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Abstract

Introduction: Inflammatory bowel diseases (IBDs) and chronic rheumatic diseases (CRDs) are systemic chronic disorders
sharing common genetic, immune and environmental factors. About half of patients with IBD develop rheumatic ailments
and microscopic intestinal inflammation is present in up to half of CRD patients. IBD and CRD patients also share a common
therapeutic armamentarium. Disequilibrium in the complex realm of microbes (known as dyshiosis) that closely interact
with the gut mucosal immune system has been associated with both IBD and CRD (spondyloarthritis and rheumatoid
arthritis). Whether dyshiosis represents an epiphenomenon or a prodromal feature remains to be determined.

Methods: In an attempt to further investigate whether specific gut dyshiosis may be the missing link between IBD and CRD
in patients developing both diseases, we performed here a systematic literature review focusing on studies looking at
bacterial microbiota in CRD and/or IBD patients.

Results: We included 80 studies, with a total of 3799 IBD patients without arthritis, 1084 CRD patients without IBD, 132 IBD
patients with arthropathy manifestations and 12 spondyloarthritis patients with IBD history. Overall, this systematic review
indicates that an increase in Bifidobacterium, Staphylococcus, Enterococcus, Lactobacillus, Pseudomonas, Klebsiella and
Proteus genera, as well as a decrease in Faecalibacterium, Roseburia genera and species belonging to Verrucomicrobia
and Fusobacteria phyla are common features in IBD and CRD patients, whereas dozens of bacterial species are specific
features of CRD and IBD.

Conclusion: Further work is needed to understand the functions of bacteria and of their metabolites but also to characterize
fungi and viruses that are commonly found in these patients.
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Introduction

Inflammatory bowel diseases (IBDs) are mainly repre-
sented by Crohn’s disease and ulcerative colitis,
whereas chronic rheumatic diseases (CRDs) encompass
rheumatoid arthritis (RA) and spondyloarthritis (SpA).
These systemic chronic disorders have relapsing and
remitting clinical course arising from an interaction
between genetic, immune and environmental factors.
CRD and IBD are intercurrent since articular mani-
festations are observed in up to 40% of IBD patients
and intestinal inflammation is often present in CRD
subjects.! Co-occurring CRD and IBD can be very
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disabling and are associated with a more severe disease ‘OR’ (‘Microbiota’, ‘Microbiome’, ‘Gut’,
course in IBD patients.? ‘Gastrointestinal Microbiome’, ‘Microbiology’,

Interestingly, IBD and CRD share common patho-
physiology, including common molecular and cellular
actors and, consequently, common therapeutic arma-
mentarium. Genetic studies have reinforced the import-
ance of genes and pathways contributing to IBD
pathogenesis, such as barrier function, the role of T
cell subsets and cytokine—cytokine receptor signalling.’
In addition, recent studies pointed out new genes and
pathways, including autophagy or regulation of inter-
leukin (IL)-23 signalling, highlighting the importance of
host defence pathways, specifically those involved in the
management of mycobacteria.® Heredity is also an
important feature of CRD, notably in SpA, and several
genetic polymorphisms have been shown to influence
the disease risk. The most important one is the major
histocompatibility complex (MHC) class I allele HLA-
B27.° Remarkably, a large subset of the IBD and CRD
susceptibility identified genes are encoding for proteins
involved in immune response, and particularly in the
1L-23/Th17 pathway of T cell differentiation, which is
primarily implicated in response against extracellular
pathogens, including bacteria and yeasts, and/or in
microbial sensing.

However, the link between pathological gut and
joint inflammation in patients with both IBD and
CRD is not fully understood. Taken together, these
data suggest that the perturbation of the gut micro-
biome, also called dysbiosis, represents an attractive
target in this context.

In an attempt to further interrogate whether specific
gut dysbiosis may be associated with IBD and CRD
and promote pathological inflammation within the
joint—gut axis, we performed a systematic literature
review investigating similarities and differences regard-
ing faecal microbiota in these patients.

Methods
Search strategy and study selection

A systematic literature search was performed according
to PRISMA guidelines.® The literature review was con-
ducted using PubMed/MEDLINE (from 1950 to
December 2018) and Web of Science (from 1958 to
December 2018). Abstracts from annual meetings of
national and international gastroenterology and rheuma-
tology conferences (United European Gastroenterology
Week, Digestive Diseases Week, European Crohn’s and
Colitis Organization, European League Against
Rheumatism, and American College of Rheumatology)
were searched manually from 2013 to 2018.

