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1. Wykaz stosowanych skrotow
AGE (ang. acute gastroenteritis)- ostra biegunka infekcyjna
PRISMA - Preferred Reporting Items for Systematic reviews and Meta-Analyses
SPIRIT - Standard Protocol Items: Recommendations for Interventional Trials
CONSORT - Consolidated Standards of Reporting Trials
RCT (ang. randomised controlled- trial)- badanie z randomizacja
ORS (ang. oral rehydration solution)- doustny ptyn nawadniajacy
ESPGHAN - European Society for Pediatric Gastroenterology, Hepatology and Nutrition
ESPID - European Society for Pediatric Infectious Diseases
IDSA - Infectious Diseases Society of America
NICE - National Institute for Health and Care Excellence
TLR - ang. Toll-like receptor
CR3 - ang. complement receptor 3

NK - ang. natural killer cell



2. Streszczenie w jezyku polskim

Niniejsza rozprawa obejmuje trzy publikacje dotyczace zastosowania B-glukanow

w leczeniu ostrej biegunki infekcyjnej u dzieci.

Ostra biegunka infekcyjna (ang. acute gastroenteritis, AGE) stanowi istotny problem
zdrowia publicznego na $wiecie i jest jedng z glownych przyczyn zachorowalnosci
1 $miertelno$ci w populacji dziecigcej. Chociaz doustne i dozylne nawodnienie skutecznie
zmniejsza $miertelno$¢ zwigzang z AGE, nie wplywa na przebieg samej choroby.
W zwigzku z tym istnieje pilna potrzeba opracowania nowych strategii terapeutycznych,
ktére nie tylko ztagodza objawy, ale rowniez wptyng na czas trwania choroby. W tym
konteks$cie wybraliSmy pleuran — B-(1,3/1,6)-D-glukan — jako potencjalny $rodek
terapeutyczny w leczeniu biegunki. Pleuran nalezy do grupy pB-glukanow, czyli
polisacharydow o wysokiej masie czasteczkowej, wystepujacych w rdéznych naturalnych
zrodlach, takich jak grzyby, bakterie czy zboza, ktore wykazujg szereg korzystnych
efektow, w tym wlasciwo$ci immunomodulujace. Pleuran znany jest ze swoich
wlasciwosci immunomodulujacych, wzmacniajagcych  naturalng odpowiedz
immunologiczng organizmu oraz korzystnego profilu bezpieczenstwa. Dotychczasowe
badania wskazywaty na jego skutecznos¢ w leczeniu infekcji wirusowych 1 bakteryjnych,

jednak jego znaczenie w leczeniu AGE nie zostato zbadane.

Celem tej serii artykuléw byla ocena dziatania przeciwinfekcyjnego B-glukanow,

na przyktadzie pleuranu w leczeniu AGE u dzieci.

Pierwsza pozycje cyklu publikacji stanowi przeglad literatury typu scoping review,
w ktorym podsumowalismy aktualng literature dotyczaca skutecznosci B-glukanow
w leczeniu infekcji u dzieci. Do przygotowania przegladu uzyto listy kontrolnej
PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses,
Extension for Scoping Reviews). Przeszukano bazy danych PubMed, Embase i Cochrane
do maja 2021 r., identyfikujac 6232 potencjalne publikacje, z ktorych dwanascie zostato
ostatecznie wiaczonych do analizy. Heterogeniczno$¢ analizowanych badan, obejmujaca
zaréwno rodzaje stosowanych preparatow, ich dawki, jak i protokoty badan, uniemozliwita

przeprowadzenie przegladu systematycznego zgodnego z przyjetymi standardami



metodologicznymi. W zwigzku z tym podj¢to decyzje o zastosowaniu przegladu typu
scoping review, ktory pozwala na szerszg eksploracje dostgpnych danych w warunkach
znacznej roéznorodnosci badanych zmiennych. W dziesigciu badaniach wykazano
skutecznos¢ B-glukanow w zmniejszeniu czestosci infekcji drog oddechowych
lub tagodzeniu objawow infekcji. Dziesi¢¢ badan potwierdzito dobrg tolerancje i profil
bezpieczenstwa. WysungliSmy wniosek, ze dobra tolerancja B-glukanow wskazuje
na pozytywny bilans korzysci i strat tego typu interwencji w leczeniu ostrych infekcji drog
oddechowych u dzieci. Chociaz wiadomo, ze -glukany dziataja przede wszystkim poprzez
stymulacje odpornos$ci w obrebie jelitowego uktadu chtonnego, dotychczasowe badania
nie analizowaly ich skuteczno$ci w leczeniu ostrych zakazen przewodu pokarmowego
u dzieci. Przeprowadzona analiza literatury pozwolifa nie tylko zidentyfikowac t¢ istotna
luke badawczg, ale rowniez pomogla w okresleniu odpowiedniej dawki B-glukanu

zastosowanej w naszym badaniu.

Druga publikacja jest to protokot badania majacego na celu oceng skutecznosci pleuranu
w skracaniu czasu trwania i fagodzeniu objawdw biegunki. Badanie bylo realizowane
w ramach grantu badawczego Fundacji Nutricia nr RG3-2018. Badanie zostato
zaprojektowane jako w pelni zaslepione badanie z randomizacja, kontrolowane placebo.
Opracowujac protokot wykorzystano listg kontrolng SPIRIT (Standard Protocol Items:
Recommendations for Interventional Trials). Przed rozpoczgciem rekrutacji badanie
zostato zarejestrowane w bazie Clinical Trials. Grupe badang stanowily dzieci w wieku
od 2 do 10 lat, ktére zglosily si¢ do szpitala z biegunka trwajaca od 24 do 72 godzin. Dzieci
spetniajace kryteria wiaczenia zostaly losowo przydzielone do grupy leczonej preparatem
pleuranu albo do grupy placebo. Wszyscy uczestnicy otrzymywali badany preparat
codziennie az do ustgpienia biegunki. Pierwotnym punktem koncowym byto okreslenie
czasu trwania biegunki — od jej poczatku do momentu unormowania konsystencji
i czgstotliwosci stolcow. Rekrutacja do badania rozpoczeta si¢ w czerwcu 2018 r.
1 zakonczyta w grudniu 2022 r. Z powodu niezadowalajgcego tempa 1 nieprzewidzianych
ograniczen w rekrutacji pacjentdw, protokot byt trzykrotnie modyfikowany w trakcie
realizacji badania. Wprowadzone zmiany obejmowaly rozszerzenie kryterium wieku

uczestnikow z pierwotnego zakresu 2—6 lat do 2—-10 lat oraz dodanie dwdéch nowych



osrodkow rekrutujacych. Kazda z modyfikacji zostata zatwierdzona przez Komisje

Bioetyczng Warszawskiego Uniwersytetu Medycznego.

Wyniki badania przedstawiono w trzecim artykule. Badanie zostalo opisane zgodnie
z wytycznymi CONSORT. Wziglo w nim udziat 27 dzieci w wieku 2-10 lat, ktére losowo
przydzielono do grupy eksperymentalnej (grupa A, 13 pacjentéw) albo kontrolnej (grupa
B, 14 pacjentéw). Jedno dziecko zostato wykluczone z analizy z powodu utraty kontaktu
z opiekunami. Punktami koncowymi byly: czas trwania biegunki, koniecznosé
nawodnienia  dozylnego, dlugos¢ hospitalizacji oraz nasilenie  objawoOw.
Nie zaobserwowano istotnych réznic migdzy grupami w zakresie punktow koncowych.
Zgloszono jedno tagodne dziatanie niepozadane (wysypke) w grupie eksperymentalne;.
W toku badania wykazano, ze pleuran nie skraca czasu trwania AGE ani nie tagodzi jej
objawow u dzieci. Zgodnie z naszg wiedza, byla to pierwsza i jedyna randomizowana,
kontrolowana placebo proba kliniczna oceniajgca skuteczno$¢ pleuranu lub innych
B-glukanéw w leczeniu ostrej biegunki infekcyjnej u dzieci. Silnymi stronami badania byt
jego randomizowany, w pelni zaslepiony i kontrolowany placebo charakter. Wdrozenie
listy kontrolnej SPIRIT i wytycznych CONSORT zapewnito prawidlowa metodyke
badania i raportowania wynikow. Zastosowanie blokowej randomizacji ze stratyfikacja
zapewnito roOwnomierne rozmieszczenie uczestnikow z krocej, jak i dluzej trwajaca
biegunka pomigdzy badanymi grupami. Pomimo niewielkiej liczby uczestnikow, badanie
to moze stanowi¢ punkt wyjscia dla przysztych badan. Na podstawie zdobytego
doswiadczenia 1 piSmiennictwa zidentyfikowali§my kluczowe obszary wymagajace

dalszych poszukiwan w zakresie leczenia AGE.



3. Streszczenie w jezyku angielskim.

The effectiveness of pleuran in treatment of acute gastroenteritis in children- a randomised,

placebo-controlled, double-blind trial

The present thesis comprises three publications on the use of B-glucans in the treatment

of acute infectious diarrhoea in children.

Acute gastroenteritis (AGE) is a significant global health concern, representing one
of the foremost causes of morbidity and mortality in paediatric population. While oral and
intravenous rehydration have proven effective in reducing mortality associated with AGE,
they do not address the progression of the disease itself. Consequently, there is an urgent
need for new therapeutic strategies that can not only alleviate symptoms, but also impact
the course of the illness. In this context, pleuran, a -(1,3/1,6)-D-glucan, has been selected
as a potential therapeutic agent for diarrhoea. Pleuran belongs to B-glucans, a group
of high-molecular-weight polysaccharides found in various natural sources such as fungi,
bacteria, and cereals, which have demonstrated a range of beneficial effects, including
immunomodulatory properties. Pleuran is recognized for its immunomodulatory
properties, which have been shown to enhance the body's natural immune response.
It is also known to present a strong safety profile. Previous studies have demonstrated its
efficacy in treating viral and bacterial infections. Notwithstanding its extensive range
of beneficial effects, the effectiveness of pleuran in the treatment of AGE has not yet been
investigated. Presented series of articles aims to evaluate the anti-infective activity

of B-glucans, basing on pleuran in gastrointestinal infections in children.

The initial publication was a scoping review on anti- infective properties of -glucans
in children. We summarized the current literature on the topic focusing exclusively
on clinical trials. We used the PRISMA-ScR (Preferred Reporting Items for Systematic
reviews and Meta-Analyses, Extension for Scoping Reviews) to prepare the review.
We performed an electronic search of PubMed, Embase, and Cochrane databases
up to May 2021, identifying 6,232 relevant studies, of which twelve were ultimately
included in the analysis. The type of preparation, doses and study designs varied between

studies, which was the reason for summarizing results in design of scoping review instead
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of systematic review. Ten out of twelve trials demonstrated the effectiveness of B-glucans
in reducing the incidence of respiratory tract infections or alleviating symptoms of upper
respiratory tract infections. Ten out of twelve studies have reported a good tolerance and
safety profile. We concluded that good tolerance of B-glucans shows a favourable benefit-
risk ratio of this type of intervention in the treatment of acute respiratory infections
in children. Although it is known that B-glucans primarily act by stimulating the immune
system within the gut-associated lymphoid tissue, previous studies have not evaluated their
effectiveness in the treatment of acute gastrointestinal infections in children. Our literature
review not only identified this important research gap but also supported determining

the appropriate dose of B-glucan used in our study.

The second manuscript is a protocol for a study that aimed to evaluate the efficacy
of pleuran in reducing the duration and symptoms of diarrhoea. The present study has been
designed as a fully blinded, placebo-controlled, randomised clinical trial. The Standard
Protocol Items: Recommendations for Interventional Trials (SPIRIT checklist) was used
when writing the protocol. Before recruitment, the trial was registered in the Clinical Trials
database. The study group comprised children aged between 2 and 10 years who presented
to the hospital with diarrhoea lasting between 24 and 72 hours. Children eligible for the
study were randomised to the active treatment group, which received the pleuran
preparation, and the placebo group, which received a placebo preparation. All participants
received daily study preparation until the diarrhoea subsided. The primary endpoint was
defined as the duration of diarrhoea, measured from the onset to the normalization of stool
consistency and frequency. The study's recruitment started in June 2018 and was completed
in December 2022. Due to the unsatisfactory pace of patient recruitment, the study protocol
was modified three times during the course of the trial. The changes included expanding
the age range of eligible participants from the original 2—6 years to 2—10 years, as well as
adding two additional recruitment centres. Each modification was approved

by the Bioethics Committee of the Medical University of Warsaw.

The results of this study were presented in the third manuscript. The study was reported
in accordance with the CONSORT Statement. We have enrolled 27 children, who were

randomly assigned to either the experimental group (Group A, 13 patients) or the control
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group (Group B, 14 patients). One patient was excluded from the analysis due to a loss
of contact with caregiver. The study assessed the duration of diarrhoea, intravenous
rehydration, hospitalization, and symptoms improvement but did not find any significant
differences in clinical outcomes between the two groups. One mild adverse event (rash)
was reported in the experimental group. We demonstrated that pleuran was ineffective
in shortening the duration of AGE and alleviating its symptoms in a paediatric population.
To the best of our knowledge, this was the first and only randomised controlled trial (RCT)
to evaluate the efficacy of pleuran or other B-glucans in the treatment of acute
gastroenteritis in children. The strength of this trial lies in its randomised, fully blinded,
placebo-controlled design. The implementation of both the SPIRIT Checklist
and the CONSORT Statement ensured the correct methodology of study commencement
and result reporting. The stratified randomisation process was utilised to ensure an equal
distribution of children with shorter and longer durations of diarrhoea between
the experimental and control groups. Despite the small sample size, this study serves
as a pilot for future research. Based on our experience and existing literature, we have

identified key areas for future research on the management of acute gastroenteritis.
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4. Wstep

Ostra biegunka infekcyjna pozostaje waznym problemem zdrowotnym, istotng przyczyna
hospitalizacji, a w krajach rozwijajacych si¢ jedng z wiodacych przyczyn umieralnosci
dzieci (1). W ciagu kazdego roku ostra biegunka dotyka blisko 500 milionéw dzieci
na $wiecie 1 jest przyczyng okoto 3,2 miliona zgondéw dzieci ponizej 5 roku zycia (2).
Ryzyko zachorowania, ci¢zkiego odwodnienia oraz zgonu w przebiegu biegunki jest

najwigksze w grupie najmtodszych pacjentéw, zwlaszcza < 5 roku zycia.

Cho¢ $miertelnos¢ z powodu biegunki infekcyjnej w krajach o wysokich dochodach jest
niewielka, choroba ta jest jedng z najczgstszych przyczyn konsultacji pediatrycznych
oraz hospitalizacji, przez co generuje istotne koszty obstugi systemu opieki zdrowotne;.
Zgodnie z raportem Narodowego Instytutu Zdrowia Publicznego w 2023 roku liczba
zachorowan na ostrg biegunke infekcyjng w grupie dzieci < 2 roku zycia w Polsce wynosita
20796, z czego az 12269 pacjentow hospitalizowano (59%) (3). W Stanach Zjednoczonych
liczba hospitalizacji z powodu biegunki u dzieci < 5 roku zycia wynosi 150 000 rocznie,
co stanowi 13% wszystkich hospitalizacji w tej grupie wiekowej (1). W krajach Unii
Europejskiej 6-11% hospitalizacji dzieci < 5 roku zycia spowodowanych jest biegunka
infekcyjng (4). Przedtuzajaca si¢ hospitalizacja, poza ogromnymi kosztami, wigze si¢
rowniez z innymi zagrozeniami dla dziecka, m.in. ekspozycja na inne czynniki infekcyjne,
stres, utrzymywanie doj$¢ dozylnych zwigzane z ryzykiem zakazenia odcewnikowego.

Czas trwania choroby dziecka wplywa réwniez na dtugo$¢ absencji opiekuna w pracy.
Leczenie ostrej biegunki u dzieci

Zdecydowana wigkszo$¢ hospitalizacji zwigzanych z ostrg biegunkg infekcyjng jest
spowodowanych niepowodzeniem nawadniania doustnego. Udokumentowang podstawe
leczenia i jednocze$nie jedyny $rodek ograniczajacy $miertelno$¢ w przebiegu ostrej
biegunki stanowi nawadnianie dziecka, preferencyjnie doustnymi ptynami
nawadniajacymi (ORS, ang. oral rehydration solution). ORS nie skracaja jednak czasu
trwania biegunki oraz stopnia jej nasilenia (5). Probiotyki moga skraca¢ czas hospitalizacji
1 fagodzi¢ objawy AGE u dzieci, jednak zalecenia dotyczace ich stosowania sg niespojne.

