, a high IgE (>180 IU/mL) is very rare in common variable
immunodeficiency (CVID) (0.3% of patients) [21].

There are particular PIDs associated with atopy, especially eczema and elevated
serum IgE, which can be confirmed by genetic tests and the identification of specific
mutations. Mutations in the WAS gene on the X chromosome, which encodes the WAS
protein (WASP), are a cause of Wiskott—Aldrich syndrome, characterized by recurrent
infections, thrombocytopenia with small platelets, and eczema [8]. The mechanism for
atopy in WAS is not fully described; however, impairment of regulatory T-cell (Treg)
function is a possible contributor [8,24-26]. In total, 33% of patients with WAS and 20%
of patients with X-linked thrombocytopenia (XLT) had positive food allergen-specific IgE
(sIgE), in a study conducted by Lexmond et al. [8,27]. Food sensitization was generally
detected with greater sensitivity using sIgE testing than by skin prick testing (SPT).

A dominant-negative heterozygous mutation in signal transduction and the activa-
tor of transcription 3 (STAT3) leads to autosomal-dominant hyper-IgE syndrome (AD-
HIES), previously known as Job syndrome, with characteristic features such as chronic
eczema, recurrent staphylococcal skin infections, pneumonia, increased serum IgE, and
eosinophilia [10]. Skin findings distinguishing it from AD include a distinctive thickened
texture of the facial skin, retroauricular fissures, and severe folliculitis of the axillae and
groin [5]. Serum IgE levels are often >2000 IU/mL, and eosinophilia levels are often
>700 cells/mL (eosinophilia does not correlate with the elevation in IgE), but patients usu-
ally do not suffer from symptomatic allergic disease such as AR, FA, or anaphylaxis [10,28].
Disturbances in the inflammatory process, and associated immune regulatory defects, are
present. In clinical practice, a lower limit of 2000 IU/mL is often considered as a cutoff
for AD-HIES. However, patients with HIES with lower IgE levels and STAT3 pathogenic
variants have been reported [29]. Moreover, the serum IgE level does not correlate with
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the severity and activity of the disease, and paradoxically patients with STAT3 loss-of-
function (LOF) mutations are rather protected from severe allergic reactions. A potential
explanation of this protection is disturbed mast cell degranulation, as well as vascular
reaction to histamine caused by the STAT3 mutation itself [8,30-32]. SPT results and clin-
ical symptoms of allergy are consistent with the specific IgE (sIgE) results in AD-HIES.
Both skin and blood test results are comparable between patients with AD-HIES and
healthy controls [32]. Defective neutrophil chemotaxis has been described among AD-HIES
patients, and variable specific antibody production is seen [5,33]. Patients may require
immunoglobulin replacement.

At the end of 20th century, the National Institutes of Health HIES scoring system was
originally presented where a score of 30 has a sensitivity of 87.5 percent and a specificity
of 80.6 percent [34]. It is noteworthy that some patients (e.g., some young children), may
not meet the scoring criteria. Thereupon, in cases of positive family history of HIES
and some distinctive features, according to experts, molecular screening should still be
performed even if the score is below 30. Other diagnostic guidelines takes into account five
cardinal clinical features (recurrent pneumonia, newborn rash, pathologic bone fractures,
characteristic facies, and high palate) with total IgE level and Th17 cell count [35]. Molecular
genetic testing is crucial to establish the diagnosis of the AD-HIES.

Autosomal-recessive-HIES (AR-HIES) is characterized by highly elevated serum levels
of IgE, eczema, recurrent staphylococcal abscesses, and hypereosinophilia. In contrast
to AD-HIES, where patients are usually free from allergic manifestations, 50% to 70%
of patients with AR-HIES suffer from severe allergies, i.e., eczema, anaphylaxis to food,
and environmental allergies, and 30% have asthma [10,32]. Pulmonary disease is usually
asthma-related as compared with AD-HIES, with pneumatocele and lung damage due to
prior infections [10].

Some patients with DOCKS8 or TYK2 deficiency were previously classified as AR-
HIES with harmful allergic symptoms [36]. Now, we better recognize the differences in
the clinical features. DOCKS deficiency is a combined immunodeficiency characterized
by allergic inflammation, severe atopy, high IgE, susceptibility towards cutaneous viral
infections, and malignancy [37]. TYK2 deficiency is also a combined immunodeficiency
with recurrent skin viral infections, while eczema and elevated IgE are variably found. A
study conducted by Boos et al. revealed that total serum IgE levels similarly increased
in STAT3-HIES, DOCKS deficiency, and AD patients. The ratio of aeroallergen-specific
IgE to total IgE was the highest in AD, whereas patients with DOCKS deficiency showed
the highest specific serum IgE against food allergens. Th2-cell numbers were significantly
increased in DOCKS deficiency and AD patients compared to STAT3-HIES patients and
controls. The study showed that hyper-IgE syndromes and atopic dermatitis patients
showed a different sensitization pattern of serum IgE corresponding to the allergic disease
manifestations and Th-cell subset data, suggesting a key role of DOCKS in the development
of FA [32]. Moreover, according to Wilkie et al., defective Treg function may contribute to
the increased skin inflammation and the eczema in DOCKS deficient patients [38]. IEI with
elevated IgE are summarized in Table 1.
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Table 1. Inborn errors of immunity with elevated IgE.

Disease 1UIS Classification Inheritance Mutation Immunological Features
Eosinophilia
g]
Infectious disease and immunological manifestations (skin {-specific antibody production Intermittent chemotactic
g defectsImpaired inflammatory eytokine production
abscesses, recurrent sinopulmonary infections, bacterial Y
Combined immunodeficiencies with . infections, pulmonary aspergillus, Peumocystis jirovecii uced or absent
Hyper IgE syndrome (HIES) AD LOF STAT3 . Y . . Thi7 cells
Y associated syndromic features and chronic mucocutaneous candidiasis) y
Defective Th17 cell production of IL-17
Craniofacial, dental,
S vaseular Decreased IFN-y production upon stimulation
andvas Decreased CD8* memory T cellsDiminished delayed-type
hypersensitivity and lymphoproliferative responses to
antigenic stimulation
Mild facial dysmorphism
Early onset eczema 1 IgE-and IgG
ZNF341 deficiency (phenocopy o Combined immunodeficiencies with AR NP3 Recurrent bacterial infections (respiratory, skin infections) |-specific antibody production | memory B cells
AD-HIES) associated syndromic features ung abscesses and pneumatoceles excess of Th2 cells
Musculosceletal abnormalities 1 Th17 and NK cells
Retention of primary teeth
Recurrent respiratory infections
czema
Loeys-Dietz syndrome (TGFBR Combined immunodeficiencies with Food allergy .
deficiency) associated syndromic features AD TGFBRITGFER2 Musculosceletal abnormalities T1gE
Retention of primary teeth
Vascular abnormalities
Impaired immunity Neutropenia
PGMS deficiency _ ) ) (recurrent respiratory tract infections, abscesses) Tand B cell lymphopenia
c Combined immunodeficiencies with Severe atopy, asthma, eczema, and food allergy Eosinophilia
(hyperimmunoglobulin E-like o e i ot AR PGM3 e 2 ¢ ok Tovel
syndrome with glycosylation defects) associated syndromic features utoimmunity 1 IgE levels
Y Neurocognitive impairment N/1IgG and IgA
Skeletal dysplasia Progressive bone marrow failure
Congenital ichthyosis
. . . 0 hair
Comel-Netherton syndrome Combined immunadeficiencies with AR SPINK5 Recurrent bacterial infections . TIgEand IgA
associated syndromic features opy | switched and non-switched B cells
Failure to thrive
Severe atopic dermatitis
Food allergy . TI8E
Molluscum contagioaam infection . Poor specific antibody production
Combined immunodeficiencies with Recurrent respiratory infections Tmpaired activation of both NF-KB and mTORCT pathways
CARDI1 deficiency ¢ ! AD LOF CARDI1 N/1 B cell numbers
Y associated syndromic features .
‘ Ve S o Defective
arious phenotypes from SCID to combined = §
T-cell activation and proliferation
immunodeficiency, associated with atopy and elevated IgE .
) Skewing toward Th2
levels or isolated severe atopy
Recurrent respiratory infections
y Susceptibility to S.aureus .
ERBIN deficiency Combined immunodeficiencies with AD FRBE2IP Ecoma 11gk
Y associated syndromic features Atopy 1 circulating Treg
Joint hypermobility, sometimes vascular abnormalities
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Table 1. Cont.
Disease 1UIS Classification Inheritance Mutation Characteristics Immunological Features
Immunodeficiency (recurrent pyogenic infections, High circulating IL-6 levels
1L6R deficiency Combined immunodeficiencies with AR 1L6R abscesses) Normal/ | serum IgM, IgG, and IgA
associated syndromic features Atopy fery 7 Ig]
Abnormal inflammatory responses |-specific antibody productionReduced switched memory B
Recurrent infections
Boils
Eosora Fns\n(\gphlha
Interleukin 6 signal transducer Combined immunodeficiencies with Bronchiectasis i . RO
(IL6ST) deficiency associated syndromic features AR ILesT Pulmonary abscesses. L Specific antibody production variably affected
! § impaired B cell memory and acute-phase response
Skeletal abnormalities (scoliosis, bone fractures, and
? 2 1 Th17 cells
craniosynostosis)
Retention of primary teeth
Eosinophilia
1 T cell numbers (with normal CD4/CD8
Recurrent viral and bacterial infections ratio) and variably decreased or normal B-and NK-cell
Cutaneous infections (staphylococcal, viral, and fungal) numbers | production of TNFa and IFNy
Immunodeficiencies affecting cellular Severe atopy numbers of Thi7 T cells
DOCKS deficiency 8 AR DOCKS Often multiple severe allergies to food and. tTh2
Y and humoral immunity
environmental allergens 1L-4 and IL-13
Hepatic disorders Few Treg with poor function
Early-onset malignancy 1 1gM levels and variable IgA and IgG levels
IgE
Poor antibody responses
o bacteria ,
TYK2 deficiency Defects in e and innate AR TvK2 Sulmonella) and viruses Impaired cellular responses to IL-10, IL-12, and IL-23 and
munity Eczema
Erythroderma
Alopecia
Aplasia//hypoplasia of the eyebrow
squamation of skin .
G Eosinophilia
Immunodeficiencies affecting cellular Edema IgE
Omenn syndrome (OS) and humoral immunity (usually a AR various Chronic diarrhea Abnormal “““g““ of IL-4 and IL-5 from activated T cells
e xaggerated Th2 response
T-B-NK* SCID) Failure to thrive
Absence of B
Hepatosplenomegaly 3
H cells in the circulation
_ymphadenopathy
Pneumonia
times anemia, idism, and
lymphoma
Recurrent bacterial and viral infections §
Bloody diarthea Eosinophilia
. Often 1 IgE and IgA
N Combined immunodeficiencies with cze IgM
Wiscott-Aldrich syndrome (WAS) XL WAS Thrombocytopenia with small platelets

