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ABSTRAKT

Komplexni etiopatogeneze idiopatickych stievnich zanéti (IBD) zlstava nejasna,
pfi¢emz jednou z hlavnich pfi¢in se jevi dysregulace slizni¢ni imunity v reakci na specifické
slozky stfevniho mikrobiomu. Tato disertacni prace zkouma potenciadl fekalni mikrobidlni
transplantace (FMT) jako inovativni terapeutické intervence zaméfené na modifikaci
mikrobiomu a ovlivnéni priabehu IBD. FMT, spocivajici v pienosu stolice od zdravého darce
k pacientovi, se ukdzala jako vysoce t¢inna v 1é¢bé rekurentni klostridiové kolitidy (CDI), kde
je jiz povazovana za standardni 1é¢ebny postup. Ve vztahu k IBD vsak predstavuje FMT stale
experimentalni metodu, pouZzivanou pievazné v ramci klinickych studii. Sou€asny systematicky
ptehled uvadi, Ze uc¢inek FMT na ulcerozni kolitidu (UC) je proménlivy, jak z hlediska dosaZeni
remise, tak klinické odpovédi. Nedavné randomizované kontrolované studie (RCT) pro UC, a
s tim v souladu i ndmi prezentovand data, ukazuji na mirny az stfedni efekt FMT
v této indikaci. Uginnost FMT ovliviuje celd fada faktorii, zejména spravny vybér darce &
darct, diverzita jeho mikrobiomu, metody aplikace i frekvence podavani. V ptipadé¢ Crohnovy
choroby (CD) jsou data zatim velmi omezend, ale naznacuji maly efekt FMT v této indikaci.
FMT je povazovdna za bezpetnou metodu s minimem zdvaznych nezadoucich ucinka
za predpokladu striktniho dodrZovani kritérii pro vybér a vysetieni darct.

Na zéklad¢ dosavadnich vysledk Ize konstatovat, Ze FMT predstavuje slibny
a bezpeCny terapeuticky pfistup 1écby UC. Pro definitivni zavéry jsou vSak nezbytné dalsi
rozsahlé, dobfe navrzené studie, které se zaméfi na efektivitu metody v riznych indikacich,
schopnost navodit remisi u IBD, pocet nutnych aplikaci FMT pro dosazeni tohoto cile,

dlouhodobou bezpec¢nost a optimalni zplisoby aplikace.



ABSTRACT

The complex etiopathogenesis of idiopathic inflammatory bowel diseases (IBD)
remains unclear, with one of the main suspected causes being the dysregulation of mucosal
immunity in response to specific components of the gut microbiome. This dissertation
investigates the potential of faecal microbiota transplantation (FMT) as an innovative
therapeutic intervention aimed at modifying the microbiome and influencing the course of IBD.
FMT, involving the transfer of stool from a healthy donor to the patient, has proven highly
effective in the treatment of recurrent Clostridioides difficile colitis, where it is already
considered a standard therapeutic procedure. However, in relation to IBD, FMT remains
an experimental method, predominantly used in clinical studies. Current systematic reviews
indicate that the effect of FMT on ulcerative colitis (UC) is variable, both in terms of achieving
remission and clinical response. Recent randomized controlled trials for UC, in accordance with
our presented data, show a mild to moderate effect of FMT in this indication. The effectiveness
of FMT is influenced by a range of factors, particularly the correct selection of donor or donors,
the diversity of their microbiome, methods of application, and frequency of administration.
In the case of Crohn's disease, the data are still very limited, but suggest a minimal effect of
FMT in this indication. FMT is considered a safe method with minimal adverse effects,
provided strict criteria for donor selection and examination are adhered to.

Based on the current results, it can be concluded that FMT represents a promising
and safe therapeutic approach for the treatment of UC. However, further extensive,
well-designed studies are necessary to provide definitive conclusions, focusing on the method's
effectiveness in various indications, its ability to induce remission in IBD, the number of FMT

applications needed to achieve this goal, long-term safety, and optimal methods of application.
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SEZNAM ZKRATEK

5-ASA S-aminosalicylat

6MP 6-merkaptopurin

16S rRNA 16S ribosomalni ribonukleova kyselina
Anti-TNF Anti-tumor necrosis factor

CD Crohnova choroba

CDI Clostridioides difficile infekce

Cl Confidence interval

CRP C-reaktivni protein

EurFMT Evropsky registr FMT

FACTU Fekalni mikrobialni transplantace u levostranné ulcer6zni kolitidy
FMT Fekalni mikrobidlni transplantace

HIV Human Immunodeficiency Virus

IBD Idiopatické stievni zanéty

IL-10 Interleukin 10

LDA Lineéarni diskriminacni analyza

NOD2 Nucleotide-binding oligomerization domain-containing protein 2
RCT Randomizovand kontrolovana studie
SCFA Mastné kyseliny s kratkym fetézcem
SCCAI Simple Clinical Colitis Activity Index
Ster Kortikosteroidy

UC Ulcerézni kolitida



UvVOD

Lidské télo, Casto povazované za zédzrak biologického inzenyrstvi, neni ostrovem
izolovanym od okolniho svéta. Naopak, je domovem pro nespocet mikroorganismu, které
s nami ziji v symbiotickém vztahu a ovliviiuji nase zdravi, chovani a mnoho dalSich aspekti
naSeho zivota. Tento komplexni ekosystém mikroorganismli, oznaCovany jako lidsky

mikrobiom se v poslednich desetiletich stal pfedmétem intenzivniho védeckého zkoumani.

Diivodem pro takovy zajem je stale rostouci diikkaz o roli, jakou hraje mikrobiota
v nasem zdravi a onemocnéni. Od traviciho systému az po kognitivni funkce, mikroorganismy,
které s nami sdileji nase télo, ovliviiuji nase fyziologické stavy, obranyschopnost a dokonce
1 nasi psychiku. Ac¢koli byla lidska mikrobiota po tisice let soucasti naseho byti, teprve nedavno

jsme zacali rozkryvat jeji tajemstvi a dilezitost.

Lidské mikrobiota miiZe obsahovat az desetkrat vice bun€k nez nase vlastni lidské télo.
Nejvétsi zastoupeni ma v gastrointestinalnim traktu, a to jak celkovym poctem, tak i poctem
druhti bakterii, ktery dle Human Microbiom Project dosahuje 3000, z nichz vétSinu nejsme
zatim schopni ani kultivovat [1, 2]. Neddvné metagenetické analyzy stanovily katalog gent
lidské mikrobioty s celkovym poctem 3,3 mil. jedine¢nych gent, coz je piiblizné stokrat vice,
nez z kolika se sklada lidsky genom [3]. Kmeny Firmicutes, Bacteroidetes, Proteobacteria
a Actinobacteria tvoii vice nez 99 % stfevni mikroflory. Kmen Firmicutes (véetné Clostridia)
pfedstavuje vice nez 60 % druhli vazanych na sliznici tlustého stfeva, zatimco
Enterobacteriaceae jako Escherichia coli jsou relativné malou podskupinou, ktera piedstavuje
pouze 8 % vSech bakterii stteva [4, 5]. Mikrobiotu vSak neptfedstavuji jen bakterie, ale 1 archea,
houby, ftasy, viry a fagy [6]. Nejnovéji je mikrobiota definovana tak, ze se tyka nejen
spolecenstvi mikroorganismu, ale také celého spektra molekul produkovanych témito
mikroorganismy, vcetné jejich strukturnich prvkd, metaboliti a molekul produkovanych

koexistujicim hostitelem [6].

Stfevni mikrobiota funguje jako samostatny organ lidského téla. Ovliviuje Stépeni
a vsttebavani zivin, bariérovou funkeci sttevni sliznice, metabolismus, imunitni systém hostitele,
produkuje vitamin K a biotin. Komenzalni stfevni mikrobiota metabolizuje nevsttebatelné
sacharidy zpotravy a produkuje mastné kyseliny s kratkym fetézcem, které mohou
pfedstavovat az 10 % denniho energetického piijmu [4]. Zatimco mastné kyseliny, acetat,

propionat a butyrat tvoii hlavni zdroj energie pro kolonocyty, zlepsuji také slizni¢ni bariérovou
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funkci stimulaci sekrece hlenu a udrzovanim integrity epitelu podporou tésného bunécéného
spojeni [7]. Butyrat se také vaze piimo na makrofagy a dendritické buiky, ¢imz zvysuje
T lymfocyti [8-10]. Mikrobiota se také podili na metabolizaci xenobiotickych sloucenin, ¢imz
ovliviiuje metabolismus 1é¢iv a karcinogenezi [11, 12]. Mikrobialni hydrolazy zlu¢ovych soli
dekonjuguji primarni zluc¢ové kyseliny a vedou k tvorbé sekundarnich zlu¢ovych kyselin, které
krom¢ jinych ucinkt ovliviiuji rst dalSich bakterii [ 13]. Komenzalni mikroorganismy obyvajici
lidsky gastrointestinalni trakt tedy hraji dalezitou roli pfi metabolismu, imunitni adaptaci

a zaroven potlacuji rist konkuren¢nich invaznich druht [14].

U dysbidzy vede snizend koncentrace protektivnich bakterii produkujicich mastné
kyseliny s kratkym fetézcem a akumulace toxickych metabolitii sttevnich patogenti ke zvysené
koncentraci prozanétlivych mediatori a zvySené permeabilité sliznice [4, 5]. ZhorSena
imunoregulace hostitele s neucinnou regulaci vrozené imunitni odpovédi vede ke ztraté

tolerance k nepatogennim mikrobidlnim antigeniim a rozvoji zkiizen¢ reaktivni autoimunity

[4].

Vztah zdravé mikrobioty a hostitele pfedstavuje symbidzu. Zmény mikrobioty mohou
vést k naruSeni této symbiozy, a tim ke vzniku nékterych onemocnéni. Tento patofyziologicky
mechanismus 1ze popsat na klostridiové kolitidé, ale mezi choroby se vztahem ke stfevnimu
mikrobiomu patii 1 IBD, syndrom drazdivého tra¢niku, jaterni encefalopatie, diabetes 2. typu,
metabolicky syndrom, nealkoholickd steatohepatitida, obezita, aterosklerdza, idiopaticka

trombocytopenicka purpura, roztrouSena skler6za, alergie, autismus a dalsi [15].

Fekalni mikrobidlni transplantace je 1é€ebna metoda spocivajici v pfenosu stolice od
zdravého darce pacientovi. S jejim vyuZitim Ize obnovit mikrobidlni homeostazu stfeva,
aovlivnit tak vySe zminéna onemocnéni. Prvni zminky o FMT se datuji
2 000 let nazpét do staré Ciny, kdy Ge Hong popisuje 1é¢bu priijmii a otravy jidlem pomoci
FMT [16]. Pozdé&ji beduini 1é¢ili bakterialni uplavici konzumaci Cerstvého velbloudiho trusu
[17]. Tento 1€k byl aplikovan némeckymi lékati za druhé svétové valky, kdy v severni Africe
umirali vojéci na uplavici. Lékati izolovali Bacillus subtilis z velbloudich vykalli pouzivanych
mistnimi obyvateli trpicimi touto chorobou a s dobrym efektem jej podavali infikovanym
vojakiim [18]. Prvni ¢lanek v odborné literatuie o uspéSném pouziti FMT k lécbe
pseudomembrandzni kolitidy byl publikovan v roce 1958 Eisemanem a kol. [19]. Od té doby

byla publikovana tada pfipadi 1 studii naznacujici ucinnost FMT v 1é¢be nékterych
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onemocnéni. FMT je vysoce efektivni v 1é¢bé rekurentni pseudomembrandzni kolitidy [20].
V této indikaci se jednd o standardni, klinicky vyuzitelnou metodu. Principem 1éCby je
napraveni ,.ekologické katastrofy” zpisobené vétSinou pouzitim antibiotik s naslednym
premnozenim kmene Clostridioides difficile. Proto neni piekvapivé, ze 1 jednorazové ci
dvojnésobné podani FMT vede k vysoké frekvenci vyléceni (81-94 %). Ostatni uvedené

indikace, v¢. IBD, jsou experimentalni a jsou pfedmétem pouze klinickych studii [21].

Vztah mikrobiomu a IBD neni natolik objasnén jako u klostridiové kolitidy. I ptes
intenzivni vyzkum neni stale uspokojivé vysvétlena piesnd etiopatogeneze IBD, nicméné
jednou z teorii vzniku IBD je neadekvatni reakce imunitniho systému na nékteré soucasti
sttevniho mikrobiomu. Tato souvislost byla doloZena studiemi na zvifecich modelech, kdy
absence mikrobiomu u geneticky predisponovanych mysi zabranila rozvoji IBD. Je prokazéano,
ze u pacienttl s IBD dochazi ke snizeni diverzity druhii i zménam zastoupeni stfevni mikroflory.
Existuje dostatek diikazi o uloze dysbiézy v patogenezi IBD [4, 22]. Nékolik zndmych
predisponujicich variant genli k IBD ovliviiuje zpisoby interakce stieva s prostfedim [23].
Prvni identifikovany predisponujici gen pro Crohnovu chorobu NOD?2 se ucastni imunitni
odpovédi na grampozitivni a gramnegativni bakterie [24]. Mutace NOD2 ovliviiuji mnozstvi
bakterii adherujicich na sliznici [25] a transkripci protizanétlivého cytokinu IL-10 [26]. Mnoho
studii zjistilo, Ze pacienti se zanétlivym onemocnénim stfev maji ve stfevech méné bakterii
produkujicich mastné kyseliny s kratkym ftetézcem (SCFA), zejména Faecalibacterium
prausnitzii, symbiotickou bakterii s dobfe zdokumentovanymi ptiznivymi G€inky pro hostitele
[27, 28]. Ke zvraceni tohoto stavu dysbidzy, a tim 1 k potencialni 1é€bé IBD, se nabizi pouziti

FMT.

1. Metodologie FMT

1.1 Priprava a uchovavani FMT

Zatim nebyl stanoven standardni protokol ptipravy FMT. V publikovanych studiich jsou
velké rozdily ve zpracovani stolice, pouzitych rozpoustédlech 1 zplisobu homogenizace
a filtrace materidlu. Maly pocet subjektli i nedostatek kontrol v téchto studiich znesnadiiuji
vyvozeni jednozna¢nych zavéri. Prestoze kazdé pracovisté provadi FMT svym vlastnim a ¢asto
origindlnim zplsobem, lze popsat vSeobecné piijimany zakladni algoritmus provedeni.
Nejcastéji se rozpousti 50 g Cerstvé stolice ve fyziologickém roztoku o dostatecném objemu
(150-500 ml). Jako rozpoustédlo uzivaji n¢ktera pracovisté i vodu nebo mléko. K dokonalému
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promiseni lze pouzit bézny kuchynsky mixér ¢i tekutinu homogenizovat fddnym protiepanim.
Takto vznikly roztok se dvakrat prefiltruje pfes sterilni gazu k odstranéni vétsich zbytka stolice
[20]. Vysledny produkt, fekalni transplantat, se pouziva bud’ Cerstvy, a nebo ho lze uchovat

hluboce zmrazeny s glycerolem ¢i lyofylizovanyk pozdéjsimu pouziti [29].

V dostupnych studiich FMT u klostridiové kolitidy méla voda jako rozpoustédlo vyssi
miru vyléceni nez fyziologicky roztok (98,5 vs. 86 %), avSak relaps onemocnéni byl popisovan
dvakrat Castéji. ZvySujici se objem FMT vedl k mirné vyssi GspésSnosti 1é¢by za predpokladu
onemocnéni) [30]. Hamilton a kol. prokazali stejnou u¢innost zmrazené FMT jako Cerstvé FMT
v 1é€bé klostridiové kolitidy [31]. Po 12 tydnech zmrazeni FMT na —80 °C byla pozorovana
viabilita 80 % bakterii. Pokud bude tato skute¢nost prokazana i u ostatnich onemocnéni, povede
darcovskych bank, které¢ budou shromazd’ ovat zmrazenou ¢i lyofilizovanou stolici od kvalitnich
darct. DalSim logickym krokem je ptiprava kapsli s lyofilizovanym ¢i specidln€¢ emulgovanym
fekalnim obsahem. K zajisténi piesunu adekvatni kvantity mikrobimu bude vSak nutno

aplikovat najednou velké mnozstvi kapsli (az 30) [29].
1.2 Vybér a vySetieni darce

Vybér darce piredstavuje zdsadni aspekt uspésné FMT. Je dilezity jak z hlediska
bezpecnosti, tak efektivity FMT. Darci stolice pro 1é€bu klostridiové kolitidy jsou obvykle
vybirdni z ptibuznych, partnert, ptatel nebo zdravych dobrovolnikd. U jinych indikaci (napf.
autoimunitnich) mtze byt ptibuzensky vztah na Skodu. Kazdy typ darce ma své vyhody
i nevyhody. U piibuznych a partnerd maze byt mensi riziko pienosu infekénich nemoci.
Na druhou stranu neptibuzni maji vzhledem k rozdilnému genetickému pozadi a prostiedi vétsi
Sanci signifikantné zménit mikrobiotu pifijemce. Nejobavangj$im rizikem FMT je pienos
infekce, proto musi byt darci peclivé vysetfeni. Potencialni darci stolice by méli byt dotazani
na cestovni historii, sexualni chovani, ptedchozi operace, krevni transfuze a dalsi faktory, které
zvysuji riziko ptfenosnych chorob. Dale je nutné se ptat na vyskyt autoimunitnich, naddorovych
a metabolickych onemocnéni u pfibuznych prvniho a druhého stupné. Darci, ktefi recentné
uzivali antibiotika ¢i inhibitory protonové pumpy ovliviiujici sloZzeni mikrobioty, by méli byt
vylouceni. DalS§im krokem je podrobné vysSetfeni vzorkii krve a stolice (Tab. 1). V
systematickém piehledu 317 pacienti s recidivujici klostridiovou kolitidou Gough a kol.

popisuji mirn€ vyssi tspésnost 1écby u pacientti Iécenych FMT od piibuznych darcti (93 %) nez
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od neptibuznych darct (84 %) [30]. Tento jev nebyl pozorovan u jinych chorob. Déle nebyl
zaznamenan signifikantni rozdil u darcti stejného a opacného pohlavi. Zda se, Ze profil
mikrobiomu darce u klostridiové kolitidy neni dalezity. Dostupna data u ulcerézni kolitidy vSak
naznacuji vyssi uspésnost 1€Cby pii pouziti stolice od darce s vétsi diverzitou stievni mikrobioty
[32]. Tato pozorovani bude nutné ovérit dalSimi dobie navrzenymi studiemi, nicméné volba
idedlniho darce s adekvatnim mikrobiomem bude do budoucna jist¢ stéZejni.

U ostatnich potencialnich indikaci nejsou k vybéru darce v souc¢asné dobé dostupna data.

Tabulka 1. VySetieni darce stolice

Krevni testy Krevni obraz, jaterni testy, zelezo

hepatitida ABC, HIV-1, HIV-2, cytomegalovirus, Epstein — Barr,

Herpes simplex, Varicella zoster, Treponema pallidum

Testy stolice Yersinia spp., Salmonella spp., Shigella spp.

Campylobacter jejuni , C. difficile toxin, Helicobacter pylori

Standardni parazitologické vySetieni

1.3 Zpisob podani a priprava prijemce

FMT lze podat nazogastrickou sondou, nazojejunédlni sondou, pii gastroskopii,
koloskopii, klyzmatem a perordlné v kapsli. Dostupné studie FMT u klostridiove kolitidy
neukazuji signifikantni rozdil mezi podanim nazogastrickou ¢i nazojejundlni sondou
a koloskopickym podanim [20, 30, 33, 34]. V piipadé¢ podani FMT nazogastrickou
¢1 nazojejunalni sondou ne€kteti autoti podavaji inhibitory protonové pumpy ke snizeni kyselosti
zaludecniho obsahu, coz vede ke =zvySeni pfezivani déarcovské mikrobioty [35].
Pti nazogastrickém a nazojejunalnim podani klesé oproti podéni do dolniho zazivaciho traktu
pocet aplikovanych bakterii 1 o n€kolik fadl, presto vSak preziva dostatecné mnozstvi bakterii
k navozeni potfebného efektu FMT. Nazogastrické podani skyta riziko aspirace a nasledného
rozvoje purulentni bronchopneumonie, procez je tato metoda v soucasnosti opousténa. Podani
za Treitzovu fasu pii gastroskopii ¢i pomoci nazojejunalni sondy toto riziko eliminuje, je vSak
pro pacienty zna¢né nepohodIné a z dlouhodobého hlediska nepouZitelné. Pti koloskopickém

podani je pacient pfipraven osmotickym laxativem, coz mize napomahat k odstranéni stavajici
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mikroflory a usnadnéni kolonizace stfeva darcovskym mikrobiomem. FMT je mozné pii
vykonu podat sprejovanim do celého tlustého stfeva, vzhledem k netinosnosti castého
opakovani koloskopie je toto podani vhodné zejména pro klostridiovou kolitidu a prvni podéani
FMT v ptipad¢ IBD. Pro opakované podavani se zda byt vhodné klyzma, k jehoz delSimu
udrzeni Ize pouzit loperamid. V obdobi tésn¢é predchazejicim FMT néktefi autofi podavaji k
potlaceni mikrobioty piijemce antibiotika, zejména v 1écbé klostridiové kolitidy [36]. Tyto
postupy vsak nejsou ovéreny randomizovanymi studiemi a kazdé centrum si vytvaii sviij vlastni

protokol.

V roce 2014 publikovali Yougnster a kol. pilotni praci s FMT v podob¢ peroralnich
kapsli k 1é¢bé recidivujici klostridiové kolitidy se 70% 0¢innosti po prvnim podani 15 kapsli
a 90% efektivitou po druhém podani stejného poctu kapsli [37]. U ostatnich nemoci potencialné
1écitelnych FMT neni dostatek evidence k vyvozeni zavéri o ucinnosti jednotlivych druht
podani. O zplisobu 1écby tak rozhoduje zejména anatomicka lokalizace daného onemocnéni.
V ptipad€ IBD se zda nejvhodnéj$im zpisobem jednordzové podani koloskopické a formou

klysmatu.
1.4 Komplikace

FMT je pii dodrzeni pfisnych podminek vySetieni darce a vhodné indikaci povazovana
za bezpecnou metodu. V Goughové systematickém piehledu 317 pacientii s recidivujici
klostridiovou kolitidou byl vyskyt nezadoucich U¢inkd 2,5 % za dodrzeni vSech pravidel
vySetieni darce [30]. Vzhledem k nékolika piipadiim aspirace pii nazogastrickém podani se od
néj vétsina autord v soucasnosti odklani a preferuji nazojejundlni sondu, piipadné
gastroskopické podani za Treitzovu fasu. VéEtSina pacientli 1é¢ena FMT popisuje prechodny
prijem nebo zacpu, méné cCasto bolesti a kieCe bficha. U IBD pacientl jsou Ccastéji
zaznamenavany horecky a kratkodoba elevace zanétlivych parametrii, coz nejspiSe souvisi
s porusenou bariérovou funkci stfevni sliznice. Jak jiz bylo zminéno vySe, obdvanym
nezadoucim ucinkem FMT je prenos infekénich nemoci. V dostupné literatufe k tomu doslo
pouze ve dvou piipadech, kdy se jednalo o norovirovou enteritidu [38]. Dlouhodoba follow-up
studie Brandta a kol. naznacuje vysokou bezpecnost FMT [39]. Dalsi takové studie budou
potieba k zjisténi souvislosti FMT se vznikem pozdnich infekei, zanéth a nadorovych

onemocnéni.
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2. Idiopatické strevni zanéty

Jedna se o chronickéa rekurujici zanétliva onemocnéni traviciho traktu provazena prijmy
a bolesti bficha. Mezi IBD patii ptedevsim Crohnova choroba a ulcerdzni kolitida. I pfes
intenzivni vyzkum neni stale uspokojivé objasnéna piesnd etiopatogeneze téchto onemocnéni.
Jednou z teorii vzniku IBD je neadekvatni reakce imunitniho systému na nékteré slozky stfevni
mikrobioty u geneticky predisponovanych jedinct [40, 41]. Tato souvislost byla dokazana
studiemi na zvifecich modelech. Je prokazano, ze u pacientti s IBD dochazi ke snizeni diverzity
druhti i zméndm zastoupeni stfevni mikroflory. Zejména je pritomna redukce kmene Fermicutes
se snizenim rodi Bifidobacteria a Lactobacilus. Fermicutes jsou hlavni producenti mastnych
kyselin s kratkym fetézcem, mezi néz patii i1 butyrat, ktery ma imunoregulaéni vlastnosti [4].