Europejskie Towarzystwo Gastroenterologii, Hepatologii i Zywienia Dzieci (ESPGHAN,
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ang. European Society for Pediatric Gastroenterology, Hepatology, and Nutrition) oraz
Europejskie Towarzystwo Chordb Zakaznych Dzieci (ESPID, ang. European Society for
Pediatric Infectious Diseases), a takze Amerykanskie Towarzystwo Chordb Zakaznych
(IDSA, ang. Infectious Diseases Society of America), obecnie rekomendujg stosowanie
czterech szczepow probiotycznych w AGE: Lacticaseibacillus rhamnosus GG
1 Saccharomyces boulardii (zalecenie silne) oraz Limosilactobacillus reuteri DSM 17938
i Lacidophilus LB (zalecenie stabe) (6-8). Autorzy tych wytycznych ocenili jako$¢
dowodow jako niskg lub bardzo niska. W przeciwienstwie do powyzszego, brytyjski
instytut NICE (ang. National Institute for Health and Care Excellence) uznal, ze dostgpne
dane sg niewystarczajace, by rutynowo zaleca¢ probiotyki w leczeniu AGE (9). Zgodnie
z wytycznymi ESPGHAN/ESPID, diosmektyt i racekadotryl moga by¢ stosowane
w leczeniu AGE zaréwno u dzieci hospitalizowanych, jak i leczonych ambulatoryjnie
(5,8,9). Dieta bez laktozowa moze skréci¢ czas trwania biegunki, ale tylko u pacjentow
hospitalizowanych (10). Wiekszo$¢ zalecen nie popiera rutynowej suplementacji cynku
w krajach o wysokim dochodzie, cho¢ moze ona przynies¢ korzysci dzieciom w krajach
rozwijajacych sie (5,7,11). Brakuje wystarczajacych dowodow, by rutynowo zalecaé
stosowanie innych terapii, takich jak: symbiotyki, prebiotyki, tanina, wegiel aktywowany
czy kaolin-pektyna. Konieczne sg proby identyfikacji innych metod terapeutycznych

skutecznych w skrdceniu i zmniejszeniu nasilenia objawow biegunki (5).
Dzialanie pleuranu

Pleuran (B-(1,3/1,6)-D-glukan) jest nierozpuszczalnym polisacharydem nalezacym
do grupy polimerow glukozy powszechnie nazwanych [-glukanami (12). Jest
otrzymywany z popularnego grzyba boczniaka ostrygowatego (Pleurotus ostreatus).
Podobnie jak inne B-glukany, pleuran wykazuje dzialanie immunomodulujace poprzez
aktywacje komorek odpornosciowych w kepkach Peyera w jelicie kretym. Boczny tancuch
B-1,3-glukanu wiaze si¢ z glikoproteinowymi receptorami Dectin-1, TLR (ang. Toll-like
receptor), CR3 (ang. complement receptor 3) na powierzchni makrofagéw, monocytow
oraz komorek dendrytycznych, pobudzajac ich zdolnosci fagocytarne oraz stymulujac
je do produkcji cytokin zapalnych, gtownie TNFa, IL-2, IL-10, IL-12 (13). Cytokiny

te aktywuja humoralng odpowiedz immunologiczng organizmu poprzez mobilizowanie
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limfocytow B, jak roéwniez wzmagaja mechanizmy odpornosci komoérkowej stymulujac
komorki NK (ang. natural killer) (13). Bezposrednie dziatanie komorek dendrytycznych
na limfocyty T oraz B-glukandw na receptory powierzchniowe neutrofili potgguje

odpowiedz komorkowa (13).
Zastosowanie pleuranu w dotychczasowych badaniach

Dotychczas, w grupie dzieci, przeprowadzono jedno wieloosrodkowe, podwdjnie
zaslepione badanie z randomizacja, oceniajace skuteczno$¢ przewleklego stosowania
preparatu pleuranu (przez okres 6 miesigcy) w zapobieganiu nawrotom infekcji drog
oddechowych. W grupie 175 pacjentow w wieku 2-10 lat wykazano zmniejszenie
zapadalnosci na infekcje drog oddechowych w grupie eksperymentalnej w poréwnaniu
do grupy kontrolnej (otrzymujacej placebo). Odnotowano réwniez modulacje zar6wno
komoérkowej jak i humoralnej odpowiedzi immunologicznej w grupie przyjmujacych
pleuran (zwigkszenie poziomu immunoglobulin G oraz M, przyrost catkowitej liczby
komorek NK) (14). Wyniki te nalezy jednak traktowaé z ostrozno$cia z uwagi
na ograniczenia metodologiczne badania. Autorzy wieloosrodkowego badania
obserwacyjnego typu open-label wykazali statystycznie istotne ograniczenie liczby
zakazen droég oddechowych u dzieci po co najmniej 3 miesigcach suplementacji pleuranem,
w porownaniu do tej samej grupy dzieci w analogicznym okresie roku poprzedzajacego
badanie (n = 1030) (15). W kolejnym badaniu zaobserwowano skrocenie czasu trwania
infekcji wirusem opryszczki po krotkotrwatym stosowaniu pleuranu, a takze redukcje
czasu trwania objawow infekcji gornych drog oddechowych po dluzszej suplementacji —
zardbwno u dzieci powyzej 6. roku zycia, jak 1 u 0s6b dorostych (16). W 2016 roku
opublikowano wyniki wieloosrodkowego badania typu ,,Split-body”, oceniajacego
skuteczno$¢ kremu z pleuranem w lagodzeniu objawow i dolegliwosci zwigzanych
z tagodnym i umiarkowanym atopowym zapaleniem skoéry u dorostych. Wykazano
skrocenie czasu trwania zaostrzen, zmniejszenie obszaru zmian skornych oraz
ograniczenie $wigdu w obrgbie skory traktowanej pleuranem (17). Kolejne dwa badania
przeprowadzono w grupie dorostych sportowcoéw, wykazujac istotne zmniejszenie liczby

infekcji drég oddechowych u badanych w poréwnaniu z grupa kontrolng przy przewleklym
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stosowaniu pleuranu (18,19). Oceniajgc wybrane parametry immunologiczne, wykazano

wzrost liczby komorek NK oraz dziatanie regulujace proces fagocytozy (19).

Tolerancja pleuranu

W powyzszych badaniach kontrolowano réwniez skutki uboczne stosowania pleuranu.
Nie zanotowano zadnych istotnych dziatan niepozadanych substancji, zardwno u dzieci

(14,15), jak 1 u dorostych (19).
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5. Celi uzasadnienie struktury pracy doktorskiej

Niniejsza rozprawa doktorska zostata zorganizowana w formie cyklu trzech powigzanych
publikacji naukowych, ktore wzajemnie si¢ uzupetniajac, kompleksowo omawiajg
immunomodulujace dziatanie B-glukanow - naturalnych polisacharydéw pochodzacych
z grzybow o potwierdzonej aktywnos$ci biologicznej w ostrych zakazeniach przewodu
pokarmowego u dzieci. Wybor powyzszej struktury wynika z potrzeby systematycznego
podejscia do problematyki, ktore obejmuje zardwno aspekty teoretyczne, metodologiczne,

jak 1 praktyczne zastosowania kliniczne badanych zwigzkow.
Nadrzedne cele badawcze i hipotezy

Gléwnym celem tej pracy jest ocena potencjatu terapeutycznego pleuranu w leczeniu
choréb infekcyjnych przewodu pokarmowego u dzieci. Badania zostaly zaprojektowane
w oparciu o hipotezg, ze pleuran wykazuje korzystne dzialanie immunomodulujace, ktore
moze by¢ wykorzystane w terapii wspomagajacej dzieci z ostrg biegunkg - moze skréci¢
czas trwania biegunki i zlagodzi¢ jej objawy, a tym samym stanowi¢ warto$ciowe

uzupetnienie obecnie stosowanych terapii w ostrym niezycie zotadkowo-jelitowym.
Metodologia integrujaca poszczegolne publikacje

Wszystkie trzy publikacje laczy racjonalna metodologia badawcza - od przegladu
pismiennictwa (Publikacja 1) i opracowania protokolu badania (Publikacja II),
do przeprowadzenia badania klinicznego z randomizacja (Publikacja IIT). Punktem wyjscia
byta hipoteza o immunomodulujacych whasciwosciach B-glukanow, ktore moga okazacd si¢
korzystne w ostrym niezycie zotadkowo-jelitowym. Nastgpnie przeanalizowano aktualny
stan wiedzy 1 opracowano protokot badania klinicznego, by finalnie przetestowac hipoteze

w badaniu klinicznym randomizacjg.
Charakterystyka poszczegolnych publikacji i ich wzajemnych relacji

Pierwsza publikacja przedstawia podsumowanie mechanizméw przeciwinfekcyjnego
dziatania B-glukanoéw, opartych na wynikach badan prowadzonych zardéwno in vitro,
jak 1 in vivo. Nastgpnie, przeprowadzony zgodnie z zaleceniami PRISMA przeglad

literatury pelni funkcje kluczowego ogniwa taczacego podstawy teoretyczne z ich
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potencjalnym zastosowaniem klinicznym, dostarczajac informacji na temat efektywnosci
terapeutycznej oraz profilu bezpieczenstwa analizowanej substancji czynnej (20).
Uzyskane wyniki stanowity podstawe do okreslenia dawki zastosowanej w projekcie

badania klinicznego.

Druga publikacja stanowi fundamentalne opracowanie protokotu randomizowanego,
podwojnie zaslepionego badania klinicznego, ktore definiuje standardy metodologiczne
dla catego projektu. Publikacja ta nie tylko przedstawia szczegdtowy plan badawczy,
ale réwniez uzasadnia wybor populacji docelowej oraz kryteria wlaczenia 1 wylaczenia
pacjentow. Protokdét ten byl podstawa dla realizacji badania klinicznego opisanego
w trzeciej publikacji i zostal opracowany zgodnie z wytycznymi SPIRIT oraz zatwierdzony

przez uczelniang Komisje Bioetyczng (21).

Trzecia publikacja prezentuje wyniki zaprojektowanego badania klinicznego
z randomizacja, ktére jako pierwsze ocenito skuteczno$¢ pleuranu w leczeniu ostrych
zakazen przewodu pokarmowego u dzieci. Zostala przygotowana zgodnie z zaleceniami

CONSORT (22). Badanie to stanowi kulminacje catego cyklu prac.
Oryginalny wklad naukowy i znaczenie praktyczne

Cykl publikacji wnosi istotny wktad do aktualnej wiedzy na temat zastosowania
B- glukanow w zakazeniach w populacji dzieciecej, skupiajac si¢ na ostrej biegunce
infekcyjnej. Na tle dotychczasowej wiedzy, ktéora koncentrowata si¢ gléwnie
na immunomodulacyjnym dzialaniu pleuranu w profilaktyce zakazen drog oddechowych,
jako pierwsi przeprowadziliSmy badanie z randomizacja oceniajgce skuteczno$¢ tego
preparatu w leczeniu ostrego niezytu zotagdkowo-jelitowego. Praca wyrdznia si¢ nie tylko
innowacyjnym zastosowaniem znanej substancji w nowym wskazaniu klinicznym.
Uzyskane wyniki dostarczaja nowych, oryginalnych danych na temat potencjatu
terapeutycznego pleuranu i mogg stanowi¢ podstawe do dalszych badan oraz aktualizacji

zalecen klinicznych dotyczacych wspomagajacego leczenia AGE u dzieci.
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6. Kopie opublikowanych prac

Review

The anti-infective effect of
B-glucans in children

A scoping review

Katarzyna Wzorek-tyczko®, Weronika Wozniak®, Anna Piwowarczyk®, and Ernest Kuchare

The Department of Pediatrics with Clinical Assessment Unit, Medical University of Warsaw, Poland

Abstract: Bockground: B-glucans are bioactive B-D-glucose polysaccharides of natural origin, presenting antimicrobial and immunomadu-
lation properties. with a low risk of toxicity. Objectives: This scoping review aims to present the current knowledge on the anti-infective
properties of B-glucans in the pediatric population. Methods: We used the PRISMA Extension far Scoping Reviews Checklist to prepare this
review. Studies were identified by electronic searches of Pubmed, Embase, and Cochrane databases up to May 2021. Results: The primary
search allowed us to find 6232 studies, twelve of which were finally included in the analysis. Eight studies were designed as randomized,
placebo-controlled trials, while in four studies the intervention outcome was compared with the pre-intervention period in the same group. The
type of preparation and doses varled between studies: in five trials pleuran was administered (in dose 10 mg/6 kg of body weight/day), and in
ane study baker's yeast B-glucan was used (in two doses: 35 mg/day and 75 mg/day). In six other studies, the analyzed preparation comprised
B-glucan and other substances. The shortest study lasted seven days, while the most prolenged intervention lasted six months, followed by six
manths of fallow-Up. Ten out of twelve trials demaonstrated the effectiveness of B-glucans in reducing respiratory tract infection incidence ar
alleviation of upper respiratory tract infection symptoms. Ten out of twelve studies have reported a good tolerance and safety profile.
Conciusions: Good tolerance of f-glucans shows a faverable benefit-risk ratio of this type of intervention. Nevertheless. further monitaring of
their efficacy and safety in high-guality research is necessary.

Keywords: pleuran, immunomodulation, bioactivity, polysaccharides

b

Introduction

B-glucans belong to a bivactive B-D-glucose polysaccha-
rides of fungal, bacterial, yeast or oat origin. Depending
on their biochemical structure, they can trigger non-specific
reactions of different groups of cells, stimulating an
immune response to tumor cells, and infective agents.
Besides antitumor, immunomodulatory, hypocholes-
terolemic, and hypoglycemic effects, [B-glucans also
demonstrate anti-infective properties [1, 2]. They appear
to be attributed to the immunomodulating effect, but -glu-
cans’ direct antimicrobial and antiviral activity have also
been suggested. The source of B-glucans is edible mush-
rooms and cereals, making them easily obtainable, and
reducing concerns about their safety [2]. The antimicrobial
and immunomodulating properties of B-glucans, together
with no known signs and symptoms of their toxicity, make
them perfect candidates for an anti-infective product. Sev-
eral trials concerning the effectiveness of B-glucans in the
treating and preventing infections have been conducted
[3-36]. In this article, we focus on the pediatric population,
as children belong to the patients with one of the highest
incidences of infections. Due to the limited data on this
topic, the high heterogeneity of the design, and the type of

@ 2023 Hogrefe

intervention, it is impossible to quantitatively summarize
data or make specific recommendations to practitioners,
as with a systematic review. Therefore we present a scoping
review to summarize the current literature concerning the
anti-infective efficacy of §-glucans in children and to iden-
tify the direction for further research.

Background

The properties of B-glucans strongly depend on their
source, structure and physicochemical characteristics.
Linear B-glucans (without branches) are found mainly in
bacteria and cereal grains (oats and barley), while branched
B-glucans usually occur in mushrooms (short B-1,6-side
chains) and yeasts (long B-1,6-side chains) [37]. Only
B-1,3-glucans with B-1,6-side chains are recognized by
immune cells. Therefore they are critical features of
immunomodulating polymers, determining their bioactiv-
ity [38, 39]. Medium or large molecular weight polymers
present higher immunomodulating activity [1, 40]. On the
other hand, low molecular weight of p-glucan is associated
with better solubility, which makes the compound easier to
disperse in food. In contrast to double helix and random
coil, a triple helix conformation in the aquatic environment

Int J Vitam Nutr Res {(2023), 1-12
https://doi.org/10.1024/0300-0831/a000703
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has been correlated with the highest immunostimulatory
activity [1, 40, 41]. The most active polysaccharides gener-
ally have a small degree of branching (between 20% and
33%) [40]. The type and composition of sugar or non-sugar
components influence B-glucans’ bioactivity [1]. The differ-
ence in immunomodulatory properties between water-
soluble and insoluble B-glucans suggests, that they may
act through different mechanisms: insoluble B-glucans bind
preferably to the Dectin-1. In contrast, soluble p-glucans
stimulate immune response via the CR3 receptor [42].
Among the best known and described bioactive p-glucans
are lentinan (from Lentinus edodes), schizophyllan (from
Schizophyllum commune), scleroglucan (from Sclerotium
glucanicum), ganoderan (from Ganoderma lucidum),
pleuran (from Pleurotus ostreatus), and zymosan (from
Saccharomyces cerevisiae) [1].