associated syndromic features

1 risk of malignancy
Autoimmune diseases
IgA nephropathy

8
sponses to polysaccharides
Progressive | in T cells numbers
Abnormal lymphocyte responses to anti-CD3
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The presence of sIgE (>0.35 kU/L) against BSA in 33.33% (n = 24) of patients with PID
was an interesting finding. In most of these cases (1 = 20; 83.33%), it correlated with clinical
symptoms of milk allergy at the time of the study or in the past. sIgE against BSA showed
low values (<0.7 kU/L; n = 12). A higher concentration of sIgE against BSA was observed in
patients without Ig replacement therapy than in patients receiving Ig substitution therapy,
and the difference between these two groups was statistically significant (p = 0.03; Figure 1).

= —
o Median
IRT (-) IRT (+) []25%-75%
Immunoglobulin replacement therapy (IRT) I Min-Max

Figure 1. Concentration of sIgE against BSA (bovine serum albumin) in PID patients during im-
munoglobulin replacement therapy (IRT+) and not receiving IRT (IRT—) (p = 0.03).

Twenty-one (29.17%) patients showed chronic or recurrent skin eczema, and the
majority of them (1 = 16) had a significantly increased sIgE level (p = 0.003).

There was no significant correlation between the prevalence of recurrent respiratory
tract infections and the serum sIgE level (p = 0.55).

The levels of sIgE against inhalant allergens correlated with an elevated total IgE
(p = 0.0002). However, no correlation with blood eosinophilia (p = 0.85), recurrent respira-
tory tract infections (p = 0.23), family history of allergic diseases (p = 0.99) was observed.
There was no significant difference between males and females (p = 0.39).

The levels of sIgE against food allergens did not correlate with eosinophilia (p = 0.31),
total IgE (p = 0.14), weight deficiency (p = 0.87), height deficiency (p = 0.65), positive
family history of allergy (p = 0.53). There was no effect of the treatment with antihistamine
medications (p = 0.54).

Although 72.22% (n = 26) of the patients with increased sIgE were males, the difference
between the sexes was not significant (p = 0.14). In addition, there was no significant
difference between different groups of PID (Table 2).

60



J. Clin. Med. 2022, 11, 4220

8 of 25

On the other hand, low levels of IgE interest immunologists. Selective IgE deficiency
(defined as a significant decrease in the levels of IgE (<2.5 IU/mL) in patients whose other
immunoglobulin levels, including IgG, IgG subclasses, and IgA levels, are normal) has not
been included in international classification systems for IEI [1]. Low serum levels of IgE can
be associated with some well-defined IEI: common variable immunodeficiency (CVID), IgG
subclass deficiencies, sIgAD, ataxia-telangiectasia (A-T), and agammaglobulinemia [39-41].
According to studies, an undetectable serum IgE (<2 IU/mL) occurs in only 3.3% of the
general population [21]. In contrast, Lawrence et al. found that an undetectable IgE
occurs in 75.6% of patients with CVID [21]. Another finding was a significant correlation
between serum IgE with serum IgG, suggesting that lower IgE occurs in patients with
more severe hypogammaglobulinemia. Moreover, false-negative results may appear using
traditional methods of sIgE measurement, and allergen sIgE was not detectable in 96.5%
of patients with CVID. Many patients with CVID report symptoms of rhinitis, wheeze,
or adverse reactions to antibiotics, but it is difficult to detect allergic sensitization among
them, especially using SPT or serum sIgE [41-43]. In these cases, sensitization should
be confirmed using different methods, for example, an oral provocation challenge, and
bronchial provocation tests with allergens [41]. The interpretation of food-specific IgE
values and their usefulness in predicting symptomatic food allergies in the context of IEI
patients is a potential field for further studies.

While diagnostics among PID patients during Ig replacement therapy (IRT) are often
challenging, in the context of allergy, studies suggest that current Ig products are not a
significant source of IgE [21].

3. Autoimmunity

There is also a high degree of overlap between autoimmune diseases and IEI in the
context of genetic linkages and causes [44]. The molecular mechanisms responsible for the
immune dysregulation in patients with IEI still are not fully recognized [45]. The usage
of genetic analysis and a better understanding of the involved immune regulatory and
signaling mechanisms is revealing the complex relationships between IEI syndromes and
autoimmune diseases [44]. In the past, IEI and autoimmune diseases were considered
as opposites; now, we know that genetic mutations may affect multiple immune cells
and molecules, and in consequence IEI does not exclude autoimmunity. Furthermore,
autoimmune diseases often coexist with some IEI [46].

The potential mechanisms associated with the pathogenesis of autoimmunity include
impaired B cell differentiation and germ-center reactions, altered T cell central or periph-
eral tolerance, uncontrolled lymphocyte proliferation and differentiation, disturbances in
Treg/Th17 balance, dysfunctional complement and innate immune activation, and the
defective clearance of the infectious agents [45,46].

A French national study by Fischer et al. includes all types of IEI and autoimmune
manifestations. The study demonstrated that autoimmunity is a significant component of
clinical presentation of all types of IEI: one or more autoimmune and inflammatory mani-
festations were noted in 26.2% of 2183 retrospectively screened IEI patients, with a risk of
onset throughout the patient’s lifetime. The risk of autoimmune cytopenia (AIC) was at least
120 times higher than in the general population; among children the risk of inflammatory
bowel disease (IBD) was 80 times higher, while the risk of arthritis was 40 times higher. The
risk of other autoimmune complications was approximately 10 times higher. Autoimmune
manifestations occurred in patients with all types of IEI; however, patients with T-cell
defects or CVID had, statistically speaking, the highest risk for autoimmunity [47].

The signs and symptoms of most rheumatic diseases are classified in international
American College of Rheumatology (ACR) or European League Against Rheumatism (EU-
LAR) criteria. The management of autoimmunity in patients with IEI is often challenging
because immune dysregulation, as well as permanent inflammation, may influence the di-
agnostic process. Moreover, when assessing a patient with IEI for possible autoimmunity, it
is important to consider a broad differential diagnosis, because infectious diseases, adverse
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effects of medications, and malignancies can mimic autoimmune processes. Thereupon,
a complete diagnostic process is not effortless and requires a history, a complete physical
examination, wide laboratory testing, imaging, and even pathological investigations [48].
Clinicians must be aware of the characteristic clinical features of autoimmune diseases
among IEI patients. These include polyautoimmunity, which is defined as the presence of
more than one autoimmune disease in a single patient and early onset autoimmunity (the
presence of autoimmune disease at any age that is earlier than usual) [46]. Some IEI are
associated with specific autoimmune diseases, and the awareness of these patterns also
allows clinicians to monitor patients more effectively.

During evaluation of a patient with IEI and suspected autoimmunity, some laboratory
tests are needed. This includes a complete blood count with differential, acute phase
reactants, autoantibodies, serologies, flow cytometry, cytokine analysis, levels of com-
plement, human leukocyte antigen (HLA) typing, and comprehensive endocrine and/or
metabolic panels [48].

On the other hand, laboratory tests may help to catch patients with IEI among het-
erogenous group of patients with already diagnosed autoimmunity. Inmune phenotyping
and immunoglobulin (Ig) levels are indispensable. The ratio of naive and memory T cells
(CD45RA /CD45RO) may differentiate patients with late-onset or profound combined
immunodeficiency disorders [49-52].

In addition, specific subsets of T and B cells have been linked to IEI with autoim-
munity. These include the expansion of TCRaf3 CD4~CD8~ (double-negative) T cells in
autoimmune lymphoproliferative syndrome (ALPS), CD19"21%° B cells in CVID with au-
toimmunity, an abnormal count of Treg in Tregopathies, Th17 cells in STAT1 GOF patients,
and expanding follicular helper T cells (Tth) in CTLA4 and LRBA deficiency. Changes in
these subsets may also predict the progression of autoimmune complications or a response
to therapy [52,53].

Primary antibody deficiencies (PADs) are the most common inherited IEI in humans,
with recurrent infections as a predominant presenting complaint. However, various types
of PADs are also associated with inflammatory disorders, granulomatous lesions, lympho-
proliferative diseases, and cancer. Several studies have reported that PAD patients are
predisposed to autoimmune complications [47,54].