Nékteré studie prokazuji uc¢innost butyratovych klyzmat v 1€cbé refrakternich IBD [42, 43].

Lécba IBD v poslednich desetiletich zaznamenala vyrazny rozvoj. K jiz dlouhodobé
uzivanym skupinam lékl, mezi néZ patii aminosalicylaty, kortikosteroidy a imunosupresiva,
pribyla biologicka 1écba. Presto ¢ast pacientli na 1éCbu nereaguje a néktefi maji vyznamné
nezadouci uinky plynouci z uzivané terapie. I pies zavedeni biologické 1éCby nedosahuje
kvalita Zivota mnohych pacienti poZzadované urovné [44]. Jeden z dalSich moznych
terapeutickych postupti, jak ovlivnit IBD, pfedstavuje FMT. Principem uc¢inku FMT u IBD je
navozeni zmény stdvajici mikrobioty, coz nejspiSe vyZaduje opakované, a nelze vyloucit,

ze 1 dlouhodobé, podavani FMT [45].
2.1 Ulcerozni kolitida

Prvni publikovany ptipad 1é€by UC pomoci FMT pochazi z roku 1989 od Benneta a kol.
Samotny Bennet si 1é¢il pomoci FMT svoji sedm let trvajici refrakterni UC, coz vyustilo v jeho
dlouhodobé¢ klinické i histologické vyléceni [46]. V systematickém piehledu publikovanych
ptipadl z roku 2012 identifikuji Anderson a kol. 18 pacientli s UC bez soubéZzné probihajici
klostridiové kolitidy, kteti byli 1é¢eni pomoci FMT. U 13 z 18 pacienti (72,2 %) doslo
k navozeni remise s moznosti vysazeni zbylych 1ékti [47]. Tento systematicky piehled ovSem
zahrnuje pouze jednotlivé piipady a série piipadid. Nové§jsi systematicky pifehled FMT u UC
z roku 2015 udéva velmi variabilni dosazeni remise 0—68 % u 106 pacientl v Sesti studiich
(tab. 2) [48]. Kritéria remise a klinické odpovédi vSak byla u kazdé studie odlisna. Vytecny
vysledek 92% klinické odpovédi dosahla studie Borodyho, jednalo se vSak o retrospektivni
studii zatiZenou moZnou zaujatosti pfi vybéru pacientll. Vermiere a kol. 1é¢ili osm pacientil

s medikament6zné refrakterni UC pomoci FMT [49]. Primarniho cile endoskopické remise
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v osmém tydnu dosahli dva z osmi pacienti. Pfi zhodnoceni efektivity bylo zjiSténo, ze

respondéti dostali FMT od darce s bohatou a riznorodou mikrobiotou.

Tabulka 2. Studie fekéalni mikrobilani trasnplantace u ulcer6zni kolitidy [48]

Autor Rok | Pocet pac. | Diagnéza Medikace Klinické | Remise
zlepSeni
Angelberger | 2013 5 Refrakt. UC 5-ASA (3) 20 %
Borody 2012 62 Aktivni UC 92 % 68 %
Greenberg | 2013 14 ucC Ster (10), Anti-TNF 63 %
(4), 6MP (1)
Kump 2013 9 Refrakt. UC 56 %
Kump 2013 6 Refrakt. UC 33 % 0 %
Kunde 2013 10 Aktivni UC | 5-ASA (7), 6MP (4), 70 % 30 %
ster (3)

UC — ulcerdzni kolitida, 5-ASA — aminosalicylaty, 6MP — 6-merkaptopurin, ster - kortikosteroidy

V roce 2015 publikovali Moayyedi a kol. vysledky z prvni randomizované placebem
kontrolované studie FMT u aktivni UC [32]. Pétasedmdesat pacienti s aktivni UC
(Mayo skore >4) bylo randomizovano do dvou vétvi studie, prvni byla lé¢ena 50ml klysmatem
FMT 1x tydné celkové Sest tydnii, druhd skupina dostavala placebo klyzma. Studii dokoncilo
70 pacientii (36 FMT a 34 placebo). Remise onemocnéni dosahlo v 1é¢ené skupiné 9 z 36
pacientl (24 %), ve skupiné s placebem 2 z 34 (5 %), coZ byl statisticky signifikantni rozdil.
Sedm z deviti pacientli, ktefi dosahli remise, obdrzelo FMT od stejného darce. Nebyl
zaznamenan statisticky signifikantni rozdil v nezadoucich ucincich. Moayyediho studie
zahrnovala velmi riznorodou skupinu pacientii (48 % pacientli s pankolitidou, 37 % pacientt
na 1écbé steroidy, 23 % uzivalo imunomodulatory a 9 % biologickou 1écbu), ale 50ml klyzma
se zda byt pomérné malé k rozpusténi idedlniho mnozstvi stolice (50—60 g). Déle Ize vytknout

zmrazeni fekalniho transplantatu bez kryoprezervace a uchovavani FMT pfti pouhych —20 °C.

V dal§i randomizované kontrolované studiit FMT u UC publikované v roce 2015

Rossenovou a kol. randomizovali 50 pacientii do dvou vétvi 1écenych FMT od darce a FMT
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vlastnimi exkrementy (hrajici roli placeba) [50]. FMT byla poddvana cestou nazojejunalni
sondy celkoveé dvakrat, a to 0. a 3. tyden. Primérni cile studie byly klinicka remise (definovana
jako Simple Clinical Colitis Activity Index (SCCAI) <2) a endoskopické odpoved’ (definovana
jako pokles endoskopického Mayo skore nejméné o 1). Primarniho cile dosahlo 7 z 23 pacienta
1é¢enych FMT od darce a 5 z 25 pacienta 1é¢enych placebem. Studie neprokazala statisticky
signifikantni rozdil mezi FMT a placebem (p = 0,51). U pacientli reagujicich na 1é¢bu bylo
ve 12. tydnu studie zjisténo podobné slozeni mikrobiomu jako u jejich darcii. U pacientii
nereagujicich nebyla tato zména pozorovana. U studie Rossenové lze jako limitaci shledat
pouze dvé davky FMT v prib¢hu celé studie a podani nazojejunalni sondou, které snizuje

ptezivani podanych bakterii [50].

V roce 2017 Paramsothy a kol. uvedli vysledky dosud nejvétsi multicentrické studie
FMT u UC [51]. 41 pacientii dostalo FMT formou jednorazové kolonoskopické infuze
nasledovanou reten¢nim klyzmatem 5x tydné po dobu 8 tydni, pficemz 40 pacienti bylo
randomizovéano k podéni placeba. Endoskopickd odpovéd’ byla hodnocena v osmém tydnu.
Ze 41 pacientt 1é¢enych darcovskou FMT dosahlo klinické a endoskopické remise bez steroidt
11 1écenych (27 %). Ve skupiné s placebem dosahly primarniho endpointu 3 pacienti (8 %).
Ob¢& skupiny mély podobny vyskyt nezadoucich uc¢inki (78 %, FMT; 83 %, placebo), které
byly v naprosté vétsin€ piipadi mirné a samy odeznély. Zavazné nezédouci ucinky byly
pozorovany u dvou pacientli ve skupiné FMT a u jednoho pacienta ve skupiné s placebem.
Analyza stolice ukazala zvySenou mikrobialni diverzitu ve skupin€ s fekalni mikrobialni
transplantaci. Pacienti v této studii dostavali mixovany material FMT az od sedmi rtiznych
darci. Navzdory pouziti vice darci, a prestoZze smés stolice méla zvySenou mikrobidlni
diverzitu ve srovnani s jednotlivymi vzorky stolice, mira klinické a endoskopické remise byla
se pii pouziti vice darcti nezlepsila, studie prokéazala riiznou miru odezvy v zavislosti na slozeni
smési. Byl identifikovan efekt superdarce (pii pouZiti jeho stolice je dosazeno vyrazné vyssi
uspé&snosti FMT), kdy pfi zahrnuti jeho stolice do podané smési byla dosaZena 37% mira remise

ve srovnani s 18 % pokud tento superdarce zahrnut nebyl [52].

Stejny kolektiv autor v Cele s Paramsothy v roce 2017 provedl meta-analyzu ucinku
FMT u UC [53]. Do systematického piehledu bylo zahrnuto 41 studii FMT u UC. Celkové
klinické remise dosahlo 201 z555 (36 %) pacientt s UC. Ve ctyfech zahrnutych
randomizovanych kontrolovanych studiich byl pozorovan signifikantni pfinos k navozeni

klinické remise p=0,006. Dil¢i analyzy naznacuji, Ze dosazeni remise se zlepsilo se zvySenym

18



poctem infuzi FMT a podavanim do dolniho gastrointestinalniho traktu. VéEtSina nezddoucich

ucinki byly pfechodné mirné gastrointestinalni potize.

V roce 2019 Costello a kol. [54] zvetejnili vysledky multicentrické studie zahrnujici
73 pacientli s mirnou az stfedné¢ aktivni ulcerdzni kolitidou, kteti byli randomizovani k podani
anaerobn¢ piipravené FMT (38 pacientli) nebo autologni FMT (35 pacientt). FMT bylo podano
pomoci kolonoskopie a nasledn¢ dvéma klyzmaty béhem 7 dnti. V oteviené Casti studie byla
déarcovskd FMT nabidnuta pacientim v rameni s autologni FMT po 8 tydnech. Pacienti byli
sledovani po dobu 12 meésicti. Primarnim vysledkem byla remise bez podavani steroidi
v 8. tydnu, ktera byla definovéna jako celkové Mayo skére <2 a endoskopické Mayo podskoére
0 nebo 1. Remise nastala u 12 z 38 pacientli (32 %) ve skupiné alogenni FMT ve srovnéani
s pouze 3 z 35 pacientil (9 %) ve skuping autologni FMT. P¢t pacientti z alogenni skupiny bylo
stale v remisi po 12 mésicich (13 %). Ve skupin¢ alogenni FMT byly 3 zavazné nezadouci

ptihody, v autologni skuping 2.

V roce 2019 Sood a kol. zvetejnili vysledky pilotni studie vyuziti FMT k udrzeni remise
u pacientl s dive GspéSnou indukci FMT [55]. Cilem studie bylo posoudit potencial FMT pfi
udrZeni remise bez steroidii u UC. Do studie bylo zafazeno 61 pacientli s UC v klinické remisi
dosazené po opakované aplikaci FMT. Nemocni byli randomizovani k udrzovaci FMT nebo
placebu pomoci kolonoskopické infuze kazdych 8 tydni po dobu 48 tydnii. Studie zkoumala
miru klinické (celkové Mayo skore < 2, se vSemi dil¢imi subskoére < 1), endoskopické
a histologické remise ve 48. tydnu. Z 31 pacientli randomizovanych k 1é€bé FMT setrvalo 27
(87,1 %) v klinické remisi ve srovnani s 66 % (20 z 30) pacienttl, kterym bylo ptidéleno placebo.
Endoskopické remise bylo dosazeno v 58,1 % (vs. 26,7 % u placeba) a histologické remise
v 45,2 % (vs. 16,7 % s placebem). Ve skupiné¢ FMT doslo k relapsu onemocnéni u ti pacientii
(9,7 %), ve skupin¢ s placebem u osmi pacientii (26,7 %). Studie prokazala Uc¢innost
a bezpecnost opakované FMT pii udrzeni remise u ulcer6zni kolitidy. Podavani FMT formou

endoskopické infuze kazdych 8 tydnti vSak neni v realné praxi dosazitelné.

Nejnovéjsi systematicky piehled od Feng a kol. publikovany v zaii 2023 zahrnul
13 RCT zaméfenych na Uc¢innost FMT u pacientd s UC [56]. Do ptehledu se zapojilo
580 pacienttl, z toho 293 pacientll 1é€enych FMT a 287 kontrolnich pacientl. Metaanalyza
ukazala, ze klinickd remise byla signifikantné vys$si u pacientd lé€enych FMT neZ v kontrolni
skupin¢€ [RR =1,73; 95% CI= (1,41, 2,12); P <0,00001], Obr. 1; dosaZeni endoskopické remise
bylo taktéz signifikantné vyssi ve skupiné FMT nez v kontrolni skupiné [RR = 1,74; 95%
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CI = (1,24, 2,44)]; P = 0.001]. Krom¢ toho nebyly zjistény zadné signifikantni rozdily
ve vyskytu nezddoucich G¢inkd mezi obéma skupinami [RR = 1,00; 95% CI = (0,86, 1,15);
P = 0,96] [56]. Transplantace fekalni mikrobioty prokédzala potencidl jako terapeuticka
intervence k navozeni klinické remise u ulcer6zni kolitidy, nicmén¢ dosazeni endoskopické

remise a udrzeni dlouhodobé remise nadale predstavuje vyzvu.

Obr. 1. Forest plot pro metaanalyzu klinické remise — Feng a kol. [56].

FMT Control Risk Ratio Risk Ratio
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Z dosavadnich dat 1ze tedy konstatovat mirny azZ stfedni efekt FMT u UC a dileZitost
vybéru vhodného déarce. Vzhledem k predpoklddanému mechanismu uc¢inku formou

mikrobidlniho shiftu se jevi opakované a mozna i dlouhodobé podani FMT s velkou vyhodou.
2.2 Crohnova choroba

Zatimco vétsina studii FMT u IBD se tyka pacientil s ulcerézni kolitidou, tidajl o jeji
roli u CD je vyrazné méné. Variabilni lokalizace CD ztézuje srovnavani jednotlivych pacientd
a muze ovlivnit vysledky v zavislosti na zplisobu podani FMT. Studie Yanga a kol. vSak
neprokazala Zzadné vyznamné rozdily v mife klinické remise a neZadoucich uc€inkl
u 27 pacientll, kteti podstoupili FMT prostfednictvim gastroskopie nebo kolonoskopie [57].
Planovani kvalitnich studii se srovnatelnymi skupinami pacientii se u CD zda byt velmi obtizné.
Prokazani endoskopické remise u CD muze byt také mnohem naro¢néj$i nez u UC. Publikované
studie ukazuji rozporuplné vysledky, v nékterych piipadech doslo po FMT u CD dokonce
ke klinickému zhorseni[53, 58].
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Nejveétsi publikovand studie o FMT u CD refrakterni na standardni 1€¢bu zahrnovala
30 pacientti [59]. V této skupiné byla provedena jednorazova FMT od nepiibuzného dérce
cestou nazogastrické sondy. Nejvyssi ucinnost (klinické zlepseni — 86,7 % a klinicka remise —
76,7 %) FMT zaznamenala v prvnim a druhém mésici od aplikace. Postupné klesala
v 6. a 15. mésici sledovani (66,7 % a 60 %). FMT byla zvlasté G€innd pti zmirfiovani bolesti
bricha souvisejicich s CD. Studie také zjistila upravu télesné hmotnosti, hemoglobinu,
albuminu a lipidového profilu v pribéhu studie. Po FMT se v pribéhu sledovéani nevyskytly

zadné zavazné nezadouci ucinky.

Jedina dosud publikovana randomizovana zaslepena RCT kontrolovana fiktivni stolici
hodnotici tlohu FMT u CD méla zcela odlisny design [60]. Jednordzova FMT nebo sham
transplantace fyziologickym roztokem byla provedena prostiednictvim kolonoskopie
u pacientt s kolonickou nebo ileokolonickou formou CD, ktefi pfed zakrokem dosahli klinické
remise pomoci systémovych kortikosteroidii. Autofi ptfedpokladali, ze provedeni FMT
béhem aktivniho zanétu. Primarnim cilem studie byla zména mikrobioty na darcovskou
v 6. tydnu, ale zadny z pacientd tohoto vysledku nedosahl. Mira klinické remise bez steroidi
po 10 a 24 tydnech byla 44,4 %, resp. 33,3 % ve skupiné s faleSnou transplantaci a 87,5 %,
resp. 50,0 % ve skupiné¢ s FMT, ale tento rozdil nebyl statisticky vyznamny. Autofi se
domnivaji, Ze tento nedostatek statistické vyznamnosti mohl byt zplisoben malym poctem
pacientli zafazenych do studie (osm pacientii ve skupiné FMT a devét pacientt ve skupiné
sham). Na druhou stranu byl zji§tén vyznamny piinos FMT oproti sham procedufe s ohledem
na endoskopickou aktivitu onemocnéni a hladinu CRP, coZ naznacuje lepsi kontrolu zanétu
ve skupiné FMT. Byla zjiSténa pozitivni korelace mezi vy$§i kolonizaci déarcovskou
mikrobiotou a udrZzenim remise. Dva pacienti nebyli mikrobiotou darce kolonizovani viibec
a dosSlo u nich k casnému vzplanuti CD, podobné jako u pacientli ve skupiné se sham
transplantaci. Nebyly zjiStény Z4dné vyznamné rozdily v mikrobidlnim profilu mezi G€¢innymi
aneucinnymi darci FMT. Autofi se domnivaji, Ze divodem nedostatecného ucinku jedné infuze

mohl byt nizky index podobnosti mezi mikrobiotou dérce a ptijemce [60].

Nedavno byl publikovan novy systematicky prehled a metaanalyza hodnotici u¢innost
a bezpe€nost FMT u pacientli s CD [61]. Vzhledem k tomu, Ze ve vétSiné€ publikovanych studii
chybi kontrolni skupiny, obsahuji maly pocet pacientd a pouzivaji rizné protokoly FMT,
je kvalita a mnozstvi dostupnych udajli omezend. Nakonec bylo do analyzy zahrnuto pouze

12 studii (jedna RCT, sedm kohortovych studii a Ctyfi ptipadové studie). Celkova mira klinické
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remise a klinické odpovédi u pacientli s CD byla 62 %, resp. 79 %. Remise souvisela s pozitivni
zménou stfevniho mikrobiomu. Ve vétSing studii dostavali pacienti pouze jednu infuzi FMT.
Autofi naznacuji, ze k udrzeni dlouhodob¢ klinické odpovédi miize byt podobné jako u UC
nutné opakovani infuzi FMT. FMT cerstvou stolici byla spojena s vyssi klinickou remisi nez
u FMT mrazenou stolici (73 % vs. 43 %; p <0,05). Vé&tsina nezddoucich ucinkl byla mirné

a docasna.
2.3 Pouchitida

Dal$i moZnou indikaci pro FMT u IBD je pouchitida. Ta se vyskytuje az u 60 % pacientt
s UC po proktokolektomii a je nejéastéjsi dlouhodobou komplikaci u této skupiny pacient [62].
Pfesna patogeneze pouchitidy zlistdva nejasna, ale dysbidza predstavuje klicovy faktor. Tuto
hypotézu podporuji rozdily ve sloZzeni mikrobioty mezi pacienty s pouchitidou a bez ni, role

antibiotik v 1é¢bé& pouchitidy a probiotik v prevenci jejich recidiv [63, 64].

Recentni systematicky ptehled hodnotici roli FMT v Ié€bé chronické pouchitidy
zahrnoval pouze devét studii lisicich se designem i kritérii hodnoceni [62]. Obecné byla klinicka
odpovéd na FMT zaznamenana u 14 (31,8 %) ze 44 pacientll v riiznych ¢asovych bodech
po FMT a klinicka remise u 10 (22,7 %) pacientl. Dosud byla publikovéna pouze jedna RCT,
kterd vSak neprokdzala Zadny ptiznivy u¢inek FMT a byla pfedcasné ukoncena [65]. Autofi
déarcovského mikrobiomu v iledlnim vaku (pouze jeden ze Sesti pacientl Uspesné podstoupil
FMT). K vyhodnoceni skute¢ného uU¢inku FMT u pacientli s pouchitidou a optimalni
terapeutické strategie (zplisob podani FMT, pocet procedur a vybér darce), budou zapotiebi

dalsi dobfe navrzené kontrolované studie.
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HYPOTEZY A CILE PRACE

Hypotézy
1) Fekalni bakteridlni transplantace piizniveé ovliviiuje pritbéh ulcerdzni kolitidy.

2) Fekalni bakterialni transplantace vede k signifikantni zméné mikrobiomu u pacienti

s ulcerozni kolitidou.

Cile prace

1) Provedeni randomizované kontrolované studie zamétené na 1ébu pacientii s ulcerdzni

kolitidou pomoci fekalni bakterialni transplantace.

2) Hodnoceni vlivu fekalni bakterialni transplantace na pribéh levostranné ulcerdzni

kolitidy.

3) Popis zmén mikrobioty po fekalni bakterialni transplantaci a jejich trvani v Case.
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Abstract: Background and Aims: Ulcerative colitis (UC) is a chronic inflammatory disease. Tecal
microbial transplantation (FMT) is a promising alternative treatment. Methods: This multicenter,
open-label, noninferiority trial randomized patients with active left-sided UC (Mayo score 4-10)
equally to FMT or 5-aminosalicylic acid (5-ASA) enemas. FMT enemas were administered five times
in the first week and then once weekly for 5 weeks. 5-ASA enemas were administered daily for
2 weeks and then every other day. The primary study endpoint was clinical remission, with a total
Mayo score <2 at week 12 with no subscore >1. Results: Sixty-one patients were screened; 45 were
enrolled and randomized to IMT (1 = 23) or 5-ASA (1 = 22). Twenty-one FMT and 22 5-ASA patients
completed at least the week 4 study visit and were included in the mITT analysis. ‘Twelve FMT (57%)
and eight 5-ASA patients achieved the primary study endpoint. FMT noninferiority with 10% margin
was confirmed (95% CI: —7.6%, 48.9%). Adverse events occurred in 12 FMT (57%) and 13 5-ASA
(59%) patients. Increased microbial diversity persisted 3 months after FMT. Conclusion: FMT is
an effective treatment for left-sided UC and increased recipient microbiome diversity. Targeted
microbiome modification may improve FMT efficacy. Further investigation is needed to guide donor
and patient selection.

Keywords: ulcerative colitis; fecal microbial transplantation; 5-aminosalicylic acid

1. Introduction

Ulcerative colitis {(UC) is a chronic inflammatory disease of the colonic mucosa and
submucosa. Despite significant improvements in therapy, which include biological treat-
ment, some patients continue having disease manifestations such as bloody diarrhea and
cramps, as well as persistent colonic inflammation, while others experience adverse effects
of medical therapy of varying severity. The pathogenesis of UC is not yet fully understood,
but it is thought to involve failure to maintain immune and microbiome homeostasis. Com-
pared with the general population, the gut microbiome in patients with UC is significantly
less diverse and less stable over time [1,2]. Tt has not been established whether that is a
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cause or a consequence of UC. The benefits of prehiotics, probiotics, and synbiotics in the
treatment of UC are inconclusive [3,4]. Presumably, the most effective way to change the
composition of the gut microbiome is fecal microbial transplantation (FMT). For example,
FMT has shown excellent efficacy in recurrent Clostridoides difficile infection [5,6]; so far,
five randomized controlled trials (RTCs) have reported promising results of FMT in the
treatment of UC [7-11]. Three of four studies (Moayyedi et al., Paramsothy et al, and
Costello et al.) examining FMT in inducing remission in active UC demonstrated FMT
superiority over placebo [7,9,10]. However, differences in the methods and frequencies of
administration and evaluation criteria do not allow clear conclusions to be drawn. None of
the studies specifically evaluated patients with left-sided UC, which accounts for 30-50%
of the cases [12]. Even though their clinical course and therapy may differ, left-sided colitis
is perceived as the same disease as pancolitis [12]. In left-sided colitis, topical mesalamine
is superior to oral therapies and topical steroids, and it has an excellent safety profile; there-
fore, it is considered a standard of care [13]. As FMT administered as an enema can be seen
as a topical therapy, we decided to compare its efficacy and safety with that of mesalamine
in the noninferiority FACTU (fecal bacteriotherapy for ulcerative colitis) trial, the first
randomized controlled trial (RCT) to compare FMT enema with topical 5-aminosalicylic
acid (5-ASA) therapy in patients with left-sided UC. For feasibility reasons, we decided for
a noninferiority trial with the aim of paving the way for a possible larger trial in the future,
which could even show the superiority of FMT to mesalamine.