The immunomodulatory mechanisms of B-glucans rely
on their ability to activate innate and adaptive immune
responses. Since f-glucans are molecules of bacterial, fun-
gal, yeast or oat origin, and never naturally occur in the
human body, they are recognized through pattern recogni-
tion receptors (PRRs) as pathogen-associated molecular
patterns (PAMPs) and trigger a group-specific innate
immune response [43]. Studies have shown various glu-
can-binding sites on immune cells, the most studied being
the Dectin-1 receptor [44, 45, 46]. Dectin-1, a transmem-
brane proteinreceptor expressed on macrophages, granulo-
cytes and dendritic cells’ surface, plays a erucial role in
triggering an innate immune response by [-glucans,
enhancing both phagocytic process and pro-inflammatory
factors production [42, 43, 47, 48, 49, 50]. A signalling path-
way follows Dectin-1 activation and leads to the release of
cytokines, including interleukin (IL)-12, IL-6, tumor necro-
sis factor (TNF)-¢t, and IL-10 [42]. Cytokine release and
direct contact of B-glucan's fragments with the CR3
receptor on the surface of NK cells activate them [1, 50].
Furthermore, the stimulating effect of p-glucans on
B lymphocytes in terms of pro-inflammatory cytokine pro-
duction, immunoglobulins expression and induction of
neutrophil chemotaxis has been described [1, 51]. Another
interesting mechanism of f-glucans is immunopotentiation
of mucosal immunity, discovered as an increase in epithe-
lial lymphocyte count in the digestive system and stimula-
tion of interferon-Y production in mice after a 1-week
course of orally administered B-glucan [52]. The next excit-
ing hypothesis on B-glucans concerns their capability to
induce innate immune memory called Trained Immunity.
Based on it, after contact with a certain stimulus, the innate
immune cells go through metabolic, mitochondrial and
epigenetic transformations, followed by a phenotype
memory of enhanced immune responses when exposed to
a secondary, heterologous agent [53]. Regarding adaptive
immunity, some studies showed that B-glucans could

Int.J Vitarn Nutr Res (2023), 1-12

stimulate T helper cells by binding to the histocompatibility
complex class II on antigen-presenting cells. Further
observation revealed increased T cell activity and
interferon-Y production following its interaction with the
B-glucan - dendritic cell complex [54].

Antiviral properties of B-glucans

Several in vitro and animal model studies have shown the
antiviral properties of B-glucans against hepatitis type B
virus [15], herpes simplex virus type 1 (HSV-1) [16, 17, 20,
21], influenza virus [18], hepatitis type C virus [19], western
equine encephalitis virus, measles virus, mumps virus [21],
rubella virus [22], rabies virus [23]. Although some of these
studies have demonstrated the direct antiviral effect of
glucans, in others the observed result may be due to the
immunomodulatory activity of those polysaccharides.

Objectives

This review aims to present current literature on clinical
trials investigating the anti-infective effect of p-glucans in
the pediatric population and answer the research question:
Are f-glucans effective in preventing and treating infec-
tious diseases in children? We have focused on studies that
reported at least one clinical outcome.

Methods

To prepare this article we have used The Preferred Report-
ing Items for Systemic Reviews and Meta-Analysis, an
extension for Scoping Reviews (PRISMA-ScR) Checklist
[55].

The study protocol was prepared before the study com-
mencement, but it still needs to be published. However, it
is available from the corresponding author on request.

Studies for this review were identified by conducting
electronic searches of PubMed, Embase, and Cochrane
databases, from their inception to May 2021. A trained
librarian developed the search strategy, which can be found
in this article’s Electronic Supplementary Material (ESM) 1.
For the primary search, we have used rather general key-
words, due to the heterogeneous terminology applied in
research on the anti-infective effects of f-glucans. We have
removed duplicates. We compared authors, locations,
dates, and sample sizes to identify identical studies in case
of uncertainty. Despite different publications, we consid-
ered the studies identical if their sample sizes and exact
results matched. After reviewing the titles and abstracts,
we have selected only clinical trials assessing the anti-infec-
tive effect of B-glucans in children. Studies investigating
other aspects of B-glucans, based on the adult population,
and those assessing only laboratory outcomes with no

@ 2023 Hogrefe
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clinical ones, were excluded from the review. The reference
lists of the selected articles and relevant reviews were
checked for additional sources that were not initially found
in the search. The most recent research was performed on
the 7" of May 2021. Studies were selected based on the
following inclusion criteria:
1. Studies demonstrate an anti-infective effect of
B-glucans (including treatment and preventive properties).
2. Clinical trials with at least one clinical outcome.
3. Studies on children population (until 18 years of age).
4. Studies published up to May 2021.

The search was not limited by language or study design.

Two researchers (WW, KWL) independently reviewed
the selected articles for studies that met the inclusion crite-
ria. Discrepancies over study selection or data extraction
were discussed between all the authors (WW, KWE, AP,
EK) and resolved through consensus. KWE developed a
data-charting form. The two reviewers independently
charted the data from each eligible article and discussed
the results. Any disagreements were resolved through dis-
cussion between the two reviewers. We have abstracted
data on country of origin, study design, study population,
used intervention, treatment indication, treatment dura-
tion, follow-up, and primary outcomes. The data extracted
from the source of evidence are presented in Table 1, and in
a narrative form.

Results

The primary search allowed us to find 6232 studies (2126 in
PubMed, 3869 in Embase, and 237 in Cochrane) to be
retrieved and assessed for eligibility. After removing dupli-
cates we selected 4842 studies. In the titles and abstracts
revision, 20 studies met inclusion criteria and were referred
for full-text reading. After full-text reading nine articles
were excluded (reasons for exclusion are presented in Flow
Chart (Figure 1). The analysis of reference lists of selected
articles, and relevant reviews has revealed one additional
study, that was not initially found in the search. Therefore,
we considered 12 studies to be eligible for this review.
Additionally, we have identified one currently ongoing
study concerning the anti-infective effect of B-glucans
[56]. Characteristics of included studies are presented in
Table 1. The selection process is presented in Flow
Chart (Figure 1).

Studies included

Twelve studies were considered to be eligible for this
review. Accordingly, we have identified six double-blind,
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placebo-controlled, randomized trials (RCT) [3, 4, 9, 10,
13, 14], four open-label prospective studies [5, 6, 7, 8],
and two randomized, placebo-controlled, open-label
trials investigating the anti-infective effect of B-glucans
[11,12].

Study population

The patients’ age varied in all the studies, but only in one
participants were younger than one year [14]. In 11 of 12
enrolled studies, the study population included only
children, with a maximum age of 12. One trial included
children older than six years old, and adults [13]. In
7/12 trials, the inclusion criterion was the history of recur-
rent respiratory infections in the previous year [3, 6, 7, 8,
12], season [5], or months preceding the study [4]. The
remaining 5/12 studies included healthy individuals only,
with no history of recurrent respiratory tract infections
(RRTI). RRTI definitions varied between studies.

Type of preparation and the route of
administration

In six trials, f-glucans were administered as a single
preparation. In five of them, pleuran [3, 5, 6, 7, 13], and in
one baker's yeast B-glucan wasused [4]. In six other studies,
the analyzed preparation was composed of -glucan and
other substances: a fortified formula with docosahexaenoic
acid, a prebiotic blend of polydextrose and galactooligosac-
charides [9, 10], a herbal mixture with Echinacea angustifo-
lia, Arabinogalactan, Acerola (Vitamin C), Zinc [8];
Carboxymethyl-p-glucan combined with Resveratrol [12,
14] or Colloidal silver [11]. In three trials, a topical
(intranasal) B-glucan preparation was used [11, 12, 14]. In
the remaining nine studies, the route of administration
was oral.

Outcomes

The incidence of respiratory tract infection (RTI) was the
primary outcome assessed in 10/12 studies, but endpoints
and outcome measures were variable. Among those trials,
8 demonstrated a positive effect of f-glucan on RTI inci-
dence reduction [3, 4, 5, 6,7, 8, 9, 12]. In two studies, there
was no significant difference between active and placebo
groups regarding RTI prevalence [10, 13]. Two studies
demonstrated the efficacy of f-glucan in upper respiratory
tract infection (URTI) symptom alleviation [11, 14].

Apart from RTI incidence, other outcomes were also
described. One study demonstrated a shorter duration of
HSV-linfection symptoms in patients treated with §-glucan
[13]. 4/12 trials demonstrated fewer missed days in dayecare

Int J Vitarn Nutr Res (2023), 1-12
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Figure 1. Flow chart.

after treatment with B-glucan [5, 7, 9, 12]. The reduction
of complementary treatment use was described in
4/12 studies: antibiotics [8, 9, 12], anti-inflammatory, and
antipyretic drugs [12]. In one trial, the kind of medication
was not specified [7]. The pediatricians’ opinion about the
supplementation effectiveness was considered in one study
[3]. Two studies described the positive parents’ opinions
about the product and their satisfaction with the improve-
ment after supplementation [7, 8]. One trial considered
Rhinovirus detection and cytokine expression in nasal
swabs after 48 h and seven days of URTI treatment. How-
ever, the authors found no difference between the study,
and control groups [14].

Adverse events (AE)

10/12 studies reported a good safety profile of the interven-
tion. In § trials, no adverse events were observed [3, 5, 6, 8,
12, 14] or no statistically significant differences between
active and placebo groups [11, 13]. In 3 studies, mild, episo-
dic adverse events were observed: one episode of vomiting
[4], five episodes of thrush [10], and one non-specified epi-
sode, classified as ‘with a possible relationship with supple-
ment’ [7]. Inone study, 10 participants in the placebo group
and 2 in the active group experienced at least one serious
adverse event. However, the authors did not specify their
character [10]. One trial provided no information on
adverse events or product tolerability [9].

Int J Vitom Nutr Res (2023), 1-12

Intervention and follow-up duration

The shortest study lasted seven days [11], while the most
prolonged intervention lasted six months, followed by six
months of follow-up [3]. In one study, the intervention
period was divided into active (10 days) and preventive
phases (120 days) [13].

Discussion

Eleven out of twelve included studies have shown a positive
effect of p-glucans in treating or preventing infectious
diseases in the pediatric population. However, each trial
focused on different outcome measures. Among those,
8 studies showed a positive effect of f-glucans on RTI inci-
dence reduction, 2 demonstrated their efficacy in URTI
symptoms alleviation and 1 study indicated B-glucans effec-
tiveness in HSV-1 infection treatment. Respiratory infec-
tions were discussed in all 12 studies. However, some of
them aimed to assess the effectiveness of B-glucans in treat-
ing or preventing other infections as well: diarrhea [9, 10],
childhood infectious diseases in general [4], and HSV-1
infection [13]. However, it is worth mentioning, that the
rates of non-RTI infections in these studies were very low.
Thus, conclusions from those trials could be limited only
to respiratory infections. The preventive properties on RTI
were of most interest and were addressed in 10/12 studies.

© 2023 Hogrefe
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In 3 trials authors focused on the treatment of acute infec-
tion (one study considered both treatments in the acute
phase and preventive properties of f-glucan in infections)
[11,13, 14].

To our knowledge, the anti-infective properties of
[-glucans as a single substance in the pediatric population
have been analyzed in two RCTs so far [3, 4]. Subjective out-
comes assessment (self-reporting of RTI symptoms) was a
limitation in both studies. Nevertheless, they are the first
double-blind, placebo-controlled, randomized trials that
showed the preventive effect of -glucans on the morbidity
of respiratory infections in the pediatric population. Four
studies in our review showed a positive effect of f-glucans
on the number of RRTI compared to the previous season
in the same group [5, 6, 7, 8]. A certain limitation of those
studies was their open-label design. Additionally, with
increasing patients age, the respiratory tract infections
frequency may also decrease spontaneously and naturally.
It is worth noting that three prospective open-label trials
had similar protocols, allowing for a common conclusion
[5, 6, 7]. The results were inconsistent in another group of
studies using the same preparation (follow-up milk formula
fortified with B-glucan) and study protocol [9, 10].
Li observed the reduction of RTI prevalence and duration,
which Pontes did not demonstrate. The authors find the rea-
son for differences between their results in distinet study
populations. In contrast to other studies, the assessment
of endpoints did not depend on subjective self-reporting,
but each episode was consulted with a pediatrician. Three
studies assessed the effects of intranasal carboxymethyl-
B-glucan application in children in comparison to placebo
(saline): two on the treatment of acute symptoms of infec-
tion [11, 14], and the other on RRTI prevention [12]. The
use of saline solution may be a source of bias, as it can ben-
efit patients with rhinitis symptoms, and affect the study
results. Patients were randomly assigned to the experimen-
tal and control groups in two studies, but neither they nor
their physicians were blinded to the allocation [11, 12].
Despite those limitations, the studies show other possibili-
ties for using B-glucans in local, intranasal administration.
The antiviral activity of pleuran in treating HSV-1 infection
in children was described in a multicenter, double-blind,
placebo-controlled, randomized trial in Slovakia [13]. The
results showed that fewer drugs were used in the active
group, yet the duration of symptoms was significantly
shorter. However, the outcomes for children and adults
were not separately analyzed. Additionally, patients in the
acute and preventive phase of the disease could but did
not have touse antiherpetic medications, increasing the risk
of bias.

Most studies have reported a favorable safety profile,
reporting only episodic, mild adverse events. In one study,
2 cases of serious AE in the active and 10 cases in the

© 2023 Hogrefe

placebo group were observed, suggesting no relationship
tothe intervention [10]. Considering the natural occurrence
of f-glucans as a popular diet ingredient, their good toler-
ance reported in studies, also in chronic use, aswell as rarely
occurring serious AE, it seems that these substances are
safe, with a favorable benefit-risk ratio. Nevertheless,
further monitoring of their safety and precise reporting in
research is necessary.

Results observed in this review in children are consistent
with multiple trials demonstrating the anti-infective proper-
ties of f-glucans in adults. In two I/II phase studies, lentinan
extracted from the popular Shiitake mushroom (Lentinus
edodes) was shown to increase the number of CD4(+) cells
in HIV-positive adults, compared to placebo [24, 25]. In
another RCT, Biobran (a polysaccharide that contains
#8-1,3-glucans and activated hemicellulose) had been
demonstrated to significantly lower viremia in chronic hep-
atitis type C adult patients [26]. In a few studies, oral intake
of p-glucans was associated with a lower incidence of
common cold and upper respiratory tract infection episodes
in healthy adult volunteers [27, 28], the elderly [29], high-
performance athletes [30], and chronically stressed adults
[31, 32], as well a fewer lost workdays or less severe respira-
tory infection [33, 34]. Another RCT has revealed a signifi-
cantly lower prevalence of nosocomial pneumonia, sepsis,
and reduced mortality in adult patients with severe multiple
traumas after f-glucans administration than placebo [35].
There are also a few studies indicating the benefits of curd-
lan (B-glucan produced by Agrobacterium species) adminis-
tration in patients with severe cerebral malaria, resulting
from the ability of this p-glucan to disrupt the eytoadher-
ence of parasites in the tissue [36]. All those studies showed
good tolerance and no toxicity of B-glucans.

At the turn of 2019 and 2020, the extremely rapidly
spreading Severe Acute Respiratory Syndrome Coronavirus
Type 2 (SARS-CoV-2) pandemic accelerated the search for
effective strategies to reduce morbidity and mortality.
Taking into account the antiviral and immunomodulatory
properties of p-glucans, together with the possibility of oral
ingestion, a favorable safety profile, and the possibility of
application without contact with healthcare professionals,
the hypothesis, that these polysaccharides could be benefi-
cial in COVID-19 treatment and prophylaxis has been
formulated [57]. B-glucans are one of the most studied fac-
tors inducing TRIM [53]. It has been shown, that -glucans
use leads to innate immune cell epigenetic reprogramming,
causing immune cell activation, increased cytokine produc-
tion, and changes in metabolic function. Following those
alterations cells can produce an enhanced immune response
after contact with heterologous secondary stimuli [53, 58]. It
has been suggested, that their ability to enhance antiviral
cytotoxic iImmunity could help reduce SARS-CoV-2 infec-
tion severity [58, 59]. It has also been speculated, that the
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ability of B-glucans to activate macrophages and their role
in cytokine production regulation could be profitable for
patients with cytokine storm and hyperinflammation
observed during COVID-19 [39, 58, 59, 60]. According to
the literature, the hypotensive properties of B-glucans could
also benefit people suffering from COVID-19 [58]. Finally,
B-glucans were suggested to be a potential SARS-CoV-2
vaccine adjuvant [61, 62]. Further research on this issue is
necessary to confirm these hypotheses.