X-linked agammaglobulinemia (XLA), also known as Bruton agammaglobulinemia, is
the prototype antibody deficiency [55]. Function-loss mutations in Bruton’s tyrosine kinase
(BTK) lead to a block in B-cell maturation, a near total absence of B cells in the periphery, and
severe reductions in serum immunoglobulins. Surprisingly, most patients with XLA have a
small number of B cells, or “leaky B cells”, in the peripheral blood [54,56]. Patients with XLA
are rather at a low risk of autoimmune or inflammatory diseases compared with other IEI
patients, but several studies suggest that some XLA patients show symptoms with similar
diagnostic features to rheumatoid arthritis (RA), IBD, alopecia, enteropathy, autoimmune
hemolytic anemia (AIHA), immune thrombocytopenic purpura (ITP), neutropenia, and
Kawasaki disease [54,57-59]. These patients are not expected to produce autoantibodies;
however, surprisingly, the “leaky” production of autoantibodies and defects in B-cell central
tolerance has been reported [54,60,61].

Autoimmune diseases occur in 20-30% of CVID patients. The most reportable are
autoimmune cytopenias such as ITP, AIHA, and Evans syndrome; however, organ-specific
and systemic autoimmune diseases are also described [45,62-64].

It is worth mentioning that it is not uncommon that autoimmune complications are
the first or the only clinical manifestation of CVID during diagnostics [54,65].

A cohort study on CVID patients with immune cytopenia showed higher levels of
serum immunoglobulin, CD1%hi B cells, and T CD4 effector T cells, accompanied by
reduced naive T cells [45,66]. Moreover, according to several studies, Treg frequency and
their functional characteristics are disturbed in CVID patients [54,67-69], which may result
in elevated levels of activated T cells; autoimmunity; and chronic inflammation. Defects
in Tregs are also correlated with the expansion of CD21low B cells in CVID patients with
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autoimmunity [70-72]. In a study by Boileau et al., the serum IgG level in CVID patients
with autoimmunity (cytopenia and others) was greater than in CVID patients without
autoimmunity [66]. Other studies revealed that CVID patients with autoimmunity have
higher levels of IgM compared with non-autoimmune phenotypes [73,74]. On the other
hand, markedly depressed serum immunoglobulin levels have been reported in patients
with RA, Sjogren’s syndrome (SS), and systemic lupus erythematosus (SLE), prompting
suspicion of IEI [75,76].

Autoantibodies circulating in the serum and/or plasma, as well as the immune com-
plex deposits containing autoantibodies and complement, are essential diagnostic tools in
most autoimmune diseases. In patients with hypogammaglobulinemia (i.e., CVID, XLA
etc.) and some types of CIDs, diagnostic tests that are based on antibodies may be not useful
and provide false-negative results. For example, the diagnosis of definite autoimmune
hepatitis (AIH) in CVID patients is definitely challenging. According to the European
Association for the Study of the Liver (EASL), both histologic evidence of moderate to
severe interface hepatitis and the positivity of the typical autoantibodies are required to
make an AIH diagnosis [77,78]. It is not surprising that CVID patients generally may not
have autoantibodies, even in the case of noticeable autoimmune complications.

However, in a study by Tahiat et al. among 299 IEI patients with a dominance of
PAD (27.8%) and CID (26.1%), autoantibodies were found in 32.4% of all IEI patients,
compared with 15.8% of healthy subjects. Anti-nuclear antibodies (ANA) (10.0%), transg-
lutaminase antibody (TGA) (8.4%), RBC antibodies (6.7%), anti-smooth muscle antibody
(ASMA) (5.4%), and ASCA (5.0%) were the most common autoantibodies. The authors
have concluded that considering the association of some autoimmune diseases with certain
PIDs, screening for corresponding autoantibodies would be recommended. However, due
to the low positive predictive value of the autoantibodies, the results should be interpreted
with caution in patients with IEI [79].

Oppositely, the production of specific antibodies may by impaired even when the
level of main classes of immunoglobulins is normal in specific antibody deficiency (SAD).
Consequently, most autoantibodies are not found in these patients [48,80,81]. In sIgAD, as
well as in CVID with IgA deficiency, it is obvious that there is a lack of antibodies in this
immunoglobulin class (for example, tissue transglutaminase IgA-tTg IgA). On the other
hand, among patients during IRT, exogenous Ig may interfere with some of the special
immunologic tests. That is why it is worth considering if some screening tests such as
autoantibodies should be performed before the therapy is being initiated or the serum
should be frozen for future testing [48].

Some IEI patients are constantly negative for disease-specific autoantibodies, and in
the case of clinical suspicion of autoimmune disease, other diagnostic methods should
be considered. Medical imaging is often a part of the clinical evaluation of patients with
suspected autoimmune disorder. In the case of IEI patients, some difficulties may appear
at this point too. In particular types of IEI there is a problem with radiosensitivity, which
limits the use of medical radiation for the diagnosis of autoimmunity [82-84]. Genetic
instability, defective DNA repair, and a predisposition to malignancy are associated with
specific types of IEL. A-T and NBS are well-defined IEI connected with defective DNA
repair [85], where patients might be sensitive to radiation. X-ray exposure should be limited
to diagnostic purposes only when it is medically necessary because patients should be
protected from unnecessary medical techniques that incorporate radiation. Substitution
with magnetic resonance imaging (MRI) or ultrasound is desirable [48].

Histopathological examination is sometimes crucial and clinically indicated in a di-
agnostic process. Diagnostic challenges may occur here as well. In IEI patients, as an
effect of immunoglobulins and immune cells deficiency, affected tissue can have a different
histological appearance in comparison to healthy individuals [48,78,86-88].

Since autoimmune cytopenia (AIC) is a common finding in IEI patients, Westermann-
Clark et al. evaluated 154 pediatric patients with AIC in the context of IEIL. Splenomegaly,
short stature, and recurrent or chronic infections were common clinical features among
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patients with AIC and IEL IEI patients were more likely to have AIHA or Evans syndrome
than AIC-only patients. Patients with both IEI and AIC more often had low CD3 and CD8
cells; low IgA and IgG levels; and a higher prevalence of autoantibodies to red blood cells,
platelets, or neutrophils. AIC diagnosis preceded IEI diagnosis by 3 years on average,
except among those with partial DiGeorge syndrome [89]. The early detection of patients
with comorbid IEI and AIC may improve treatment outcomes.

The main molecular defects and common autoimmune complications among IEI are
summarized in Table 2.

Table 2. Common autoimmune presentation in inborn errors of immunity (IEI).

IUIS Classification Disease Main Molecular Defect Common Autoimmune Disease
Immunodeficiencies 2 ffectmg ICOS deficiency 1COs Arthritis, SLE, MS, and enteropathy
cellular and humoral immunity
Combined immunodeficiencies with 22q1.1 deletion syndrome Large deletion typically in AIC, AIT, and arthritis
X . (DiGeorge syndrome) chromosome 22
associated syndromic features
Wiskott—Aldrich syndrome WAS AIC, IBD, GN, arthritis, and vasculitis

RA, JIA, IBD, AIC, AIT, PND, KD,

X-linked agammaglobulinemia Btk DM, T1D, SD, and alopecia
. AIC (ITP, AIHA, AN), RA, JIA, SLE,
Predominantly antibody CVID Various IBD, AIT, PA, SS, and vitiligo
deficiencies
) - AIC (ITP, ATHA), IBD, CD, PV, MG,
Selective IgA deficiency Unknown SLE, RA, JIA, T1D, and AIT
P110 delta deficiency PIK3CD IBD, AIC
Hyper IgM syndrome CD40, CD40L AIT, IBD, RA, JIA, AIHA, and AGN
LRBA deficiency LRBA AIC (AIHA, ITP, AN), IBD, RA, and JIA
T1D, AD, AIT, hypoparathyroidism,
enteropathy, adrenal corticotropic
APECED AIRE hormone }nsuff}cAlency, g‘r(?‘{vth
hormone insufficiency, vitiligo,
alopecia, autoimmune hepatitis, and
ovarian/testicular failure
IPEX FOXP3 1BD, 4A.I‘C, AIT, vitiligo, alolpecia,
Diseases of immune dysregulation hepatitis, and early onset diabetes
CTLA4 haploinsufficiency CTLA4 IBD, AIC, SLE, and arthritis
XIAP deficiency XIAP IBD, AIC, and hepatitis
Early onset inflammatory bowel various IBD, arthritis
disease syndromes
STAT3 GOF STAT3 IBD, AIC, hepatitis, and early-onset T1D
ALPS various AIC, GN, endocrinopathies, and SLE
Congenital defects of phagocyte Chronic granulomatous disease CYBB IBD, AIC, AIT, JIA, GN, SLE, APLA,

number, function, or both

and autoimmune pulmonary disease

Defects in innate immunity STAT1 deficiency STAT1 GOF AIC, AIT, T1D, and SLE
Autoinflammatory disorders Type 1 interferonopathies various SLE, AIC, and vasculopathy
Complement deficiencies Complement deficiencies various SLE, vasculitis

Abbreviations: AD—Addison’s disease; AIC—autoimmune cytopenia; AIHA—autoimmune hemolytic
anemia; AlT—autoimmune thyroid disease; AN—autoimmune neutropenia; ALPS—autoimmune lym-
phoproliferative syndrome; APECED—autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy;
APLA—antiphospholipid antibodies; CD—celiac disease; CVID—common variable immunodeficiency;
GN—glomerulonephritis; GOF—gain-of-function; IBD—inflammatory bowel disease; IUIS—International Union
of Immunological Societies; JIA—juvenile idiopathic arthritis; IPEX—immune dysregulation, polyendocrinopathy,
enteropathy, and X-linked syndrome; ITP—immune thrombocytopenia; MS — multiple sclerosis; RA—rheumatoid
arthritis; SLE—systemic lupus erythematosus; and T1D—type 1 diabetes.