2. Materials and Methods
2.1. Study Design

This was an open-label randomized noninferiority trial comparing the treatment efficacy
of FMT enema and standard 5-ASA enema in patients with active left-sided UC. The patients
were enrolled in four inflammatory bowel disease (IBD) centers in the Czech Republic. They
were the Institute for Clinical and Experimental Medicine (IKEM, Prague, Czechia), Clinical
and Research Centre for IBD (ISCARE, Prague, Czechia), General University Hospital in
Prague, and University Hospital in Pilsen. The local research ethics committees at each site
approved the trial, and the Ministry of Health of the Czech Republic authorized the use
of FMT in the treatment of left-sided UC for this study. All participants gave their signed
informed consent. The trial was registered on ClinicalTrials.gov, number NCT03104036
(https:/ /clinicaltrials.gov /ct2 /show /NCT03104036, accessed on 25 January 2021).

2.2. Study Population

We enrolled adult patients younger than 70 years of age with clinically and endo-
scopically active left-sided UC (i.e., extent of more than 15 cm and less or to the lienal
flexure) of >3 months duration, a total Mayo score of 4-10, and endoscopy subscore >2.
Use of oral 5-aminosalicylates (stable dose for 8 weeks, maximal dose 4 g), thiopurines
(stable dose for 8 weeks), and oral prednisone (<10 mg daily and stable for 4 weeks) was
allowed. After inclusion, patients had to remain on the same dosage during the study
period. The exclusion criteria are shown in detail in Table S1 (Supplementary Materials).
Briefly, individuals with indeterminate colitis, Crohn’s disease, irritable bowel syndrome, a
history of bowel cancer, and positivity for Clostridoides difficile infection or another enteric
pathogen, as well as pregnant or breastfeeding women, were excluded. Use of rectal corti-
costeroids or 5-aminosalicylate in the 4 weeks before enrolment, antibiotics or probiotics in
the 8 weeks before enrolment, methotrexate in the 8 weeks before enrolment, or biological
therapies or calcineurin inhibitors in the 12 weeks before enrolment was not allowed. At
study entry, all potentially eligible patients underwent colonoscopy or sigmoidoscopy. We
excluded those with gastrointestinal infections including bacterial and parasitic pathogens,
cytomegalovirus, and Clostrideides difficile.
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2.3. Randomization

Eligible patients were randomized 1:1 using a computer-generated randomization list
stratified by gender and the receipt of immunosuppressive therapy. The randomization
was performed centrally at IKEM in Prague.

2.4. Interventions

We administered 10 study FMT infusions to the treatment group, five in the first week
and once weekly in the following 5 weeks. Participants in the 5-ASA group were treated
with a standard-of-care regimen that included 4 g mesalamine enemas daily for 2 weeks
and then every other day until the end of week 6. Enema tolerance was defined as retaining
the enema for at least 15 min.

2.5. Clinical Qutcomes

The primary study endpoint was clinical remission, which was defined as a total Mayo
score <2 with no subscore >1 at week 12. Secondary endpoints were clinical response,
defined as a reduction in total Mayo score >2 points, and endoscopic remission, defined as
an endoscopic Mayo score of 0 at weeks 6 and 12. Endoscopic disease activity was assessed
by sigmoidoscopy at weeks 6 and 12, and the total Mayo score was calculated. Endoscopies
were performed and recorded at each study center and were then centrally assessed by
two endoscopists blinded to the administered therapy. Any discrepancies were resolved by
discussion and agreement. Adverse evenls were assessed at every study visit and reported
following the Common Terminology Criteria for Adverse Events, version 5.0.

2.6. FMT Enema Preparation

Fecal samples were collected at each center from healthy donors who were younger
than 60 years of age. We excluded blood relatives, individuals hospitalized in the previous
3 months or treated with antibiotics or proton pump inhibitors in the previous 6 months,
immunosuppressed individuals, and those with a history of chronic gastrointestinal tract
problems (e.g., IBD, constipation, functional dyspepsia), autoimmune diseases, or obesity.
Donors with a history of travel to risk areas in the previous 3 months were also excluded.
All donors underwent rigorous screening for infectious diseases (Table 52, Supplementary
Materials). Each study center was responsible for potential donor selection. Each stool
sample was analyzed by 165 rRNA sequencing; at each center, a donor with the greatest
microbiome diversity and an alternate were selected. We then used those donors for all the
patients participating at a single center. Each patient received FMT from the same donor
over the entire study.

Donor stool samples were evaluated by study staff for the presence of mucus and
blood and assessed for consistency. The sample was weighed, 150 mL of saline was added
for each 50 g of stool, and the suspension was homogenized with a standard kitchen
mixer. The resulting product was filtered twice through sterile gauze to remove large stool
residues. Glycerol was added as a cryoprotectant, and the sample was transferred to study
containers. The volume of each infusion was 150-170 mL. The infusions were stored at
—80 °C. On the day of administration, the study infusions were thawed for 1 h at normal
room temperature and then for 1 hin a 37 °C bath. The study infusions were administered
immediately after thawing to the patients at the study site.

2.7. Assessment and Analysis of the Microbiome

Fecal samples were collected at baseline and each study visit at weeks 2, 4, 6, and
12 in the FMT group, at weeks 2 and 12 in the 5-ASA group, and at the 1 year follow-up
in all patients, if completed. Stool samples from patients and donors were frozen and
stored at —80 °C for further analysis. Genomic DNA was extracted from frozen samples
using Power Fecal DNA isolation kits (QTAGEN, Hilden, Germany) with bead-beating
cell disruption in a FastPrep-24 homogenizer (MP Biomedicals, Irvine, CA, USA). The
isolated DNA was checked with a NanoDrop 2000c UV /Vis spectrophotometer (Thermo
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Scientific, Waltham, MA, USA) and stored at —20 °C until use. The DNA was used to
prepare V4-5 165 rDNA amplicons as described by Fliegerova et al. [14]. The amplicons
were purified with a Monarch DNA Clean up kit (New England Biolabs, Ipswich, MA,
USA) and used for high-throughput sequencing on an lon Torrent platform following the
manufacturer’s protocol.

Bacterial 165 rRNA gene sequences were obtained in FASTQ format for analysis with
QIIME 2 2020.2 pipelines [15]. For sequence quality, DADA2 was used as a noise filter
and to remove chimeric sequences [16]. VSEARCH was used for clustering and taxonomy
classification of the filtered sequences using the SILVA database [17]. The Shannon index of
diversity and principal coordinate analysis (PCoA) of Bray—Curtis distance were assessed
after the samples were rarefied to 5000 sequences each. Linear discriminant analysis (LDA)
with an effect size (LefSe) algorithm [18] in the Galaxy Web module (http:/ /huttenhower.
sphharvard.edu/galaxy/, accessed on 24 March 2021) was performed for biomarker
identification. The factorial Kruskal-Wallis and pairwise Wilcoxon tests were used to
detect taxa with significant differential relative abundance of bacterial families in treatment
responders and non-responders. The alpha value was 0.05, with a threshold value of 2.0
for the logarithmic LDA scores of discriminative features.

2.8. Statistical Analysis

We aimed to recruit 50 patients with active UC (25 in each arm), based on a sample-size
calculation that assumed a 30% remission rate in the 5-ASA arm [19] and a 60% remission
rate in the FMT arm [20], requiring 80% power in a noninferiority design with a 95%
two-sided confidence interval (CI) and a 10% noninferiority margin, and assuming a 5%
attrition rate. Descriptive statistics (median, maximum, minimum values) were used to
describe the results. The 95% CI of the differences in treatment success rate was calculated
by bootstrapping with 10° iterations. For the secondary outcomes, differences between
treatments were tested by Fisher’s exact test. The analysis was performed in a modified
intention-to-treat (mITT) population requiring tolerance of the treatment for inclusion. We
used Python 3.7.4 (numpy 1.16.5, scipy 1.3.1, matplotlib 3.1.1) for the statistical analysis.

3. Results

Sixty-one patients were recruited between April 2017 and October 2020. After screen-
ing, 45 were randomly allocated to either FMT (i = 23) or 5-ASA enema (1 = 22). Two
patients in the FMT group who did not tolerate the first enema were not included in
the final analysis. Forty-three patients, 21 in the FMT group and 22 in the 5-ASA group,
completed at least the visit in week 4 and were included in mITT analysis (Figure 1). The
baseline demographic and clinical characteristics of both groups were similar except for a
longer disease duration in the FMT group, a difference that was not significant (p = 0.07,
Table 1).
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Figure 1. Trial profile. 5-ASA, 5-aminosalicylic acid; FMT, fecal microbial transplant; mITT, modified intention-to-treat.

Table 1. Patient baseline characteristics.

Fecal Microbiota Transplantation 5-ASA Enema
(n =23) (1 =122)
Male 12 (52%) 11 (50%)
Female 11 (48%) 11 (50%)
Age 39 (25-63) 39.5 (27-70)
Disease duration (years) 9 (1-20) 4.5(0.6-20)
Prior biologic exposure 0(0%) 0 (0%)
Concomitant therapy
Oral 5-aminosalicylate 19 (83%) 18 (82%)
Oral steroids 3(13%) 2(9%)
Oral immunomodulator 5(22%) 4(18%)
Total Mayo score 6 (4-10) 6 (4-10)
Endoscopic Mayo = 2 19 (83%) 18 (82%)
Mayo =3 4(17%) 4(18%)
Fecal calprotectin (ug/g) 1817.5 (166-6000) 1220 (80-6000)
C-reactive protein (mg/L) 2.3 (0.3-25) 2.1(0.4-32.8)
White-cell count ( x10° cells/L} 7.9 (5.4-11.7) 6.3(3.9-12.3)
Hemoglobin (g/L) 141 (107-163) 142 (104-161)

Data are the number of patients (%) or median (range}. 5-ASA, 5-aminosalicylic acid.
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3.1. Clinical Outcome

Table 2 presents the outcome results at weeks 6 and 12. Twelve of the 21 FMT patients
(57%) and eight of the 22 5-ASA enema patients (36%) successfully achieved the primary
study endpoeint at week 12. The noninferiority of FMT with 10% margin was confirmed
(95% CL: —7.6%, 48.9%. Only one responder in each group was on corticosteroid therapy at
week 12. No statistically significant between-group differences in the secondary outcomes
were found. A clinical response was achieved at week 6 by 14 FMT patients (64%) and
12 5-ASA patients (55%, p = 0.53) and at week 12 by 15 FMT patients (71%) and 12 5-ASA
patients (55%, p = 0.35). Endoscopic remission was achieved at week 6 by three EMT
patients (14%) and one 5-ASA patient (5%), p = 0.34) and at week 12 by three FMT patients
(14%) and three 5-ASA patients (14%, p = 1.0).

Table 2. Primary and secondary outcomes at weeks 6 and 12.

Fecal Microbiota 5-ASA Enema 95% CI for
Transplantation (n = 21) n=22) Difference
Primary outcome
Clinical remission (week 12) 12 (57%) 8 (36%) (—7.6%, 48.9%)
Secondary outcome p-value
Clinical response (week 6) 14 (64%) 12 (55%) 0.53
Clinical response (week 12) 15 (71%}) 12 (55%) 0.35
Endoscopic remission (week 6) 3 (14%) 1(5%) 0.34
Endoscopic remission (week 12) 3 (14%) 3 (14%) 1.0
5-ASA, 5-aminosalicylic acid; CI, confidence interval.
3.2. Safety

Twelve FMT patients (57%) and 13 5-ASA patients (59%) had at least one adverse
event during the 12 week period of study observation. Between-group differences in the
number or type of adverse events were not significant (Table 3). The most common adverse
events were self-limiting gastrointestinal complaints. Five serious adverse events occurred
during study treatment, four in patients with FMTs and one in a patient given 5-ASA
enemas. In all cases, it was a worsening of colitis with the need for treatment intensification
(i.e., an increase in oral corticoids in two cases, intravenous corticoids in one case, and
biologic therapy in two cases). No patient required a colectomy during the study period or
during the 1 year follow-up, if completed. Enema tolerance was generally good, with only
two patients in the FMT group and none in the 5-ASA group experiencing intolerance.

Table 3. Adverse events.

Fecal Microbiota

Transplantation (# = 21) 5-ASA Enema (n = 22)

Total adverse events 22 21
Total patients with adverse events 12 (57%) 13 (59%)

Total patients with serious adverse events 4 (19%) 1 (5%)
Infection 1 (5%) 0 (0%)

Worsening of ulcerative colitis 8 9

Abdominal pain & 8

Bleating 2 1

Rash 0 &

Fever 2, 1

5-AS5A, 5-aminosalicylic acid.

3.3. Donor Selection
Eleven donors from the four centers were tested for the most suitable microbiota
composition. Following evaluation of relative taxonomies (Figure S1, Supplementary

Materials) and calculation of diversity indices, four donors were chosen, one at each
medical center. Phylum Firmicutes was predominant in all stool samples with a prevalence
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of families Lachnospiraceae (50.3-70.3%) and Ruminococcaceae (12.6-23%). The genera of
butyrate-producing bacteria included Blautia, Roseburia, and Faecalibacterium.

3.4. Microbiome Qutcomes

The microbiome results obtained in the 3 months following treatment are reported
here. The 1 year results are not available at this time because of study delays and will
be published later. A total of 135 fecal samples from 35 patients were analyzed by high-
throughput sequencing. Forty-seven samples were from 17 patients given 5-ASA enemas
and 88 were from 18 patients with FMTs. A total of 13 phyla were detected in the stool
samples from patients with UC in the FMT group. Two dominant phyla were found in
all samples, Firmicutes (54.4-67.7%) and Bacteroidetes (15.5-27.1%), which were repre-
sented mainly by orders Clostridiales and Bactercidales. The predominant Actinobacteria
(7.6-16.6%) were Bifidobacteriales and Coriobacteriales. The predominant Protecbacteria
(1.8-6%) were Gammaproteobacteria. The relative abundance of other phyla including
Fusobacteria, Lentisphaerae, Verrucomicrobia, Tenericutes, Patescibacteria, Epsilonbac-
teraeota, Cyanobacteria, Cloacimonetes and Acidobacteria was very low (all < 0.5%).
Three months after FMT treatment, decreases in the relative abundance of order Bac-
teroidales and family Bacteroidaceae were detected in the responders. The FMT responders
showed partial clustering of microbiota after treatment and increased diversity indices
(Figure 2). That was confirmed by LDA, which revealed 31 taxa with significantly different
abundance (LDA scores > 2) in responders and non-responders (Figure 3). Bacteroidales,
Prevotellaceae, Veillonellaceae and Desulfobacteria were significantly higher in responders.
Staphylococcaceae, Lactobacillaceae and Bifidobacteriaceae were significantly higher in
non-responders. Lastly, PCoA of the Bray-Curtis distance matrix revealed a high clustering
power of samples of personal origin, with only a minor contribution from FMT responders
versus non-responders (Figure 52, Supplementary Materials).

A total of eight phyla were identified in the samples of patients with UC in the 5-ASA
group. Firmicutes (59.3-65.8%) and Bacteroidetes {19-30.7%) were the dominant phyla
in all samples regardless of the time of sampling. Actinobacteria (5.7-9.1%), Proteobacte-
ria (1-4.1%), and Tenericutes (0.1-2.1%) were present in all samples. Phylum Firmicutes
was mainly represented by members of order Clostridiales, phylum Bacteroidetes was
mainly represented by order Bacteroidales, and order Bifidobacteriales was the predomi-
nant representative of the phylum Actinobacteria. Other phyla, including Fusobacteria,
Lentisphaerae, and Verrucomicrobia were detected at low frequencies (all < 0.5%). Three
months after treatment, increased relative abundance of order Bacteroidales, primarily
families Bacteroidaceae and Prevotellaceae, was still detected in the 5-ASA responders
(Figure 4).

Significant changes in the microbial taxa after 5-ASA treatment were not seen in
the patients who were tested (Figure 4). However, linear LDA effect size revealed dif-
ferences in the relative abundance of 13 taxa between responders and non-responders
(Figure 3). The main differences were the enhanced presence of the genera Coprocaccus and
Aguathobacter in responders and family Desulfovibrionaceae and class Deltaproteobacteria
in non-responders.
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4. Discussion

This study assessed the clinical efficacy of FMT enema in patients with left-sided UC
with mild to moderate disease activity. Our results provide evidence that FMT enemas
were not clinically inferior to standard care with 5-ASA enemas. More than half of the
EMT patients experienced clinical remission at week 12. Differences in the secondary
outcomes of clinical response and endoscopic remission achieved in the FMT group and
the 5-ASA enema comparator group were not significant. Treatment with FMT enemas
had a good safety profile and was generally well tolerated. We observed increased gut
microbial diversity in both groups; however, over 3 months of follow-up, FMT sustained
an effect compared to 5-ASA group.

Five RCTs have been published to date on the use of FMT in UC. Four evaluated
the achievement of remission in active UC [7-10] and one evaluated the maintenance of
remission [11]. Two were published in 2015 and were terminated early for presumed lack
of effectiveness [7,8]. However, in one of those studies by Moayyedi et al., a final analysis
found that remission, with a full Mayo score of <3, was achieved at week 7 by 25% of
the participants after receiving once-weekly FMT enemas for 6 weeks [7]. A subsequent
study by Paramsothy et al. found that a very intensive FMT regimen including a single
colonoscopic administration followed by enemas given 5 days per week for 8 weeks
achieved a steroid-free clinical remission rate of 27% compared with 8% for placebo [9].
Similar results were obtained by an Australian study that reported a steroid-free remission
of 32%, despite a much less intensive treatment regimen of one colonoscopic infusion
followed by two enemas over 7 days [10]. In our study, 57% of the patients treated with
FMT enemas achieved clinical remission at week 12, The remission rate is higher than that
reported in previous studies, and it does not appear to be affected by corticoid use, which
was minimal in our study. Only one FMT patient using corticosteroids achieved clinical
remission, for a hypothetical steroid-free clinical remission rate of 52%. The results may
have been influenced by our study population, which included only patients with mild
to moderately active UC compared with moderate to severe UC in previous studies. We
also believe that the patients in our FMT group benefited from the intervention regimen,
in which five consecutive administrations in the first week and five enemas in each of the
following 5 weeks promoted and sustained the microbiome changes.

Key features distinguishing our trial from previous studies of FMT in UC were donor
selection by 165 rRNA sequencing and the focus on left-sided UC. Previous studies have
reported that FMT using material from donors with high microbiome diversity was associ-
ated with improved clinical outcomes in the treatment of UC [7]. Donor prescreening to
select those with the highest microbiome diversity could improve the effectiveness of EMT,
but this has to be verified in future studies.

Previous studies of the efficacy of EMT for the treatment of UC did not take into
account the extent of UC. By including patients with pancolitis, left-sided colitis, and
proctitis, the topical effect of FMT might be overlooked. UC was characterized by Moayyedi
et al. as a disorder that originates in the rectum, with the rectum as the site of most
dysbiosis [21]. Pancolitis in Clostridoides difficile infection has been effectively treated by
FMT retention enemas [22], but UC is characterized by a complex interaction of genetics,
microbiome, and environment that might result in increased resistance to the therapeutic
effect of FMT in extensive disease [23]. Therefore, we hypothesized that focusing on left-
sided UC might lead to better treatment efficacy. Further study comparing FMT efficacy in
disease that varies in extent is needed for clarification.

Qur study was designed to test the noninferiority of FMT to 5-ASA enema for the
treatment of UC. FMT has already been shown to be superior to placebo for the treatment
of UC [7,9,10]. That was an important step toward achieving its clinical application, but
comparison to other available treatments is necessary. As a superiority trial would require
a number of patients beyond the capabilities of our four centers, we opted for the nonin-
feriority design. First, proof on noninferiority allows applying an alternative treatment
with some other beneficial properties different from the treatment success. Second, as FMT

34



J. Clin. Med, 2021, 10, 2753

11o0f13

tends to be actually superior to 5-ASA in treatment success, our study makes the starting
point easier for a future superiority trial. The potential future patients are not put at risk of
receiving a potentially highly inferior treatment. Only one responder in each group was on
corticosteroid therapy at week 12.

Recently, it was reported that the diversity, composition, and bacterial interaction
patterns in mucosal samples of patients with UC were altered after 5-ASA treatment [24].
In this study, Shannon’s diversity index of fecal microbiota was lower in patients with UC
before FMT treatment and in non-responders than it was in healthy donors. The diversity
index increased in the patients who responded to FMT, and the microbiota composition
changed to resemble that seen in a healthy donor. Similar findings were discussed by
Khanna et al. in a review published in 2017 [25].

In this study, the relative abundance of Lachnospirceae and Ruminococcaceae in-
creased gradually and that of Bactercidaceae decreased gradually, becoming similar to the
abundance in healthy donors. The opposite was noticed in the non-responder patients.
An increase in family Lachnospiraceae was also observed in our previous study [26]. At
the genus level, Blautiz and Fecalibacterium increased and Bacteroides decreased after FMT
treatment, but their abundance remained different from that in healthy donors. Consistent
with our finding, a significant increase of F. prausnitzii after FMT was reported in patients
with mild to moderately active UC [27]. Similar to our findings, in a study of FMT in
patients with Clostridoides difficile infection, the relative abundance of Faecalibacterium was
significantly increased in those with IBD and that of Blautia was increased in those without
IBD. After FMT, the abundance of Bacteroides was increased in patients with IBD [25].

In this study, LEfSe analysis indicated that there were differences in the intestinal
microbiota between responders and non-responder patients after FMT treatment. Sokol
et al. suggested that the success of FMT therapy and donor microbiota colonization might
be affected by the recipient’s baseline characteristics [28]. In our patients, FMT enemas
from all four donors had positive effects on the recipients” microbiota and host health
despite differences in the pretreatment bacterial profiles. 5-ASA treatment caused an
increase in Firmicutes and Actinobacteria phyla and a decrease in Profecbacteria 1 month
after treatment, which was also observed by Olaisen et al. in 2019 [29]. However ongoing
monitoring found that the changes in microbiota composition were reversed by 3 months,
suggesting that the original core mucosa was able to restore its original composition. In
our FMT patients, the increase in Firmicutes, mainly family Lachnospiraceae, and decrease
in Bacteroidaceae and Enterobacteriaceae were maintained at 3 months after treatment.
The persistence of a microbiota shift toward the donor composition is in agreement with
previous studies that tested long-term fecal microbiota transplantation in patients with
Clostridoides difficile infection [30] and in healthy volunteers [31]. However, this is the first
study to report the benefits of FMT in patients with UC. LDA of pretreatment microbiota
did not identify any microbial species associated with patient responsiveness to either
5-ASA or FMT.

Our study has some limitations. The main limitation is its open-label design, which
might have led to overestimation of clinical remission and FMT response rates because of
the placebo effect. However, in a recent Australian trial of FMT in patients with active UC,
efficacy did not differ between the blinded and open-label arms [9]. Another drawback
was the inability to enroll the planned number of study participants because recruitment
was limited by the small number of participating centers and the discontinuation of study
funding. Despite these limitations, we achieved the primary endpoint. A minor limitation
was the reduced number of stool samples included in the microbial analysis because of
storage problems at one study center.

In conclusion, our study evidence supports FMT enema as a promising treatment
of left-sided UC, which is associated with a significant increase in microbiome diversity.
Targeted microbiome medification may contribute to increased FMT efficacy, with potential
as a novel option for difficult-to-treat UC. Further research is needed to identify suitable
donors and patients for FMT and to clarify long-term outcomes.
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Abstract: Ulcerative colitis (UC) is an inflammatory bowel disease, and intestinal bacteria are
implicated in the pathogenesis of this disorder. The administration of aminosalicylates (5-ASA) is a
conventional treatment that targets the mucosa, while fecal microbial transplantation (FMT) is a novel
treatment that directly targets the gut microbiota. The aim of this study was to identify changes in fecal
bacterial composition after both types of treatments and evaluate clinical responses. Sixteen patients
with active left-sided UC underwent enema treatment using 5-ASA (# = 8) or FMT (n = 8) with a
stool from a single donor. Fecal microbiota were analyzed by 165 rDNA high-throughput sequencing,
and clinical indices were used to assess the efficacy of treatments. 5-ASA therapy resulted in clinical
remission in 50% (4/8) of patients, but no correlation with changes in fecal bacteria was observed.
In FMT, remission was achieved in 37.5% (3/8) of patients and was assodated with a significantly
increased relative abundance of the families Lachnospiraceae, Ruminococcaceae, and Clostridiaceae
of the phylum Firmicutes, and Bifidobacteriaceae and Caoriobacteriaceae of the phylum Actinobacteria.
At the genus level, Faecalibacterium, Blautia, Coriobacteria, Collinseln, Slackia, and Bifidobacterium were
significantly more frequent in patients who reached clinical remission. However, the increased
abundance of beneficial taxa was not a sufficient factor to achieve clinical improvement in all
UC patients. Nevertheless, our preliminary results indicate that 'MT as non-drug-using method is
thought to be a promising treatment for UC patients.