Limitations

The main limitation of this review is the high heterogeneity of
included studies, making it impossible to draw clear
conclusions. A further limitation is the inclusion of trials with
the intervention consisting of several substances besides
B-glucans, which makes it difficult to assess the effect of a
single substance. Our decision to restrict the analysis to the
studies with at least one clinical outcome could be another
source of bias. However, laboratory tests and biomarkers
alone do not allow us to conclude about the effectiveness
and safety of the intervention. Nevertheless, there are multi-
ple data on the impact of (-glucans on various laboratory
markers of immune system stimulation in children [63, 64,
65, 66, 67]. Three studies described in this review assessed
various laboratory parameters. An RCT by Jesenak reported
an increase in IgA, IgM, and IgG immunoglobulin blood
levels, a slower decline of T-cytotoxic lymphocytes, and an
increase in the NK cell number in children receiving pleuran
[3]. The trial performed by Li demonstrated an increase in
IL-10 levels in the active group compared to the placebo
[9]. However, no similar effect was observed in an analogous
study by Pontes [10]. The significance of these observations
is yvet unknown, but they are consistent with the potential
mechanisms of action of f-glucans described so far [1, 42,
51, 52,53, 54].

Conclusions

Most of presented studies demonstrated the positive effect
of f-glucans on RTI incidence, URTI symptom alleviation,
and good substance tolerance. Nevertheless, the limitations
of available evidence make it impossible to draw a com-
bined conclusion. There is a strong need for further, high-
quality RCTs to clarify the effect of f-glucans in this field.

Electronic Supplementary Material

The electronic supplementary material (ESM) is available
with the online version of the article at https://doL.org/
10.1024/0300-9831/a000793

ESM 1. Pubmed search strategy (PDF).
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ABSTRACT

Introduction Acute gastroenteritis is one of the most
common causes of children’s morbidity and mortality
globally. Oral or intravenous rehydration was proven
effective in reducing the mortality rates in acute
gastroenteritis, although it does not affect the course of
the disease. Attempts to identify new therapeutic methods
effective in reducing the symptoms of diarrhoea are of
interest. Pleuran’s potential immunomodulatory effect in
acute gastrointestinal infection relies on the stimulation of
innate immunity. The effectiveness of pleuran (3-(1,3/1,6)-
p-glucan) administration to treat acute infectious diarrhoea
remains unknown. This study evaluates the efficacy of
pleuran in reducing diarrhoea duration and the severity of
acute gastroenteritis symptoms in children.

Methods and analysis Our study is a randomised,
double-blind, placebo-controlled superiority trial with

two parallel groups and a 1:1 allocation ratio. A total of
120 children aged 2—10 years hospitalised or requiring

a visit to the emergency department because of acute
gastroenteritis will be randomly assigned to receive

either pleuran oral suspension in the experimental group
or matching placebo in the control group. The primary
outcome measure will be the duration of diarrhoea. We
will analyse the results in both intention-to-treat and per-
protocol approaches.

Ethics and dissemination The Bioethics Committee of
The Medical University of Warsaw approved the study
protocol (approval number: KB/45/2018). Written informed
consent of the patients’ caregivers participating in the
study will be obligatory. The results of this study will be
published in a medical journal, regardless of whether they
confirm or deny the research hypothesis.

Trial registration number NCT03988257; Pre-results.

INTRODUCTION

Background

Acute gastroenteritis (AGE) remains a signif-
icant problem, an important cause of hospi-
talisation and one of the leading causes of
paediatric mortality in developing coun-
tries.'? In 2004, AGE led to around 1.8 million
deaths of children below Hyears worldwide.”

', Anna Piwowarczyk, Ernest Kuchar

Strengths and limitations of this study
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» A precise clinical question has been posed to fill a
gap in knowledge as to whether pleuran effective-
ly reduces the duration and alleviates diarrhoea
symptoms.

» The study design (randomised controlled trial) is the
most robust methodology to assess the effective-
ness of therapeutic interventions.

» The stratified randomisation using two subgroups
ensures an equal distribution of confounders in the
experimental and the control groups in terms of di-
arrhoea duration at the time of enrolment.

col after discharge from hospital (no procedure of
preparation return).

» Follow-up and endpoint data collection conducted
via phone may be a source of error.

The mortality due to AGE in developed
countries is much more lower than in devel-
oping ones®; however, it remains a common
cause of paediatric consultations and hospi-
talisations. In the USA and the Europecan
Union, the number of admissions due to AGE
in children aged <5 years accounts for 13%
and 11% of all h()s;)italisations in this age
group, respectively.} "

According to the PROTECT (Pediatric
ROTavirus European CommitTee) report
published in 2006, the median length of
hospital stay (LOS) for rotaviral infection
in Europe is 4.8days.” Besides high costs,
prolonged hospitalisation carries other risks
for a child, including exposure to infectious
agents, stress and catheterrelated blood-
stream infection. Furthermore, the duration
of a child’s illness contributes to the loss of
parental working days.” Considering all the
above factors, the reduction of LOS is a desir-
able goal.

BM)
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Treatment of AGE in children

Appropriate rehydration is recommended as the first-line
treatment in AGE, preferably with oral rehydration solu-
ton (ORS).! Nonetheless, ORS does not reduce the dura-
tion of AGE and its Sf:vcrity4 Many studies have shown
the influence of specific probiotic strains on shortening
the length of acute diarrhoea and alleviating its symp-
toms. However, their heterogeneity and other method-
ological limitations make it impossible to draw definite
conclusions and formulate clear recommendations for
the use of probiotics.” Many other potential antidiar-
rhoeal drugs are currently being investigated, but the
data collected so far are insufficient to introduce them
to routine gastroenteritis management. Diosmectite and
racecadotril have been proven to shorten the diarrhoea
duration, although the quality of evidence is low."” ™ The
use of zinc may be beneficial only in children aged above
6 months in developing cou.n[ries,]2 Y while the reduction
of diarrhoea duration following the use of lactose-free
products was demonstrated only in hospitalised patients
and the quality of evidence was low." ' New, good-quality
data on the effect of symbiotics on the diarrhoea duration
are promising, but needed to be repeated‘w In light of
the above, further attempts to identify other therapeutic
methods effective in reducing the length and the severity
of AGE symptoms are necessary.

Mode of action of Pleuran

Pleuran (B-(1,3/1,6)-p-glucan) is an insoluble polysac-
charide belonging to the group of glucose polymers
commonly called B-glucans isolated from Plewrotus
ostreatus.” Similar to other B—glucans, pleuran presents
immunostimulating effects on the organism, by acti-
vating immune cells of gut-associated lymphoid tissue in
the distal jejunum and the ileum. The B-1,3 glucan side
chain binds to glycoprotein receptors Dectin-1, TLR and
CR3 on an immune cell surface, especially macrophages,
monocytes and dendritic cells, stimulating their phago-
cytic capacity and inflammatory cytokine production
(mainly tumour necrosis factor alpha, interleukin (IL) 2,
1L-10 and 1L-12)."® These cytokines activate the humoral
immune response by mobilising B lymphocytes and
enhancing cellular immunity by stimulating natural killer
(NK) cells.'® ﬁ-glucans have also been shown to enhance
mucosal immunity, causing an increase in the epithelial
Iymphocytes of digestive system.l7

Effects of Pleuran

Recent data show that pleuran could play a significant
role in complementary therapy in various diseases and
pathological conditions.'® TIts anti-infective properties
have been assessed in several trials.

The randomised controlled trial (RCT) by Jesenak
and colleagues demonstrated a significant reduction in
respiratory tract infections in the experimental group
compared with that in the control group.'™ A group of
175 children aged 2-10 years, with a history of recur-
rent respiratory tract infections (RRTI), were randomly

allocated to receive the pleuran or placebo for 6months
and were followed up for another 6 months. The main
result was a significant reduction in respiratory morbidity
in the pleuran group. In another three open-label
prospective studies, after 3months of pleuran supplemen-
tation, a statistically significant reduction in the incidence
of respiratory infections in children with RRTI, compared
with the previous infection season in the same group, was
observed.'"?!

The anti-infective activity of pleuran was demonstrated
in a multicenter RCT enrolling 90 patients aged above
6years (including adults) with acute herpes simplex
facial/labial infection.?? After 10 days of pleuran admin-
istration, a reduction in the symptom duration was
observed, compared with placebo. However, there was no
significant difference in effloresce size and herpes symp-
toms severity between groups after 10 days of treatment.

A multicenter, ‘split-body’ study (n=80)% proved the
efficacy of pleuran in reducing the duration and severity
of atopic dermatitis exacerbations and pruritus in adults.

In the RCT by Bergendiova and colleagues, 50 adult
athletes were assigned to receive either pleuran or
placebo for 3months and were followed up for another
3months. A significant reduction in the number of upper
respiratory tract infections in the experimental group was
observed.*! Additional laboratory evaluation of selected
immunologic parameters showed an increase in NK cells
and the regulation of plrlagocy[()sis.24 Another RCT of 20
healthy athletes demonstrated no reduction of NK cell
activity after intensive exercises in the group receiving
pleuran for 2months, compared with the placebo group.25

No study has evaluated the effectiveness of pleuran in
the treatment of AGE in children. However, considering
the intestinal mucosa as the site of initiation of the immu-
nomodulatory action of B—glucan, and described mecha-
nisms of its action, we have speculated that pleuran could
facilitate the elimination of both viral and bacterial diar-
rhoeal pathogens, as well as infected host cells, therefore
alleviate and shorten the duration of acute infectious
diarrhoea in children.

Objectives

This study aims to evaluate the efficacy of pleuran in
reducing diarrhoea duration and the severity of AGE
symptoms in children. To ensure high reliability of results,
we decided to use a placebo as a comparator. In the study,
we used a commercially available preparation, that is, a
combination of pleuran with vitamin C. To evaluate the
effectiveness of pleuran alone in treating AGE, vitamin C
is also a placebo component. To our knowledge, there are
no reports of vitamin C influencing the course of infec-
tious diarrhoea in children.

METHODS

Research hypothesis

Pleuran is more effective than a placebo in reducing the
duration and severity of diarrhoea in children.

2 Wzorek-tyczko K, ef al. BMJ Open 2021;11:¢042370. doi:10.1136/bmjopen-2020-042370
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Open access

Trial design

We have designed EPTAGE as a randomised, placebo-
controlled superiority trial with two parallel groups and a
1:1 allocation ratio. The WHO Trial Registration Data Set
can be found as an online supplemental file 1.

Study settings

We will recruit the study participants from patients
requiring hospitalisation in four paediatric departments
or counselling in the emergency department (ED) due
to AGE in the Paediatric Teaching Clinical Hospital, The
Medical University of Warsaw. We may extend the study
settings to include additional paediatric departments in
Warsaw hospitals.

Eligibility criteria

Inclusion criteria

» Children aged 13-120 months, hospitalised or
requiring counselling in ED due to AGE, defined
as a decrease in the stool consistency (grade 6 or 7
in Bristol Stool Form Scale®™) or an increase in the
frequency of stool evacuations >3 in 24 hours.!

» Duration of symptoms 24-72hours at the time of
inclusion.

» Caregiver’s written, informed consent.

Exclusion criteria

» Duration of symptoms >72hours at the time of
inclusion.

» Co-occurring other systemic infectious diseases (eg,
pneumonia and sepsis).

» Diagnosed immune deficiency.

» Malnutrition (defined as the body mass index (BMI)
<= -2 SDS (SD Scores) or <3rd percentile based on
the WHO percentile charts) W

» Chronic diarrhoeal gastrointestinal diseases (eg,
inflammatory bowel disease, short bowel syndrome,
cystic fibrosis, coeliac disease and food allergy).

» Use of antibiotics, probiotics, prebiotics or antidiar-
rhoeal medicines (eg, diosmectite and racecadotril)
within 7days before enrolment into the study.

» Use of probiotics, diosmectite or racecadotril during
the current AGE episode.

» Use of pleuran in the 14 days before enrolment into
the study.

» Parallel involvement of the patient in other clinical
trials, except for observational studies.

» Nolegal caregivers’ consent to participate in the study.

Rationale for age-group selection

The preparation used in our trial, in other studies
conducted so far, has been used with good tolerance
from lyear of age (13 months of age). Our study was
not intended to evaluate the formulation in infants, and
this group was excluded from the study. Children above
Hyears of age have a lower risk of severe illness and dehy-
dration due to AGE. However, during the first 6months
of the study, as many as 24% of patients hospitalised due
to AGE were >6 years of age; hence, we concluded that

this group could also benefit from the intervention. This
was the reason for the expansion of age inclusion criteria
to 10 years.

Interventions

Pre-intervention assessment

We will evaluate the study’s inclusion and exclusion
criteria within 24 hours of hospitalisation or ED visit.
The BMI will be calculated and converted into percen-
tile using the WHO percentile charts. To determine the
actiology of AGE, we will collect the stool samples for
viral tests (rotavirus, adenovirus and norovirus markers)
before the intervention. If indicated (according to the
European Society for Paediatric Gatsroenterology, Hepa-
tology and Nutrition - ESPGHAN recnmmendations“) ,we
will also perform the microbiological stool tests. The care-
givers will be informed about the purpose, methods and
safety of the intervention.

Scales used

We will apply appropriate scoring systems to ensure that
the assessed parameters and endpoints are comparable.
We will use the Modified Vesikari Score to assess the
severity of diarrhoea.” The dehydration degree will be
evaluated using the WHO scale” and the Clinical Dehy-
dration Scale (CDS). If the results of these scales are
different, we will consider more severe one for dehydra-
tion management. The Bristol Stool Form Scale will help
1o objectify the assessment of stool consistency.”®

Intervention

Children allocated to the experimental group will receive
Imunoglukan PH4 oral suspension (10mg of pleuran
and 10mg of vitamin C in 1mL of syrup) in a dose of
1mL/5kg body weight. In comparison, patients in the
control group will receive a placebo: a vitamin C oral
suspension (10mg of vitamin C in 1mL of syrup) in a
dose of 1mL/5kg body weight. Both suspensions will be
administered once daily in the morning before the first
meal, until signs of AGE subside (<3 stools/24 hours, and
normalisation of stool consistency: grades 2-5 according
to the Bristol Stool Form Scale) or until the 14th day of
the intervention.

Concomitant treatment

Patients in both groups will receive ORS or intravenous
fluids if required. A regular diet will be delivered. Each
patient will receive antipyretic, analgesic (ibuprofen or
acetaminophen) and antiemetic (ondansetron) if neces-
sary. Patients will not receive other medicines that may
interfere with the disease course (probiotics, diosmec-
tite, or racecadotril). If indications occur, the patient
will receive an antibiotic according to the ESPGHAN
recommendations.”

Intervention modification

We will repeat the dose of the study preparation in the
event of vomiting up to 30min of administration. We
may precede the repeated treatment with an antiemetic
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(ondansetron). In the case of emesis after 30 min of
administration, we will consider the dose to be absorbed.
If any severe or persistent, or bothersome adverse event
(AE) occurs, we will stop the intervention. A mild allergic
reaction will be treated with an antihistamine drug. The
intervention will be stopped in case of severe allergic
reaction. If the child does not tolerate the preparation,
we may mix it with milk, tea or fruit juice.

Outcomes

Primary outcome measure

The duration of diarrhoea, defined as the time (hours)
until normalisation of stool consistency (grades 2, 3, 4 or
5 according to the Stool Form Scale%) and until normali-
sation of number of stools per day. The number of stools
per day and their consistency will be assessed daily until
the 14th day of intervention by the physician and patient’s
caregiver.

Secondary outcome measure

1. The number of days with the need for intravenous
rehydration. The indication for intravenous rehydra-
tion will be assessed daily until the discharge from
the hospital by a physician, based on the CDS* and
WHO? dehydration scales, and the possibility of oral
rehydration.