4. Non-Malignant Lymphoproliferation

Ranging from reactive polyclonal hyperplasia (associated with immune disorders)
to true monoclonal disease (malignant process), lymphoproliferative disorders (LPDs)
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constitute a heterogeneous group of diseases in clinical and genetic terms. LPDs occur
when the physiological control of proliferation of both T and B cells collapses. Disturbances
in this control may occur in many conditions where immunity is compromised. This
creates difficulties (both in the clinical assessment of the patient and in the identification
of pathogenic mechanisms) to differentiate LPDs [90]. They are observed in patients with
immunodeficiency or immune dysregulation syndromes such as CVID, SCID, WAS, A-T,
Chediak-Higashi syndrome (CHS), and X-linked lymphoproliferative disorders [91]. Addi-
tionally, splenomegaly and/or generalized lymphadenopathy are described in disorders
such as CD27 deficiency, CD70, ITK deficiency, and XLP type 1. Autoimmune disorders,
hypersensitivity reactions, and viral infections, including human immunodeficiency virus
(HIV) infection, are also prone to developing lymphoproliferative disorders. Lymphoprolif-
eration as well as lymphomas (both Hodgkin’s and non-Hodgkin’s lymphomas) are often
associated with Epstein-Barr virus (EBV) infection. Moreover, both lymphadenopathy
and splenomegaly can be caused by nonspecific infections, in CVID but also in almost any
other PID, and they are not always primarily associated with immune dysregulation [92].
Transplant patients, as well as those taking immunosuppressants such as cyclosporine,
sirolimus, and tacrolimus, are also at risk of developing benign LPDs [93].

Autoimmune lymphoproliferative syndrome (ALPS) is an example of a disease result-
ing from impaired apoptosis of lymphocytes, mostly as a consequence of abnormalities
associated with programmed cell death mediated by Fas. Fas is a transmembrane receptor
located on the cell surface and is one of the tumor necrosis factor receptors (TNFR). It
is responsible for the induction of apoptosis, which is triggered after binding with the
appropriate ligand (FasL). When the FAS gene is mutated, there are defects in the external
pathway of programmed cell death [94]. Clinically, patients develop chronic lymphoprolif-
eration and an increased number of T cells, which are referred to as “double negative T
cells” (DNT) with CD4~/CD8~, CD3*, and TCRx* phenotype [95].

ALPS usually presents in infancy or early childhood (the median age is 31-36 months),
most often in the form of nonmalignant lymphoid expansion with lymphadenopathy,
splenomegaly, and/or hepatomegaly and AIC, including hemolytic anemia and throm-
bocytopenia. In a minority of patients, clinical symptoms may appear later in life (18 to
35 years). In a French cohort, patients with later disease onset often presented autoimmune
manifestations rather than LPD [96,97]. Patients often do not present symptoms that would
suggest an infectious or neoplastic etiology. Most patients have an increased number of T
and B lymphocytes, as well as polyclonal hypergammaglobulinemia. Hypogammaglob-
ulinaemia, often not associated with increased susceptibility to infections, may occur in
approximately 10% of cases. Autoimmunity is a common feature of ALPS and can be the
first ALPS manifestation; however, it is not always present at the time of diagnosis. Autoan-
tibodies are detected in up to 80% of patients, most often anticardiolipin antibodies or direct
Coombs’ antibodies, but only half of them actually have an autoimmune disease, usually
AIHA, ITP, or autoimmune neutropenia (AIN). A pledge of hemolysis during examination
of blood smears, as well as the detection of autoantibodies and a degree of reticulocytosis,
are helpful in distinguishing AIC from the effects of coexistent hypersplenism. Another
helpful diagnostic tip is that AIC often manifests clinically. Autoantibodies typically have
high affinity and are IgG-derived, in contrast to naturally occurring autoantibodies of
the same specificity that are low-affinity and IgM-derived. Autoimmune diseases that
affect other systems than the haematopoietic system can also occur but are much rarer [98].
Regardless of the time since the disease onset, symptoms such as lymphadenopathy and/or
splenomegaly will ultimately be seen in 100% of ALPS patients and are required for diag-
nosis. The areas most commonly affected by lymphadenopathy are the neck, mediastinum,
armpits, groin, and pelvis, although virtually any lymph node can become enlarged. Lym-
phoproliferation tends to subside over time, and by the age of 20, as much as 66% of
patients achieve complete remission, while the rest of the patients experience a significant
improvement. Infections are sporadic but can also occur as a result of neutropenia and/or
nasopharyngeal obstruction due to lymphadenopathy [99]. Moreover, patients with ALPS
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are characterized by an increased risk of cancer (estimated at 10-20%); the most common
forms of cancer are Hodgkin’s lymphoma and non-Hodgkin’s lymphoma [100].

Lymphoma can develop at any age in ALPS-FAS but is rare as a presenting feature.
Distinguishing a benign node from a questionable node is a diagnostic challenge because of
the frequent concomitant presence of benign/typical lymphadenopathy and splenomegaly
seen with ALPS. Important clues for lymphoma are classic alarm symptoms (B symptoms),
including fever, night sweats, itching, and weight loss. Positron emission tomography
(PET)-based imaging may be helpful for distinguishing “good” from “bad” nodes on
the basis of the presumed higher metabolic activity of malignant lymphoid tissue [101].
The nonmalignant lymphadenopathy fluctuates, and PET scan results fluctuate similarly.
Lymphoma nodes more often are continuously chemically active (“hot”). Lymphoma
typically originates in the B cell lineage, but T cell lymphomas have also occurred.

The required criteria for the diagnosis of ALPS include chronic lymphoproliferation
lasting more than 6 months with the exclusion of neoplastic and infectious lymphopro-
liferation. In isolated lymphadenopathy, they must involve two distinct nodal regions.
The second of the required criteria includes elevated counts of double negative T cells in
peripheral blood that exceed 1.5% of the total number of lymphocytes or 2.5% in the case of
T lymphocytes [102]. In addition, the diagnostics include genetic, biochemical (increased
concentration of vitamin B12/IL-10/IL-18/sFASL/FAS), and histopathological tests.

5. Neoplastic Manifestations

Along with a predisposition to severe and recurrent infections and autoimmunity,
neoplasms form a triad that identifies the most common symptoms in a variety of IEL
Despite this, there is a lack of systematic data on the cancer risk and type of neoplasms seen
in most IEL The development of malignant neoplasms most often occurs in patients with
CVID, and in patients with defects in genes regulating DNA repair, cell cycle, apoptosis, or
bone marrow maturation. Available population cohort studies suggest that the increased
risk of developing cancer is limited to specific and rare forms of IEI and is mainly due
to an increased risk of developing lymphoma [103-106]. The highest risk of lymphomas
was reported in NBS (49%), X-linked lymphoproliferative syndrome (XLP; 24-30%), A-T
(15-19%), ALPS (7-15%), and the mentioned CVID (1.8-8.2%) [96,103,107,108]. Among
CVID patients, there is a 7- to 10-fold increase in gastric cancer incidence, which is related
to the lack of secretory IgA [109,110]. In patients with CVID, extra-nodal non-Hodgkin’s
B-cell lymphomas and mucosa-associated lymphomas are the most common [111]. Unlike
most IEI, lymphomas in CVID are more common in people in the 4th to 7th decade of
life and are usually EBV-negative [111,112]. In a study by Ludvigsson et al., individuals
with IgA deficiency were at a moderately increased risk of cancer, with excess risks of
gastrointestinal cancer. Children with IgA deficiency were at no increased risk of cancer,
but the statistical power was limited in subanalyses [113].

Common high-grade DNA strand repair defects with chromosomal instability are seen
in the A-T. Ruptures of dsDNA cause a high percentage of malignant tumors, chromosome
instability, and abnormal rearrangements of V (D) J genes; a recombination of class switches
and/or somatic hypermutations (the ATM gene in A-T, the NBN gene in NBS, the DCLRE1C
gene in severe combined deficiency immunodeficiency with sensitivity to ionizing radiation
and Omenn syndrome, the LIG4 gene in the LIG4 syndrome, and the LIG1 gene in DNA
ligase 1 deficiency) cause complex immunodeficiencies and malignant neoplasms, most
often lymphomas [114,115]. Patients with Bloom’s syndrome (BLM gene) age prematurely
and are susceptible to non-Hodgkin’s lymphoma (NHL). Patients with Schimke syndrome
(SMARCALI1 gene) show chromosomal instability and an increased risk of malignant
neoplasm, including NHL and osteosarcoma [116,117].