Keywords: ulcerative colitis; microbiome; fecal microbiome transplantation; 5-ASA

1. Introduction

Ulcerative colitis (UC) is a type of inflammatory bowel disease (IBD) characterized by chronic
inflammation of the large intestine with remitting periods of relative quicscence and periods of
mild to severe flares that affect the patient’s quality of life substantially. Diarthea mixed with blood
accompanied with abdominal pain are the main symptoms. A sharply rising prevalence of this disease
has been seen in developed countries, but a rapidly increasing incidence in newly industrialized
countries is also evident. Its global prevalence is predicted to affect up to 30 million individuals by
2025 [1]. The precise etiology of UC is not clear; however, it is well documented that UC patients suffer
from intestinal disturbance, reduced species diversity and richness, increased gut mucosa permeability,
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and hampered immune response that manifests in an inflammatory milieu of the patients” colon [2].
Although it is still not known whether the dysbiosis is a cause or consequence of the disease, one possible
way to revert this dyshiotic state to healthy homeostasis is a fecal microbiome transplantation (FMT),
which is still considered an alternative method of treatment.

The first treatment option for mild or moderate UC that helps to reduce inflammation are
aminosalicylates, specifically 5-aminosalicylic acid (5-ASA). This drug can be used as a short-term
treatment for flare-ups but can also be taken long-term to maintain remission. Most of the time they are
only administered orally, and thus do not reach their full potential in the colon [3]. The effect of 5-ASA on
the intestinal microbial community is usually studied in mucosa, which is a target site of action. Xu et al. [4]
demonstrated a higher abundance of Firmicutes and lower levels of Protechacteria in the inflamed mucosa
of 5-ASA-treated patients. Olaisen etal. [5] determined that the mucosal 5-ASA concentration was positively
associated with mucosal bacterial diversity and bacterial compositions. A high mucosal 5-ASA concentration
was also found to be related to the reduced abundance of pathogenic bacteria such as Proteobacteria and
increased abundance of several favorable families (Lachnospiraceae and Ruminococcaceae) and genera
such as Frecalibacterium and Coprococcus. 5-ASA may have beneficial effects on the mucosal microbiome,
with high concentrations altering dysbiosis in UC. Olaisen et al. [5] highlighted that mucosal 5-ASA
concentration is associated with changes in mucosal bacterial composition, however, the fecal microbiota
was not changed to the same extent.

As opposed to 5-ASA treatment, FMT is directly focused on changing the composition of the
intestinal microbiota. Emerging evidence is proving an important effect of the human gut microbiota
on health, as well as the involvement of the intestinal bacteria in several diseases. Patients with UC
indeed have a different microbial community in their colon compared to healthy subjects, and specific
members of the intestinal microbiota were found to be dramatically affected. Typically, UC is
characterized by decreased Firmicutes, in particular, beneficial butyrate-producing bacteria are
diminished while members of Bacteroidetes and Proteobacteria are increased, with this being
associated with disease relapse [6,7]. The goal of FMT in UC patients is therefore to achieve greater
bacterial diversity; to accomplish a higher bacterial similarity of the recipient to the donor; to introduce
beneficial taxa; and, most importantly, to establish a new less inflammation-prone community in
the recipient colon. The main aim is of course the remission of disease. FMT was shown to be
highly effective in the treatment of Clostridium difficile infection [8,9], and in UC patients it seems to
be a promising new therapeutic option, which, however, to date has not achieved results as good as
C. difficile treatment [10].

Several studies havealready demonstrated a positive influence of EMT and its potential therapeutic
value for the treatment of UC. Significantly increased bacterial diversity was described in the majority
of studies [11-15], however, it is not the only prerequisite for successful FMT, as Kump et al. [16]
and Damman et al. [17] did not find alpha diversity differences but still observed temporary disease
remission in some patients. A significantly increased similarity of the patient to the donor was
described by several authors [10,15,16,18], indicating a high rate of microbiota transfer and shift of
the bacterial community to a new, healthier composition. FMT resulted in increased levels of certain
beneficial taxa such as Faecalibacteriutm prausnitzii and other butyrate-producing bacteria belonging
mainly to the families Lachnospiraceae and Ruminococcaceae of the phylum Firmicutes [12,16,19,20].
The loss of potentially harmful taxa such as adherent-invasive Escherichia coli [21] and decreased
abundance of members from the family Enterococcaceae [6,16,20] is another positive impact of FMT.
Already, more than 30 years have passed from the first documented FMT in a UC patient [22], yet we
still lack details about choosing a suitable donor, the mode of FMT application, and the reasons why
some UC patients do not respond to EMT or relapse, even after initial remission induced by FMT [10].
Research in this field is therefore of high importance.

In this study, we aimed to determine the influence of 5-ASA topical treatment and FMT
treatment on the fecal bacterial community in patients with left-sided UC and to evaluate the
consequent clinical response. Patients with active left-sided UC were chosen due to the favorable
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inflammation localization, which is a site that can be easily reached by enema. Sixteen UC patients
during the therapy provided 60 stool samples, which were analyzed using a high-throughput
sequencing (HTS) approach for bacterial diversity at various phylogenetic levels. The preliminary
results of this work endeavor to contribute to the scientific debate about the effectiveness of FMT for
UC patients and elucidating its non-responsiveness in some subjects.

2. Materials and Methods

2.1. Patients, Donor, and Study Design

A total of 60 samples were collected from 16 outpatients who met the UC diagnostic criteria on the
basis of typical clinical, endoscopic, and histologic findings carried out at the hepatogastroenterology
clinic of the Institute for Clinical and Experimental Medicine (Prague, Czech Republic). Patients were
randomized into two groups, FMT (n = 8) and 5-ASA (1 = 8), according to the type of treatment.
The treatment regimen of the FMT group consisted of an enema prepared from 50 g of donor stool
dissolved in 150 mL of saline solution administered 5 times in the 1st week, then once a week until the
end of the 6th week. The stool for FMT was prepared from multiple samples originating from 1 donor
collected before the start of the study. Fresh stool was weighed, diluted in physiological solution,
and homogenized in a household blender. The homogenate was then twice filtered through gauze
and mixed well with 17 g of pharmaceutical-grade glycerol. The suspension was aspirated into
200 cc syringes and stored at —80 °C. This donor stool preparation was defrosted for 1 hour at room
temperature and completely thawed at 37 “C in water bath prior to application. The treatment regimen
of the 5-ASA group consisted of an enema with 4 g of mesalazine (5-ASA) administered daily for
2 weeks, then every 2nd day until the end of the 6th week. Fecal samples were collected before the start
of treatment; during the treatment on weeks 2, 4, and 6 (24 h prior to the enema application); and after
the treatment on week 12. Sample collection was not fully complete however, each patient provided at
least 1 sample before and 1 sample during the treatment (Table $3). The stool donor was a healthy
middle-aged man (32 years old) with a BMI (body mass index) of 23.8 who was not related to any of the
patients. The donor’s medical and surgical history was obtained and showed no history of infectious,
autoimmune, and gastrointestinal disease; chronic diseases or allergies; drug or chemotherapy
use; antibiotic therapy within the past 6 months; or hospitalization in the last 3 months. The donor
underwent laboratory evaluation including blood testing (complete blood count), C-reactive protein test,
erythrocyte sedimentation rate test, biochemical tests for viral disease, and stool testing for infectious
bacteria and parasites. A high-throughput sequencing of 168 rDNA of the donor’s stool sample was
performed before FMT treatment to exclude the presence of undesirable/harmful bacteria. The patients
and donor were informed about the potential risks and benefits of FMT, and all participants in the
experiment gave their written informed consent to the protocel, which was approved by the Ethics
Committee of Institute of Clinical and Experimental Medicine and Thomayer Hospital (NCT03104036).

2.2. DNA Extraction

Stool samples from patients and the donor were frozen and stored at —80 °C, and subsequently
approximately 1 g of each sample was freeze-dried (LYOVAC GT 2, Leybold Heraeus). Genomic DNA
was extracted from lyophilized samples using the method of Yu and Morrison [23], combining rapid
beating in a FastPrep-24 homogenizer (MP Biomedicals) with purification in QIAamp DNA Stool Mini
Kit columns (Qiagen). The concentration and purity of extracted nucleic acids were checked using a
NanoDrop 2000c UV-VIS spectrophotometer (Thermo Scientific). DNA extracts were stored at —20 °C
until their use.

2.3. PCR Amplification and High-throughput Sequencing

The amplification of the bacterial variable V4-V5 region of 165 rRNA was performed according to
Fliegerova et al. [24] using EliZzyme HS Robust MIX Red (Elisabeth Pharmacon) and 10 uM of each
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primer (forward: GGATTAGATACCCTGGTAGT, reverse: CACGACACGAGCTGACG). The thermal
cycling conditions included initial denaturation for 10 min at 95 °C followed by 30 cycles of 30 s at 95 °C,
30sat57°C, and 30sat 72 °C. PCR amplicons (~300 bp) were purified and libraries were prepared
using the NEBNext Fast DNA Library Prep Set for Ion Torrent (New England BioLabs) and Ion Xpress
Barcode Adapters 1-96 Kit (ThermoFisher Scientific). Libraries were consequently pooled, with their
equimoelar concentration determined with a KAPA Library Quantification Kit (KAPA Biosystems).
The sequencing template was prepared in a One Touch 2 instrument using an Ion PGM OT2 HiQ
View Kit (ThermoFisher Scientific). HTS was performed in an lon Torrent PGM platform with an
Ton 316 Chip Kit v2 BC (ThermoFisher Scientific) using an Ion PGM Hi-Q View Sequencing Kit
(ThermoFisher Scientific), according to the manufacturer’s protocols.

2.4. Bioinformatic Analysis

Raw sequences retrieved from the lon Torrent Software Suite in the fastq format were processed
using the software Qiime2, which was specifically designed for microbial ecology [25]. Sequences were
quality filtered, trimmed, dereplicated, and denoised using DADAZ2 software, and chimeras were
removed [26]. Taxonomy was assigned with a VSEARCH-based consensus classifier against Greengenes
database version 13_8 [27]. Sequences were rarefined at a minimum sequencing depth of 5221 reads
(Figure 51). The analysis of bacterial diversity was assessed through alpha diversity (Chaol, evenness,
Faith’s phylogenetic diversity, and Shannon index) and beta diversity {Jaccard’s distance metric) using
the Qiime2 pipeline. EMPeror was used for the visualization of principal coordinates analysis [28].
Boxplots were created using the libraries numpy 1.18.3, pandas 1.0.3, matplotlib 3.2.1, and seaborn
0.10.1 in Python version 3.8.2. Sequence information was deposited in the Sequence Read Archive
under the accession number PRINA645883.

2.5. Statistical Analysis

Alpha diversities among patient groups were compared by non-parametric tests using either the
Mann-Whitney U test for two groups or Kruskal-Wallis H test for multiple groups. Statistical p-values
and g-values with Benjamini-Hochberg false discovery rate correction are reported. In the same manner,
p-value and g-value correction are shown for PERMANOVA with 999 permutations on beta
diversities among the studied groups. Additionally, the PERMDISP test was done to support
the PERMANOVA results. Differential abundance analysis was performed on the Huttenhower Galaxy
Server using linear discriminant analysis effect size with the standard parameters [29].

3. Results

3.1. Study Group Characterization and Clinical Response

This study included 16 patients, 8 men (M) and 8 women (F), suffering from left-sided UC who
received either 5-ASA (n = 8) or FMT (n = 8) enema treatment. Basic patient characteristics are
summarized in Table 1. Samples were collected before the start of treatment (baseline) and at multiple
time points during the treatment; in total we received 21 samples from 8 patients of 5-ASA group at
three sampling points and 39 samples from 8 patients of FMT group at five sampling points (Table $3).
On the basis of their Mayo score (disease activity index) at weeks 6 and 12, we divided the subjects
into responders and non-responders. Treatment responders were considered subjects with an achieved
clinical remission, defined as a Mayo score < 2, with no subscore > 1, which was the primary endpoint.
Secondary endpoints were (a) clinical response, defined as a reduction in Mavo score of at least 2,
and (b) endoscopic remission defined as an endoscopic Mayo score of 0. Treatment non-responders thus
did not achieve the primary endpoint, but they may or may not have achieved secondary endpoints.
In the FMT group, 37.5% (three out of eight subjects) reached the primary endpoint, 62.5% (five out
of eight) had a clinical response, and 12.5% (one out of eight subjects) reached endoscopic remission.
In the 5-ASA group 50% (four out of eight subjects) reached the primary endpoint, 62.5% (five out
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of eight subjects) had a clinical response, and 37.5% (three out of eight subjects) reached endoscopic
remission. In the 5-ASA group, men and women were distributed equally between responders
and non-responders, while the effect of FMT therapy was less evident in women, as only one female
reached clinical remission. The fecal sample used for FMT treatment was obtained from one donor
who underwent rigorous selection criteria and screening investigations. The inclusion and exclusion
criteria of the patients and donor are described in Tables 51 and S2, respectively. No adverse events
were reported during the treatment and 6 weeks after treatment.

Table 1. Patient study group characteristics before therapy.

Characteristics sASA Loy I e
(n=8) (n=8)
Male/female 4:4 4:4
Age median (range) 40 (31-66) 375 (28-62)
Number of samples provided per
patient me}c)iianPZrange) d 323 e
Mayo score median (range) 55(4-9) 5.5(3-9)
Endoscopic Mayo score median (range) 2(2-2) 2(2-2)
CRP mg/L median (range) 0.85 (0.2-104) 1.35 (0.2-13.2)
WBCC %10° median (range) 5.5 (4.0-84) 7.9 (6.2-9.0)
Patients on thiopurines 1 1
Patients on corticosteroids 2 0
Patients on mesalazine 8 6

3.2. Alpha and Beta Diversity

Alpha diversity, which evaluates the species richness and evenness; Faith’s phylogenetic distance;
and Shannon diversity showed no significant differences between the FMT and 5-ASA treatment groups,
nor between the responder and non-responder subgroups inside each cohort. Additionally, at the baseline,
responders could not be distinguished from non-responders. A non-significant increase was detected
in Shannon diversity index, for both responders and non-responders, 2 weeks after both therapy types
compared to the baseline (Figure 52). A higher Shannon index was still observed when more samples from
different sampling points after therapy initiation were included in the calculation, indicating that FMT and
5-ASA can, to a certain extent, influence the microbial alpha diversity of UC patients.

Beta diversity, which evaluates the similarity of bacterial communities among samples,
was assessed using Jaccard’s non-phylogenetic distance matrix. As early as 2 weeks after the
therapy initiation, we could differentiate responders from non-responders in both the FMT group
(PERMANOVA p = 0.001, PERMDISP p = 0.100) and 5-ASA group (PERMANOVA p = 0.003,
PERMDISP p = 0.099). Figure 1 shows the separation of responders and non-responders within the
5-ASA treatment group (21 samples) and FMT treatment group (39 samples) resulting from the analysis
of samples at the baseline and at different sampling points after therapy initiation. The separation
of FMT cluster centroids was documented by PERMANOVA p = 0.001, however, the results can
be partially influenced by high intergroup variability (PFERMDISP p = 0.022). The separation
of 5-ASA cluster centroids is supported by PERMANOVA p = 0.001 (PERMDISP p = 0.053).
At the baseline, responders could not be differentiated from non-responders in the FMT group
(PERMANAOVA p = 0.066, PERMDISP p = 0.336) nor in the 5-ASA group (PERMANOVA p = 0.223,
PERMDISP p = 0.414). As for the similarity of subjects to the donor after EMT, Figure 53 shows that FMT
responders were closer (more similar) to the donor than FMT non-responders (Mann-Whitney U test,
p = 0.00003).
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Figure 1. Principal coordinate analysis showing Jaccard’s distance matrix between responders (orange)
and non-responders (green) for (a) aminosalicylates (5-ASA) group (8 patients) and (b) fecal microbiome
transplantation (FMT) group (8 patients). Samples collected before therapy are shown as hollow
spheres (8 samples per each 5-ASA and MT group), samples collected after therapy initiation are
shown as full spheres (13 samples for 5-ASA and 31 samples for IMT group); samples belonging to one
patient are described with the same number.

3.3. Taxonomical Composition

Intotal, 9 phyla, 142 genera, and 184 species were detected in the samples of UC patients. Firmicutes
(41-94%) were detected as the dominant phylum in all samples, regardless of treatment, except for one
sample (19%) from the FMT group at the baseline, in which Proteobacteria (52%) were flourishing.
The second most abundant were Actinobacteria (1-38%), and/or Bacteroidetes (1-37%), as shown
in Figure 2. Firmicutes were mainly represented by the order Clostridiales; Bacteroidetes were mainly
represented by the order Bacteroidales; and in Actinobacteria, the order Bifidobacteriales predominated.
Other phyla including Fusobacteria, Tennericutes, Acidobacteria, Planctomyceles, and TM7 were
detected with low frequencies (<0.4%).
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Figure 2. Relative abundance of fecal bacteria at the phylum level in all 60 samples from 16 ulcerative
colitis (UC) patients with active left-sided colitis and the donor grouped by therapy type (FMT, 5-ASA),
responsiveness (responder, non-responder), and time point of a sample collection (before therapy or at
multiple time points after therapy initiation). Fusobacteria, Tennericutes, Acidobacteria, Planctomyceles,
and TM7 with low relative abundance are summarized as “Other”.

The donor stool was dominated by Iirmicutes, with a prevalence of the families Lachnospiraceae
(67%) and Ruminococcaceae (17%). The relative abundance of Actinobacteria (1%) and Bacteroidetes
(2%} was quite low, represented by the family Cotiobacteriaceae and the families Prevotellaceae and
Bacteroidaceae, respectively. F. prausnitzii was present with a frequency of 3% in the stool of the donor.
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Venn diagram analysis shows the number of genera shared between the donor and the subjects of
the FMT group before treatment (Figure 3A), and at all sampling points after the start of the treatment
(Figure 3B). Collectively, stool samples of non-responders after FMT contained the highest number of
unique genera (62), while for FMT responders, the diagram shows only four unique genera (Figure 3B).
Such a big difference indicates that non-responders still harhored a high amount of their original
unique genera. After FMT, responders retained 50 original genera from their previously determined
67 genera (75%) and accepted 17 new genera. In contrast, non-responders retained 61 of their original
65 genera, indicating that 94% of genera remain unchanged, which could be one of the reasons for their
therapy non-responsiveness. Interestingly, this shift was not evident at week 2 after the beginning
of therapy, when both subgroups kept all their original bacterial settlement, which was only enriched
by several new genera (data not shown). This fact indicates that at this time point only new genera
occurred in the community with no bacterial replacement, meaning the new community structure had
not yet been established.

] (]

Figure 3. Venn diagram analysis of bacterial genera in healthy donor and patients with active
left-sided UC treated with FMT (a) before the therapy (baseline) and (b) at all sampling points after
the start of therapy. The number in each region represents genera shared between the sample groups
(overlapping regions) or genera unique for the sample group. Number of subjects inside the group is
indicated in parentheses.

Linear discriminant analysis effect size (LEfSe) was applied to the set of samples to determine
bacterial taxa with significantly different levels of abundance in responders and non-responders in
both treatment groups. No differentially abundant taxa were determined between responders and
non-responders inside the 5-ASA treatment group. In the FMT group, collectively, 26 significantly
different taxa were identified between responders and non-responders (linear discriminant analysis
score > 2), however, at baseline, the therapy responsiveness was not found to be significantly
associated with any bacterial taxa. On the family level, Lachnospiraceae, Ruminococcaceae,
and Clostridiaceae of phylum Firmicutes, and Bifidobacteriaceae and Coriobacteriaceae of phylum
Actinobacteria were significantly increased in the subgroup of FMT responders. At the genus level,
Faecalibacterium and Blautia (Ruminococcaceae), Coriobacteria, Collinsela, Slackia (Coriobacteriaceae),
and Bifidobacterium (Bifidobacteriaceae) were significantly more abundant in FMT responders.
In the subgroup of FMT non-responders, the families Lactobacillaceae, with an increased
Lactobacillus genus, and Christensenellaceaea, both of the phylum Firmicutes, and Paraprevotellaceae
of the phylum Bacteroidetes, with an increased Paraprevotella genus, were present with a
significantly higher frequency. At the genus level, Oscillospira (Ruminococcaceae) and Odoribacter
(Porphyromonoadaceae) also had a higher abundance in FMT non-responders (Figure 4). For more
detailed analysis at the species level, refer to Figure $4.
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Figure 4. Linear discriminant analysis (LDA) scores of responders and non-responders in the FMT
group of patients with active left-sided UC on different taxonomical levels (phylum, class, order, family,
genus) for all sampling points including baseline. Actinobacteria phylum and class are distinguished

using shortcuts p and ¢, respectively.

To elucidate the microbiome alteration during the first 4 weeks, we performed the LEfSe analysis
of samples collected at week 2 and 4 after FMT. At week 2, FMT responders showed significantly
increased abundance of unclassified Clostridiaceae, and unclassified Prevotella, Slackia, and Turicibacter
compared to non-responders (Figure 55). At week 4, significantly increased Fecalibacteritm prausnitzii
was detected in responders and unclassified genus of Christensenellaceaea and Paraprevotells were
detected in non-responders (Figure 56). These preliminary results indicate the bacterial abundance
changes over time and the community composition instability between week 2 and 4. Except Turicibacter,
all significantly increased taxa were present in the overall LEfSe analysis (Figure 4).

4, Discussion

In this monocentric work, 16 patients with active left-sided UC lasting more than 3 months
were enrolled to study the effect of EMT in comparison with 5-ASA treatment administrated
by enema. Major differences exist between these therapies, as FMT has a direct influence on the
microbiota composition, while 5-ASA should act as an anti-inflammatory agent. 5-ASA compounds,
usually administrated orally, are a highly effective treatment for UC [30,31]. The delivery
systems designed for conveying 5-ASA to the colon include various pH-dependent polymers,
microgranules encapsulated into ethyl cellulose, or azo-bound derivatives, However, none of these
compounds are as effective as the topical formulations [32]. However, patients do not easily accept
local therapy, and long-term treatment may not be acceptable to many patients [33]. In patients
with irritable bowel syndrome, it was reported that 5-ASA reduces the amount of fecal bacteria
quite drastically, by over 40% [34]. Microbiota changes after 5-ASA treatment have been found
in mucosa, and to a lesser degree also in feces [5]. In mucosa, an inverse correlation with disease
severity was shown for F. prausnitzii, other short-chain fatty acids producers, and many more bacteria
after 5-ASA treatment [4,5]. A high mucosal 5-ASA concentration was related to a reduced abundance
of pathogenic bacteria in mucosa such as Proteobacteria, and increased abundance of several favorable
bacteria such as Faecalibacterium. Tn feces, Prevotelln and Sutterella were decreased upon an increase in
5-ASA in mucosal tissue [5]. Swutterella is thought to contribute to UC pathogenesis by its ability to
degrade mucosal protective immunoglobulin A (TgA) antibody [35,36]. We did not find any significant
differences in alpha bacterial diversity between 5-ASA treatment responders and non-responders.
However, significant Jaccard distances between these subgroups showed some effect of mesalazine
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application in responders, which is also supported by a Mayo score index < 2. Perhaps analysis of
mucosal microbiome, which is at the site of mesalazine’s action, would reveal more profound changes;
however, more research is needed to elucidate this effect.

EMT as an alternative treatment of UC patients is attracting increased attention, and the number
of studies has been growing steadily in recent times. Although several trials have given promising
results [11,12,37,38] (see systematic reviews [10,39,40]), many unanswered questions remain that
require further research.

The increased microbiota diversity reported by several authors in UC patients after FMT from
multi-donor blended stool (2-7 donors) [11-15] was not found in our study using one donor for all patients.
The finding reported in this work of no significant differences in Shannon diversity in FMT responders and
non-responders between the baseline and any other sampling point after therapy initiation is in agreement
with the studies of Damman et al. [17] and Kump et. al. [16], who, however, described temporal changes
in mucosal, but not fecal samples 7 days after EMT. Both studies [16,17] used individual stool donation,
which means that each donor provided a stool for one, at most two recipients. Tianetal. [41] even
described non-significantly decreased Shannon and Chao indices after FMTs, but still observed positive
clinical outcomes and improved symptoms in the patient with UC. The same authors [41] did not find
differences in beta diversity; however, in our study, statistically significant results were obtained from
pairwise PERMANOVA analyses. Jaccard distances between samples revealed the separation of responders
and non-responders after FMT treatment, however, the high variability of samples within the FMT group
analyzed in this work has to be taken into consideration. Furthermore, a higher similarity of responders with
the donor was found in the FMT group. This finding is in agreement with several studies [10,15,16,18,42],
however, not all of them reported the correlation between the bacterial shift towards the healthy donor and
clinical response [16].