2. The number of hours until normalisation of stool con-
sistency (type 2-5 according to the Bristol Stool Form
Scale™). The stool consistency will be assessed daily
until the 14th day of observation based on the diary
completed by the physician and the caregiver.

3. The number of hours until the normalisation of num-
ber of stools per day (<3 stools/day). The number of
stools per day will be assessed daily until the 14th day
of observation, based on the diary completed by the
physician and the caregiver.

4. The duration of hospitalisation due to AGE (number
of days) in hospitalised children. The indications for
discharge from the hospital will be assessed daily by the
physician until the 14th day of observation.

5. The percentage of children with moderate and severe
diarrhoea, assessed by the Modified Vesikari Scale® af-
ter the 14th day of observation.

6. The number of hours until the child’s general condi-
tion improved according to the caregiver’s daily assess-
ment until the 14th day of observation.

Participant timeline and follow-up

During hospitalisation or ED visit, the patient will be
examined by the physician, assessing dehydration status
and the need for intravenous rehydration or concomi-
tant treatment. In hospitalised children, the assessment
will be performed every day. We will record the results of
the evaluation in the Case Report Form (CRF). During
and after hospitalisation, the caregiver will record the
AGE symptoms in a diary (number of stools per day, their
consistency and accompanying symptoms, for example,
fever, vomiting or abdominal pain). After discharge, the

physician will contact the patient’s caregiver via phone
daily or every second day until the 14th day of observa-
tion to collect data on the patient’s symptoms intensity.
After discharge, the caregivers will receive a consultation
regarding oral rehydration and potential side effects.

Sample size

We used the Altman nomogram® to estimate the sample
size of the experimental and control groups. To demon-
strate a clinically relevant difference of 24hours in the
duration of AGE symptoms in the experimental and
control groups, with 5% significance level and a power
of 90%, assuming the SD of the variable in each group
to be 40hours, a sample of 110 patients will be needed
(55 patients in each group). Allowing for 10% attrition
of participants during the study, we estimated the sample
size as 120 patients (60 patients for each experimental
and control group).

Recruitment

A team of physicians working at the Department of
Paediatrics with Clinical Assessment Unit (department
conducting the study) will recruit study participants
among patients hospitalised or requiring counselling
in ED due to AGE in the Paediatric Teaching Clinical
Hospital, The Medical University of Warsaw, Poland. We
will evaluate the inclusion and exclusion criteria in every
patient admitted to four paediatric departments or ED
due to AGE.

Randomisation

The randomisation will involve randomly allocating
patients to group A (experimental) or group B (placebo).
We have designed the stratified randomisation using two
subgroups. The subgroups will be created depending
on the duration of diarrhoea at the time of enrolment:
24-48hours (shortlasting diarrhoea) and 48-72hours
(long-lasting diarrhoea). Each subgroup will be randomly
allocated to the study groups (experimental and control),
in blocks of four.

Allocation and blinding

The active productand placebo will be prepared, weighed,
packaged in identical bottles and signed with random
numbers by the manufacturer, according to the compa-
ny’s internal procedure (standard operating procedure),
with the blinded meaning of numbers. The randomi-
sation list delivered by the manufacturer will be depos-
ited in a sealed envelope in a safe place in the central
part of the department, maintained by an independent
person not involved in the study. The study product
will be delivered to the principal researcher in boxes of
four, ensuring the contest of two active and two placebo
samples in each box. We will use subsequent boxes to
allocate consecutive patients within the subgroups. By
opening each subsequent box, the bottles from the box
will be randomly assigned to the next four patients in a
subgroup by the researcher. The contents of the bottles
will look and taste the same. Researchers, caregivers,
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patients and a person responsible for the statistical anal-
ysis will be blinded to the intervention until completing
the study. The unblinding will be permissible if a serious
adverse reaction is suspected. In that case, the allocated
intervention will be revealed based on the randomisation
list. Any such situation will be documented and reasoned
in an appropriate report.

Data collection, data management and confidentiality

We will create a coded, paper CRF containing all the scales
and symptoms diaries for each patient. After completing
the study, two independent researchers will transfer data
from the CRFs to two electronic databases, to confirm the
accuracy of the data. In the case of dropouts, data and
endpoints will be collected until the dropout day, with
a documented cause and dropout date. We will prepare
clectronic databases and CRFs using the Statistical Anal-
ysis System software. The collected data will be stored
in areas with limited access. Confidentiality of data,
including the personal data of the study participants, will
be maintained.

Statistical methods

We will use descriptive statistics to summarise baseline
characteristics. We aim to present the results of the
study through intention-to-treat and per-protocol anal-
yses. Comparing groups A and B in terms of primary
endpoint (duration of diarrhoea) will be performed with
Student’s t-test if the p value of the Shapiro-Wilk test is
>0.05. Otherwise, we will use the Mann-Whitney U test.
In the case of dropouts or not-completed observations
before the 14th day of the study, the log-rank test will be
performed. We will use the % test or Fisher’s exact test to
compare groups A and B in terms of incidence of AEs and
diarrhoea severity. Statistical significance will be based on
two-tailed tests with a p value of 5%. We will present all
estimates with a 95% CI.

Data monitoring

The establishment of the Data Monitoring Committee or
auditing was not considered in the study design. Based
on the grant financing agreement, the Scientific Council
of the Nutricia Foundation is authorised to inspect and
control the study documentation. The study design does
not include interim analysis. In case an unfavourable
safety profile is observed, the principal investigator, in
consultation with the researchers’ team, will terminate
the study prematurely, regardless of its stage.

Harms

In our study, an AE will be defined as any untoward
medical occurrence in a participant during the study,
without regard to the possibility of a causal relationship.
According to a pre-established procedure, we will record
all AEs occurring after the entry into the study and during
the observation period in CRF and immediately report
them to the manufacturer. AE will be considered as severe
if any of the following occurs: death, life-threatening
condition, severe or permanent disability, prolonged

hospitalisation or a significant hazard. The incidence of
AEs in the experimental and control groups, as well as
their characteristics, will be analysed and described after
completion of the study.

Patient and public involvement statement

Patients and the public were not involved in the study
commencement, design, recruitment, conduction or
dissemination.

Research checklist

We used the Standard Protocol Items: Recommendations
for Interventional Trials - SPIRIT checklist when writing
our report;.32

ETHICS AND DISSEMINATION

Research ethics approval

The Bioethics Committee of The Medical University of
Warsaw approved the study protocol and other requested
documents (an information sheet for patient’s caregivers,
informed consent forms in local language version and
information on personal data management).

Protocol amendments

Any modifications to the protocol which may affect the
conduct of the study, a potential benefit for the patient
or may affect patient safety, including changes of study
objectives, study design, patient population, sample sizes,
study procedures or significant administrative aspects will
require a formal amendment to the protocol. Such an
amendment will be submitted to the Bioethics Committee
of The Medical University of Warsaw for approval and
reported to the platform Clinical Trails.gov.

Consent or assent

Before recruiting a patient into the trial, all the infor-
mation about the study, including the study’s objective,
design, methodology, the possibility of AEs, possible
risks and benefits of taking part in the study, will be
presented to the patient’s caregiver by a trained physi-
cian. The patient’s caregiver will receive an information
sheet, including the study’s main aspects, and the inves-
tigator’s contact information. The physician will answer
any questions regarding the study. The informed written
consent will be collected from the patient’s caregiver by
the same physician. The patient’s legal caregiver will have
the opportunity to withdraw the patient from the study
without consequences.

Dissemination policy
The results of this study will be published in a medical

journal, regardless of whether they confirm or deny the

null hypothesis. The study founders will not have any
role in the decision to submit results. Information on
completing the trial and its results will be indicated in
ClinicalTrials.gov, where the study is already registered.
After completing the study, patients’ caregivers who have
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expressed such a desire at the recruitment stage will
receive information about the study results via email.

AMENDMENT NO 1

The presented protocol contains amendments approved

by the Bioethics Committee on 11 May 2020.

The main reason for those changes was an unsatisfac-
tory recruitment pace in the first 11 months of study
commencement. A detailed analysis revealed the reduc-
tion in the number of hospitalisations due to AGE in our
department compared to the previous year and difficul-
ties in meeting the inclusion criteria. In the following
months, the COVID-19 pandemic significantly limited
the number of patients admitted to our hospital. By the
time the changes were made, we had recruited only three
patients into the study. For the listed reasons, we have
introduced the following changes to the protocol:

1. The first version of the protocol assumed the recruit-
ment of patients among hospitalised children only.
The amendment added the possibility of recruitment
also among children requiring counselling in the ED.

2. Initially, patients were recruited only at the Depart-
ment of Paediatrics with Clinical Assessment Unit (the
department initiating and conducting the study). The
amendment introduced four other departments of the
Paediatric Teaching Clinical Hospital, The Medical
University of Warsaw, including the ED.

3. The age group of recruited patients, initially 13-60
months (up to 6 years) of age, was extended to older
children of 13-120 months (up to 10 years) of age.
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OPEN A randomised trial of pleuran in

paediatric acute gastroenteritis
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Ernest Kuchar®?! & Henryk Szymaniski®?

Pleuran, as a potent immunomodulator targeting intestinal immunity with a strong safety profile,
could be a potential treatment for acute gastroenteritis. This study evaluates the effect of pleuran on
the duration and severity of acute infectious diarrhoea in children. This is a multi-centre, randomised,
double-blind, placebo-controlled, CONSORT statement superiority trial. Children aged 2-10 years
presenting to hospital with acute gastroenteritis were included. The primary outcome measure was
the duration of diarrhoea. Twenty-seven children were enrolled. There were no significant differences
between the experimental and control groups regarding duration of diarrhoea, hospitalisation,
intravenous rehydration and symptom severity. The administration of Pleuran was well tolerated. In
this study, Pleuran was ineffective in the treatment of acute gastroenteritis in children. Further studies
are needed to investigate its potential as a nutraceutical in children.

Clinical registration: ClinicalTrials.gov ID: NCT03988257 (the date of registration: 17/06/2019). The
Medical University of Warsaw Bioethical Committee Approval: KB/45/2018. Nutricia Foundation Grant:
RG-3/2018.

Keywords Infectious diarrhoea, Beta-glucan, Management of acute gastroenteritis, Mucosal immunity,
Innate immunity, Interventional trial.

Acute gastroenteritis (AGE) is a major cause of childhood morbidity and mortality worldwide. Oral or
intravenous rehydration has been shown to be effective in reducing mortality associated with AGE. However, it
does not affect disease progression. New treatment that can effectively relieve the symptoms are therefore needed.
Pleuran (-(1,3/1,6)-D-glucan) is of particular interest in the treatment of acute gastrointestinal infections. It has
potential immunomodulatory properties targeting the innate intestine immunity and a strong safety profile.
However, the efficacy of pleuran in AGE treatment has not been investigated. In this manuscript, we present
the results of an original randomised, double-blind, placebo-controlled trial to assess the efficacy of pleuran
in the treatment of AGE in children, conducted according to the CONSORT Statement (See Supplementary
information).

Background

The prevalence of AGE in children aged <3 years in Europe is 0.5- 2 episodes per child per year!. AGE is the
third leading cause of child mortality worldwide. It kills more than 400,000 children under the age of five each
year”. Most deaths occur in developing countries because of limited access to safe water and health care. In
developed countries, the death rate from AGE is much lower. However, infectious diarrhoea remains a common
cause of paediatric emergency department visits and hospital admissions'. Age under 6 months, early weaning,
immunodeficiency and malnutrition are risk factors for severe or persistent diarrhoea®. Prolonged hospitalisation
is associated with exposure to infectious agents, stress, catheter-related bloodstream infections and high costs.
In addition, prolonged illness contributes to lost parental working days*. Therefore, finding an eftective way to
shorten and alleviate AGE symptoms would not only benefit children’s health, but also reduce social costs.

Few interventions to reduce the duration and severity of diarrhoea have been shown to be effective in AGE.
Adequate rehydration is recommended as a first-line treatment, preferably with oral rehydration solutions
(ORS)**. Oral rehydration reduces mortality, the need for hospitalisation and intravenous rehydration, but has
no effect on the duration or intensity of AGE. Probiotics may reduce the length of hospital stay and relieve
symptoms of AGE in children®*~”. However, recommendations for their use are inconsistent*’. European Society
for Paediatric Gastroenterology Hepatology and Nutrition/ European Society for Paediatric Infectious Diseases
(ESPGHAN/ESPID) and the Infectious Diseases Society of America (IDSA) currently recommend 4 probiotic
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strains for AGE: Lacticaseibacillus rhamnosus GG and Saccharomyces boulardii (strong recommendation),
Limosilactobacillus reuteri DSM 17,938 and heat-like Lacidophilus LB (weak recommendation). The authors of
these guidelines rated the quality of the evidence as low or very low"*®. In contrast, the National Institute for
Health and Care Excellence (NICE) found the evidence insufficient to recommend routine use of probiotics
in this indication'®. According to ESPGHAN/ESPID, both diosmectide and racecadotril can be considered for
treating AGE in hospitalised and outpatients®>!?. A lactose-free diet shortens the duration of diarrhoea, but
only in inpatients'!. Most guidelines do not support routine zinc supplementation in high-income countries,
although it may be beneficial for children in developing countries*®°. Evidence for the effectiveness of other
therapies (symbiotics, prebiotics, gelatine tannate, activated charcoal, kaolin-pectin) in treating and reducing the
symptoms of diarrhoea is insufficient to recommend their routine use’.

Further studies are needed to evaluate new therapeutic interventions that are effective in reducing the
duration and severity of diarrhoea and the length of hospital stay.

Beta-Glucans

Beta-glucans are high molecular weight polysaccharides found in the cell walls of bacteria, fungi, marine algae
and cereal grains. They exert multi-directional beneficial effects on the human body. The immunomodulatory,
anti-infective, anti-tumour, hypocholesterolemic, hypoglycaemic and antihypertensive properties are the
most studied'>!>. The natural origin of B -glucans from common dietary components reduces concerns
about their safety. They are well tolerated. No serious adverse events have been reported following p-glucan
administration'#!8,

The anti-infective properties of B-glucans may be related to their immunomodulatory effect. However,
direct antiviral and antimicrobial activity of B-glucans has also been described in several studies'?'°. In clinical
trials, oral B-glucans have been associated with reduced incidence of respiratory infections in paediatric
populations'+'*172°, healthy adults?', the elderly®?, athletes?® and chronically stressed adults®*. It has been
suggested that they may help to reduce the severity of SARS-CoV-2 infection and play an important role in
regulating cytokine production in patients with the cytokine storm and hyperinflammation observed during
COVID-19%>%, Recently, it has been reported that $-glucans selectively stimulate the growth of a small number
of beneficial bacteria, therefore they have prebiotic properties?” 2.

The structure and physicochemical characteristics of B-glucans strongly influence their properties. B-1,3-
glucans with B-1,6 side chains are the most active immunomodulators®. Medium or large molecular weight,
triple helix conformation in aqueous environment and a low degree of branching (between 20 and 33%)
correlate with the highest immunostimulatory and antitumour activity'>!>1%3°, Water-insoluble B-glucans
have stronger immunostimulating properties than water-soluble ones’. Although intestinal absorption
of insoluble polysaccharides is very low (systemic blood levels less than 0.5%) or undetectable, significant
systemic immunostimulation is observed following oral ingestion of insoluble B-glucans. This phenomenon
can be explained by the role of M cells and dendritic cell pseudopods, which transport insoluble B-glucan or its
fragments from the intestinal lumen to the lymph fluid and gut-associated lymphoid tissue (Peyer’s patches)**-3%,

B-glucans never occur naturally in the human body. Therefore, they are recognised by pattern recognition
receptors (PRRs) as pathogen-associated molecular patterns (PAMPs). They trigger signalling pathways to
stimulate the innate immune response, as well as mucosal immunity via induction of various inflammatory
cytokines, chemokines and interferons®'?*. PRRs activation initiates pathogen-specific humoral responses by
activating B and T lymphocytes. It has also been suggested that B-glucans are inducers of an innate immune
memory called Trained Immunity (TRIM)?, After exposure to a specific stimulus, innate immune cells
undergo metabolic, mitochondrial and epigenetic changes, followed by phenotypic memory of enhanced
immune responses to secondary heterologous stimulus. It remains controversial whether f-glucans can
induce an adaptive immune response. However, studies have shown increased T-cell activity and interferon-Y
production following interaction with the f-glucan-dendritic cell complex*’.