The following keywords were searched in various
combinations using the Boolean terms ‘AND’ and

‘Colitis’, ‘Ileitis’, ‘Intestinal’, ‘Enteritis’, ‘Inflammatory
Bowel Diseases’, ‘Crohn Disease’, ‘Ulcerative Colitis’,
‘Rheumatoid Arthritis’, ‘Spondyloarthritis’, ‘Arthritis’,
‘Reactive Arthritis’, ‘Psoriatic Arthritis’, ‘Rheumatoid
Arthritis’, ‘Infectious Arthritis’, ‘Ankylosing
Spondylitis’, ‘Mycobiome’, ‘Fungal Microbiota’,
‘Intestinal Virome’). This strategy was used both as
Medical Subject Headings terms if available and as
free text. Searching was limited to publications with
human subjects. We only selected English language
full text papers and abstracts.

Two authors independently reviewed all articles.
Inclusion criteria included the presence of IBD and
CRD patient samples and 16S rRNA gene sequencing
or metagenomic methods to characterize the gut micro-
biota. Literature reviews did not include meta-analyses,
as well as experimental studies based on in vitro find-
ings and animal models.

Study characteristics and outcomes were reported in
a Microsoft Excel Office 2016 Professional spread
sheets.

Results

Based on defined criteria, 6519 papers were identified
(Figure 1). After review of the titles and abstracts 5564
papers were excluded. Amongst the remaining studies,
another 881 were excluded because they included
reviews, data retrieved from studies using animal
models and in vitro findings. Therefore, 80 studies
were included: 56 from IBD patients, with one case
report’ (Tables 1-3), 21 from CRD patients (RA
and SpA) including 5 congress abstracts®'? (Tables 4
to 6). Finally, three publications addressed gut micro-
biota study in IBD patients developing arthropa-
thy!*'> (Table 7). As a microbiota from one
individual is different from one sample location to
another, the tables were generated by sample type and
are detailed with studied populations characteristics.

Literature search results: distinct dysbiosis in IBD
and CRD

In order to identify bacterial variations specific to
IBD and not found in CRD, and vice versa, we adopted
two complementary methodologies: we first reviewed
bacterial changes reported in studies enrolling
IBD patients without information on possible con-
comitant arthritis, then all studies involving CRD
patients without information on possible concomitant
IBD. We looked finally at studies comparing gut
microbiome in patients with or without IBD-
associated CRD.
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Figure 1. Flow-diagram of identified studies.

IBD: inflammatory bowel disease; CRD: chronic rheumatic disease;

Diseases Week; ECCO: European Crohn’s and Colitis Organization;
College of Rheumatology.

Gut bacterial changes reported in IBD patients. Fifty-six stu-
dies enrolling 3270 IBD patients from which gut micro-
biota was mainly analysed by 16S rRNA gene
sequencing or RNA of DNA extracted from faeces
and/or biopsies. A quantitative and qualitative (bio-
diversity) reduction of the gut microbiome in IBD
patients'®!” is generally observed.

Firmicutes phyla. A reduction of Clostridiales order
species from the Firmicutes phylum is observed in the
faecal microbiota of IBD and Crohn’s disease
patients."®° An enrichment of Ruminococcus gnavus

UEG: United European Gastroenterology Week; DDW: Digestive
EULAR: European League Against Rheumatism; ACR: American

is observed in the IBD patients’ faecal microbiota.>' >

This phylogenetic group includes several butyrate-pro-
ducing bacteria, notably Faecalibacterium and
Ruminococcus, which are among the main members of
the Ruminococcaceae genera.”* Other bacteria that are
considered as ‘beneficial’ for the host have been shown
to be quantitatively reduced in the faecal microbiota of
these patients. A few studies found a lower number of
sequences of the bacterial phylum Firmicutes in the
mucosal-associated microbiota (MAM) of Crohn’s
disease and ulcerative colitis patients, especially species
from the Lachnospiraceae genera (Roseburia and



1011

Salem et al.