The efficacy of FMT is here further supported by the lower proportion of the original genera
maintained by responders, and the relatively high proportion of original genera maintained by
non-responders. In FMT non-responders, the number of unique genera was high, which indicates
unsuccessful restoration of the disrupted microbiome, inability to replace a certain proportion of
original genera, and possibly resistance of some genera to this type of intervention. From a statistical
point of view, these results could however be influenced by the higher number of FMT non-responders
(five subjects) compared to responders (three subjects), which could increase the diversity within the
subgroup of non-responders. Shiet al. [10] emphasized, on the basis of 25 trials using FMT treatment
for UC, that patients sharing increased bacterial similarity with the donor can exhibit different clinical
outcomes, and thus the mere presence of healthy microbiota is not sufficient to achieve a positive
effect of FMT. In contrast, according to Kump et al. [38], the taxonomic composition of the donor’s
intestinal microbiota is a major factor influencing the efficacy of FMT in UC patients. Our preliminary
results could also raise a question of a gender factor role in FMT efficacy. We noted that there was only
one female responding to FMT treatment by stool donated by a man. This finding, however, must be
assessed with great caution due to the small number of subjects analyzed in this study. Nonetheless, it is
increasingly apparent that sex is one of the important variables affecting the gut microbiota [43-45].
The FMT animal model study even showed that female recipients lost significantly more weight after
receiving the male microbiota compared with the weight after receiving the female microbiota [46].
Sex or gender factors should not be ignored by researchers; however, this association has not yet been
sufficiently investigated.

The “proper” taxonomical composition of a healthy microbiome is, however, still unknown, largely
because of the huge inter-individual variability across the entire population. Hence, the selection of a
good donor is quite challenging, although there is some evidence that certain donors can be better than
others with respect to EMT efficiency. Nevertheless, we still do not have specific criteria for donor selection.
Literature data suggest that certain bacterial taxa in the donor microbiota seem to be associated with
treatment response to EMT, especially Akkermansia muciniphila [38], butyrate-producing F. prausnitzii [20,38],
Roseburin  intestinalis [6] and Reseburia faecis [20], Butyrivibrio crossotus, Anaerobutyricum hallii
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(reclassified Eubacterium hallii) [6], and some members of the families Ruminococcaceae [37,38]
and Lachnospiraceae [37], which have been identified as favorable bacteria for UC treatment. On the
other hand, some pro-inflammatory bacteria of the phylum Proteobacteria and Ruminococcus gnavus are
thought to be harmful [6]. Recently, the term “super-donor” has been proposed to describe donors whose
stools result in significantly more successful FMT outcomes than the stools of other donors [37,47], and the
bacteria mentioned above should be part of their intestinal microbiota.

We have identified several of the beneficial bacterial taxa in the microbiome of the donor who
provided the sample for the EMT performed here, including F. prausnitzii (3%), members of the
Ruminococcaceae family (20%), and a high percentage of bacteria of the Lachnospiraceae family (48%),
which were also present in the stool of the most successful donor of the Moayyedi study [37].

Two Lachnospiraceae clusters were identified here as significantly increased in responders
after FMT therapy, similar to the findings of Kump et al. [16] and Angelberger et al. [20].
Many Lachnospiraceae members have been detected in the human intestine [48] and some exhibit
important hydrolytic activities (e.g., xylanase, -xylosidase (3-galactosidase, x- and $3-glucosidase,
«-amylase, pectin methyl-esterase, pectate lyase, N-acetyl-3-glucosaminidase) [49]. Lower amounts of
Lachnospiraceae were previously reported in a subject suffering from UC [50], however, Vacca et al. [51]
pointed out the increased abundance of Lachnospiraceae in the intestinal lumen of subjects with
different diseases, thus indicating the possible controversial role of this taxon. Nevertheless, several
genera are known for their positive effect on health, especially butyrate-producing strains of Butyrivibrio,
Roseburia, Anaerostipes, or Coprococcus [52].

FMT also significantly induced a higher abundance of the family Ruminococcaceae in responders
and two important members of this taxon, F. prausnitzii and Blautias. Both these genera are abundant in
the human intestinal microbiota of healthy adults [53], while reduced levels of F. prausnitzii and/or
Blautia have been reported in UC individuals [54]. The positive effect of these bacteria is attributed to the
production of butyrate. Butyrate plays a major role in gut physiology, with numerous beneficial effects
on health through anti-inflammatory activities in the colonic mucosa, protection against pathogen
invasion, modulation of the immune system, and reduction of cancer progression [55,56]. F. prausnitzii
has even been suggested to constitute a marker of a healthy gut [57,58]. The increased levels of
F. prausnitzii after FMT found in this study have been also reported by Chen [14] and Fuentes [6],
indicating a positive influence of FMT. However, we did not find any data about the effect of FMT on
Blautia in UC patients in the corresponding literature.

Ten taxa elevated in FMT responders belonged to the phylum Actinobacteria, with significantly
increased Bifidobacteriaceae and Coriobacteriaceae at the family level. Bifidobacteria are believed to
exert positive health benefits on the host via their metabolic activities [59] and have been successfully
used in UC patients as a probiotic treatment, resulting in remission throughout the trial [60]. As the
family Bifodobacteriaceae was found to be reduced in most IBD patients [61], we can consider the
increase found in this study to be favorable. Collinselln and Slackia are both members of the family
Coriobacteriaceae. In the gut, Coriobacteriaceae perform important functions, such as the conversion of
bile salts and steroids and the activation of dietary polyphenols [62]. Slackia was found in low numbers
in human feces of healthy subjects, and it is thought to play an important role in gut health [63].
Some species are involved in equol production {(daidzein-to-equol conversion), which is exclusively
a product of the intestinal bacterial metabolism of dietary isoflavones. Equol possesses estrogenic
activity and is superior to all other isoflavones in terms of antioxidant activity [64]. We did not find any
literature data correlating the abundance of this genus with ulcerative colitis. However, Collinsella was
found at lower frequencies in children and adults with UC and Crohn’s disease (CD) [65,66], and in
patients with irritable bowel syndrome [67]. A significant decrease in the family Coriobacteriaceae was
observed in stool samples from patients with CD [68], however, some authors consider Collinsella to be
a pathobiont because its occurrence has been associated with type 2 diabetes [69], the progression of
insulin resistance during pregnancy [70], rheumatoid arthritis [71], and cholesterol metabolism [72].
In the CACO-2 epithelial cell line, Collinsella increased gut permeability by reducing the expression
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of tight-junction proteins and inducing the expression of interleukin 17 (IL-17) network cytokines,
which are frequently involved in inflammatory diseases [71]. The assessment of the increased levels of
this bacterium in UC patients after FMT is thus quite complicated, and the clinical relevance of the
members of family Coriobacteriaceae for gut health will certainly receive increased attention.

Several taxa were found at higher frequencies in the patients with UC who were classified as
FMT non-responders. Surprisingly, the increased taxa of the phylum Firmicutes are mostly associated
with a healthy gut. Christensenellaceae (order Clostridiales), a recently described family, seem to
be a highly heritable and important player in human health [73]. Members of this family have been
associated with healthy dietary habits [73] and with human longevity [74], were negatively correlated
with serum lipids [75], were enriched in individuals with low body mass index [76], and increased
after diet-induced weight loss [77]. Christensenellaceae were consistently depleted in individuals
with Crohn’s disease [78-80] and UC [68,81,82], which is contrary to our results. As the relative
abundance of Christensenellaceae was found to be increased with age [73,83], the possible association
with the higher median age of FMT non-responders (42 years) compared to responders (28 years) in
this study should be noted. Mancabelli et al. [84] reported Christensenellaceae to be one of the taxa
considered a signature of a healthy gut, and cultured members of Christensenellaceae have potential
as therapeutic probiotics for the improvement of human health [85]. However, the functional role of
Christensenellaceae in the gut is still not understood.

Oscillospira of the family Ruminococcaceae isa common genus found in about 60% of all individuals
in several large metagenomic datasets of the fecal human microbiota [86] and is also thought to have
positive contributions for human health due to its putative butyrate production [87]. A meta-analysis
of five microbiota studies in patients with IBD indicated a significantly reduced incidence of Oscillospin
in patients with CD [88], but we did not find any information about the abundance of this genus in
UC patients.

The role of Lactobacilli, which are generally recognized as beneficial for human health for their
probiotic effects, is not so unequivocally clear in gut inflammatory diseases. The proportions of these
bacteria are frequently either positively or negatively correlated with human disease and chronic
conditions [89]. Several studies show that Lactobacillus is depleted in IBS patients [90,91], decreased in
UC patients [65], and increased in CD patients [92]. Tt is not known whether Lactobacillus participates
in the disease or has simply adapted to survive the pro-inflammatory gut environment. Additionally,
the effect of probiotic Lactobacillus consumption differs, only resulting in improved clinical symptoms
in IBS and UC patients [93-95]. Knowledge about metabolic differences among strains and/or species
of Lactobacilli could be useful to evaluate variations in the involvement and contributing factor of this
genus in different diseases [89].

Two genera elevated in FMT non-responders belonged to the phylum Bacteroidetes. Odoribacter
{family Porphyromonoadaceae, order Bacteroidales) is a butyrate-producing member of the human
intestinal microbiome [96] and its proper abundance is crucial for a healthy gut [97]. A reduced
frequency of this genus was found in patients with the most severe form of UC (pancolitis) [97] and CD
patients [98]. On the other hand, higher levels of Odoribacter were correlated with an improved state
of health with CD [99]. As this genus is thought to play a positive role against gut inflammation,
the increased abundance found in our work can be evaluated as beneficial. This, however, cannot be
deduced for Paraprevotella (family Prevotellaceae, order Bacteroidales). This genus is characterized
by the production of succinic acid [100], which can be associated with microbiome dysbiosis and
intestinal inflammation [101]. Normally, succinate is detected at low concentrations in the gut lumen
because of its rapid conversion into propionate; however, several studies found a higher concentration
of succinate in IBD patients [102], and an association between succinate accumulation in the gut
lumen and microbiota disturbances has recently emerged [101,103]. Here, we have to emphasize that
Odoribacter is a succinate-consuming bacterium, and its increased abundance may be theoretically
related to Paraprevotella succinate production. The role of succinate in inflammatory processes within
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the gut is however unclear [101], and more research is required to elucidate the implications of succinate
on intestinal inflammation.

On the basis of our results, we can conclude that 5-ASA topical treatment resulting here in 50%
remission is an adequate type of therapy, however, we were unable to identify the fecal bacterial
changes associated with the cure response. FMT is in our opinion a promising treatment method for
patients suffering from UC. Despite the only 37.5% clinical remission achieved by FMT in this study,
the increased abundance of butyrate-producing bacteria indicates a positive bacterial shift. Our data
indicate that the presence or increased abundance of these beneficial bacteria is not a sufficient
factor to achieve improved clinical outcomes. The replacement of certain intestinal bacteria with
health-promoting genera seems to be an indispensable condition for successful FMT therapy. This study
has some limitations, however. The small number of patients enrolled in this study, partially caused by
the focus on subjects with left-sided UC and the incomplete set of patient stool samples, mean that this
work should be treated as a preliminary study, and thus further evaluation is needed. A larger cohort
of patients including control groups could be used to further elucidate the changes in microbiota after
FMT and to evaluate the clinical response. The results of such studies can help to understand which
bacterial groups are beneficial, but also transferable from a donor to recipient. FMT has the potential to
be established as an effective and safe treatment for UC patients, especially when standard treatment
has failed. The research in this field is still limited, with many problems that need to be solved and
many questions that need to be answered in order to confirm the efficacy of this alternative approach
supported by clinical outcomes.

Supplementary Materials: The following are available online at http://www.mdpi.com/2073-4409/9/10/2283/s1:
Figure S1: Rarefaction curves showing sequencing depth (number of reads) and the average number of features
(sequence variants) found in the stool samples of patients with active left-sided UC (» = 16) and a donor (n = 1).
Patients are indicated by the letter P, donor by letter D. Figure 52: Alpha diversity represented by Shannon diversity
index in the patients with active left-sided ulcerative colitis for FMT (12 = 8) and 5-ASA (1 = 8) groups showing
responders and non-responders before the treatment and at all sampling points after the start of treatment. Figure S3:
Box plots showing Jaccard’s distance of patients with active left-sided ulcerative colitis to donor, which was
significantly different between FMT responders and FMT non-responders (p = 0.00003). Analysis, including all
sample points after the start of the FMT therapy, shows that non-responders were more distant from the donor,
indicating that their fecal microbiomes were less similar to the donor’s microbiome than to the microbiome of
responders, Figure S4: Linear discriminant analysis scores of responders and non-responders in the FMT group of
patients with active left-sided ulcerative colitis on different taxonomical levels (phylum, class, order, family, genus,
and species) for all sampling points including baseline. To distinguish Actinobacteria phylum and class, we
used shortcuts p and ¢, respectively. Figure S5: Linear discriminant analysis scores of responders in the FMT
group of patients with active left-sided ulcerative colitis on different taxonomical levels (order, family, genus,
and species) for week 2 after treatment initiation. Non-responders did not show LDA score > 2, and hence are
not shown, Figure S6: Linear discriminant analysis scores of responders and non-responders in the FMT group of
patients with active left-sided ulcerative colitis on different taxonomical levels {(family, genus, and species) for
week 4 after treatment initiation. Table S1: Patient inclusion and exclusion criteria. Table 52: Donor inclusion and
exclusion criteria. Table 53: Stool sample collection scheme.
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Background: Faecal microbiota transplantation (FMT}is an emerging treatment modality, but its current clini-
cal use and organisation are unknown. We aimed to describe the clinical use, conduct, and potential for FMT
in Europe.

Methods: We invited all hospital-based FMT centres within the European Council member states to answer a
web-based questionnaire covering their clinical activities, organisation, and regulation of FMT in 2019. Res-
ponders were identified from trials registered at clinicaltrials.gov and from the United European Gastroenter-
ology (UEG) working group for stool banking and FMT.

Findings: In 2019, 31 FMT centres from 17 countries reported a total of 1,874 {median 25, quartile 10 64)
FMT procedures; 1,077 (57%) with Clostridioides difficile infection (CDI} as indication, 791 (42%)} with experi-
mental indications, and 6 (0#3%) unaccounted for. Adjusted to population size, 08257 per 100,000 population
received FMT for CDI and 0#189 per 100,000 population for experimental indications. With estimared 12,400
(6,100 28,500) annual cases of multiple, recurrent CDI and indication for FMT in Europe, the current Euro-
pean FMT activity covers approximately 10% of the patients with indication. The participating centres dem-
onstrated high safety standards and adherence to international consensus guidelines. Formal or informal
regulation from health authorities was present at 21 (68%} centres.

Interpretation: FMT is a widespread routine treatment for multiple, recurrent CDI and an experimental treat-
ment. Embedded within hospital settings, FMT centres operate with high standards across Europe to provide
safe FMI. A significant gap in FMT coverage suggests the need to raise clinical awareness and increase the

FMT activity in Europe by at least 10-fold to meet the true, indicated need.
Funding: NordForsk under the Nordic Council and Innovation Fund Denmark (j.no. 8056 (0006B).
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Faecal microbiota transplantation (FMT) is an emerging treatment
to target and modulate the human intestinal microbiota [1]. The use
of FMT is highly effective in patients with recurrent Clostridioides dif-
ficile infection (CDI) [2] and is embedded in international guidelines
and consensus reports [3-5]. Promising results indicate that FMT
may also be effective in other diseases such as ulcerative colitis, mul-
tidrug resistant organism carriage, irritable bowel syndrome, hepatic
encephalopathy, and other conditions where the intestinal micro-
biota may contribute to disease pathogenesis [1,6-8].

The use of FMT has surged since the first randomised clinical trial
in 2013 demonstrated that FMT was superior to antibiotics for recur-
rent CDI [9]. FMT has since undergone drastic technological improve-
ments, and infrastructures are now being implemented
internationally to serve a growing demand for safe FMT, especially
for the large group of patients suffering from multiple CDI recur-
rences after failing antibiotics and where FMT is the only effective
treatment [ 10— 16]. International consensus reports guide FMT prac-
tices [3—5], but the actual dissemination of FMT in clinical practice,
the potential to provide it, and how it is operated and regulated are
heterogenous and largely unknown.

The aim of the present study was to describe the clinical use, con-
duct and potential for FMT in Europe.

2. Methods

In this Europe-wide, cross-sectional survey conducted in March
2020, we invited hospital-based FMT centres across Europe to answer

questions specific to their clinical FMT activities in 2019. The survey
‘was organised by the United Gastroenterology European (UEG) work-
ing group for stool banking and FMT [4]. All working group members
agreed and approved of the study conduct.

2.1. The questionnaire

The online survey (Supplementary file 1) comprised items
designed to cover six overall domains related to (i) demographics (ii)
activity, treatment modalities, and indications used in 2019, (iii}
organisation of donor recruitment and screening, (iv) organisation of
laboratory preparation facilities, (v) organisation of clinical applica-
tion and follow-up, and (vi) regulation and auditing.

Prior to launch, a pilot survey was conducted in May 2019 in Ice-
land, Norway, Sweden, Finland, and Denmark. Based on the feedback
from the pilot, a revised survey was validated by six members of the
UEG working group to form the final survey. Following approval by
the working group, the survey was constructed as a web-based ques-
tionnaire using the Research Data Capture software (REDCap) (www.
redcap.au.dlk), hosted by Aarhus University, Denmark.

2.2. Fligibility criteria end definitions
We defined an FMT site as any site with ongoing or previous clini-
cal FMT activity, and we classified each FMT site according to its oper-

ation and activity as either an FMT clinic/service or an FMT centre:

« An FMT clinic/service was defined as an FMT site that solely offers
a clinical service for providing FMT with preparations distributed
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Research in context

Evidence before this study

FMT infrastructures have emerged internationally to meet a
growing demand for safe FMT, but the current clinical use,
organisation, and dissemination of FMT are unknown. We
searched PubMed for all available literature on clinical FMT
activity until the 24th of March 2020 using a combination of
the terms “Fe{a)cal microbiota transplantation” with and with-
out “survey”. We found several consensus guidelines, FMT cen-
tre descriptions, and three studies on national/regional FMT
coverage. None provided generalisable evidence for the clinical
activity at an international or continental level, and we con-
cluded that a joint European collaboration was needed to assess
the current clinical use, conduct, and potential of FMT in
Europe.

Added value of this study

We document that FMT is a widespread treatment and estimate
that 1874 hospital-based FMT procedures were performed in
Europe in 2019. Insights from the study provide the first esti-
mates of the current supply and demand for FMT in Europe and
documents how numerous FMT centres operate across Europe
with high safety standards to make the treatment accessible to
patients and providers. These data may guide future clinical
practice and decision-making on how to perceive, use, and reg-
ulate FMT in Europe.

Implications of all the available evidence

The results confirm that FMT has become a routine treatment
that clinicians should familiarize themselves with to secure
their patients the most effective treatment. Despite being rec-
ommended by clinical societies, the current clinical use covers
approximately 10% of the patients with multiple, recurrent CDI
and indication for FMT, indicating a significant underuse that
emphasises the need to raise clinical awareness and increase
the European FMT activity by 10-fold.

to them from external providers and has no donor activity nor
stool preparation.

An FMT centre was defined as an FMT site that actively recruits
and screens donors, prepares stool for clinical use (routine andfor
experimental) and performs local procedures with or without dis-
tribution.

Only FMT centres were included to avoid potential double count
of procedures. As a harmonised definition, FMT was defined as the
procedure of transferring intestinal microbiota from processed stool
donated by a single donor.

2.3, Participating FMT centres

Active FMT centres in the European Council member states were
identified within the UEG working group|4| and from completed or
on-going clinical trials, registered at www.clinicaltrials.gov by Febru-
ary 2nd, 2020. FMT sites registered at clinicaltrials.gov were identi-
fied using the search string “f{a)ecal microbiota transplantation”, and
contact information for investigators and sponsors was extracted and
reviewed. Hospital-based, European FMT sites that had provided con-
tact information were contacted for potential participation in the sur-
vey.

Following initial consent to participate, dedicated members from
each FMT centre answered the survey. A unique participation link
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was e-mailed to every participant. All participants had a four-week
window to respond to the survey with biweekly automated
reminders. Non-responders were contacted by email and telephone.

24. Statistical analysis

All data were entered in REDCap. All working group members
were offered access to all data. Institution-specific data are presented
anonymously.

For statistical analyses, we used R version 3.6.1 with the “dplyr”
extension package. The statistics were descriptive, and were pre-
sented as counts for proportional data with rounded percentages of
totals, and as medians with 25-75% interquartile ranges (IQR) for
continuous, numerical data. Proportional data was derived from the
total number of participating FMT centres if not stated otherwise,
and missing data were counted as no where appropriate. Answers
not listed among the original options was added as categorical
options. When applicable, data were grouped based on country and
standardised towards a population size of 100,000 according to each
country’'s population size. Population data were obtained from the
World Bank Open Data hub (data.worldbank.org) and based on the
population sizes of 2019.

2.5. Role of the funding source

The funder of the study had no role in study design, data acquisi-
tion, analysis, and interpretation, nor decision to submit the manu-
script.

3. Results

From the clinicaltrials.gov registrations, we identified 65 Euro-
pean FMT sites. Fig. 1 presents the inclusion process for screening the
FMT centres included in the study. Of the 42 FMT sites eligible for
contact and screening as an FMT centre, 33 were already part of, or
identified by, the UEG working group collaboration, and 9 FMT sites
were unrelated. Eight FMT sites did not respond to the initial contact.

In total, 34 FMT sites (Fig. 1) from 17 countries across Europe
agreed to participate in the survey and confirmed FMT activity con-
sistent with being FMT centres in 2019. In total, 31/34 (91%) FMT
centres completed the survey (Table 1) that was sent on 10 March
2020. Among these, 12 (39%) were part of the UEG working group, 18
(58%) were identified by UEG working group members, and 1 (3%)
from clinicaltrials.gov.

3.1. Clinical activity of FMT in Europe

Across all FMT centres, a total of 1874 hospital-based FMT proce-
dures (median 25, IQR: 1064 per FMT centres) were repotted for
2019 (Fig. 2, Table 1): 1077 {58%) with CDI as the indication and 791
(42%) with non-CDI indications. Six {0.3%) procedures had unknown
indications. Adjusted to population size, 0.257 per 100,000 popula-
tion received FMT for CDI and 0.189 per 100,000 population for non-
CDI indications (Table 1), Ten FMT centres reported that they distrib-
uted FMT preparations to other FMT clinics, and this accounted for
244 preparations in total with a median of 9 (IQR: 5-35} distributed
per centre for the year 2019.

FMT was used for routine purposes in 24 (77%) of the 31 partici-
pating FMT centres, and/or for research purposes in 23 (74%). This
research activity was performed within clinical trials in 18 (78%) of
the 23 centres using FMT for research purposes and/or according to
research protocols (non-clinical trials) in 11/23 (48%). Table 2
describes the specified routine and investigational (within trials)
indications for using FMT.

Among delivery methods, colonoscopy was preferred by most
FMT centres {11/31, 36%), followed by rectal enema (8/31, 26%) and



4 S.M.D. Baunwall et al. / The Lancet Regional Health - Furope 9 (2021) 100181

Identified from clinicaltrials.gov
n=65
FMT sites

Y

Screened for potential inclusion
n=59
FMT sites

Y

Eligible FMT centres
n=34
FMT centres

Y

Completed the survey
n=31
FMT centres

Excluded {n = 6)
* NotFMT (n = 4)
+» Duplicate entries (n = 2)

Excluded (n = 25)
+ Duplicate FMT centres (7 = 17)
+ Did not respond (7 = B)

Excluded {n =3)
+ Did not complete the survey {n = 3)

Fig. 1. Study flow chart of the screened FMT centres included in the study and reason for exclusion.
ILegend: Definitions: FMT site: any site with ongoing or previous clinical activity; FMT centre: a FMT site that had donor recruitment, stool preparation, and clinical activity. With

or without distribution.
Abbreviations: FMT: Faecal Microbiota Transplantation.

upper gastrointestinal tract tube insertion (8/31, 26%). Administra-
tion by capsules was the most common delivery method at 3 (10%) of
the 31 centres while capsules were available at 6/31 (19%) centres as
glycerol-based and at 3/31 (10%) centres as lyophilised formulations.
1/31 (3%) centre preferred gastroscopy. Repeat FMT administration
as part of the same treatment was practiced at 23/31 (74%) centres,
either by predefined criteria at 12/23 (52%) or without predefined cri-
teria at 11723 (48%) centres. Indication for repeat administration
included (i) severe/fulminant CDI, (ii) refractory CDI unresponsive to
antibiotics, (iii) recurrent CD1 following previous FMT failure, andfor
(iv) within trials for experimental indications.