Pleuran
Pleuran is an insoluble B-(1,3/1,6)-glucan isolated from the popular dietary oyster mushroom (Pleurotus
ostreatus). It was identified and chemically characterised by Karacsonyi and Kuniak®). It has a f-1,3-linked
main chain with D-glucosyl side groups attached to every third backbone unit with B-1,6 links and a degree of
branching of 0.25. The molecular weight of pleuran is between 600 and 700 kDa. Many studies have reported
pleiotropic properties of pleuran, in particular: immunostimulatory, antitumour, hypocholesterolemic,
hypoglycaemic and antidiabetic**~*%. The immunomodulatory properties of pleuran have been demonstrated in
numerous studies. Much of this research has focused on the treatment and prevention of infections in children
and adults, including reducing the frequency of respiratory tract infections (RTI) in children with recurrent RTI,
relieving symptoms associated with upper RT1, and treating HSV infections!*-1720, In all of these studies, pleuran
was administered on a chronic basis, with treatment durations ranging from 3'*° to 6 months'’. Pleuran is
derived from a common dietary ingredient and is therefore considered to be a highly safe nutraceutical. No
serious adverse events were observed in any of the above studies.

Pleuran is a promising candidate for the treatment of AGE in children due to its immunomodulatory and
antiviral properties, the intestinal mucosa as the site of action, and its strong safety profile.

Objectives
This study aims to evaluate pleuran’s efficacy in reducing the duration and severity of AGE. To ensure the
accuracy of the results, we decided to use a placebo as a comparator.
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Research hypothesis
Pleuran is more effective than a placebo in reducing the duration and severity of diarrhoea in children.

Methods

Trial design

This study is a multicentre randomized, double-blind, placebo-controlled superiority trial with two parallel
groups and 1:1 allocation ratio. We used the CONSORT Statement to prepare this manuscript®.

Protocol
The protocol of this trial was registered in the Clinical Trials platform (NCT03988257) before the study
commenced and published in the British Medical Journal*.

Research ethics approval

The Bioethics Committee of The Medical University of Warsaw approved the study protocol with all the following
amendments and other required documents (an information sheet for patient’s caregivers, informed consent
forms in the local language version, and information on personal data management). The study was performed
in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments.

Study settings

We have recruited the study group from patients requiring hospitalization in the pediatric department or
counselling in the emergency department (ED) due to AGE. The recruitment took place in three hospitals in
Poland: The Paediatric Teaching Clinical Hospital of the Medical University of Warsaw, the Department of
Pediatrics, St Hedwig of Silesia Hospital in Trzebnica, and the Department of Pediatrics of Warsaw Medical
Center “KOPERNIK”.

Eligibility criteria
Eligibility Criteria are presented in Table 1.

Interventions

Pre-intervention assessment

We assessed the eligibility criteria for the study by conducting physical examination and interviewing caregivers
within 24 h of the patient’s admission to the hospital or presentation into the ED. We provided the patient’s
caregiver with comprehensive information about the purpose, methods, safety, and duration of the study
intervention. We have obtained written consent for the participation from the legal guardians of all patients.
The patient’s legal guardian had the right to withdraw the patient from the study at any time without negative
consequences. We calculated body mass index (BMI) and converted it into percentiles using WHO percentile
charts. Before starting the intervention, we collected stool samples to determine the aetiology of AGE (rotavirus,
adenovirus and norovirus antigens from stool sample). When indicated, we also performed microbiological
stool cultures.

Used scales

We used appropriate scoring systems to ensure comparability of the parameters and outcomes analysed. The
severity of diarrhoea was assessed with the Modified Vesikari Score*”. The degree of dehydration was evaluated
by the WHO Scale*® and the Clinical Dehydration Scale (CDS)*. The Bristol Stool Form Scale was applied to
objectively assess stool consistency*®.

Inclusion criteria

« Children aged 13-120 months, hospitalized or requiring counselling in ED due to AGE, defined as a decrease in the stool consistency (grade 6 or 7 in Bristol Stool Form Scale®) or
an increase in the frequency of stool evacuations >3 in 24 h.

« The duration of symptoms: 24-72 h at the time of inclusion.

« A caregiver's written, informed consent.

Exclusion criteria

« The duration of symptoms > 72 h at the time of inclusion,

« Co-occurring other systemic infectious diseases (e.g., pneumonia, sepsis).

« Diagnosed immune deficiency.

« Malnutrition (defined as the body mass index (BMI) <-2 SDS (Standard Deviation Scores) or <3rd percentile based on the World Health Organization (WHO) percentile charts.

« Chronic diarrhoeal gastrointestinal disease (inflammatory bowel disease, short bowel syndrome, cystic fibrosis, celiac disease, food allergy).

« The use of antibiotics, probiotics, prebiotics, or anti-diarrhoeal medicines (diosmectite, racecadotril) within seven days before enrolment into the study.

« The use of probiotics, diosmectite, and racecadotril during the current AGE episode.

« The use of pleuran in the 14 days before enrolment into the study.

Table 1. Eligibility criteria.
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Intervention

Children in the experimental group received Imunoglukan PH4 oral suspension (10 mg of pleuran and 10 mg
of vitamin C in 1 ml of syrup) at a dose of 1 ml per 5 kg of body weight. Patients in the control group received a
placebo (10 mg of vitamin C in 1 ml of syrup) at a dose of 1 ml per 5 kg of body weight. Both suspensions were
administered daily in the morning before the first meal. Treatment continued until symptoms of AGE resolved,
as indicated by fewer than 3 stools in 24 h and normalisation of stool consistency (Bristol Stool Form Scale grade
2-5), or until day 14.

Concomitant treatment

Patients in both groups received an ORS or intravenous fluids as needed, based on their daily fluid requirements,
to maintain adequate hydration. Regular diet was recommended. Each patient received antipyretic and
analgesic (ibuprofen, acetaminophen) and anti-emetics (ondansetron) as needed. No other medications that
could potentially interfere with the course of the disease, such as probiotics, diosmectide, or racecadotril, were
administered. When indicated, antibiotics were prescribed according to the ESPGHAN/ESPID guidelines®.

Intervention modification

If vomiting occurred within 30 min after administration of the study drug, the dose was repeated. However, if
vomiting occurred more than 30 min after administration, we considered the dose to be absorbed. In the event
of severe, persistent or troublesome adverse events (AEs), we were prepared to discontinue the intervention.
Mild allergic reactions were treated with antihistamine medication. All adverse events were documented in the
study records and reported to the manufacturer according to the established procedure. If a child had difficulty
tolerating the preparation, it could be mixed with milk, tea or fruit juice.

Outcomes

All outcome measures were evaluated daily until the 14th day of intervention, using the Symptoms Diary
completed by the physician and the caregiver. Each day in Symptoms Diary was divided into 8-hour intervals.
The number and consistency of stools were assessed at each time interval. Outcomes are presented in Table 2.
An example of a Symptoms Diary, accompanied by a comprehensive demonstration illustrating the calculation
of endpoints, can be found in the Supplementary Information.

Participant timeline and Follow-up

During the hospitalisation or the emergency department visit, the physician examined the patients to assess
their dehydration status, and the need for intravenous rehydration, or concomitant treatment. For hospitalised
children, this assessment was performed daily. The evaluation results were documented in the Case Report Form
(CREF). The patient’s caregiver recorded AGE symptoms, such as the number of stools per day, their consistency,
and any accompanying symptoms (fever, vomiting, abdominal pain), in a Symptom Diary during and after
the hospitalisation. Following discharge, the physician contacted the caregiver via phone, daily during their
treatment and every second day after the treatment ended (after the diarrhoea subsided), until the 14th day of
observation. They recorded informations on the intensity of symptoms in CFR. After discharge, caregivers could
contact the physicians if they needed advice.

Sample size calculation

We used the Altman nomogram to determine the sample size*’. To demonstrate a clinically significant difference
of 24 h in the duration of AGE symptoms in experimental and control groups, with a 5% significance level and
a power of 90%, assuming the standard deviation of the variable in each group of 40 h, a sample of 110 patients
was established as needed. To account for 10% of potential dropouts or attrition during the study, we increased
the sample size to 120 patients (60 patients in each group).

Recruitment
Study participants were recruited from patients admitted to hospital or consulted in the ED due to AGE in
three centres: The Paediatric Teaching Clinical Hospital of the Medical University of Warsaw, the Department

Primary outcome

The duration of diarrhoea is defined as the time (hours) until the stool consistency normalization (grade 2, 3, 4, or 5 according to the Stool Form Scale*) and until normalization of

the number of stools per day.

Secondary outcomes

1. The number of days with the need for intravenous rehydration. A physician used CDS* and WHO® dehydration scales and physical examination to assess the indication for
intravenous rehydration and the possibility of oral rehydration.

2. The number of hours until normalization of stool consistency (defined as the beginning of the first 8-hour time interval when Bristol Stool Form Scale was 2-5 ).

3. The number of hours until the normalization of a number of stools per day (defined as the beginning of the first 24 h period (3 consecutive time intervals) when the total number

of stools did not exceed 3).

4. The duration of hospitalization due to AGE (number of days) in hospitalized children.

5. The percentage of children with moderate and severe diarrhoea was evaluated with the Modified Vesikari Scale* after the 14th day of observation.

6. The number of hours until the child’s general condition improved according to the caregiver’s assessment.

Table 2. Outcome measures.
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of Pediatrics of Warsaw Medical Center “KOPERNIK”, and the Department of Pediatrics, St Hedwig of Silesia
Hospital in Trzebnica. The inclusion and exclusion criteria were assessed in every patient admitted to paediatric
departments or ED due to AGE.

Randomization

We implemented a stratified randomization, using two subgroups based on the duration of diarrhoea at
enrolment: 24-48 h (referred to as short-lasting diarrhoea - SLD) and 48-72 h (referred to as long-lasting
diarrhoea - LLD). The participants of each subgroup were randomly allocated to either group A (experimental)
or B (control) in blocks of four.

Allocation and blinding

The manufacturer prepared and packaged the active product and the placebo in identical bottles. These bottles
were then labelled with random numbers, the meaning of which was kept blind. The randomisation list prepared
by the manufacturer was placed in a sealed envelope in the administrative part of the department and kept by
an independent person not involved in the study. The study product was delivered to the principal investigator
in boxes of four, ensuring that each box contained two active and two placebo samples. Subsequent boxes were
used to allocate consecutive patients within the subgroups. On opening each subsequent box, the researcher
randomly assigned the numbers on the bottles to the next four patients in a subgroup. The contents of all bottles
looked and tasted the same to maintain blinding. The researchers, carers, patients and the person responsible for
statistical analysis were blind to the intervention until the end of the trial.

Data collection, data management and confidentiality

A coded paper CRF was completed to record each patient’s scales and Symptom Diaries. Two independent
researchers transferred the data from the CRFs into two electronic databases at the end of the study to ensure
data accuracy. In case of drop-out, data and endpoints were collected up to the date of dropout, with the reason
and date of dropout documented. Confidentiality of data, including personal data of study participants, was
maintained.

Statistical methods

The analyses were performed using R V. 4.1.3 (2022-03-10) and Rstudio V.2022.12.0+ 353 (2022-12-0) with the
help of “rstatix**’, “tidyverse”>, and “flextable”! packages. The Shapiro-Wilk W test was employed to ascertain
whether the sample exhibited non-normality evidence. The Student’s t-test was used to compare the means of
continuous variables that conformed to a normal distribution. In contrast, the Mann-Whitney U test was used
for non-normally distributed variables. The mean difference (M) with a 95% CI was calculated for normally
distributed variables, while the Hodges-Lehmann estimator was used to estimate the median difference (Me ;)
and its confidence interval for non-normally distributed variables. The ¥ test, together with Phi or Cramer’s V
effect size, as appropriate, was used to compare proportions for the categorical variables. The difference between
study groups was deemed significant when the 95% CI for mean/median difference did not include 0 (equivalent
to p<0.05) and the p-value for x* was smaller than 0.05. All statistical analyses were conducted using a two-
tailed test with a significance level of 5%. The IQR in Tables 3 and 4 is defined as the difference between the
25th percentile (Q1) and the 75th percentile (Q3). These percentiles were calculated using R’s default Type 7
quantile method, which follows the interpolation approach recommended by Hyndman and Fan (1996). We
have decided to use interquartile range as one of several established methods for computing sample quantiles.

Harms

We carefully recorded all AEs on the CRF after enrolment and throughout the observation period. These AEs
were promptly reported to the manufacturer according to a predefined procedure. An AE was considered
serious if it met one of the following criteria: death, life-threatening condition, serious or permanent disability,
prolonged hospitalisation, or significant risk.

Results

Recruitment started in June 2019 and ended in December 2022. Twenty-seven children were enrolled
and randomly assigned to one of the two groups —13 patients in group A (experimental) and 14 in group
B (control). Due to a lost contact with the caregivers and therefore inability to collect measurements, it was
necessary to exclude one patient from the analysis of the duration of diarrhoea, the need for antibiotics, the
severity of diarrhoea according to the Vesikari scale, the time to normalisation of stool consistency, the time to
normalisation of the number of stools, and the time to improvement of the child’s general condition according
to the caregiver’s assessment. For these outcomes, 26 patients were included in the analysis (12 and 14 in groups
A and B, respectively). All 27 children were included in the assessment of intravenous rehydration duration (13
and 14 in groups A and B respectively). We excluded children who only had an emergency department visit from
the analysis of length of hospitalisation (1 =9), because the intervention did not affect the length of hospital stay.
Therefore, we evaluated 18 patients (8 and 10 from groups A and B, respectively) for this outcome. All analyses
were performed in the groups as originally assigned.

After the study was completed, we were able to contact the caregiver of the lost patient from group A - the
reason for not answering the phone was a difficult family situation; they did not observe any adverse events and
the patient stopped taking the study medication after leaving the hospital.

Baseline demographic and clinical characteristics are shown in Table 3. Group A had a higher proportion of
female participants, more prolonged diarrhoea, and more episodes of vomiting and abdominal pain. In group B,
the aetiology of diarrhoea was more often related to rotavirus. However, all observed differences were deemed
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Group A Group B
Characteristics N=13 N=14 P values
Duration of diarrhoea at the time of the intervention (hours), mean (5D) 42.46 (13.62) | 41.71(12.62)
Duration of diarrhoea at the time of the intervention (hours), median (IQR) 48.0 (24) 40.0 (14) 0804
Age (months), mean (SD) 32.85 (28.05) | 38.29 (31.45) b
Age (months), median (IQR) 30.0 (20) 26.5(23)
Sex n (%) (W) 8(61.5) 4(28.6) 0.182
Duration of diarrhoea at the time of enrolment (strata SLD/ LLD n (%) (LLD) 5(38.5) 3(21.4) 0.585
Vomiting n (%) 9(69.2) 5(35.7) 0.175
Stomach Pain n (%) 12 (92.3) 8 (57.1) 0.100
Fever n (%) 8(61.5) 7 (50) 0.830
Need for antibiotic use n (%) 2(16.7) 2(14.3) 1.00
Etiology of acute gastroenteritis n (%) 0.566
Norovirus 1(7.7) 0(0)
Rotavirus 3(23.1) 6 (42.9)
Salmonella 1(7.7) 1(7.1)
Unknown 8(61.5) 7 (50)
Dehydration level before enrolment according to the Clinical Dehydration Scale (no/some/moderate-severe) n (%) 1.000
Mild 9(69.2) 9 (64.3)
Not present 4(30.8) 5(35.7)
Dehydration level before enrolment according to the WHO scale (no/some/severe) n (%) 0.560
Mild 3(23.1) 4(28.6)
Not present 9(69.2) 10 (71.4)
Severe 1(7.7) 0(0)
Table 3. Baseline demographic and clinical characteristics. W- woman, SLD- short-lasting diarrhea, LLD-
long-lasting diarrhea, WHO- World Health Organisation, SD- standard deviation, IQR- interquartile range.
Outcomes GroupA | Group B Pvalues | MD/V | 95% CI
Duration of diarrhoea (hours), median (IQR) 96.0 (70.0) | 116.0 (32.0) | 0.836 -8.00 |-481t040
Duration of hospitalization (days), mean (SD) 3.5(1.8) 34(L1) 0.891 0.10 116477 10
Duration of intravenous rehydration (days), median (IQR) 1.0 (1.0) 2.0(1.8) 0.545 0.00 -lto1
Time until normalization of stool consistency (hours), median (IQR) 96.0 (70.0) | 92.0 (64.0) | 0.485 8.00 -24 1o 64
Time until normalization of the number of stools (hours), median (IQR) 56.0 (52.0) | 84.0 (52.0) | 0.226 -24.00 | -64to24
Time until lhe improvement of the child’s general condition according to the caregiver’s assessment 25(25) 15 (3.0) 0.598 0.00 Ate®
(days), median (IQR)
Severity of diarrhoea according to the Vesikari Scale, mean, mean (SD) 10.6 (1.6) |9.6(2.9) 0.311 0.94 éc':; 0
Duration of diarrhoea since intervention (hours), median (IQR) 56.0 (76.0) | 84.0 (44.0) | 0.605 -8.00 |-48to040
Time until normalization of stool consistency since intervention (hours), median (IQR) 56.0 (76.0) | 56.0 (66.0) | 0.757 8.00 -32t0 56
Time until normalization of the numbers of stools since intervention (hours), median (IQR) 12.0 (54.0) | 32.0(70.0) | 0.268 -24.00 |-72to024
The severity of diarrhoea according to the Vesikari Scale (mild/moderate/severe) (n), % 0.653 0.18
Mild 1(8.3%) 3(21.4%)
Moderate 8 (66.7%) | 8(57.1%)
Severe 3(25.0%) |3(21.4%)
Adverse events (n), % 0.970 0.01
No 12(92.3%) | 14(100.0%)
Yes 1(7.7%) | 0(0.0%)

Table 4. Clinical endpoints measures summary. MD- mean or median difference, as appropriate; NA- not
applicable; V- Cramer’s V or Phi, as appropriate; SD- standard deviation, IQR- interquartile range.
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statistically insignificant which means that the two groups were similar in terms of baseline demographics and
clinical characteristics.