Malignancies associated with impaired telomere maintenance are observed in genet-
ically heterogeneous congenital dyskeratosis and its clinically severe variant of Hoyeraal
Hreidarsson syndrome, NBS and A-T. Disorders of telomerase lead to the defective function
of rapidly dividing cells and increased susceptibility to hematological and solid tumors [114].
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IEL which inherently affect hematopoiesis, make it susceptible to malignant neoplasms.
In Fanconi anemia, a genetically heterogeneous disorder, pancytopenia, hematologic ma-
lignancies, solid tumors, and clinical immunodeficiency phenotypes are observed. Mu-
tations of the WAS gene coding for the WASP disrupt the connection between GTPases
and the actin cytoskeleton, thus disrupting the regulation of signaling in hematopoietic
cells. Myelodysplasia, leukemias, and lymphomas in patients with WAS are seen more
frequently [107,114,118]. The deficiency of the hematologic transcription factor GATA2
leads to phenotypically variable immunodeficiency, primary alveolar proteinosis, Emberger
syndrome with lymphedema and/or a predisposition to myelodysplastic syndrome, acute
myeloid leukemia (AML), chronic myelomonocytic leukemia (CMML), and EBV lym-
phoma [119]. The risk of leukemia is increased with some severe congenital neutropenia
(ELANE, HAX1, and WASP) but not increased with the ELANE mutation that causes cyclic
neutropenia. An increased risk of leukemia has not been reported in other PIDs associated
with neutropenia [120]. Mutations in the CD40L gene cause X-linked immunodeficiency
with hyperimmunoglobulin M. In the case of CD40L and CD40 ligand deficiencies, a Cryp-
tosporidium biliary tract infection may lead to sclerosing cholangitis, cirrhosis, and an
increased risk of hepatocellular carcinoma and biliary tract cancer [121-123].

Almost 20% of all human malignancies are associated with chronic infections with
such pathogens as HBV, HCV, HPV, EBV, HHV8/KSHV, HTLV-I, HIV-1, HIV-2, JCV, Merkel
cell carcinoma (MCV), Helicobacter pylori, schistosomes, or hepatic flukes [124,125]. Ad-
ditionally, in IEI patients, chronic infections are often associated with malignancies. They
were mostly described in connection with EBV, HPV, and HHVS infections [107,126-128].
HPV can cause cancer of the cervix, vagina, vulva, anus, and penis, as well as squamous
cell carcinoma of the oral cavity. Patients with warts, hypogammaglobulinemia, infections,
and myelokathexis (WHIM) syndrome are particularly prone to HPV infection, resulting
in numerous warts, condylomata acuminate, and subsequent severe papillomatosis and
malignant transformation of the lesions [128].

EBV in patients with IEI may cause chronic EBV viremia, hemophagocytic lymphohis-
tiocytosis (HLH), dysgammaglobulinemia, atypical EBV-associated lymphoproliferative
disorders (polymorphic B-cell hyperplasia, plasmocytic hyperplasia), and EBV-associated
lymphomas [105,129,130]. In the rare heterogeneous KID syndrome (keratitis, ichthyosis,
and deafness), mainly caused by mutations in the connexin 26 (G/B2) gene, 15% of patients
develop squamous cell carcinoma, often in sun-exposed areas [131,132].

The estimated risk for developing cancer in patients with IEI ranges from 4 to
25 percent [133]. Furthermore, the diagnosis of the malignancy, both clinical and his-
tological, can be challenging in the presence of non-malignant lymphoproliferation or
bone marrow abnormalities. These states, as well as concomitant infections or complex
co-morbidities, all can mimic a developing malignancy clinically, radiologically, and even
histopathologically. Due to the statistically higher risk of the above-mentioned types of
neoplasms, patients with IEI should undergo periodic age-appropriate screening tests, just
like healthy people. However, the guidelines in this regard may differ depending on the
IEI type and national or international recommendations. Patients with epidermodysplasia
verruciformis (EV) should undergo regular dermatological check-ups due to an increased
risk of skin cancer. Patients with A-T and their female family members with heterozygous
mutant ATM should start the screening for breast cancer earlier than the general population,
and this age depends on the type of the mutation in the ATM gene [134,135].

It is also worth mentioning that both NHL and Hodgkin lymphoma are diagnosed at
younger ages in patients with IEI, and NHL is more common in males with IEI [136,137].
In patients with suspected lymphoma, medical management is the same as in immuno-
competent patients; however, diagnostic difficulties may appear. Diagnostic tests useful in
cancer screening include uric acid, lactate dehydrogenase (LDH), and erythrocyte sedimen-
tation rate (ESR). Even histopathology, which is a gold standard of diagnosing malignancy,
can be challenging in patients with IEI, particularly during the investigation of possible
lymphoid malignancy.
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If clinically indicated, a surgical biopsy providing sufficient material for the assess-
ment of tissue architecture and ancillary diagnostic techniques is a better diagnostic option
than needle core biopsy. Histological diagnosis may be difficult even when appropriate,
high-quality material is gained [137,138]. For example, non-malignant lymphoproliferative
lesions may precede, as well as co-exist with, lymphoid malignancies. Often, diagnostic
boundaries between non-neoplastic and neoplastic lesions are ill-defined and difficult to
apply. Lymphocyte clonality assessed by molecular techniques may help during diag-
nostics, but these alone cannot provide diagnostic certainty, and clonal B-cell and T-cell
proliferations falling short of malignancy are not uncommon in IEI [138,139].

Patients with specific immunodeficiencies, including A-T, NBS, and CVID, should
be informed about the increased risk of neoplasia associated with increased sensitivity
to ionizing radiation. Before performing tests or therapy with the use of radiation, they
should consult this fact with the attending immunologist. On the other hand, medical
personnel should consider the benefit-risk ratio in terms of interventions with the use of
ionizing radiation in the context of the underlying disease, taking into account the need to
perform the examination, and the possibility of replacing the examination with radiation
with alternative techniques without the use of ionizing radiation.

Advances in the diagnosis and treatment of patients with IEI contributed to a sig-
nificant extension of the life of those patients who previously had no chance to live to
adulthood. Patients with IEI require multidisciplinary care; therefore, physicians of vari-
ous specialties should be aware of the increased tendency to develop neoplasms in these
patients. Patients should be thoroughly informed about the alarm symptoms of malignant
neoplasms, especially lymphoma. Cancer in a patient with IEI is more often extensive or
disseminated at the time of diagnosis, which is associated with a worse prognosis. Patients
with IEI are more likely to develop NHL with B-cell origin, with high histologic grades and
extranodal involvement, especially in the gastrointestinal tract or central nervous system.
Early diagnosis can provide better treatment options before serious organ damage occurs.

The most prevalent types of malignancies among IEI patients have been summarized
in Table 3.

Table 3. Most common types of cancer among patients with IEL

Disease IUIS Classification Type of Malignancy
Immunodeficiencies affecting cellular
SCID and humoral immunity (Ia) Lymphoma
ITK deficiency Immunodeﬁaenags affect.mg cellular EBV-associated lymphoproliferation
and humoral immunity (Ib) Lymphoma
IKAROS deficiency (CD154) Immunodeficiencies affecting cellular T-ALL

and humoral immunity (Ib)

Immunodeficiencies affecting cellular

Vulvar, facial, and anal squamous cell
dysplasia and carcinomas;T cell

DOCKS deficiency and humoral immunity (Ib lymphoma-leukemiaBurkitt
ty ymp.
lymphomaNHL
.. Immunodeficiencies affecting cellular
STK4 deficiency and humoral immuni tyg(Ib) Lymphoma
.. Immunodeficiencies affecting cellular
RHOH deficiency and humoral immuni tyg(Ib) Lymphoma
OX40 deficiency Immgﬂgfﬁﬁs?ﬁ ?;;ffﬁfl?tr;g(rf)uumr Kaposi sarcoma
Hepatocarcinoma
- Immunodeficiencies affecting cellular . Cholangiocarcinoma
CD40/CDA40L deficiency Peripheral neuroectodermal tumors of

and humoral immunity (Ib)

the gastrointestinal tract and the pancreas
Lymphoma
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Table 3. Cont.

Disease IUIS Classification Type of Malignancy
Lymphoma
EBV-related B-cell lymphoma
Combined immunodeficiency of T and B Leukemia

Wiskott—Aldrich syndrome

cell with associated or syndromic features

Cerebellar astrocytoma
Kaposi sarcoma
Smooth muscle tumors

Ataxia-telangiectasia

Combined immunodeficiency of T and B
cell with associated or syndromic features

Leukemia
Lymphoma
Breast cancer
Gastrointestinal malignancies (possible)

Nijmegen breakage syndrome

Combined immunodeficiency of T and B
cell with associated or syndromic features

Lymphoma
Acute leukemia
Solid tumors

Bloom syndrome

Combined immunodeficiency of T and B
cell with associated or syndromic features

Leukemia
Lymphoma

PMS?2 deficiency

Combined immunodeficiency of T and B
cell with associated or syndromic features

Lymphoma
Colorectal carcinoma
Brain tumors

MCM4 deficiency

Combined immunodeficiency of T and B
cell with associated or syndromic features

B cells lymphoma

Ligase I deficiency

Combined immunodeficiency of T and B
cell with associated or syndromic features

Lymphoma

Cartilage-hair hypoplasia

Combined immunodeficiency of T and B
cell with associated or syndromic features

Lymphoma
Leukemia
Squamous cell carcinoma
Basal cell carcinoma

Schimke syndrome

Combined immunodeficiency of T and B
cell with associated or syndromic features

Osteosarcoma
NHL

Autosomal dominant hyper-IgE
syndrome (AD-HIES)

Combined immunodeficiency of T and B
cell with associated or syndromic features

NHL

CID with early-onset asthma, eczema and
food allergies, autoimmunity ID with
atopic dermatitis (CARD11)

Combined immunodeficiency of T and B
cell with associated or syndromic features

Lymphoma

X-linked agammaglobulinemia

Predominantly antibody deficiencies

Lymphoreticular malignancies
Gastric and colorectal adenocarcinoma
Squamous cell carcinoma of the lung

Common variable immunodeficiency
(CVID)