3.2. Doner recruitment and screening practices

Donations for FMT relied solely on anonymous donors at 18 (58%),
both related (known to the patient) and anonymous donors at 12
{39%), and related donors only at 1 {3%) of the 31 centres. For donor
recruitment, most FMT centres used restricted advertising e.g.,
among students or local societies (17/31, 55%) or personal recruit-
ment e.g,, among blood donors (13/31, 42%). Health care professio-
nals were allowed as donors in 14 (45%) of the 31 centres, was a
deferral criterion in 16 (52%) centres and unknown in 1 (3%). Reim-
bursement was not offered in 18/31 (58%), whereas 6/31 (19%)

Table 1

The clinical use of faecal microbiota transplantation (FMT) in Europe in 2018 according to country, indication, and popu-

lation size.
Country Centres no.  Total FMT Indication ~ FMT for CDI Indication FMT for non-CDI

procedures  CDIno. per 100-000" Non-CDIno.  per 100-000"

United Kingdom 3 690 279 0-417 411 0615
Denmark 5 305 254 5.053 11 0:189
Italy 1 150 120 0159 30 0050
Sweden 2 96 66 0-642 30 0292
Finland 1 90 60 1087 30 0.543
France 4 88 68 0-101 14 0021
Germany 3 86 39 0.047 47 0.057
Czech Republic i 83 3 0-028 80 0750
Netherlands i 82 42 0-242 40 0-231
Norway 2 61 31 0.530 3c 0561
Austria 1 60 8 0-080 52 0:586
Belgium 2 27 15 0131 12 0104
Switzerland 1 20 16 0.187 4 0.047
Lithuania i 18 18 0-646 1] 0.000
Iceland 1 8 8 2214 0 0.0c0
Bulgaria 1 5 5 0072 o 0.0co
Spain i 5 5 G011 [ 0.000
Total 31 1874 1077 0-257 791 0189

* Per 100-000 population

Abbreviations: CDI: Clostridioides difficile infection, no: Number.
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A] All indications (Routine or experimental)
Total FMT procedures no.

B] Clostridioides difficile infection
FMT procedures per100.000 populstion.

Fig. 2. Total clinical activity of faecal microbiota transplantation (FMT) across Europe and for Clostridioides difficile infections adjusted to per 100,000 population.

provided routine reimbursement per donation, and 4/31 (13%) pro-
vided a reimbursement per donation when used in clinical trials.

The selection of donors for FMT was based solely on the absence
of risk factors or screening/testing parameters {clinical, biochemical,
and faecal) in 25/31 (81%) centres, while 6/31 (19%) had additional

Table 2
Reported routine and investigational indications in faecal microbiota transplanta-
tion (FMT} in Europe, 2018,

Indication n* %

Routine clinical indications. (n = 30 centres)
Clostridioides difficile infection (CDI):

Recurrent CDI 30 100%
Antibiotic refractory CDI 27 90%
Critical CDI 14 47%
Experimental (outside trials) indications. (n = 30 centres)
Ulcerative colitis 4 13%
Multidrug resistant organisms carriage 3 10%
Graft versus host disease 2 7%
Irritable bowel syndrome 1 3%
Pouchitis 1 3%
Antibiotic-associated diarrhoea, not CDL 1 3%
Investigational (within trials) i (n = 24 centres)

Ulcerative colitis 11 46%
Irritable bowel syndrome 7 30%
Multidrug resistant organisms carriage 5 21%
Recurrent CDI 3 13%
Index CDI 2 13%
Refractory CDI 2 8%
Crohn’s disease 2 8%
Pouchitis 2 8%
Graft versus host disease 2 8%
Obesity 2 8%
Spondyloarthropathy 2 8%
Liver cirrhosis, hepatic encephalopathy 2 3%
Critical CDI 1 4%
Antibiotic-associated diarrhoea, not CDI 1 4%
Parkinson's disease 1 4%
Chemotherapy-related diarrhoea 1 4%
Non-alcoholic fatty liver disease (NAFLD) 1 4%
Chronic fatigue syndrome 1 4%
Microscopic colitis 1 4%

* 1 unanswered response in total
Abbreviations: CDI: Clostridicides difficile infection, NAFLD: Nonp-alcoholic fatty
liver disease.
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positive selection criteria based on intestinal microbiota patterns. A
questionnaire-based, pre-screening of all donor candidates was per-
formed at 28 (90%) of the 31 centres, and 23 (74%) performed com-
plete re-screening of all donors following each donation period. The
median number of donations per donation period was 5 within a
median duration of 35 days (Table 3). Twelve (38%) FMT centres had
no specified limit for a maximum length of donation period (the
period between two consecutive screening rounds [4]).

3.3. Processing and preparation of stool for FMT

Most FMT centres {19/31, 61%) reported using frozen FMT prepa-
rations or a combination of both fresh and frozen preparations (8/31,
26%). Fresh preparations only were used at 3 (10%) centres. One (3%)
FMT centre did not respond to this question. The processing and
preparation of donor faeces for FMT preparations were handled
within the facilities of clinical microbiology or immunology depart-
ments (14/31, 45%), research laboratories {12/31, 39%), certified FMT
laboratories (2/31, 6%), clinical departments on site (2/31, 6%), or
pharmacies (1/31, 3%). The specific summary of preparation details is
presented in Table 3.

3.4. Organisation of the FMT centres

Maintaining the FMT centres engaged a variety of multi-disciplin-
ary personnel that included physicians, nurses, laboratory techni-
cians, pharmacists, production managers, and research assistants.
Follow-up of all patients was documented in 27 (87%) of the 31 FMT
centres and was practiced largely through clinical face-to-face
appointments (20/27, 74%), telephone calls {20/27, 74%), medical
record follow-up (16/27, 59%) and for by written questionnaires {2/
27, 7%). The longest median follow-up time for patients who received
an FMT for CDI was 26 months (range 1252 months).

Eight (26%) of the 31 centres had a formal auditing system, and
26/31 (84%) maintained a centralised database for their FMT activities
and procedures. Standardised recording of adverse events was done
at 19/31 (61%) centres, and 12/31 (39%) reported them to an external
party, i.e,, national authorities or central national registries. Fourteen
of 29 (48%, 2 unanswered) centres had defined contraindications for
FMT.
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Table 3

Summary of the reported preparation practices across the participating FMT centres for preparing stool for faecal

microbiota transplantation (FMT).

Preparation conduct

Responders n %

Fresh or frozen FMT used

Only frozen 31 19 61%

Both fresh and frozen 31 8 26%

Only fresh 31 3 10%

Unanswered 31 1 13%

Quarantined FMT preparations

until fulfilment of release

criteria

Yes 31 26 B4%

No 31 5 16%

Routine guality controls instated

No 31 16 52%

Yes 31 14 45%

Unanswered 31 1 3
Preparation details Responders  Median [IQR]
Maximum time from defecation to initiation of processing (hours) 29 4 [2-8]
Average donation weight (gr} 31 120 [65- 150]
Average amount of faeces pr FMT pre paration (gr.) 31 50 [50-60]
Average no. of donations per donation cycle (no.) 27 5 [5- 8e5]
Maximum duration ofdonation period, average (days) 19 35 [2295 - 60|
- Had no defined limits for the length of donation period. 12 .. .
Maximum average storage at 20°C (months) 4 6 [5-6]
Maximum average storage at 80°C (months) 26 12 [10e5 - 22#5]

Abbreviations: FMT: Faecal microbiota transplantation, Gr: Grams, IQR: Interquartile range; No: number.

3.5 Safety

Most centres (2631, 84%) had quarantine measures to prevent
release of FMT preparations until fulfilment of defined release criteria
(27 FMT centres used frozen preparations allowing for these practi-
ces), and 14/31 (45%) performed routine quality controls. Accredita-
tion of FMT preparation and/or clinical trial conduct was done in 20
(65%) of the 31 FMT centres. Thirteen (42%) of 31 centres had a Good
Manufacturing Practice (GMP) accreditation of the FMT preparation,
and 18 of 26 centres (69%, 5 centres had no on-going trials) conducted
their clinical trials according to the principles for Good Clinical Prac-
tice {(GCP). Seven of 30 (23%, 1 unanswered) had specific protocols for
FMT preparations for use in immunocompromised patients.

3.6. Regulation

Regulation varied across countries and centres. Formal regulation
was in place at 12/31 (39%) centres; of whom 7/31 (23%) were regu-
lated by the national medicines’ authorities, 4/31 (13%) were regu-
lated by the national tissue authorities, and 1/31 {3%) were regulated
locally by the hospital administration. Informal regulation where the
centres were in dialogue with the national health authorities were
present at 9{31 (29%) centres, and 3/31 (10%) centres reported
having ethics approval only. Seven (23%) centres reported having no
regulation.

4. Discussion

In this Europe-wide survey of clinical FMT activity and conduct,
we estimate that approximately 2000 hospital-based FMT procedures
were performed across the European countries in 2019. The main
indication for FMT was Clostridioides difficile infection. In addition,
FMT was widely used as an experimental treatment for several condi-
tions, both within and outside of clinical trials. The survey results
provide novel insights into how hospital-based FMT centres operate
with high safety standards across Europe, and it represent the first
complete estimate of the current supply and demand for FMT in
Europe. These data are pivotal to guide future clinical practices and

decision-making regarding how to perceive, use, and regulate FMT in
Europe.

The survey points to a significant unmet potential for the use of
FMT. Currently, FMT is recommended for patients with multiple
recurrences of CDI, Le. three or more infections [17, 18]. The Euro-
pean Centre for Disease Prevention and Control (ECDC) has since
2016 collected surveillance data on the CDI incidence within acute
care hospitals in the European countries and estimates that 124,000
(95% CI: 61,000-285,000) patients are diagnosed with CDI annually
in Europe [19]. With an anticipated 10% occurrence of multiple,
recurrent CDI [20, 21], the approximately 12,400 (95% CI:
6,100—28,500) patients with multiple, recurrent CDI and indication
for FMT are far from matched by the current annual 1077 FMT proce-
dures performed for CDI. This amounts to a significant gap in FMT
coverage. Despite being a conservative measure not accounting for
CDI-attributable mortality nor community-acquired CDI, it suggests
that FMT is currently reserved for the most severe instances and that
there is a need to increase clinical awareness and scale the European
FMT activity by a 10-fold factor to meet the true demand, even in
countries with frequent use of FMT.

To enable a large-scale use that meets the estimated need, distri-
bution of FMT preparations to clinicians at treatment sites without
the extensive infrastructure required for preparing FMT is required. In
the survey, most of the FMT centres reported operating locally, and
the 250 FMT preparations distributed to FMT clinics in 2019 indicate
that the capacity for most FMT centres to distribute to other regional/
national clinics is developing. Improving this capacity is essential to
secure equal access for all patients. Rather than promoting the forma-
tion of new local FMT centres, scaling the established FMT centres to
reach the critical capacity enabling them to become centralised stool
banks capable of widespread distribution may prove the best model
for making FMT widely accessible in the immediate future [22]. Simi-
lar to blood centres, the ideal for stool banks is to provide clinicians
access to safe, ready-to-use FMT preparations while the stool banks
handle the extensive logistics and documentation [10, 23).

The degree to which widespread access to FMT is achieved
depends on how easily an FMT is performed locally. Technological
refinements have now simplified the FMT procedure, especially the
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use of encapsulated FMT containing frozen/freeze-dried stool sourced
from anonymous donors have made the operations highly scalable
[24, 25]. Most FMT centres in this survey reported colonoscopy as
their preferred method of application, and although colonoscopy is
suggested to be most effective in recurrent CDI [2], colonoscopy is
logistically demanding. Transitioning to other treatment modalities
with an increased ease of use such as encapsulated FMT, enema or
similar, holds the potential to improve capacity.

International consensus guidelines exist to guide FMT centres [3—5],
and the responses to the current survey indicate the degree to which
these guidelines are adhered to. Most participating centres had defined
practices for donor recruitment and screening as well as the laboratory
preparations similar to those described in the consensus guidelines,
indicating high adherence. Nonetheless, fresh donations were still used
at some FMT centres, which per se cannot fulfil internaticnal require-
ments for donor screening. This practice may be needed for new, novel
indications or represent a novel FMT centre in development.

As a next step in the continuous harmonisation of FMT in Europe,
the present survey points to the need for shared, consensus-based
definitions of operational metrics for measuring and comparing FMT
centres and later stool banks. These could be similar to those used in
endoscopy centres [26] and should (i) help indicate the FMT centre's
current level of development, (ii) endorse quality measures for audit-
ing, (ii) facilitate improvement, and (iv) assist in identifying current
barriers to dissemination. For FMT, these metrics could include mea-
surable performance indicators such as donor deferral rates, number
of released, ready-to-use FMT preparations, number of procedures
for certain indications, waste of preparations, as well as quality indi-
cators such as adherence to the international standards for donor
screening and laboratory handling or the level of implementation of
e.g., stool bank capacity.

The safety of FMT remains a pivotal aspect of its use in clinical
practice. While the vigorous screening of donors drastically reduces
the short-term infectious risks following FMT, the long-term conse-
quences of FMT are still unknown [27]. A united European approach
is necessary to respond to future adverse events and inform clinical
practices [28]. Most participating FMT centres maintained a central-
ised database and recorded adverse events in a predefined manner,
which allows for long-term donorfrecipient traceability. Compiled,
annual summaries of the long-term follow-up from these registries
may prove valuable in addressing the long-term safety of FMT and
inclicate whether the risk profile changes with indication.

Regulation of FMT is handled differently across Europe and greatly
influences the national conduct and access to FMT. About 40% had
formal regulation from either the national medical or tissue authori-
ties, and most others reported they were in dialogue with their
respective national competent authorities, although without formal
regulation. Regulation is pivotal to the safety and creditability of
FMT, but it remains controversial which jurisdictions should be
applied. Currently, common consensus emphasise FMT should be
considered a transfer of tissue if the transferred stool has not been
subjected to substantial modifications rendering it comparable to a
medicinal product [29]. A common European legislative framework
for FMT is warranted and may include criteria for applying tissue and
cells standards and potentially also medicines legislation [30].

The use of FMT will likely increase as a standard treatment for
recurrent CDI and other indications where FMT is currently investiga-
tional. The results of this survey consolidate that FMT should be con-
sidered a routine treatment. Still, maintaining an FMT centre is not
without challenges. As highlighted by the recent outbreak of severe
acute respiratory syndrome coronavirus 2 {SARS-CoV-2) and the sub-
sequent COVID-19 pandemic, unknown adverse circumstances arise,
which forces FMT centres to temporarily cease activity and reorgan-
ise while adapting in order to maintain their clinical activity [31,32].
The future success of the FMT centres in part depends on this ability
to adapt locally and malke strong collaborations internationally.
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Important limitations apply to the study. Despite a high response
rate, three centres did not respond and other FMT centres may be
present in Europe, which we did not reach in this survey. Only hospi-
tal-based FMT centres were included, and the estimated activity is a
conservative measure, subject to recall bias and accuracy limitations.
By including all known FMT centres as well as those from the most
commonly used public trial registry, we targeted the institutions
with the largest capacity to provide FMT. However, we could not
evaluate geographical variations, e.g., access in rural versus urban
areas, nor the total population covered by FMT centres in each coun-
try. While the estimates and reporting of organisations in this manu-
script reflects the reported activity in 2019, the current practice may
have changed, and the emergence of FMT centres in the Eastern
Europe has changed the regional access in Europe.

In conclusion, FMT has become a routine treatment for multiple,
recurrent CDI and is a common investigational treatment for other
diseases where the intestinal microbiota may be a contributing factor.
Widespread FMT centres with high safety standards operate across
Europe and may emerge to serve an increasing demand for FMT. A sig-
nificant gap exists between the current number of FMT procedures
and the Furopean estimates for multiple, recurrent CDI, suggesting
the need to increase clinical awareness and scale the European FMT
activity at least by a 10-fold increase to meet the true, indicated need.
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Fekalni mikrobialni transplantace
v idiopatickych strevnich zanétd

Faecal microbial transplantation in inflammatory bowel disease

J. Bfezina, L. Bajer, J. 5piéak, P. Drastich
Klinika hepatogastroenterologie, ransplantcentrum, IKEM, Praha

Souhrn: Etiopatogeneze idiopatickych stfevnich zanétd (IBD) neni dosud plné objasnéna. Jednu z teoril vzniku IBD pfedstavuje
neadekvatni reakce slizniéni imunity na nékteré slozky stfevniho mikrobiomu. Moznym terapeutickym pfistupem, jak zménit slo-
zeni mikrobiomu, atim potazme i ovlivnit pribéh IBD, je vziti fekalni mikrobialni transplantace (FMT). FMT je lé¢ebna metoda spo-
Civajici v pFenosu stolice od zdravého darce pacientovi, éimz dochazi k obnoveni mikrobidlni homeostézy stfeva po rizné dlouhou
dobu. FMT je vysoce efektivni v 16¢bé rekurentni klostridiové kolitidy a v této indikaci se jednd o standardni, klinicky vyuZitelnou
metodu. V pfipadé IBD se jedna pouze o experimentalni metodu uzivanou jen v klinickych studiich. V nejnovéjsim systematickém
prehledu FMT je u ulcerézni kolitidy popisovan vyrazné variabilni efekt FMT v dosazeni remise i klinické odpovédi. Recentné byly
publikovany dvé randomizované kontrolované studie s FMT v ulcerdzni kolitidy s rozporuplnymi vysledky, které nepfinasi jasné
dikazy o U¢innosti této metody. Nicméné studie u UC naznaduji pfiznivy efekt zavisly na vhodném vybéru darce s bohatym a dosta-
teéné diverzifikovanym mikrobiomem, na zpisobu aplikace FMT a frekvenci FMT. Data k vyvozovani zévérd u Crohnovy choroby
jsou nedostatecnd, zdd se viak, ze FMT ma v této indikaci minimalni efekt. FMT je bezpe&na metoda s minimem nezadoucich
0¢inkd pfi zachovani striktnich kritérii vySetfeni darcd. Dosavadni studie ukazuji jen mirny efekt FMT u ulcerdzni kolitidy, nicméné
se jedna o slibnou a bezpecnou metodu. Bude tfeba dalsich dobre navrzenych studii na dostatecném pottu pacientd k objasnéni
otazek efektivity, miry navozeni remise, nutného podtu FMT k navozeni remise, dlouhodobé bezpeénosti a vhodného zpisobu
podani FMT.

Kli¢ova slova: fekalni bakterialni transplantace — mikrobiom - idiopatické stfevni zanéty — ulcerozni kolitida — Crohnova choroba —
klostridiova kolitida

Summary: The etiopathogenesis of inflammatory bowel disease {IBD) is not yet fully understood. One theory proposes that IBD
onset is an overreaction of the gut immune system to some parts of the gut microbiome. Thus, one therapeutic approach is to
employ a fecal microbiota transplant (FMT) to change the composition of the gut microbiome. FMT involves transplanting fecal
matter or stool from a healthy donor to a recipient, leading to the reestablishment of gut microbiome homeostasis for a cer-
tain period of time. FMT is a standard, clinical procedure that is highly effective for the treatment of recurrent clostridium diffi-
cile colitis. FMT in IBD is an experimental method used only in clinical trials. Recent studies have shown that FMT has a highly
variable effect on disease remission and clinical response. Two randomized control studies of FMT treatment of ulcerative co-
litis have been published, but have yielded inconsistent results, thus providing no compelling evidence for the effectiveness of
this procedure. However, studies of FMT treatment of ulcerative colitis suggest that beneficial effects depend on the donor hav-
ing a rich and diversified microbiome, method of administration, and the frequency of FMT. Finally, the effectiveness of FMT
treatment of Crohn’s disease has not yet been investigated thoroughly; however, the data so far indicate minimal beneficial
effects of FMT for Crohn’s disease patients. To sum up, FMT is a safe method with minimum adverse effects when the donor is
carefully selected. Although FMT treatment of ulcerative colitis is only moderately effective, it represents a safe and promis-
ing therapeutic approach. However, there is an urgent need for a more thorough investigation of FMT in larger cohorts of pati-
ents to clarify the effectiveness, remission induction rate, necessary number of FMT, long term safety, and proper application
of FMT.

Key words: fecal bacterial transplantation — microbiome — inflammatory bowel diseases — ulcerative colitis — Crohn's disease —
clostridium difficile colitis
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Fekalni mikrobialni transplantace vidiopatickych stievnich zanétd

Uvod
Lidsky mikrobiom obsahuje 10x vice
bunék, nez z kolika se sklada lidské télo.
Nejvétsi zastoupeni ma v gastrointesti-
nélnimtraktu, a to jak celkovym poctem,
tak i poctem druhd bakterii, ktery maze
dosahovat az 40 000 [1], z nich? vétsinu
nejsme zatim schopni ani kultivovat. Ne-
davné metagenetické analyzy stanovily
katalog gend lidské mikrobioty s celko-
vym poctem 3,3 mil. jedineénych gend,
co je piiblizné 150 vice, nez z kolika
se sklada lidsky genom [2]. Stfevni mik-
robiota funguje jako samostatny orgéan
lidského téla. Qvliviuje Stépeni a vstie-
bavani Zivin, bariérovou funkci stfevni
sliznice, metabolizmus, imunitni sys-
tém hostitele, produkuje vitamin K,
biotin @ mastné kyseliny s krétkym fe-
tézcem. Vztah zdravé mikrobioty a hos-
titele pfedstavuje symbidzu. Zmény mi-
krobioty mohou vést k naruseni této
symbidzy, a tim ke vzniku nékterych
onemocnéni. Tento patofyziologicky
mechanizmus Ize popsat na klostridiové
kolitidé, ale mezi choroby se vztahem
ke stfevnimu mikrobiomu patfi i idiopa-
tické stfevnizanéty (IBD), syndrom dréz-
divého tracniku, jaterni encefalopatie,
diabetes 2. typu, metabolicky syndrom,
nealkoholickd steatohepatitida, obezita,
ateroskleroza, idiopatickd trombocyto-
penickd purpura, roztroudend sklerdza,
alergie, autizmus a dalsi.

Fekalni mikrobialni transplantace
(FMT) je léCebnad metoda spotivajici

Obr. 1. Filtrace pfes sterilni gazu.
Fig. 1. Filtration through sterile gauze.
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v pfenosu stolice od zdravého darce
pacientovi. Lze |l obnovit mikrobialni
homeostazu streva, a ovlivnit tak vySe
zminéna onemocnéni. Prvni zminky
o FMT se datuji 2 000 let nazpét do
staré Ciny, kdy Ge Hong popisuje
|é¢bu prjmd a otravy jidlem pomoci
FMT [3]. Prvni élanek v odborné litera-
tufe o Uspésném pouZit! FMT k [échbé
pseudocmembrandzni kolitidy byl pu-
blikovan v rece 1958 Eisemanem et
al [4]. Od té doby byla publikovana
fada pFipadd i studii naznadujici uéin-
nost FMT v [é€bé& nékterych onemoc-
néni. FMT je vysoce efektivni v [é¢bé
rekurentni pseudomembranézni ko-
litidy. V této indikaci se jedna o stan-
dardni, klinicky vyuZitelnou metodu.
Principem |é¢by je napraveni ,ekolo-
gické katastrofy" zpOsobené vétsinou
pouZitim antibictik s naslednym pfe-
mnozZenim kmene Clostridium difficile.
Proto neni pfekvapivé, ze i jednora-
zové ¢i dvojnasobné podani FMT vede
k vysoké frekvenci vylédenl (81-94 9%b).
Ostatni uvedené indikace, vé. IBD,
jsou experimentalni a jsou pfedmétem
pouze klinickych studii.