Clinical endpoints

A summary of the endpoint measures is shown in Table 4. The duration of diarrhoea since diagnosis (Me ;.= -8 h,
95% CI -48 to 40) as well as from intervention (Me . = -8 h, 95% CI -48 to 40), the duration of hospitalisation
(Mg = 0,1 days, 95% CI -1,47 to 1,67) and the duration of intravenous rehydration (Me, = 0 days, 95% CI -1
to 1) were comparable in both groups. Similarly, there were no significant differences in time until normalisation
of stool consistency both since diagnosis (Me . = 8 h, 95% CI -24 to 64) as well as intervention (Me,; . = 8 h,
95% CI -32 to 56). No differences in time until normalisation of the numbers of stools, since diagnosis (Me .. =
-24h, 95% CI -64 to 24) and intervention (Me,= -24 h, 95% CI -72 to 24) was found. Groups also did not differ
in time until the improvement of the child’s general condition according to the caregiver’s assessment (Me
= 0 days, 95% CI -1 to 2) and severity of diarrhoea according to Vesikari Scale (M, = 0.94, 95% CI -0.94 to
2.82). 26 children did not experience adverse events (V=0.01, p=0.970). One patient from experimental group

2

n. The causal
exper

relationship between the study medication and the rash was assessed as possible. Chronology was compatible as
the adverse event appeared 2 days after the treatment initiation. However, a viral infection could be an alternative

explanation.

Discussion

Principal findings

The aim of this study was to evaluate the efficacy of pleuran in reducing the duration and severity of AGE. We
demonstrated that pleuran was ineffective in shortening the duration of AGE and alleviating its symptoms in
a paediatric population. A small advantage towards the experimental group in terms of duration of diarrhoea,
duration of intravenous rehydration and time to normalisation of stool count was not statistically significant.

Apart from small differences, the baseline characteristics of the experimental and control groups were
comparable. We excluded children who only attended an emergency department from the analysis of the
endpoint “The duration of hospitalisation”, because the intervention did not affect the length of hospital stay.
Therefore, there was no cause-and-effect relationship. Given that the average duration of acute infectious
diarrhoea is 5-7 days, we decided to exclude patients with diarrhoea lasting longer than 72 h from the study. We
assumed that these children’s symptoms may have resolved spontaneously regardless of treatment.

No serious adverse events were observed during the study. This observation is consistent with other studies
using pleuran and other B-glucans. -Glucans are derived from popular dietary sources and show no signs of
toxicity. They are therefore considered to be safe.

To the best of our knowledge, this is the first and only RCT to evaluate the efficacy of pleuran or other -
glucans in the treatment of acute gastroenteritis in children. However, several reports have evaluated the efficacy
and safety of pleuran in the prevention of recurrent respiratory tract infections (RRTTs) in children. A significant
reduction in the incidence of both upper and lower respiratory tract infections was reported in RCT by Jesenak
etal. (n=175)". The authors of multicentre open-label trial demonstrated a statistically significant reduction in
the incidence of RTIs in children after minimum 3 months of pleuran supplementation, compared to the same
group in the year before the study (n=1030)"%. Urbancikova et al. reported a shorter duration of HSV infection
after short-term administration of pleuran, as well as shorter upper respiratory tract symptoms after long-term
therapy in both children (above 6 years of age) and adults'>.

Strengths of the study

The strength of this trial is its randomised, fully blinded, placebo-controlled design. Standard Protocol Items:
The Recommendations for Interventional Trials (SPIRIT) Checklist was used to prepare the study protocol, to
ensure the implementation of appropriate methods*”. In addition, the CONSORT statement was used to prepare
this manuscript*? (See Supplementary Information). Stratified randomisation with two subgroups ensured an
even distribution of children with shorter and longer duration of diarrhoea at inclusion in the experimental and
control groups. We decided to present the duration of diarrhoea, the time to normalisation of stool count and
the time to normalisation of stool consistency as two values - from the onset of symptoms and from the start of
the intervention. Although the sample size is small, this study can be used as a pilot study for further research.
Our experience has allowed us to point in the direction of future studies in this area.

Limitations

The main limitation of this study is the small sample size. Before the study started, we calculated that 120 patients
would be an adequate sample size. However, we have managed to recruit 27 patients, which is 23% of the expected
number. During the first year of the trial, the main factor contributing to delayed recruitment was a significant
number of patients meeting at least one exclusion criterion. The most common exclusion criteria were symptoms
lasting more than 72 h at the time of presentation to hospital, parents administering probiotics before seeking
medical advice, and patients younger than 13 months. We saw a positive trend: parents now have easy access to
knowledge enabling them to confidently provide basic treatment for gastroenteritis, such as oral rehydration and
probiotics, at home. As a result, they only report to the hospital after a few days if the home treatment fails. Two
protocol amendments were introduced during the trial to improve the pace of recruitment (see Supplementary
Information for a detailed description of these amendments). In the following months, the profile of hospitalised
patients changed significantly due to the SARS-CoV-2 pandemic. Most children with acute gastroenteritis were
treated as outpatients. This made it even more difficult to recruit the planned number of patients. Since the
global SARS-CoV-2 pandemic subsided (January 2022), the pace of recruitment has increased significantly, but
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not enough to make up for the previous two years. However, the probability of a significant effect with a larger
group appears to remain low, given the considerable width of the confidence interval for the observed difference
between the two groups in the endpoints analysed (at the 95% confidence level).

In this study, we focused exclusively on the clinical effect of pleuran. It would have been beneficial to
test the effect of B-glucan supplementation on laboratory parameters demonstrating immune responses. In
particular, mucosal immunity markers in pleuran users, e.g. salivary lysozyme or IgA levels, would provide a
more comprehensive understanding of the mechanisms underlying the enhancement of the immune response.
However, there is a wealth of data available on the effects of p-glucans on various laboratory markers of immune
stimulation in children!7°3-%, Another limitation of the study is that the follow-up was based on a conversation
with the patient’s caregivers, without a personal examination of the patient, or controlling the amount of used
product. We decided to use telephone follow-up because we expected poor compliance if parents had to return
to hospital with a healthy child or return the bottle with the study medication at the end of the treatment. The
assessment of the patient’s symptoms and condition after discharge from hospital was based on the parents’
subjective assessment, which could be a source of bias.

Vitamin C as comparator

In our study, we chose to use a commercially available pleuran preparation that also contains vitamin C. In
order to minimise the effect of this vitamin on the results of the study, a matching placebo was manufactured,
containing the same concentration of vitamin C. The used dose of vitamin C (2 mg/kg of body weight,
maximum 50 mg/day) meets the EFSA recommended daily allowance for children®”. The longest ingestion of
the preparation was 13 days. To our knowledge, there are no data indicating a possible effect of this dose on the
duration or severity of diarrhoea, either in children or adults. We found no studies concerning the role of vitamin
C in acute gastroenteritis treatment. Although an effect of vitamin C on immune mechanisms in humans has
been suggested for years, studies to date have not confirmed those hypotheses. According to Cochrane Systemic
Review, chronic use of much higher doses of vitamin C led to a small and clinically insignificant reduction in
the duration of the common cold of 14% and 18% with the use of 200 mg /day and 1000 mg/ day respectively®®.

Probiotics as exclusion criteria

In order to increase the reliability of the study results, we decided to exclude patients who had been given
probiotics during the episode of AGE. Probiotics have been shown to reduce the length of hospital stay and
to relieve the symptoms of AGE in children®>7. However, there is not enough evidence that they work to
recommend them routinely. Guidelines from major medical societies are inconsistent, ranging from “should
be considered>” to “are not recommended“!°. The administration of probiotics prior to recruitment was one of
the main factors contributing to the under-enrolment of the sample. Given that a significant number of patients
now receive a probiotic prior to medical advice, the authors of this study believe that further research should not
exclude the use of probiotics, but instead administer pleuran as an adjunctive treatment. This approach is also
supported by the potential prebiotic properties of f-glucans, which could enhance the effectiveness of probiotics.
It is important to note that all study participants should receive the same strain of probiotic bacteria. Moreover,
a B-glucan with proven prebiotic properties for particular probiotic strain should be used. For example, studies
have shown the stimulatory effect of pleuran on the growth of Lacticaseibacillus strains, so this p-glucan-
probiotic pair could be one of potential choices for further trials™.

Conclusions

Despite promising results in children with respiratory infections, our experimental study shows that the use of
pleuran does not reduce the duration and symptoms of acute gastroenteritis in children. Therefore, there is no
evidence to support its use in infectious diarrhoea. However, given pleuran’s ability to stimulate intestinal innate
immunity, prebiotic properties and good tolerability, larger studies are needed to further investigate its potential
as a nutraceutical in the paediatric population. The authors of this article hypothesise that the combination
of pleuran with probiotic Lacticaseibacillus strains, particularly those demonstrated to alleviate the symptoms
of gastroenteritis in children (e.g. Lacticaseibacillus rhamnosus GG or Limosilactobacillus reuteri DSM 17938),
may represent a promising avenue for further investigation. This study can be used as a pilot study for further
research.

Data availability

The study protocol is publicly available via the ClinicalTrials platform (NCT03988257) and published in BMJ.
The data that support the findings of this study are available upon reasonable request from corresponding au-
thor. Data requestors would need to sign a data access agreement to gain access.
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7. Podsumowanie i wnioski
Whioski:
1. Brak potwierdzenia skutecznosci klinicznej pleuranu w leczeniu AGE.

Na podstawie przeprowadzonego, podwdjnie zaslepionego badania klinicznego
z randomizacjg nalezy stwierdzi¢, ze pleuran nie wykazuje istotnej klinicznie skutecznos$ci

w leczeniu ostrych biegunek infekcyjnych u dzieci.

2. Potwierdzenie bezpieczenstwa pleuranu w populacji dziecigce;.

Preparat zawierajacy pleuran charakteryzuje si¢ doskonalym profilem bezpieczenstwa
w populacji dzieci, bez wystepowania powaznych dziatah niepozadanych podczas
14- dniowej obserwacji, co pozwala na bezpieczne stosowanie preparatu w pozostatych

wskazaniach, jak tez w przysztych badaniach klinicznych.

3. Ograniczona przydatnos$¢ pleuranu w praktyce klinicznej AGE.

W oparciu o uzyskane wyniki nie ma podstaw naukowych do rekomendowania pleuranu

jako terapii wspomagajacej w leczeniu ostrych zakazen przewodu pokarmowego u dzieci.

4. Potencjatl zastosowania pleuranu w innych wskazaniach.

Wykazane mechanizmy immunomodulujacego dzialania oraz doskonaty profil
bezpieczenstwa sugeruja potencjatl zastosowania pleuranu w innych wskazaniach,
szczegblnie w profilaktyce zakazen uktadu oddechowego oraz wspieraniu odpornosci
u dzieci z niedoborami odpornosci. Dalsze badania powinny koncentrowac si¢ na tych

obszarach zastosowan.
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5. Konieczno$¢ ukierunkowanych dalszych badan wieloosrodkowych.

Ze wzgledu na heterogeniczno$¢ wynikow dostgpnych w pismiennictwie oraz ograniczenia
metodologiczne pojedynczych badan, konieczne sg dalsze randomizowane proby kliniczne
o wigkszej mocy statystycznej (n > 500), prowadzone w wielu o$rodkach medycznych.
Przyszte badania powinny uwzglednia¢ stratyfikacje wedlug wieku, etiologii infekcji oraz
statusu zywieniowego pacjentow. Dalsze badania powinny koncentrowaé sie
na identyfikacji optymalnych populacji pacjentéw oraz wskazan klinicznych, w ktérych
immunomodulujace wiasciwosci B-glukanow moga przynies¢ najwigksze korzysci
terapeutyczne. Szczegdlnie obiecujace wydaja si¢ zastosowania w profilaktyce infekcji
u dzieci z niedoborami odpornosci oraz w terapii wspomagajacej chordb
autoimmunizacyjnych. Biorgc pod uwage zdolnos$¢ pleuranu do stymulacji odpornosci
wrodzonej w obrebie jelitowego ukladu chlonnego, jego wiasciwosci prebiotyczne
oraz dobra tolerancj¢, konieczne s szerzej zakrojone badania nad jego zastosowaniem
w zakazeniach przewodu pokarmowego. Na podstawie dotychczasowej literatury
oraz naszych do§wiadczen wysuneliSmy hipoteze, ze polaczenie pleuranu z probiotykami
z rodzaju Lacticaseibacillus, zwtaszcza szczepami skutecznymi w tagodzeniu objawow
biegunki dzieci (np. L. rhamnosus GG lub L. reuteri DSM 17938), moze stanowic
obiecujacy kierunek dalszych badan — a niniejsze badanie moze pehic¢ role pilotazowa.
Przedstawiona metodyka badawcza moze stuzy¢ jako fundament dla przysztych projektow
oceniajacych skuteczno$¢ innych substancji bioaktywnych pochodzenia naturalnego,
przyczyniajac si¢ do rozwoju medycyny opartej na dowodach w obszarze nutraceutykow

pediatrycznych.

Podsumowanie

Niniejsza rozprawa doktorska stanowi pionierskg probe oceny skutecznosci pleuranu
w leczeniu ostrej biegunki infekcyjnej (AGE) u dzieci. W ramach cyklu trzech publikacji
przeprowadzilismy kompleksowa analizg: od przegladu literatury, przez opracowanie
protokotu badania klinicznego, po realizacj¢ randomizowanej, podwojnie zaslepionej
préby kontrolowanej placebo. Mimo, ze badanie nie potwierdzito skutecznosci pleuranu

w skracaniu czasu trwania biegunki ani tagodzeniu jej objawow, wykazano bardzo dobry
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profil bezpieczenstwa tej substancji w populacji dziecigcej. Wyniki te pozwalaja
na wyciagnigcie waznych wnioskow praktycznych i metodologicznych oraz wskazuja
potencjalne kierunki dalszych badan — zwlaszcza w zakresie zastosowania pleuranu
w profilaktyce infekcji drog oddechowych czy jako sktadnika terapii wspomagajacej u
dzieci z zaburzeniami odpornosci. Rozprawa wnosi istotny, oryginalny wktad do rozwoju

badan nad bioaktywnymi polisacharydami w medycynie wieku rozwojowego.
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8. Opinia Komisji Bioetycznej

Komisja Bioetyczna
przy Warszawskim Uniwersytecie Medycznym

Tel.: 022/57-20-303 ul. Zwirki i Wigury nr 61
Fax: 022/57-20-165 02-091 Warszawa

e-mail: komisja.bioetyczna@wum.edu.pl
www.komisja-bioetyczna.wum.edu.pl

KB/45.2018

Komisja Bioetyczna przy Warszawskim Uniwersytecie Medycznym
w dniu 18 kwietnia 2018 r. po zapoznaniu si¢ z wnioskiem:

Lek. Katarzyna Wzorek-Eyczko,
Klinika Pediatrii z Oddzialem Obserwacyjnym,
ul. Zwirki i Wigury 63A, 02-091 Warszawa,

dotyczacym: wyrazenia opinii w sprawie badania pt :,,Skutecznos¢ pleuranu w leczeniu ostrej biegunki
infekcyjnej u dzieci-badanie z randomizacja. kontrolowane placebo, prowadzone metodg podwdjnie
slepej proby.”

wyraza nastepujgca
opinie
- stwierdza, Ze jest ono dopuszczalne i zgodne z zasadami naukowo-etycznymi*.