Predominantly antibody deficiencies

Lymphoma
Thymus cancer
Gastric cancer

Selective IgA deficiency

Predominantly antibody deficiencies

Gastrointestinal cancer

X-linked lymphoproliferative disease

(XLP1) Diseases of immune dysregulation Lymphoma
CD27 deficiency Diseases of immune dysregulation Lymphoma
RASGRP1 deficiency Diseases of immune dysregulation EBV-associated lymphoma
CD?70 deficiency Diseases of immune dysregulation Hodgkin lymphoma
CTPS1 deficiency Diseases of immune dysregulation B-cell NH lymphoma
CD137 deficiency Diseases of immune dysregulation B-cell lymphoma
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Disease IUIS Classification Type of Malignancy
XL magnesium EBV and . . .
neoplasia (XMEN) Diseases of immune dysregulation Lymphoma
ALPS-FAS Diseases of immune dysregulation Lymphoma

Congenital defects of phagocyte number,

Severe congenital neutropenia function, or both MDS/leukemia
HAXI deficiency Congenital defec'ss of phagocyte number, MDS/leukemia
function, or both
Shwachman-Diamond syndrome Congenital defec'ss of phagocyte number, Leukemia
function, or both
GATA? deficiency Congenital defec'fs of phagocyte number, AML/CMML
function, or both
WHIM syndrome Defects in intrinsic and innate immunity HPV-related cancers
Lymphoma
Epidermodysplasia verruciformis Defects in intrinsic and innate immunity Squamous cell carcinoma

Abbreviations: AML—acute myelogenous leukemia; CMML—chronic myelomonocytic leukemia; EBV—Epstein-Barr
virus; HPV—human papillomavirus; MDS—myelodysplastic syndrome; NHL—non-Hodgkin lymphoma; and
T-ALL—T-cell acute lymphoblastic leukemia.

6. Diseases of Immune Dysregulation

Diseases of immune dysregulation are a separate and independent category of IEI
in IUIS classification [1]. This category includes i.a. familial hemophagocytic lympho-
histiocytosis (FHL syndromes), FHL syndromes with hypopigmentation, regulatory T
cell defects, autoimmunity with or without lymphoproliferation, immune dysregulation
with colitis, ALPS, and a susceptibility to EBV and lymphoproliferative conditions. This
category is often the most difficult to define clinically and to diagnose without extensive
sequencing since there is a significant phenotypic overlap between different genetic causes,
the evolution of features over time, and phenotypic heterogeneity. On the other hand, these
diseases have improved our understanding of the pathways that drive autoimmunity in IEL

Early-onset autoimmunity, autoimmunity that involves multiple organs, a strong fam-
ily history of autoimmunity, autoimmunity in combination with susceptibility to infection,
or significant lymphoproliferation all suggest an immune dysregulation defect.

Diseases of immune dysregulation, according to IUIS classification, are summarized
in Table S1.

Over the years, the wide application of whole-exome sequencing/whole-genome
sequencing has significantly promoted the discovery and further study of new IEI and its
number has doubled from 2009 to 2019 [1,140]. It is worth mentioning that the number of
cases for any particular IEI is usually few, and because of that, a large-scale study of IEI
can hardly be conducted [140]. Furthermore, there are several difficulties in identifying IEI
connected with immune dysregulation. There are still countries where genetic tests are not
widespread and freely available, mostly because of their costs. Moreover, in some patients
more than one mutation is present, which makes it even more difficult to find [140,141].
In addition, phenotypes of the same mutation vary between patients, ranging from mild
or uncharacteristic symptoms to even life-threatening manifestations [140,142,143]. In
conclusion, patients with immune dysregulation should be examined scrupulously, and
genetic diagnostics should be conducted in cases when it is necessary and possible [140].
Early and proper diagnosis seems crucial when we consider IEI patients. In cases of IEI
patients with immune dysregulation, it is even more important.

The treatment is often challenging and sometimes requires balancing between increased
susceptibility to infection and the additional suppression of the immune system [144]. Not so
long ago, treatment options for IEI patients remained limited. They included the intensive
treatment of infections; IRT; and bone marrow transplant in some cases. IRT has been a
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standard, often live-saving treatment for IEI that has affected antibody production for the
past four decades. Both intravenous (IVIg) and subcutaneous (SCIg) immunoglobulins
are often suitable for lifelong therapy. High-dose IVIg, together with corticosteroids, is a
standard therapy for ITP [144]. A significant increase in the field of clinical immunology,
including molecular biology techniques, gene therapy, or the use of immune modulators,
allowed the development of modern and precise therapies [145]. Equally, having better
knowledge of IEI pathophysiology enables the implementation of targeted therapy. IEI is
an excellent example of disease where such “precision medicine” can be applied. Precision
medicine is an approach based on advances in genetic research and data analysis. It offers
breakthroughs in the treatment of the disease and has the potential to overturn traditional
methods of practicing medicine.

Such medicines (new or repurposed) modify intracellular pathways whose function
is disturbed because of specific genetic defect [144]. Thanks to precision medicine, the
treatment can selectively influence a specific cell function instead of affecting the entire
immune system. Moreover, the adverse side effects that affect other tissues are possible
to avoid.

Although the term “precision medicine” is relatively new, it has been part of healthcare
for many years. For example, a person who needs a blood transfusion does not receive
blood from a randomly selected donor; instead, the donor’s blood group is matched to that
of the recipient to reduce the risk of complications. Precision medicine is already used in
the treatment of diabetes and cancer. It is especially useful in cases of breast, lung, skin,
colon, prostate, and pancreatic cancer. Its other promising applications include cardiology,
signs of aging, rare childhood diseases, cystic fibrosis, and HIV.

In the context of immunedysregulation, the usage of small molecules and biologics
effectively helps with reversing the clinical manifestations of immunedysregulation and
hyperinflammation. Knowledge about the genetic etiology of activated phosphoinositide
3-kinase delta (PI3K3) syndrome (APDS) allowed one to explore PI3K$ inhibition as a
precision medicine [146,147]. Leniolisib, a small-molecule, selective PI3K? inhibitor, causes
the dose-dependent suppression of PI3Ké pathway hyperactivation. Clinical trials are
currently underway to establish the safety and efficacy of selective PI3K 4 inhibitors as a
possible therapeutic option in patients with APDS. One is related to the oral administra-
tion of leniolisib (NCT02435173), the other to the inhaled administration of nemiralisib
(NCT02593539). So far, the 12-week dose escalation of leniolisib has been shown to be safe
and effective in reducing lymphadenopathy, splenomegaly, and cytopenia [144,147].

7. Conclusions

IElL is a group of rare diseases that can be camouflaged or not considered because of
the predominant clinical features of atopy, autoimmunity, or lymphoproliferation. Con-
sequently, some patients will remain undiagnosed. This risk impairs their quality of life,
morbidity, and mortality, especially when exposed to agents reducing the immune compe-
tence. An underlying IEI should be particularly considered, especially in severe cases of
atopic disease with concomitant signs of autoimmunity and unusual, recurrent or severe
infections, so appropriate treatment regimens can be initiated and inappropriate immune
suppression avoided.

In terms of the scientific evidence, it is still debatable whether allergy and cancer
should be considered as risk factors or rather the consequences of the underlying IEL Au-
toimmunity, as well as malignancy, worsen the IEI patients’ prognosis. Another important
issue in IEI is their exact pathogenesis, as well as the gene—phenotype relationship. The
recent advances in genetics also revolutionized the field of IEI. Until now, the increased
use of new sequencing techniques allowed for the identification of different monogenic
causes of IEI. They enabled the better understanding of genotype—phenotype correlations
and consequently led to better therapeutic strategies targeting the immune dysregulation
in IEI [45]. The unmet needs include the unified nomenclature; the pathophysiological
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mechanisms assessment, for example, the lymphoma’ genesis in IEI patients; and better,
more personalized treatment strategies [148].

Novel diagnostic approaches, as well as evidence-based treatment guidelines that
consider the underlying immunodeficiency rather than using extrapolation from non-IEI
settings, are necessary. The recommendations for validated screening of cohorts at risk of
allergy, autoimmunity, and malignancy are of the utmost importance.

Supplementary Materials: The following supporting information can be downloaded at: https:/ /www.
mdpi.com/article/10.3390/jem11144220/s1, Table S1: Diseases of immune dysregulation according to
IUIS classification. Accessed on 8 July 2022.
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Zataczniki

Zgoda Komisji Bioetycznej na realizacj¢ projektu

KOMISJA BIOETYCZNA

prey

Uniwersytecie Medycznym

we Wroclawiu

ul. Pasteura 1: 50-367 WROCLAW

OPINIA KOMISI BIOETYCZNEJ Nr KB - 3332020

Komisja Bioetyczna przy Uniwersytecie Medycznym we Wroclawiu, powolana
zarzadzeniem Reklora Uniwersytetu Medyeznego we Wroclawiu nr 133/XV R/2017 z dnia 21
grudnia 2017 r. oraz dzialajaca w trybie przewidzianym rozporzadzeniem Ministra Zdrowia
i Opieki Spolecznej z dnia 11 maja 1999 r. (Dz.U. nr 47, poz. 480) na podstawie ustawy
o zawodzie lekarza z dnia 5 grudnia 1996 r. (Dz.U. nr 28 z 1997 r. poz. 132 z poZniejszymi
zmianami ) w skladzie:

prof. dr hab. Jacek Daroszewski (choroby wewn¢trzne, endokrynologia, diabetologia)
prof. dr hab. Krzysztof Grabowski (chirurgia)

dr Henryk Kaczkowski  (chirurgia szczckowa, chirurgia stomatologiczna)

mgr Irena Knabel-Krzyszowska (farmacja)

prof. dr hab. Jerzy Licbhart (choroby wewngtrzne, alergologia)

ks. dr hab. Piotr Mrzygldd, prof. nadzw. (duchowny)

mer Luiza Miller  (prawo)

dr hab. Slawomir Sidorowicz (psychiatria)

prof. dr hab, Leszek Szenborn, (pediatria, choroby zakazne)

Danuta Tarkowska (pielegniarstwo)

prof. dr hab. Anna Wicla-Hojefska (farmakologia kliniczna)

dr hab. Andrzej Wojnar, prof. nadzw. (histopatologia. dermatologia) przedstawiciel
Dolnoslaskiej [zby Lekarskiej)

dr hab. Jacek Zielinski (filozofia)

pod przewodnictwem
prof. dr hab. Jana Kornafela ( ginckologia i poloznictwo, onkologia)

Przestrzegajac w dziatalnosci zasad Good Clinical Practice oraz zasad Deklaracji Helsinskiej,
po zapoznaniu si¢ z projektem badawczym pt.