Vztah mikrobiomu a IBD neni na-
tolik ohjasnén jako u pseudomem-
brancézni kolitidy. | pFes intenzivni vy-
zkum nenf stale uspokojivé vysvétlena
pFesna etiopatogeneze IBD, aviak jed-
nou z teorii vznikyu IBD je neadekvatni
reakce imunitniho systému na nékteré
soutasti stfevniho mikrebiomu. Tato

Obr. 2. Fekalni transplantat.
Fig. 2. Faecal transplant.

68

souvisiost byla dokazana studiemi na
zvitecich modelech, kdy absence mik-
robiomu u geneticky predisponovanych
mys[ zabranila rozveji IBD. Je proka-
zane, ze U pacientd s IBD dochazi ke sni-
Zeni diverzity druhd i zménam zastou-
peni stfevni mikroflory, je véak otazkou,
zda se jedna o pficinu, nebo nasledek.
K zvracenitohoto stavuy, atim i k poten-
cialni |é¢bé IBD, se nabiz pouZiti FMT.

Metodologie FMT

Priprava a uchovavani FMT

Zatim nebyl stanoven standardn’ proto-
kol pfipravy FMT. ¥ publikovanych stu-
diich jsou velké rozdily ve zpracovani
stolice, pouzitych rozpoustédlech i zpd-
sobu homogenizace a filtrace materialu.
Maly pocet subjektd i nedostatek kont-
rol v téchto studiich znesnadnuji vyvo-
zeni jednoznacnych zavérd. Pfestoie
kazdé pracovisté provadi FMT svym
vlastnim a ¢asto originalnim zpdsobem,
lze popsat vieobecné pfijimany zékladni
algoritmus provedeni. Nej¢astéji se roz-
pousti 50g Cerstvé stolice ve fyziologic-
kém roztoku o dostateéném objemu
(150-500ml). Jako rozpoustédlo uZivaji
nékterd pracovisté i vodu nebo mléko.
K dokonalému promiseni |ze uZit bézny
kuchyfisky mixér ¢ tekutinu homoge-
nizovat na zplUsob shakeovani. Takto
vznikly roztok se dvakrat pfefiltruje pfes
oby(ejnou sterilni gézu (obr. 1) k odstra-
néni vétdich zbytkd stolice [5]. Vysledny
produkt, fekalni transplantdt (obr. 2),




se nejcastéji uziva cerstvy nebo ho Ize
uchovat hluboce zmrazeny s glycerolem
Ci lyofilizaci k pozdé&js$imu pouziti.

V dostupnych studiich FMT u klostri-
diové kolitidy méla voda jako rozpou-
stedlo vy33i miru vyléleni nez fyzio-
logicky roztok (98,5 vs. 86 %), aviak
relaps cnemaocnéni byl popisovan 2x
vyssi. ZvySujici se objem FMT vedl
k mirné vyssi Uspésnosti lécby za pied-
pokladu dostatecného mnozstvi roz-
pusténé stolice (hmotnost < 50g
zapficinila 4x castéji relaps onemoc-
nénf) [6]. Hamilton et al prokazali
stejnou UCinnost zmrazené FMT jako
Cerstvé FMT v |écbé klostridiové koli-
tidy [7]. Po 12 tydnech zmrazeni FMT
na —80 °C byla pozorovana viabilita
80 % bakterii. Pokud bude tato sku-
tecnost prokazana i u ostatnich one-
mocnéni, povede k podstatné praktic-
téjdimu zpbsobu distribuce a zvyseni
dostupnosti FMT v podobé fekalnich
darcovskych bank, které budou shro-
mazdovat zmrazenou &i lyofilizovanou
stolici od kvalitnich darcd. Dalsim lo-
gickym krokem je pfiprava kapsli s lyo-
filizovanym £&i specialné emulgovanym
fekalnim obsahem. K zajisténi presunu
adekvatni kvantity mikrobimu bude
viak nutno aplikovat najednou velké
mnozstvi kapsli (az 30).

Vybér a vysetreni darce

Vybér darce predstavuje zasadni
aspekt Ospédné FMT. Je dilezity jak
z hlediska bezpecnosti, tak efektivity
FMT. Darci stolice pro lécbu klostri-
diové kolitidy jsou obvykle vybirani
z pfibuznych, partnerd, pratel nebo
zdravych dobrovolnikd. U jinych indi-
kaci (napf. autoimunitnich) mbze byt
pfibuzensky vztah na skodu. Kazdy typ
darce ma své vyhody i nevyhody. U pfi-
buznych a partnerd mize byt mensiri-
ziko prenosu infekénich nemoci. Na
druhou stranu nepffbuzni maji vzhle-
dem k rozdilnému genetickému pozadi
a prostiedi vétsi Sanci signifikantné
zménit mikrobiom pfijemce. Nejvét-
3im rizikem FMT je prenos infekce,
proto musi byt darci peclivé vysetfeni.

Fekalni mikrobialnitransplantace v idiopatickych stfevnich zanétd

Tab. 1. Vysetreni darce stolice.
Tab. 1. Screening of the stool donor.

Krevni testy

krveni obraz, jaterni testy, Zelezo

hepatitida ABC, HIV-1, HIV-2, cytamegalovirus, virus Epstein-
-Barrové, Herpes simplex, Varicella zoster, Treponema pallidum

Testy stolice

Yersinia spp., Salmonella spp., Shigella spp.

Campylobacter jejuni, C. difficile toxin, Helicobacter pylori

standardni parazitologicke vySetreni

Potencialni darci stolice by méli byt
dotdzani na cestovni historii, sexualni
chovani, pfedchozi operace, krevni
transfuze a dal3i faktory, které zvy-
Suji riziko prenosnych chorob. Dale by-
chom se méli ptat na vyskyt autoimu-
nitnich, nadorovych a metabolickych
onemocnéni v piibuznych prvniho
adruhéhostupné. Darci, ktefirecentné
uzfvali antibiotika ¢i inhibitory proto-
nové pumpy ovliviujici slozeni mik-
robioty, by méli byt vylouceni. Daldim
krokem je podrobné vySetieni vzork(
krve a stolice (tab. 1). V systematic-
kém prehledu 317 pacientd s recidivu-
jici klostridiovou kolitidou Gough et al
popisuji mirné vyssi Ospésnost [écby
u pacient( |écenych FMT od pfibuz-
nych darci (93 %) nez od nepfibuznych
darch (84 %). Tento jev nebyl pozoro-
van u jinych chorob. Déle nebyl zazna-
menan signifikantni rozdil v darcd stej-
ného a opacného pohlavi [6]. Zda se,
ze profil mikrobiomu darce u klostri-
diové kolitidy neni dileZity. Dostupna
data v ulcerozni kolitidy (UC) viak na-
znacuji vyssi ispésnost lécby pfi pou-
Zitl stolice od darce s véts( diverzitou
stfevni mikrobioty. Tato pozorovani
bude nutné ovéfit daldimi dobfe navr-
Zenymi studiemi, nicméné volba ideal -
niho darce s adekvatnim mikrobio-
mem bude do budoucna jisté stézejni.
U ostatnich potencialnich indikaci ne-
jsou k vybéru darce v soucasné dobé
dostupna data.

Zpisob podani

a pfiprava pfijemce

FMT Ize podat nazogastrickou sondou,
nazojejunalni sondou, pfi gastrosko-
pii, koloskopii, klyzmatem a peroralné
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vkapsli. Dostupné studie FMT u klostri-
diové kolitidy neukazuji signifikantni
rozdil mezi podanim nazogastrickou ¢i
nazojejunalni sondou a koloskopickym
podanim [5,6,8-10]. V pfipadé podani
FMT nazogastrickou &i nazojejunalni
sondou néktefi autofi podavaji inhibi-
tory protonové pumpy ke snizeni kyse-
losti Zaludecéniho obsahu, coz vede ke
zvyseni pfezivani darcovského mikro-
biomu. Pfi nazogastrickém a nazoje-
junalnim podani klesa pocet aplikova-
nych bakterif i o nékolik Fado, i presto
viak pfeziva dostatecné mnozstvi bak-
terii k navozeni potfebného efektu
FMT. Nazogastrické podani skyta ri-
ziko aspirace a nasledného rozvoje pu-
rulentni bronchopneumonie, procez je
tato metoda v soucasnosti opouéténa.
Podani za Treitzovu fasu pfi gastrosko-
pii &i pomoci nazojejunalni sondy toto
riziko eliminuje, je viak pro pacienty
znacné nepchadiné a z dlouhodobého
hlediska nepouzitelné. Pfi koloskopic-
kém podani je pacient pfipraven os-
motickym laxativem, coz mdze napo-
mahat odstranit stavajici mikrofléru
a usnadnit tim kolonizaci stfeva dar-
covskym mikrobiomem. FMT je moZné
pfi vykonu podat sprejovanim do ce-
lého tlustého streva, vzhledem k nel-
nosnosti ¢astého opakovani kolosko-
pie je toto podanf vhodné zejména pro
klostridiovou kolitidu a prvni podani
FMT v piipadé IBD. Pro opakované
podavani se zda byt vhodné klyzma,
k jehoZ del3imu udrzeni Ize pouzit lo-
peramid. V obdobi tésné predcha-
zejicim FMT néktefl autoli poda-
vaji k potlaceni mikrobiomu prijemce
antibiotika, zejména v lé¢bé klostri-
diové kolitidy [11]. Tyto postupy viak
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nejsou ovéreny randomizovanymi stu-
diemi a kazdé centrum si vytvafi svij
vlastni protokol.

V roce 2014 publikovali Yougnster et
al pilotni praci s FMT v podobé peroral-
nich kapsli k lé€bé recidivujici klostri-
diové kolitidy se 70% Gcinnosti po prv-
nim podani 15 kapsli a 90% efektivitou
po druhém podani stejného poctu
kapsli [12]. U ostatnich nemoci poten-
cialné lécitelnych FMT neni dostatek
evidence k vyvozeni zavérl o Ocinnosti
jednotlivych druhl podani. O zplsobu
lé¢by tak rozhoduje zejména anato-
micka lokalizace daného onemocnéni.
V pfipadé IBD se zda nejvhodnéjsim
zplsobem jednorazové podani kolo-
skopické a formou klyzmatu.

Komplikace

FMT je pfi dodrzeni pfisnych podmi-
nek vySetfeni darce a vhodné indikaci
povaZovana za bezpelnou metodu.
V Goughové systematickém prehledu
317 pacientd s recidivujici klostridio-
vou kolitidou byl vyskyt nezadoucich
0¢inkd 2,5% za dodrzeni viech pravi-
del vy3etfeni darce [6]. Vzhledem k né-
kolika pfipaddm aspirace pfi nazogast-
rickém podani se od néj vétsina autor(
v soucasnosti odklani a preferuji nazo-
jejunalni sondu, pfipadné gastrosko-
pické podani za Treitzovu fasu. Vét-
sina pacientd lécend FMT popisuje
pfechodny priijem nebo zacpu, méné
casto bolesti a kiece bficha. U IBD
pacientl jsou Castéji zaznamenavany
horecky a kratkodoba elevace zanét-
livych parametrd), coz nejspise souvisi
s porusenou bariérovou funkci stievni
sliznice. Jakjiz bylo zminéno vy3e, oba-
vanym nezadoucim 0&inkem FMT je
pfenos infekénich nemoci. V dostupné
literatufe k tomu dodlo pouze ve dvou
pfipadech, kdy se jednalo o noroviro-
vou enteritidu [13]. Dlouhodoba fol-
low-up studie Brandta et al naznacuje
vysokou bezpecénost FMT [14]. Dalsi
takové studie budou potreba k zjis-
téni souvislosti FMT se vznikem pozd-
nich infekci, zanétd a nadorovych
onemocnéni.

Gastroent Hepatol 2016; 70(1): 1-6

Fekalni mikrobialni transplantace u idiopatickych stfevnich zanéti

Idiopatické stievni zanéty
Jedna se o chronicka rekurujici zanét-
liva onemocnéni traviciho traktu pro-
vazena prijmy a bolesti bficha. Mezi
IBD patfi pfedeviim Crohnova cho-
roba (CD) a UC. | pfes intenzivni vy-
zkum neni stéale uspokojivé objasnéna
pfesnd etiopatogeneze téchto one-
mocnéni. Jednou z teorii vzniku IBD
je neadekvatni reakce imunitniho sys-
tému na nékteré slozky stfevni mikro-
bialni flory u geneticky predisponova-
nych jedincd [15,16]. Tato souvislost
byla dokazana studiemi na zvifecich
madelech. Je prokazano, ze u pacientl
s IBD dochazi ke snizeni diverzity
druh( i zménam zastoupeni stievni
mikroflory. Zejména je pfitomna re-
dukce kmene Fermicutes se snizenim
rod bifidobacteria a lactobacilus. Fer-
micutes jsou hlavni producenti mast-
nych kyselin s kratkym Fetézcem, mezi
néz patfi i butyrat, ktery ma imunore-
gulacni vlastnosti [17]. Nékteré studie
prokazuji 0c¢innost butyratovych klyz-
mat v léché refrakternich IBD [18,19].
Létba IBD v poslednich desetile-
tich zaznamenala vyrazny rozvoj. K jiz
dlouhodobé vzivanym skupinam lékd,
mezi néz patii steroidy, aminosalicylaty
a imunosupresiva, pibyla biologicka
|écba (BL). Pfesto cast pacientlinalécbu
nereaguje a néktefi maji vyznamné ne-
zadouci Ocinky plynouci z uZivané te-
rapie. | pfes zavedeni BL nedosahuje
kvalita Zivota mnohych pacientd po-
zadované urovné [20]. Jeden z dalsich
moznych terapeutickych postupd, jak
ovlivnit IBD, pfedstavuje FMT. Prin-
cipem 0ginku FMT v IBD je navozeni
zmény stavajictho mikrobiomu, co? nej-
spise vyZaduje opakované, a nelze vy-
loucit, ze i dlouhodobé, podani FMT.

Ulcerdzni kolitida

Prvni publikovany pfipad lécby UC po-
moci FMT pochazi z roku 1989 od Ben-
neta et al. Samotny Bennet si lé¢il po-
moci FMT svoji sedm let trvajici UC,
coz vyustilo v jeho dlouhodobé kli-
nické i histologické vyléceni [21].
V systematickém prehledu publiko-
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vanych pfipadd z roku 2012 identifi-
kuje Anderson et al 18 pacientd s UC
bez soubézné probihajici klostridiové
kolitidy, ktefi byli lé¢eni pomoci FMT.
U13z18 pacientd (72,2 %) doslo k na-
vozeni remise s moznostivysazeni zby-
lych lékd [22]. Tento systematicky pre-
hled oviem zahrnuje pouze jednotlivé
pfipady a série piipad(. Nejnovéjsi sys-
tematicky prehled FMT u UC z roku
2015 udava velmi variabilni dosazeni
remise 0—68 % u 106 pacientl v Sesti
studiich (tab. 2) [23]. Kritéria remise
a klinické odpovédi viak byla v kazdé
studie odlidna. Vytelny vysledek 92%
klinické odpovédi dosahla studie Bo-
rodyho, jednalo se viak o retrospek-
tivni studii zatizenov moZnou zauvja-
tosti pfi vybéru pacientd. Vermiere et
al [&cili osm pacientd s medikamen-
tozné refrakterni UC pomoci FMT. Pri-
marnfho cile endoskopické remise
v osmém tydnu dosahli dva z osmi
pacientd. Pfi zhodnoceni efektivity
bylo zjisténo, Zze respondéfi dostali
FMT od darce s bohatou a rdiznorodou
mikrobiotou [24].

V roce 2015 publikovali Moayyedi
et al vysledky z prvni randomizované
placebem kontrolované studie fekalni
bakteridlni transplantace u aktivni UC.
Pétasedmdesat pacient0 s aktivni UC
(Mayo skore > 4) bylo randomizovano
do dvou vétvi studie, prvni byla lécena
50ml klyzmatem FMT 1x tydné cel-
kové Sest tydnd, druha skupina dosta-
vala placebové klyzma. Studii dokon-
Cilo 70 pacientd (36 FMT a 34 placebo).
Remise onemocnéni dosahlo v [écené
skupiné 9 z 36 pacientd (24 %), ve sku-
piné s placebem 2 z 34 (5 %), coz byl
statisticky signifikantni rozdil. Sedm
z deviti pacientd, ktefi dosahli remise,
obdrzelo FMT od stejného dérce. Nebyl
zaznamenan statisticky signifikantni
rozdil v nezadoucich 0&incich. Moayy-
ediho studie zahrnovala velmi rizno-
rodou skupinu pacientd (48 % pacient0
s pankolitidou, 37 % pacientd na léché
steroidy, 23 % uzivalo imunomodula-
tory a9 % BL)a 50ml klyzma se zda byt
poméarné malé k rozpudténi idealniho
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Tab. 2. Studie fekalni mikrobialni transplantace v ulcerdzni kolitidy [23].
Tab. 2. Studies of faecal microbial transplantation in ulcerative colitis [23].

Autor Rok Pocet pacientd Diagnéza Medikace Klinické zlepseni  Remise
Angelberger 2013 5 refrakterni UC 5-ASA(3) 20%

Borady 2012 62 aktivni UC 92 % 68 %
Greenberg 2013 14 uc ster (10), anti-TNF (&), 6MP (1) 63 %

Kump 2013 9 refrakterni UC 56 %

Kump 2013 6 refrakterni UC 33 % 0%
Kunde 2013 10 aktivni UC 5-ASA (7), BMP (&), ster (3) 0% 30%

UC - ulcerdzni kolitida

mnozstvi stolice (50-60g). Dale |ze vy-
tknout zmrazeni fekalniho transplan-
tatu bez kryoprezervace a uchovavani
FMT pfi pouhych —20 °C [25].

V daldi randomizované kontrolované
studii FMT u UC publikované v roce
2015 Rossenovou et al randomizovali
50 pacientd do dvou vétvi lécenych FMT
od darce a FMT vlastnimi exkrementy
(hrajici roli placeba). FMT byla poda-
vana cestou nazojejunalni sondy cel-
kové dvakrat, ato 0.a 3. tyden. Primarni
cile studie byly klinicka remise (defino-
vana jako Simple Clinical Colitis Activity
Index (SCCAI) = 2} a endoskopicka od-
povéd (definovana jake pokles endo-
skopického Mayo score nejméné o 1).
Primarniho cile dosahlo 7 z 23 pacientl
lé¢enych FMT od darce a 5z 25 pacientl
lécenych placebem. Studie neprokdzala
statisticky signifikantni rozdil mezi FMT
a placebem (p =0,51). U pacientl reagu-
jicich na lécbu bylo ve 12. tydnu studie
zjisténo podobné slozeni mikrobiomu
jako v jejich darcd. U pacientd nereagu-
jicich nebyla tato zména pozorovana.
U studie Rossenové Ize jako nedostatek
shledat pouze dvé davky FMT v pribéhu
celé studie a podani nazojejunalni son-
dou, které snizuje prezivani podanych
bakterii [26].

Zavéry téchto dvou randomizo-
vanych kontrolovanych studii jsou
tedy rozporuplné. K vyvozeni jedno-
znaénych zavérd bude potfeba dal-
sich dobfe designovanych studii na
dostatecném vzorku pacientd. Z do-
savadnich dat Ize konstatovat mirny
az stfednf efekt FMT u UC a dOleZi-
tost vybéru vhodného darce. Vzhle-

dem k pfedpokladanému mechanizmu
ecinku formou mikrobialniho shiftu se
jevi opakované a mozna i dlouhodobé
podani FMT s velkou vyhodou.

Crohnova choroba

Data tykajici se lé¢by CD pomoci
FMT jsou velmi omezena. V Anderso-
nové systematickém piehledu je po-
psano Sest pacientd s CD lécenych
FMT. Lécba vedla k navozeni remise
v jednom pfipadé (16,6 %) [22]. Gor-
don et al vroce 2014 publikovali pfipad
pacienta s tézkou CD, ktery zareagoval
na lé¢bu FMT [27]. K posouzeni efekti-
vity a bezpecnosti FMT u pacientls CD
je na www.clinicaltrials.gov registro-
vano nékolik studil.

Zavér

Fekalni bakterioterapie prestavuje
idealni metodu k ovlivnéni slozeni mi-
krobiomu u stievnich zénétlivych one-
mocnéni. U klostridiove kolitidy proka-
zala svoji vysokou U<innost a zafadila se
do standardnich doporucenych postupl
pro rekurentn{ formu nemoci. Fekalni
bakterioterapie u UC v nejnovejdim sys-
tematickem prehledu navozuje remisi
a klinickou odpovéd' ve velmi variabil-
nim rozsahu 0-68 %, resp. 20-90 %.
Data k vyvozovani zavérl u CD jsou
velmiinsuficientni, zda se viak, ze v této
indikaci ma FMT minimalni efekt.

FMT u pacientd s IBD byla obecné
dobrfe tolerovana, s minimalnimi ne-
zadoucimi 0€inky zahrnujicimi bolesti
bficha, febrilie a prfechodny vzestup
zanétlivych parametrd, coZ souvisi nej-
spise s porusenou bariérovou funkci
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stfevni sliznice. Obavany pfenos in-
fekénich nemoci nebyl v recentnich
studiich s dodrzenim protokolu vyset-
feni darce zaznamenan.

S vyjimkou dvou vyse zminénych
randomizovanych studil jsou ostatni
prace publikované na téma FMT u IBD
série pfipadd a nekontrolované, casto
retrospektivni studie s nizkou kvali-
tou provedeni. Nelze proto vyvozo-
vat jasné zavéry stran efektivity FMT
v této indikaci. V pfistich nékolika le-
tech |ze olekavat vétsi mnozstvi kva-
litnich dat vzhledem k ¢etnym rando-
mizovanym studiim registrovanym
na www.clinicaltrials.gov (sedm studii
na téma FMT v UC, dvé na téma FMT
u CD, tfi na téma FMT u IBD). Tyto stu-
die maji za cil zodpovédét otazky efek-
tivity, miry navozeni remise, klinické
odpovédi, nutného poctu transplantaci
k navozeni remise, dlouhodobé bez-
pecnosti a vhodného zpsobu podani
FMT. Dale mohou pfispét k lepsimu po-
rozuméni vztahu mezi mikrobiomem,
stfevni sliznici a hostitelem. | pfes
zna¢nou kontroverzi a rozporuplné vy-
sledky Ize FMT povaZovat za slibnou
metodu. Cas azejména dalii studie od-
hali, zda se jedna o progresivni 0¢in-
nou metodu nebo jde o jednu ze sle-
pych ulicek mediciny.

Studie FACTU

Pod zastitou Pracovni skupiny pro 1BD
pti Ceské gastroenterologické spo-
le¢nosti CLS JEP je ptipravena mul-
ticentricka, randomizovana, kontro-
lovana a prospektivni studie FACTU
(Fekalni bakterioterapie u levostra-
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Fekalni mikrobialni transplantace u idiopatickych stfevnich zanéti

nné UC). Ve studii jsou dvé vétve o cca
25 pacientech, prvni bude lécena klyz-
matem FMT a druha standardnim me-
salazinovym klyzmatem. Mezi za-
fazovaci kritéria patfi levostranna
kolitida > 15 ¢m trvajici déle nez tfi mé-
sice, Mayo skore 4-9 a endoskopické
Mayo score 2 2. Délka studie je plano-
vananal2tydnd. Podavani FMT je pla-
novano 10x u jednoho pacienta béhem
prvnich Sesti tydnl studie. Primarnim
cilem studie je klinicka remise defino-
vana jako Mayo score < 2 s Zadnym
subscore > 1. Sekundarnimi cili jsou
endoskopicka remise definovana jako
endoskopické Mayo score = 0 a kli-
nicka odpovéd definovana jako snizeni
Mayo score 2 2. Studie jiz ziskala ves-
kerad nutna povoleni ke svému zaha-
jeni. Jeji start je planovan na jaro 2016.
V pripadé zajmu o zafazeni pacienta do
studie kontaktuijte dr. Bfezinu na emai-
lové adrese jan.brezina@ikem.cz.
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SOUHRNNA DISKUSE

Publikace ¢. 1 hodnotila klinickou u¢innost FMT klyzmatu u pacientli s mirné
az stfedné aktivni levostrannou UC v randomizované kontrolované studii FACTU. Vysledky
studie poskytuji dikaz, ze klyzma FMT neni inferiorni v navozeni klinické remise vici
klyzmatu 5-ASA. U vice nez poloviny pacientt 1écenych FMT doslo ve 12. tydnu ke klinické
remisi. Rozdily v ostatnich sekundarnich cilech studie (klinickd odpovéd’ a endoskopicka
remise) nebyly mezi porovnavanymi skupinami statisticky signifikantni (Tab. 3). Lécba
klyzmaty FMT méla dobry bezpecnostni profil a byla obecné dobte snaSena. V obou skupinach
jsme pozorovali zvySenou diverzitu stfevnich mikroorganisml. Toto zvySeni si vSak

ve 3. mésici studie zachovala jen skupina pacientd po tspésné FMT.