Uwagi Komisji — verte

Komisja dziala na podstawie art.29 ustawy z dnia 5.12.1996r. o zawodzie lekarza /Dz.U.nr 28/97
poz.152 wraz z poin.zm./, zarzadzenia MZiOS z dn.11.05.1999r. w sprawie szczegélowych zasad
powolywania i finansowania oraz trybu dzialania komisji bioetycznych /Dz.U.nr 47 poz.480/,
Ustawy prawo farmaceutyczne z dnia 6 wrzesnia 2001r. (Dz.U.Nr 126, poz. 1381 z pZn. zm.) oraz
Zarzadzenie nr 56/2007 z dnia 15 pazdziernika 2007r, w sprawie dzialania Komisji Bioetycznej
przy Warszawskim Uniwersytecie Medycznym /Regulamin Komisji Bioetycznej przy
Warszawskim Uniwersytecie Medycznym/.

Komisja dziala zgodnie z zasadami GCP .

W zalgczeniu: skiad komisji oraz lista obecnosci

Przewodniczaca Komisji Bioetycznej

e - et

Dr hab. n. med. Magdalena Kuzma-Kozakiewicz

*niepotrzebne skresli¢
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Komisja wyraza pozytywna opini¢ w sprawie przeprowadzenia wnioskowanych
badan- na warunkach okreslonych we wniosku oraz dodatkowo zastrzegajac:
1/ obowiazek przedstawienia Komisji:

wszystkich zmian w protokole majacych wplyw na przebieg oraz oceng
badania,

wszystkich przypadkéw zdarzen niepozadanych,

zawiadomienia o przyczynach przedwczesnego zakonczenia badania,
sprawozdania w toku przeprowadzonych badan-za sze$¢ miesigcy,
raportu koncowego.
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strona podpisowa do uchwaly Komisji Bioetycznej przy Warszawskim
Uniwersytecie Medycznym nr KBl...... 5......... z dnia 18 kwietnia 2018r.

1. Dr hab. n.med. Magdalena Kuzma —Kozakiewicz

2. Dr hab. n. med. Tomasz Grzela

3.Dr hab. n. med. Andrea Horvath-Stolarczyk
4. Prof. dr hab. n. med. Pawel Piatkiewicz

5. Dr hab. n. med. Marek Postuta

6. Dr hab. n. med. Marcin Ufnal

7. Dr n. med. Katarzyna Kosinska-Kaczynska
8. Dr hab. n. farm. Sylwia Flis

9. Dr n. med. Agnieszka Serafin

10. Ks. Pawel Smierzchalski

11. Prof. dr hab. Maria Boratynska
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8.
9,
10. Ks. Pawet Smierzchalski

11. Prof. dr hab. Maria Boratynska

Lista obecnosci
na posiedzeniu Komisji Bioetycznej
w dniu 18 kwietnia 2018

2
. Dr hab. n.med. Magdalena Kuzma —Kozakiewicz / %/ﬂ& :é .. : ......... =

. Dr hab. n. med. Tomasz Grzela ...\ 0"""0-/{" ........

. Dr hab. n. med. Andrea Horvath-Stolarczyk ... M .............. .

. Prof. dr hab. n. med. Pawel Piatkiewicz @ﬁvt‘w""af(,

. Dr hab. n. med. Marek Postula rffi}@,f

. Dr hab. n. med. Marcin Ufnal .-/‘/)“ Cr/\_

. Dr n. med. Katarzyna Kosinska-Kaczynska (ﬁ{'{)ﬁuzh’\n_&w/“t A
Dr hab. n. farm. Sylwia Flis

Dr n. med. Agnieszka Serafin
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9. Os$wiadczenia wszystkich wspolautoréw publikacji

Warszawa 04.06.2025
(miejscowoé, data)

Prof. dr hab, n. med. Ernest Kuchar

OSWIADCZENIE

Jako wspotautor pracy pt. ,,The anti-infective effect of B-glucans in children™
oswiadczam, iz méj wlasny wkiad merytoryezny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowil: nadzér nad
przygo('owaniem przegladu literatury, interpretacja wynikéw, nadzér nad przygotowaniem
publikacji.

Mé6j udzial procentowy w przygotowaniu publikacji wynosil: 10%

Wkiad Katarzyny Wzorek-Eyczko w powstawanie publikacji okreslam jako: 65%
Obejmowat on sformutowanie problemu badawczego, przeprowadzenie przegladu literatury,
interpretacja wynikéw analizy, przygotowanie manuskryptu, prowadzenie korespondenciji z

recenzentami, (meryloryceny opis whladu kandydata do stopnin w powstanic publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej
lek Katarzyny Wzorek-FEyczko.

(imig i nizwisko kandydata do stopnin)

KIEROWNIK

=Pyt

PrEf et BN RS R Setdt)

*w szezegdlnosei udzialu w przygotowaniu koneepeji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa 04.06.2025
(miejscowosé, data)

Dr n. med. Anna Piwowarczyk

OSWIADCZENIE

Jako wspolautor pracy pt. ,, The anti-infective effect of f-glucans in children” o$wiadczam, iz moj
wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowil: sformutowanie problemu badawczego, nadzor nad metodyka
przygotowania przegladu literatury, interpretacja wynikow, przygotowanie publikacji.

Méj udziat procentowy w przygotowaniu publikacji wynosit:20%

Wkiad Katarzyny Wzorek-Lyczko w powstawanie publikacji okre$lam jako: 60%
Obejmowat on sformutowanie problemu badawczego, przeprowadzenie przegladu literatury, interpretacja
wynikéw analizy, przygotowanie manuskryptu, prowadzenie korespondencji z recenzentami. (merytoryezny

opis wkladu kandydata do stopnia w powstanie publikagji)*

Jednoczeénie wyrazam zgode na wykorzystanie w/w pracy jako cze$é¢ rozprawy doktorskiej lek Katarzyny
Wzorek-Lyczko.

(imi¢ i nazwisko kandydata do stopnia)

*w szezegblnosei udzialu w przygotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa 04.06,2025
(miejscowosé, data)

Lek. Weronika Wozniak

OSWIADCZENIE

Jako wspélautor pracy pt. ,,The anti-infective effect of p-glucans in children” o$wiadczam, iz méj
wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowit przeprowadzenie przegladu literatury, przygotowanie manuskryptu.
Moj udziat procentowy w przygotowaniu publikacji wynosit: 5%

Wkiad Katarzyny Wzorek-Lyczko w powstawanie publikacji okreslam jako: 65%
Obejmowal on sformutowanie problemu badawczego, przeprowadzenie przegladu literatury, interpretacja

wynikéw analizy, przygotowanie manuskryptu, prowadzenie korespondencji z recenzentami. (meyioryczny
opis wkiadu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej lek Katarzyny
Wzorek-Lyczko.

(imig i nazwisko kandydata do stopnia)

Ueron e EAVSE N T

...................................................

(podpis o$wiadczajacego)

*w szezegblnosci udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikéw
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Warszawa 04.06.2025
(miejscowosé, data)

Prof. dr hab. n. med. Ernest Kuchar

OSWIADCZENIE

Jako wspolautor pracy pt. ,,Protocol of the study: the effectiveness of pleuran in the
treatment of acute gastroenteritis in children- a randomised, placebo controlled, double- blind
trial (EPTAGE)” o$wiadczam, iz mé] wlasny wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badafn oraz przedstawienie pracy w formie publikacji
stanowil: kierownictwo i nadzor nad grantem badawczym, nadzor nad przygotowaniem
projektu badania, nadzoér nad przygotowaniem publikacji.

Méj udzial procentowy w przygotowaniu publikacji wynosit:10%

Wkiad Katarzyny Wzorek-Lyczko w powstawanie publikacji okreslam jako: 60%

Obejmowat on  sformulowanie problemu badawczego, zaprojektowanie badania,
przygotowanie dokumentacji koniecznej do prowadzenia badania, uzyskania zgody Komisji
Bioetycznej, ubezpieczenia badania, rozliczenia grantu badawczego, przygotowanie

manuskryptu, prowadzenie korespondencji z recenzentami. (mervtorycany opis wkladu kandydata do stopnia w

powstanic publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej
lek Katarzyny Wzorek-Lyczko.

(imig i nazwisko kandydata do stopnia)

KIEROWNIK
zmm
Ernend ]
(podpis oswiadczajacego)

*w szczegblnosci udzialu w przygotowaniu koneepeji, metodyki, wykonaniu badar, interpretacji wynikow
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Warszawa 04.06.2025
(miejscowosc, data)

Dr n. med. Anna Piwowarczyk

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Protocol of the study: the effectiveness of pleuran in the treatment of
acute gastroenteritis in children- a randomised, placebo controlled, double- blind trial (EPTAGE)”
o$wiadczam, iz moj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji stanowil: sformulowanie problemu badawczego, autorstwo
koncepcji i projektu badania, nadzér nad przygotowaniem projektu, przygotowanie manuskryptu.

Moj udzial procentowy w przygotowaniu publikacji wynosil: 30%

Wkiad Katarzyny Wzorek-Lyczko w powstawanie publikacji okreslam jako: 60%

Obejmowal on sformutowanie problemu badawczego, zaprojektowanie badania, przygotowanie
dokumentacji koniecznej do prowadzenia badania, uzyskania zgody Komisji Bioetycznej, ubezpieczenia
badania, rozliczenia grantu badawczego, przygotowanie manuskryptu, prowadzenie korespondencji z

recenzentami. (merytoryczny opis wkisdu kandydata do stopnia w powstanie publikacji)®

Jednoczeénie wyrazam zgode na wykorzystanie w/w pracy jako czg$é rozprawy doktorskiej lek Katarzyny
Wzorek-Lyczko.

(imig i nazwisko kandydata do stopnia)

fiue.. Pooriaarr/C.
(podpis oéwiadc;a’]/sgcego)

*w szczegolnosci udzialu w przygotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa 04.06.2025
(miejscowo$é, data)

Prof. dr hab. n. med. Ernest Kuchar

OSWIADCZENIE

Jako wspolautor pracy pt. ,A randomised trial of pleuran in peadiatric acute
gastroenteritis” o$wiadczam, iz méj wlasny wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji
stanowil: kierownictwo i nadzér nad grantem badawczym, nadzér nad przeprowadzeniem
badania, nadzér nad przygotowywaniem publikacji.

MG6j udziat procentowy w przygotowaniu publikacji wynosit: 10%

Wkiad Katarzyny Wzorek-Lyczko w powstawanie publikacji okreslam jako: 60%

Obejmowat on sformulowanie problemu badawczego, przeprowadzenie rekrutacji do badania,
prowadzenie dokumentacji koniecznej do rozpoczecia i prowadzenia badania
interwencyjnego, zgromadzenie danych, synteza i interpretacja wynikéw badania,

przygotowanie manuskryptu, prowadzenie korespondencji z recenzentami. (merytoryezny opis whindu

kandydata do stopnia w powstanie publikocji)*

Jednoczeénie wyrazam zgode na wykorzystanie w/w pracy jako czgé¢ rozprawy doktorskiej

lek Katarzyny Wzorek-Eyczko.

{imig | nazwisko kandydaia do stopnin) KIEROWNIK
Mlll :mummm

mz n, énf. Eroest.Kuchar

(podpis o$wiadczajacego)

*+w szczegolnoscei udzialu w przygotowaniu koncepceji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 04.06.2025
(miejscowodé, data)

Dr n. med. Anna Piwowarczyk

OSWIADCZENIE

Jako wspolautor pracy pt. ,,A randomised trial of pleuran in peadiatric acute gastroenteritis”
oswiadczam, iz moj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji stanowil: sformutowanie problemu badawczego, nadzor
nad poprawnym przeprowadzeniem badania, nadzér nad poprawnoécia prowadzonej dokumentacii,
rekrutacja pacjentow do badania, nadzér nad interpretacja wynikéw, przygotowanie publikacji.

M¢j udziat procentowy w przygotowaniu publikacji wynosit: 20%

Wkiad Katarzyny Wzorek-Lyczko w powstawanie publikacji okre$lam jako: 60%

Obejmowal on sformulowanie problemu badawczego, przeprowadzenie rekrutacji do badania,
prowadzenie dokumentacji koniecznej do rozpoczecia i prowadzenia badania interwencyjnego,
zgromadzenie danych, synteza i interpretacja wynikow badania, przygotowanie manuskryptu,

prowadzenie korespondencji z recenzentami. (mervioryeray opis whiadu kandydata do stopnia w powstanic publikacji)*

Jednocze$nie wyrazam zgodg na wykorzystanie w/w pracy jako czgé¢ rozprawy doktorskiej lek Katarzyny
Wzorek-Lyczko.

{imi¢ i nazwisko kandydata do stopnia)

b, Hhrnfl

(podpis o$wiadczjacego)

*w szczegdlnodci udzialu w przygotowaniu koncepceji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa 04.06.2025
(miejscowosé, data)

Lek Weronika Wozniak

OSWIADCZENIE

Jako wspélautor pracy pt. ,A randomised trial of pleuran in peadiatric acute gastroenteritis”
o$wiadczam, iz méj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji stanowil: rekrutacja pacjentéw do badania.

Méj udziat procentowy w przygotowaniu publikacji wynosit: 5%

Wkiad Katarzyny Wzorek-Lyczko w powstawanie publikacji okre$lam jako: 60%

Obejmowat on sformulowanie problemu badawczego, przeprowadzenie rekrutacji do badania,
prowadzenie dokumentacji koniecznej do rozpoczecia i prowadzenia badania interwencyjnego,
zgromadzenie danych, synteza i interpretacja wynikdw badania, przygotowanie manuskryptu,
prowadzenie korespondencji z recenzentami. (merytoryezny opis wkiadu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cz¢$¢ rozprawy doktorskiej lek Katarzyny
Wzorek-Lyczko.

(imi¢ i nazwisko kandydata do stopnia)
Llesonio WO Al

(podpis o$wiadczajacego)

*w szezeg6lnodei udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikéw
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(migjscowosé, data)

Dr hab. n. med. Henryk Szymanski

OSWIADCZENIE

Jako wspolautor pracy pt. A randomised trial of pleuran in peadiatric acute
gastroenteritis” oSwiadczam. iz mdj wlasny wklad merytoryezny w  przygotowanie.
przeprowadzenic i opracowanic badan oraz przedstawienie pracy w formie publikacji
stanowil: nadzor nad rekrutacja pacjentéw do badania. nadzor nad interpretacia wynikéw i
przygotowaniem publikacji.

M¢j udzial procentowy w przygotowaniu publikacji wynosil: 5%

Wklad Katarzyny Wzorek-Lyezko w powstawanie publikacji okreslam jako: 60%

Obejmowal on sformulowanie problemu badawczego. przeprowadzenie rekrutacji do badania.
prowadzenie dokumentacji  koniecznej do rozpoczecia i prowadzenia  badania
interwencyjnego. zgromadzenie danych, synteza i interpretacia wynikéw badania,
przygotowanie manuskrypiu, prowadzenie korespondencji z recenzentami. (mervioryezny opis whladu

kandydata do stopmia w powstamie publikacyi)®
Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek Katarzyny Wzorek-Lyczko.

(g i nazwisko kandydata do stopnia)

(podpis oswiadezajacego)

*w szczegolnosci udzialu w przygotowaniu koncepeji. metodvki. wykonaniu badan, interpretacji wynikéw

—
.
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