»Ocena wystgpowania autoprzeciwciat oraz swoistych przeciwceial klasy IgE u pacjentéw
z pierwotnymi niedoborami odpornosci”™
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zgloszonym przez lek. Karoling Pieniawskg- Smiech doktorantke w Katedrze i Zakladzie
Immunologii Uniwersytetu Medycznego we Wroclawiu oraz zlozonymi wraz z wnioskiem
dokumentami, w tajnym glosowaniu postanowila wyrazi¢ zgodg na przeprowadzenie badania
w Oddziale Immunologii Klinicznej i Pediatrii Wojewodzkiego Szpitala Specjalistycznego
im. J. Gromkowskiego we Wroclawiu oraz Katedrze i Zakladzie Immunologii Klinicznej
UMW pod nadzorem prof. dr hab. Marka Jutela pod warunkiem zachowania
anonimowosci uzyskanych danych.

Uwaga: Badanie to zostalo objete ubezpieczeniem odpowiedzialnosci cywilnej Uniwersytetu
Medycznego we Wroctawiu z tytulu prowadzonej dzialalnoscei.

Pouczenie: W ciggu 14 dni od otrzymania decyzji wnioskodawey przystuguje prawo
odwolania do Komisji Odwolawezej za posrednictwem Komisji Bioetycznej UM we
Wroclawiu,

Opinia powyZsza dotyczy projektu badawczego dla mlodych naukowedw.

Numer rejestrowy CWN UMW: STM.A020.20.063

Mesdycany e Wicctawiu
Wroclaw, dnia “¢ czerwea 2020 . e l:ﬂOﬂch
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Oswiadczenia wspotautorow

Karolina Pieniawska-Smiech

Wroclaw, 24 /(5 | 015

Lek. Karolina Pieniawska-$miech
Katedra 1 Zaklad Immunologii Klinicznej
Uniwersytet Medyczny we Wroclawiu

OSWIADCZENIE WSPOtAUTORA

Oswiadczam, ze w pracach:

1. Pieniawska-Smiech K, Lewandowicz-Uszynska A, Zemelka-Wiacek M, Jutel M. Serum Allergen-Specific IgE
among Pediatric Patients with Primary Immunodeficiency. Children. 2022; 9(4) 466.
https://doi.org/10.3390/children9040466

2. Pieniawska-Smiech K, Pasternak G, Lewandowicz-Uszyriska A, Jutel M. Diagnostic Challenges in Patients
with Inborn Errors of Immunity with Different Manifestations of Immune Dysregulation. Journal of Clinical
Medicine. 2022; 11(14):4220. https://doi.org/10.3390/jcm11144220

3. Pieniawska-Smiech K, Lewandowicz-Uszynska A, Zemelka-Wiacek M, Jutel M. Assessment of

autoantibodies in paediatric population with primary immunodeficiencies: a pilot study. BMC Immunology.
2023. DOI : 10.1186/512865-023-00543-6 — praca przyjeta do druku.

moj udziat polegat na: wspdtpracy przy tworzeniu koncepcji i metodologii; pozyskaniu finansowania badan,

rekrutacji badanych, pozyskiwaniu danych, analizie i interpretacji wynikow prac; pisaniu i edycji manuskryptow

—
) -

Uniwgrsytet Madyczay we Wroclawiu Podpis

|
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kierownik

dr hab. med. Marek Jutel
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Prof. dr hab. Marek Jutel

Wrodaw,l_i/l,_S/ 20L5

Prof. dr hab. Marek Jutel
Katedra i Zaklad Immunologi Kliniczne)
Uniwersytet Medyczny we Wroclawiu

OSWIADCZENIE WSPOLAUTORA

Oswiadczam, ze w pracach:

1. Pieniawska-Smiech K, Lewandowicz-Uszyriska A, Zemelka-Wiacek M, Jutel M. Serum Allergen-Specific IgE
among Pediatric Patients with Primary Immunodeficiency. Children. 2022; 9(4):466.
https://doi.org/10.3390/children9040466

2. Pieniawska-Smiech K, Pasternak G, Lewandowicz-Uszyniska A, Jutel M. Diagnostic Challenges in Patients
with Inborn Errors of Immunity with Different Manifestations of Immune Dysregulation. Journal of Clinical
Medicine. 2022; 11(14):4220. https://doi.org/10.3390/jcm 11144220

3. Pieniawska-Smiech K, Lewandowicz-Uszynska A, Zemelka-Wiacek M, Jutel M. Assessment of
autoantibodies in paediatric population with primary immunodeficiencies: a pilot study. BMC Immunology.
2023. DOI : 10.1186/512865-023-00543-6 — praca przyjeta do druku.

moj udziat polegal na: wspdtpracy przy tworzeniu koncepcji i metodologii; pozyskaniu finansowania badan;
analizie | interpretacji wynikow prac; nadzorze merytorycznym; krytycznej ocenie i korekcie manuscryptéw oraz

ich ostatecznej akceptacji

Uniwersytet Medyczny e Wrockawiu Podpis
KATEDOGI: KLINICZNEJ
UNOL
IMM

pmc.drhab.med.mk

! j/\f

82



Dr n.med. Aleksandra Lewandowicz-Uszynska

Wrocfawji_/_")_s ) Lo¢ 5

Dr n.med. Aleksandra Lewandowicz-Uszyriska

Il Katedra i Klinika Pediatrii, Immunologii i Reumatologii Wieku Rozwojowego
Uniwersytet Medyczny we Wroctawiu

OSWIADCZENIE WSPOtAUTORA

Oswiadczam, ze w pracach:

Pieniawska-Smiech K, Lewandowicz-Uszyriska A, Zemelka-Wiacek M, Jutel M. Serum Allergen-Specific IgE
among Pediatric Patients with Primary Immunodeficiency. Children. 2022; 9(4):466.
https://doi.org/10.3390/children9040466

Pieniawska-Smiech K, Pasternak G, Lewandowicz-Uszyriska A, Jutel M. Diagnostic Challenges in Patients
with Inborn Errors of Immunity with Different Manifestations of Immune Dysregulation. Journal of Clinical
Medicine. 2022; 11(14):4220. https://doi.org/10.3390/jcm 11144220

Pieniawska-Smiech K, Lewandowicz-Uszyriska A, Zemelka-Wiacek M, Jutel M. Assessment of
autoantibodies in paediatric population with primary immunodeficiencies: a pilot study. BMC Immunology.
2023. DOI : 10.1186/512865-023-00543-6 — praca przyjeta do druku.

moj udziat polegal na: wspdttworzeniu koncepcji, metodologii, analizie i interpretacji wynikéw prac; nadzorze

merytorycznym; krytycznej ocenie i korekcie manuscryptéw oraz ich ostatecznej akceptac;ji

-
(o Nedyczny we Wroclawiu Podpis
KATEDRA| ’—AQNE Sy
1MUNOLQG” K%i(lNlC Uniwersytet Medyczny we
fetown lil KATEDRA | KLINIKA PEDIATE

. Marek Jutel i REUMATOLOGII WIEKU RO4#
rof. dr hab. med p.o. kierownika

dr.n. med. Aleksandra Lewandow~z-Uszyfska
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Dr n.med. Magdalena Zemelka-Wiacek

Dr n.med, Magdalena Zemelka-Wiacek Wroctaw, 24.05.2023
Katedra i Zaktad Immunologii Kliniczne
Uniwersytet Medyczny we Wroctawiu

OSWIADCZENIE WSPOLAUTORA

Odwiadczam, ze w pracach:

1. Pieniawska-Smiech K, Lewandowicz-Uszynska A, Zemelka-Wiacek M, Jutel M. Serum Allergen-Specific IgE
among Pediatric Patients with Primary Immunodeficiency. Children. 2022; 9(4):466.
https://doi.org/10.3390/children90404

2. Pieniawska-Smiech K, Lewandowicz-Uszynska A, Zemelka-Wiacek M, Jutel M. Assessment of

autoantibodies in paediatric population with primary immunodeficiencies: a pilot study. BMC Immunology.
2023. DOI : 10.1186/512865-023-00543-6 — praca przyjeta do druku. ,

moj udziat polegat na: wykonywaniu badar laboratoryjnych (oznaczanie iloSciowe sIgE oraz autoprzeciwciat

metoda Polycheck), opracowywanie metodologii badan, krytycznej ocenie manuskryptéw

Podpis

M«/)Aalﬂw 2 ""AYW"’

proh\dr hab. med. Marek Jute!
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Dr n.med. Gerard Pasternak

Wroclaw, L/ (f | A0

Dr n.med. Gerard Pasternak
Il Katedra i Klinika Pediatrii, Immunologii i Reumatologii Wieku Rozwojowego
Uniwersytet Medyczny we Wroclawiu