Tabulka 3. Primarni a sekundérni cile studie FACTU v tydnu 6 a 12.

FMT 5-ASA enema 95% Cl for

(n=21) (n=22) difference
Primary outcome
Clinical remission (week 12) 12 (57 %) 8 (36 %) (-7.6;48.9) %
Secondary outcomes p-value
Clinical response (week 6) 14 (64 %) 12 (55 %) 0.53
Clinical response (week 12) 15 (71 %) 12 (55 %) 0.35
Endoscopic remission (week6) 3 (14 %) 1(5%) 0.34
Endoscopic remission (week 12) 3 (14 %) 3(14 %) 1.0

V dobé publikovani nasi studie bylo publikovano pét RCT o pouziti FMT u UC. Ctyii
hodnotily dosaZeni remise u aktivni UC [32, 50, 51, 54] a jedna hodnotila udrzeni remise [55].
Dvé byly publikovany v roce 2015 a byly ptfedcasné ukonceny pro piedpokladanou
nedostatecnou ucinnost [32, 50]. V jedné z téchto studii Moayyediho a kol. vSak zdvérecna
analyza zjistila, ze remise s celkovym Mayo skore <3 dosahlo v 7. tydnu 25 % ucastnika, kteti

dostavali klyzmata FMT jednou tydné po dobu 6 tydnti [32]. Studie Paramsothyho a kol.
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odhalila, ze velmi intenzivni rezim FMT zahrnujici jednorazové kolonoskopické podani
s klyzmaty podavanymi 5 dni v tydnu po dobu 8 tydnii dosahl klinické remise bez steroidi
u 27 % pacientdl ve srovnani s 8 % u placeba [51]. Podobnych vysledkd dosahla i australska
studie, ktera zaznamenala 32% remisi bez steroidd, a to navzdory mnohem mén¢ intenzivnimu
lé¢ebnému rezimu zahrnujicimu jednu kolonoskopickou infuzi nasledovanou dvéma klyzmaty
béhem 7 dnid [54]. V na$i studii dosahlo 57 % pacientii 1é¢enych FMT klinické remise
ve 12. tydnu. Mira remise je vyssi, nez uvadély predchozi studie, a nezda se, ze by byla
ovlivnéna uzivanim kortikoida, které bylo v nasi studii minimalni. Klinické remise dosahl
pouze jeden pacient uzivajici kortikosteroidy pii FMT, takze hypoteticka mira klinické remise
bez steroidi Cinila 52 %. Vysledky mohly byt ovlivnény nasi studijni populaci, ktera zahrnovala
pouze pacienty s mirnou az stfedn¢ aktivni UC ve srovnani se stfedné tézkou az tézkou UC
v predchozich studiich. Domnivame se také, ze pacienti v naSi skupiné FMT profitovali
z interven¢niho rezimu, kdy pét po sobé jdoucich podani v prvnim tydnu nésledovalo jedno
klyzma za tyden po dobu péti tydnti, coz mohlo podpofit a udrzet zmény mikrobioty.

Klicovymi rysy, které odlisuji nasi studii od piedchozich studii FMT u UC, byl vybér
darci pomoci sekvenovani 16S rRNA a zaméfeni na levostrannou UC. Ptfedchozi studie
uvadely, ze FMT s pouzitim materidlu od dérct s vysokou diverzitou mikrobiomu byla spojena
s lepsimi klinickymi vysledky pfi 1écbeé UC [32]. Screening darcti za Gcelem vybéru dérca
s nejvyssi diverzitou mikrobiomu by mohl zlepsit G€innost FMT, toto tvrzeni je vSak tfeba
ov¢tit v budoucich studiich.

Piedchozi studie G¢innosti FMT pfi 1écbé UC nezohlediiovaly rozsah UC. Zatazenim
pacientll s pankolitidou, levostrannou kolitidou a proktitidou mohlo dojit k ptehlédnuti
topického ucinku FMT. Moayyedi a kol. charakterizovali UC jako onemocnéni, které vznika
v rektu, pficemz rektum je mistem nejvétsi dysbiozy [66]. Pankolitida pii infekci Clostridoides
difficile byla u¢inné léCena retencnimi klyzmaty FMT [67], ale UC je charakterizovana
komplexni interakci genetiky, mikrobiomu a prostfedi, coz mize vést ke zvysené rezistenci
vuci terapeutickému U¢inku FMT u rozsdhlého onemocnéni [68]. Proto jsme pfedpokladali,
ze zaméteni na levostrannou UC by mohlo vést k lepsi ti¢innosti 1é¢by. K zhodnoceni tohoto
pfedpokladu budou zapotiebi dalSi studie srovnavajici U¢innost FMT u rznych rozsaht
onemocnenti.

Cilem nasi studie bylo ovéfit non-inferioritu FMT oproti klyzmatu 5-ASA pfti 1écbé UC.
Bylo jiZz prokazéano, ze FMT je v 1écbé UC lepsi neZ placebo [32, 51, 54]. To byl dulezity krok
k dosazeni jejiho klinického uplatnéni, ale i studie srovnavajici FMT se standardnimi lécebnymi
postupy jsou dulezité. Protoze studie superiority by vyzadovala pocet pacienti piesahujici
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moznosti nasich Ctyft center, rozhodli jsme se pro design non-inferiority. Dlikaz o non-inferiorité
umoziuje aplikovat alternativni 1écbu s nékterymi potencidlné prospéSnymi vlastnostmi
odlisnymi od standardni 1é¢by. Nase studie usnadni dalsi vyzkum superiority, protoze budouci
pacienti nebudou vystaveni riziku, ze obdrzi neefektivni 1€cbu.

Recentné bylo uvedeno, ze diverzita a slozeni mikrobiomu ve vzorcich sliznic pacientl
s UC byly po 1écbé 5-ASA zménény [69]. V nasi studii byl Shannontiv index diverzity fekalni
mikrobioty u pacientii s UC pted 1é€bou FMT a u non-respondérti nizsi nez u zdravych darct.
U pacientt, ktefi reagovali na FMT, se index diverzity zvysil a slozeni mikrobioty se zménilo

tak, Ze se podobalo sloZzeni pozorovanému u zdravého darce (obr. 2).

Obr. 2 - Mikrobialni diverzita vyjadiend jako Shannontv entropicky index u respondérii a non-
respondérd 1é¢by pro (a) skupinu 5-ASA a (b) skupinu s FMT. Vzorky jsou seskupeny na zaklad¢
odpovédi na 1écbu (ano/ne) a ¢asového bodu odbéru vzorku 0 (pted 1écbou) a 3 (tydny 1-12), symbol
kruhu piedstavuje odlehlé hodnoty.

Shannoen entropy

a 1w

Responders  donors no no yes yes no no yes yes
Time
Samples 3 § 10 30 4 8 13 7 13

o
o

Podobnymi vysledky se zabyvali Khanna a kol. v pfehledovém ¢lanku publikovaném
v roce 2017 [70]. V této studii se relativni pocetnost Lachnospirceae a Ruminococcaceae
postupné zvySovala a Cetnost Bacteroidaceae se postupné snizovala, az se piiblizila ¢etnosti
u zdravych darcii. U pacientd bez odpovédi byl zaznamendn opak. Nartst celedi
Lachnospiraceae byl pozorovan i v nasi predchozi studii [71]. Na trovni rodt se po 1€cbé FMT
zvysil pocet Blautia a Fecalibacterium a snizil pocet Bacteroides, ale jejich abundance ztistala
odli$na od abundance u zdravych darct. V souladu s naSim zjiSténim byl u pacientli s mirnou
az stiedné aktivni UC zaznamenan vyznamny narust F. prausnitzii po FMT [72]. Podobn¢ jako
v nasem piipad€ byla ve studii FMT u pacientt s infekci Clostridoides difficile zjiSténa

vyznamné zvySend relativni abundance Faecalibacterium u pacientl sIBD a zvySena
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abundance Blautia u pacientii bez IBD. Po FMT byla u pacienti s IBD zvySena abundance
Bacteroides [70].

Ve studii FACTU linearni diskriminacni analyza (LDA) ukézala, ze po 1é¢bé¢ FMT
existuji rozdily ve stfevni mikrobioté mezi pacienty s odpoveédi a bez odpovédi (Obr 3). Sokol
a kol. naznacili, ze uspesnost 1écby FMT a kolonizace mikrobioty darce mohou byt ovlivnény
vychozimi charakteristikami ptijemce [60]. U naSich pacientii mély klyzmata FMT od vsech
Ctyt déarct pozitivni U¢inky na mikrobiotu pfijemct a zdravi hostitele navzdory rozdilim
v bakteridlnich profilech pied 1écbou. Lécba 5-ASA zptsobila mésic po 1é€be nartst fyla
Firmicutes a Actinobacteria a pokles fyla Proteobacteria, coz pozorovali také Olaisen a kol.
v roce 2019 [73]. Pribéznym sledovanim vsak bylo zjisténo, ze zmeény ve sloZzeni mikrobioty
byly do 3 mésict zvraceny, coz naznacuje, ze pivodni jadro sliznice bylo schopno obnovit své
sloZzeni. U naSich pacientdl po FMT se po 3 mésicich od 1écby udrzel nértust Firmicutes,
predevsim celedi Lachnospiraceae, a pokles Bacteroidaceae a Enterobacteriaceae.
Pretrvavajici posun mikrobioty smérem k darcovskému slozeni je v souladu s pfedchozimi
studiemi, které testovaly dlouhodobou transplantaci fekalni mikrobioty u pacientl s infekci
Clostridoides difficile [74] a u zdravych dobrovolnikll [75]. Toto je vSak prvni studie, ktera

uvadi tento ptinos FMT u pacientii s UC.

Obr. 3 - Linearni diskrimina¢ni analyza (LDA) mikrobialnich taxont reagujicich (ano) a nereagujicich
(ne) na (a) transplantaci stolice a (b) 1éCbu 5-aminosalicylovou kyselinou u pacientt s levostrannou

ulcerdzni kolitidou.
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Publikace €. 2 se zaméfuje na hlubsi analyzu zmén mikrobioty po FMT v nejvétsim
centru studie FACTU. Do této subanalyzy bylo zafazeno 16 pacientt s levostrannou UC trvajici
déle nez 3 mésice. Osm pacientil bylo 1é¢eno FMT a 8 pacienti klyzmatem 5-ASA. Zmény
mikrobioty po 1é¢beé 5-ASA byly diive zjiStény ve sliznici a v mensi mife také ve stolici [73].
Ve sliznici byla prokazana inverzni korelace zavaznosti onemocnéni u F. prausnitzii,
producenti mastnych kyselin s kratkym fet€zcem. Vysokd koncentrace 5-ASA ve sliznici
souvisela se snizenym vyskytem patogennich bakterii, jako jsou Proteobakterie, a zvysenym
vyskytem nékolika piiznivych bakterii, jako jsou Faecalibacterium. Ve stolici se pii zvySeni
5-ASA ve slizni¢ni tkani snizil pocet Prevotella a Sutterella [73]. Piedpoklada se, ze Sutterella
prispiva k patogenezi UC svou schopnosti degradovat slizni¢ni imunoglobulinu A (IgA)
[76, 77].

Nezjistili jsme zaddné vyznamné rozdily v alfa diverzit¢ bakterii mezi respondéry
a non-respondéry 1écby 5-ASA. Vyznamné zmény Jaccardovy vzdalenosti mezi témito

podskupinami vSak ukazuji na urcity vliv mesalazinu u respondéri (Obr. 4).

Obr. 4 — Jaccardovy vzdalenosti mezi reagujicimi (oranzova) a nereagujicimi (zelena) pro (a) skupinu
5-ASA (8 pacientil) a (b) skupinu FMT (8 pacientll). Vzorky odebrané pied terapii jsou zobrazeny jako
duté sféry (8 vzorkt pro kazdou skupinu 5-ASA a FMT), vzorky odebrané po zahajeni terapie jsou
zobrazeny jako pIné sféry (13 vzorkti pro 5-ASA a 31 vzorki pro skupinu FMT); vzorky patfici jednomu
pacientovi jsou popsany stejnym Cislem.

Axis 2 (10.27 %) fxis 2 (9.730 %) .

nan-responder

Axis 1(11.29 %) = Axis 1 (11.03 %)
a) b)

Zvysena diverzita mikrobioty, kterou uvadi nékolik studii u pacienti s UC po FMT
z mixované stolice od vice darch (2-7 darct) [51, 54, 72, 78, 79], nebyla v nasi subanalyze,
pfi pouziti jednoho darce pro vSechny pacienty, zjiSténa. Tyto vysledky jsou v souladu

se studiemi Dammana a kol. [80] a Kumpa a kol. [81], ktefi vSak popsali ¢asové zmény
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ve vzorcich sliznice. Ob¢ studie, pouzivaly individudlni darcovstvi stolice, coz znamena,
ze kazdy darce poskytl stolici pro jednoho, maximalné dva ptijemce. Tian a kol. [82] dokonce
popsali nesignifikantni snizeni Shannonova a Chaova indexu po FMT, ale pfesto pozorovali
pozitivni klinické vysledky a zlepSeni symptomii u pacienti s UC. Stejni autofi nezjistili rozdily
v beta diverzité, v nasi studii vSak byly statisticky vyznamné vysledky ziskany z parovych
analyz PERMANOVA. Jaccardovy vzdalenosti mezi vzorky odhalily oddé€leni respondért a
non-respondérti po 1écbé FMT, je vsak tfeba vzit v ivahu vysokou variabilitu vzorkll v rdmci
skupiny analyzované v této praci (Obr. 5). Dale byla ve skupiné FMT zjiSténa vySsi podobnost
respondéra s darcem. Toto zjiSténi je ve shodé s nékolika studiemi [50, 79, 81, 83, 84], nicméné
ne vSechny uvadeji korelaci mezi bakteridlnim posunem ke zdravému darci
a klinickym efektem [81].

Utinnost FMT je zde dale podpoiena niz§im podilem pivodnich rodt u respondenti
a relativné vysokym podilem plvodnich rodl u nereagujicich. U nereagujicich na FMT byl
vysoky pocet unikatnich rodli, coz naznaCuje neuspéSnou obnovu narus$ené mikrobioty,
neschopnost nahradit urcity podil pivodnich rodii a moznou rezistenci nekterych rodt vici
tomuto typu intervence. Z hlediska statistiky vSak mohly byt tyto vysledky ovlivnény vyS$sim
poctem nereagujicich na FMT (pét subjektil) ve srovnani s respondenty (tfi subjekty), coz by
mohlo zvysit diverzitu v ramci podskupiny nereagujicich. Shi a kol. zdiiraznili, na zakladé¢ 25
studii pouzivajicich lé¢bu FMT pro UC, ze pacienti sdilejici zvySenou bakterialni podobnost
s darcem mohou mit riizné klinické vysledky, a tudizZ samotna pfitomnost zdravé mikrobioty
neni dostate¢nd k dosaZeni pozitivniho efektu FMT [83]. Naopak, podle Kumpa a kol.,
taxonomicke slozeni sttevni mikrobioty darce je hlavnim faktorem ovlivitujicim G¢innost FMT
u pacientt s UC [85].

Spravné taxonomické sloZeni zdravého mikrobiomu je stale neznamé z divodi velké
individualni variability v populaci. Vybér vhodného dérce pro FMT je proto sloZzity a dosud pro
néj nemame specifickd kritéria. Né&které bakterie v mikrobioté darce, jako Akkermansia
muciniphila, butyrat-produkujici F. prausnitzii, Roseburia intestinalis a Roseburia faecis,
Butyrivibrio crossotus, Anaerobutyricum hallii, a nékteré Cleny rodin Ruminococcaceae
a Lachnospiraceae, jsou povazovany za ptiznivé pro 1écbu UC [32, 36, 45, 85].

V naSem vyzkumu jsme identifikovali nckolik pfiznivych bakteridlnich taxont
v mikrobioté darce FMT, vcetné F. prausnitzii (3 %), ¢lent rodiny Ruminococcaceae (20 %)
a vysokého procenta bakterii z rodiny Lachnospiraceae (48 %) (Obr. 5). Dvé skupiny
Lachnospiraceae byly identifikovany jako vyznamné zvySené u respondenti po FMT terapii,

podobné jako v zjiSténich Kumpa a kol. a Angelbergera a kol. [36, 81]. Mnoho c¢lent
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Lachnospiraceae bylo detekovano v lidském stievé znichz nékteré vykazuji dilezité

hydrolytické vlastnosti [86].

Obr. 5 - LDA reagujicich a nereagujicich v skupin€ pacientt s FMT na rtznych taxonomickych
urovnich (kmen, tfida, fad, celed’, rod) pro vSechny bodu vzorkovéni vcetné vychoziho stavu. Kmen
Actinobacteria a ttida jsou rozliSeny pomoci zkratek p a c.
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FMT také vyznamné zvysilo u respondentii hojnost rodiny Ruminococcaceae, zejména
dvou dilezitych ¢lent tohoto taxonu, F. prausnitzii a Blautia. Oba tyto rody jsou hojné
pritomny v lidské stievni mikrobioté zdravych dospé€lych, zatimco u jedincti s UC byly hlaSeny
snizené hladiny F. prausnitzii a Blautia [87, 88]. Pozitivni G¢inek téchto bakterii je pfisuzovan
produkci butyratu. Butyrat hraje diileZitou roli ve fyziologii stfev, s mnoha ptiznivymi Gc¢inky
na zdravi prostfednictvim protizanétlivych aktivit v kolonické sliznici, ochrany proti invazi
patogenil, modulace imunitniho systému a snizovani progrese rakoviny [89]. F. prausnitzii byl
dokonce navrzen jako marker zdravého stieva [90].

Zvysena pritomnost taxoni kmene Firmicutes, obvykle spojend se zdravym stievem,
byla v naSem vyzkumu zji§téna u téch, ktefi nereagovali. Rodina Christensenellaceae, soucast

tadu Clostridiales, je popisovana pro své zdravotni pfinosy, jako je asociace se zdravymi

r

stravovacimi navyky, dlouhov€kosti, niz$i hladiny sérovych lipid a niz$i index télesné
hmotnosti [91]. Na rozdil od ocekdvani byly Christensenellaceae snizené u pacientd

s Crohnovou chorobou a UC, ale naSe studie nasla zvySené mnozZstvi u téch, ktefi nereagovali
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na FMT. Oscillospira, rod z rodiny Ruminococcaceae, je bézny ve stievé ¢lovéka a mize mit
zdravotni pfinosy diky produkci butyratu [92]. Jeho vyskyt je snizen u pacientll s Crohnovou
chorobou, ale informace u pacientti s UC chybi.

Role laktobacilii, které jsou pro své probiotické ucinky obecn¢ uznavany jako prospésné
pro lidské zdravi, neni tak jednoznacné jasna u zanétlivych onemocnéni stiev. U IBD
je Lactobacillus snizen u pacientll s UC, ale zvySen u pacientli s Crohnovou chorobou [93].

U nonrespondéric FMT bylo zjisténo zvySeni rodt Odoribacter a Paraprevotella
z kmene Bacteroidetes. Odoribacter, producent butyratu, je dalezity pro zdravé stfevo a byl
spojen se zlepSenym stavem u pacienti s Crohnovou chorobou [94, 95]. Naopak,
Paraprevotella, producent kyseliny jantarové, mize byt spojen s dysbidzou mikrobiomu
a stfevnim zanétem [96]. Zatimco zvySena piitomnost Odoribacteru muze byt prospésna, role

kyseliny jantarové ve stievnim zadnétu zlstava nejasna a vyzaduje dalsi vyzkum.

Publikace ¢. 3 je prizkumem pouziti FMT v Evropé. Zabyva se klinickym vyuzitim,
provadénim a potencidlem FMT v Evropé. Studie je prifezovym prizkumem z roku 2020, ktery
zval nemocni¢ni centra FMT po celé Evropé, aby sdilela své klinické aktivity, organizaci
a regulaci FMT v roce 2019. Zprava uvadi, ze v roce 2019 bylo v 31 centrech ve 17 zemich
provedeno 1874 procedur FMT, pievazné pro infekci Clostridioides difficile (Obr. 6). Studie
zduraziiuje vysoké bezpe¢nostni standardy a dodrzovani mezindrodnich smérnic ucastnickymi
centry. Z pruzkumu vyplyva, Ze soucasnd aktivita FMT pokryva pouze asi 10 % pacientl
s indikacemi pro podani FMT, coZ naznacuje potiebu zvysit klinické povédomi a aktivitu FMT
v Evropé. Prace vyzyva k desetindsobnému zvySeni aktivity FMT, aby byla splnéna skutec¢na
poptavka po 1écbé, a zdiraziiuje vyznam standardizace a rozsifovani praxe FMT. Studie dale
upozoriiuje na rozdily v pfistupech a regulacich FMT mezi jednotlivymi evropskymi zemémi.
Tyto rozdily mohou mit dopad na dostupnost a kvalitu FMT pro pacienty. Autofi zdiraziuji
potfebu harmonizace regulaci a postupi v celé Evropé, aby se zajistila lepsi dostupnost
a standardizace této terapie. Zvlasté se zaméiuji na potfebu veétsi spoluprice mezi
zdravotnickymi odborniky, regulaénimi organy a pacientskymi skupinami. Vé&fi, ze tato
spoluprace povede k lepsimu pochopeni a vyuziti FMT v 1écbé rtiznych onemocnéni. Tato
studie vedla k zalozeni prospektivniho celoevropského registru FMT ,,EurFMT*, ktery by mél
v budoucnu pomoct v nalezeni odpovédi na mnohé dosud nezodpovézené otazky, které

s pouzitém FMT vyvstavaji.
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Obr. 6 — Pocet FMT v celé Evropé pro vSechny indikace (A) a pro infekce Clostridioides difficile (B)
upraveny na 100 000 obyvatel.

A] All indications (Routine or experimental) B] Clostridioides difficile infection
Total FMT procedures no. FMT procedures per 100.000 population.
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Publikace €. 4 je piehledova prace na t¢éma FMT u IBD za pouziti dostupné literatury
v roce 2016.
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ZAVER
Tato disertatni prace piinas§i komplexni pohled na vyuziti fekdlni mikrobialni

transplantace u idiopatickych stfevnich zanétl, pfedevsim ulcerdézni kolitidy a Crohnovy

choroby. Disertacni prace splnila vSechny vytycené cile doktorského studia.

Zatimco etiopatogeneze IBD zlstava netplné pochopena, FMT se ukazuje jako slibny
terapeuticky piistup vzhledem k potencialu modifikovat stievni mikrobiotu a ovlivnit tak
prabéh cetnych onemocnéni. Vyzkum ukazal, ze FMT je vysoce u¢inna v 1€cbé rekurentni
klostridiové kolitidy a nabizi nové moznosti pro 1é¢bu UC. V ptipadé Crohnovy choroby jsou
data o uc¢innosti FMT méné¢ konkrétni, ale naznacuji mozny pozitivni vliv. Nase data o u¢innosti
klyzmat FMT u levostranné UC dopliiuji jiz publikované mezindrodni studie a prokazuji mirny
az stfedni efekt FMT v této indikaci. Dilezitym faktorem efektivity FMT je vybér vhodného

darce, diverzita jeho mikrobioty, metody aplikace a frekvence podavani FMT.

Prestoze dosavadni vysledky ukazuji na FMT jako na slibnou a bezpecnou metodu
v 1é€bé onemocnéni gastrointestindlniho traktu, ztistivd mnoho otazek nezodpovézenych.
Pro definitivni zavéry o efektivit¢ FMT v jednotlivych indikacich, poctu nutnych aplikaci,
dlouhodobé bezpecnosti a optimalnim zplisobu podani jsou nezbytné dalsi rozsahlé a dobie
navrzené studie. Vyznamna je rovnéz potieba standardizace metodiky a postupi, kterd umozni

ptresnéjsi hodnoceni a srovnani vysledki mezi riznymi centry a studiemi.

NaSe prace piindsi dilezit¢ poznatky a otevira cestu k dalSimu vyzkumu v této
dynamicky se rozvijejici oblasti mediciny, s potencidlem vyznamné ovlivnit lécbu IBD

a dalSich onemocnéni spojenych se sttevnim mikrobiomem.
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