OSWIADCZENIE WSPOtAUTORA

Os$wiadczam, ze w pracach:

1. Pieniawska-$miech K, Pasternak G, Lewandowicz-Uszyriska A, Jutel M. Diagnostic Challenges in Patients
with Inborn Errors of Immunity with Different Manifestations of Immune Dysregulation. Journal of Clinical
Medicine. 2022; 11(14):4220. https://doi.org/10.3390/jcm11144220

méj udziat polegat na: zbieraniu danych literaturowych, tworzeniu manuskryptu.
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Nota biograficzna doktoranta

Urodzona 11.05.1992 w Dgbnie. Ukonczyla studia na Wydziale Lekarskim z wyr6znieniem
w 2017 roku uzyskujac tytut lekarza. Nastgpnie odbywata staz podyplomowy w 4 Wojskowym
Szpitalu Klinicznym z Poliklinikg we Wroctawiu. W pazdzierniku 2018 roku rozpoczeta studia
doktoranckie w Katedrze 1 Zaktadzie Immunologii Klinicznej; od 2018 roku prowadzita zajecia
dydaktyczne zarowno w macierzystym zaktadzie (immunologia kliniczna), jak 1 w III Katedrze
i Klinice Pediatrii, Immunologii i Reumatologii Wieku Rozwojowego (propedeutyka pediatrii).
W 2020 r. otrzymata dofinansowanie w ramach projektu Mtodzi Naukowcy pt. ,,Ocena
wystepowania autoprzeciwciat oraz swoistych przeciwciat klasy IgE u pacjentow
z pierwotnymi niedoborami odpornosci”’. Od 2020 roku pracuje na Oddziale Immunologii
Klinicznej 1 Pediatrii, na co dzien zajmujac si¢ diagnostyka i1 leczeniem pacjentow
z pierwotnymi niedoborami odpornosci (PNO) oraz realizujac szkolenie specjalizacyjne
z pediatrii w trybie rezydentury. Jest autorka i wspotautorka kilku prac oryginalnych
publikowanych w indeksowanych czasopismach, m.in. Frontiers in Immunology, BMC
Immunology, Journal of Clinical Medicine, Children, Vaccines, Molecular Genetics
& Genomic Medicine, Psychiatria Polska. Jej zainteresowania badawcze skupiaja si¢
na temacie zaburzen regulacji immunologicznej, autoimmunizacji, chordb alergicznych

u pacjentéw z PNO.

Czlonek Polskiego Towarzystwa Pediatrycznego, w tym Komisji Rewizyjnej Dolnos$laskiego

Oddziatu Polskiego Towarzystwa Pediatrycznego
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Wykaz dotychczasowych osiggnig¢ doktoranta

Publikacje

e Autorka 10 publikacji, w tym 9 w indeksowanych czasopismach z IF.
Sumaryczne wartosci [F=37,383; MNiSW/KBN = 923.
Cytowania wedlug bazy Web of Science= 24; H-index = 4

Sposrdod publikacji z IF w 6/9 jestem autorem pierwszym i/lub korespondencyjnym.

e Autorstwo/wspolautorstwo 3 doniesien zjazdowych na konferencjach polskich
oraz zagranicznych.

Projekty badawcze

o  Wplyw krioterapii ogdlnoustrojowej na samopoczucie pacjentdw z tuszczyca stawowa
oraz pacjentéw z zaburzeniami nastroju” (Pbmn-167) — 2015-2016 r.

e Funkcje poznawcze a ekspozycja na skrajnie niskie temperatury” (ST-842) — 2015-2016
r.

e ,Ocena wystepowania autoprzeciwciat oraz swoistych przeciwciat klasy IgE u pacjentow
z pierwotnymi niedoborami odpornosci” (STM.A020.20.063) — 2020-2022 r.

Dzialalno$¢ w towarzystwach naukowych

e 2022 — obecnie — cztonek Komisji Rewizyjnej Dolnoslaskiego Oddziatu Polskiego
Towarzystwa Pediatrycznego

Liczba opublikowanych prac — 10:

1. Pieniawska-Smiech, K., Bar, K., Babicki, M., Smiech, K., & Lewandowicz-Uszynska, A.
(2020). Assessment of weight and height of patients with primary immunodeficiency disorders
and group of children with recurrent respiratory tract infections. BMC immunology, 21(1), 42.
2. Pieniawska-Smiech, K., Kuraszewicz, A., Sado, J., Smiech, K., & Lewandowicz-Uszynska,
A. (2021). Assessment of COVID-19 Incidence and the Ability to Synthesise Anti-SARS-CoV-
2 Antibodies of Paediatric Patients with Primary Immunodeficiency. Journal of clinical
medicine, 10(21), 5111.

3. Pieniawska-Smiech, K., Lewandowicz-Uszynska, A., Zemelka-Wiacek, M., & Jutel, M.
(2022). Serum Allergen-Specific IgE among Pediatric Patients with Primary
Immunodeficiency. Children (Basel, Switzerland), 9(4), 466.
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4. Pieniawska-Smiech, K., Pasternak, G., Lewandowicz-Uszynska, A., & Jutel, M. (2022).
Diagnostic Challenges in Patients with Inborn Errors of Immunity with Different Manifestations
of Immune Dysregulation. Journal of clinical medicine, 11(14), 4220.

5. Rymaszewska, J., Urbanska, K., Szczesniak, D., Pawtowski, T., Pieniawska-Smiech, K.,
Kokot, I., Pawlik-Sobecka, L., Ptaczkowska, S., Zabtocka, A., & Stanczykiewicz, B. (2019).
Whole-body cryotherapy - promising add-on treatment of depressive disorders. Krioterapia
ogolnoustrojowa — obiecujaca forma potencjalizacji leczenia zaburzen depresyjnych. Psychiatria
polska, 53(5), 1053-1067.

6. Biela, M., Rydzanicz, M., Szymanska, K., Pieniawska-Smiech, K., Lewandowicz-Uszynska,
A., Chruszcz, J., Benben, L., Kuzior-Plawiak, M., Szyld, P., Jakubiak, A., Szenborn, L., Ploski,
R., & Smigiel, R. (2021). Variants of ATP1A3 in residue 756 cause a separate phenotype of
relapsing encephalopathy with cerebellar ataxia (RECA)-Report of two cases and literature
review. Molecular genetics & genomic medicine, 9(9), e1772.

7. Kottan, S., Zietkiewicz, M., Grzesk, E., Becht, R., Berdej-Szczot, E., Cienkusz, M.,
Ewertowska, M., Heropolitanska-Pliszka, E., Krysiak, N., Lewandowicz-Uszynska, A., Mach-
Tomalska, M., Matyja-Bednarczyk, A., Milchert, M., Napidérkowska-Baran, K., Pieniawska-
Smiech, K., Pituch-Noworolska, A., Renke, J., Rolifiski, J., Rywczak, 1., Stelmach-Goldys, A.,
... Pac, M. (2022). COVID-19 in unvaccinated patients with inborn errors of immunity-polish
experience. Frontiers in immunology, 13, 953700.

8. Pieniawska K, Smiech K, Bar K, Pawlas K. Zawdd przed zawodem - czy wypalenie moze
objawia¢ si¢ juz na studiach? Badanie populacji polskich studentow medycyny. Medycyna
Srodowiskowa -Environmental Medicine. 2017;20:22-31.

9. Pasternak G, Pieniawska-Smiech K, Walkowiak M, Sado J, Pytel A, Jasifiska P, Kierbiedz-
Guzik N, Bolaczek P, Fleischer-Stepniewska K, Babicki M, Pento$ K, Lewandowicz-Uszynska
A. (2023). Before and After: Attitude and Adverse Effects Induced by the First and Second Doses
of mRNA BNT162b2 Vaccine among Healthcare Professionals in the First Weeks after Their
Introduction in Poland. Vaccines, 11(5):883.

10. Pieniawska-Smiech, K., Lewandowicz-Uszynska, A., Zemelka-Wiacek, M., & Jutel, M.
(2023). Assessment of autoantibodies in paediatric population with primary immunodeficiencies:

a pilot study. BMC Immunology. DOI: 10.1186/s12865-023-00543-6
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Liczba doniesien zjazdowych — 3

1.

Biela, M., Rydzanicz, M., Szymanska, K., Pieniawska-Smiech, K.,
Lewandowicz-Uszynska, A., Chruszcz, J., Szenborn, L., Jakubiak, A., Ptoski,
R., & Smigiel, R. (2022). Mutations of ATP1A3 in residue 756 cause a new
phenotype, case report and literature review. European Journal of Human
Genetics, 30, 308-309 poz.P10.009.A.

Rymaszewska, J., Szczesniak, D., Trypka, E., Urbanska, K., Stanczykiewicz,
B., Pieniawska, K., Ubysz, J., & Zablocka, A. (2017). Krioterapia
ogolnoustrojowa a funkcje poznawcze u 0séb z zaburzeniami pamigci - wyniki
wstepne. Current Problems of Psychiatry, 22.

. Pawlik-Sobecka, L., Ptaczkowska, S., Kokot, 1., Pieniawska, K.,

Stanczykiewicz, B., Szcze$niak, D., Urbanska, K., & Zabtocka, A. (2016).
Wholebody cryotherapy as a novel supplementary treatment of memory
deficits. W (Red.), World Psychiatric Association International Congress

., Psychiatry: integrative care for the community”. Cape Town, South Africa,
18-22 November 2016. Accepted oral and poster abstracts, symposia and
workshops NS - Neuroscience [online] (s. 4748 poz.670).

Rozdzial w monografii
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