(panunuod)

(91-£) 21 (9/8) $]043u0) 7T Supuanbaso.Ad
(91-6) €1 (€/6) dnzt  sajdwes Asdoiq pue 41114
(@dV) wnuapogipany NN ‘pueiods (L1-8) €1 (€/01) a et eSOINW J1uojo)  Y)d-1Y YNY! S9T “|e 19 ussuey
1591 uoljepel
(78-22) €6 (T1/6) $|043U0) 0T -89p snonw oJ3IA u|
(On/@d1) pjydiupnw pisubwidyyy (1 -#2) 8 (L/€T) n oz ¥ddb 010z
(On/@d3) sanbioy "y snabub -y YN (nL-6T) 8€ (0z/9) @ 9z sajdwes Asdoig YNY4 S9T “|e 19 8ud
wnyal
pue wna|! Supuanbag
(€/€) $|0J3u0) 9 3y} usamiaq VYNY4 S9T
(@>-11) 102 p1yo112Y2sg (9861-9¢6T) (2/9) ax-z18 suonedo| pue Sujuo|) otoc
(@d-111) nzyusnoid o VYN  Buunp ulog (€/€) @-119 anl} wouy Asdoig d144-1 “le 39 SuljIm
(ag1}) buappqod101d ‘DlIIIDGOUNIY (69-£€2) 9€ $|0J1U0) Qg|-UON T9
(ag11) apadnuidsouyon] (ns-t2) 8¢ on 19 8upuanbas L002
‘(U0J2IWIOD]0IDIAY] *g) SapIIa)Ing VN (64-12) S€ VN a 89 sa|dwes Asdoig VYNY! S9T “le 12 yuelq
(uoissiwau
Sya3aM 4T 1 0)4) sa1xads sajpliapjoyying n sn Suuanbas LTOZ “|e 1®
SUDIOAIUI[NUI DIINGISOY VN VN VN a sa|dwes Asdoig dlwouaSelaly  ueuysiyeyueuy
(@g11) snaozoido)
‘Win1JaaDqIIpIab ‘WniidDbGopIfig
‘spuowioifydiod ‘pwsp|dajosaisy
(@d4) oyjabrys
‘WiN1Ia)IDGosSn ‘spuowoiay ‘bjjabiys (z7-0€) 9¢ (sT/2T) S|0J3uo0) Lt
‘DJJaUOJ[13/ ‘SN22020UIWIDPIIY ‘SN|[12DGOIID] (TH-%T)LT (s/€) djeulWwIdlBpu| 8 SOM
(@271) sn22020uiwiny ‘blingasoy (s-8€) v (Lg/8¢€) an st 8upuanbas 41114
(ONn71) plaILGIUaID) ‘SN23030}da.}S “DJ[2}0Adid vsn (Th-5¢) 8¢ (zL/6t) a 1et s9|dwes Asdoig -VYNY4 S9T “le 19 ueSiop
S|0J3U0d
Aiojewweyui-uoyN 1€
(7£-97) 28§ (tz/o1) §|043u0d
(z8-02) 05 (6/9) Aiojewwejju| g1
(nL-€2) 14 (€1/81) on 1€ undiasuly dss
(agIt) pjjar0n24d ‘sapiosaidng VN (95-91) s€ (L1/6) @ 9z sajdwes Asdolg paseq YNG4 ST +00Z “|e 19 HO
£)0I¢0J2IW Pa]RIIOSSEe JueulWop
9y} Ajipow Ajaaizeyijenb jou pip uopelad|n
pue ‘uoijelad|n @) Yum pajenosse Aje (€9-T2) 6002
-14129ds aq 03 punoj sem sa1dads |eliaeq oN duel4 9°L€ (6/9) a st s9|dwes Asdolg  SyYNY S9T jo 3911 SEBERTIELS
sSuipuiy Joley u1140 "03p (98ues) (4 ~ou/w -ou) J0yod Apnis suiSiio ajdwes SpoyR I\ Jeah Joyiny
95e ueay Japuap

Sujjdwes jo sawi
3y} 1e sansiIapeleyd Hoyod Apnig

‘s9|dwes Asdoiq wouy pashjeue aseasip [amoq Alojewwejjul yym pajeidosse elapeg ‘T a|qel



United European Gastroenterology Journal 7(8)

1012

(panunuod)
suawdads |edaey}

ul punoy Ajjensn uey} 1aysiy praapqiuoldoid
10 suajapfoiap pjjasuljjo) jo uontodoid

Jamo|

9I9M D1I2]IDGNT ‘122020]da43501dad ‘DIPIIISO[)
‘1220303d2.3S/12203043}u37 J0 uonJodolid

'sdnous (££-97) 08 (LT/€2) $]043u0) 0
|| ul uiS1i0 [eI3B} JO IIIM BSOINW (0L-LT)LE (zT/91) 'S 82 saqo.d
paysem ay} wolj paje|osi saads 'sjou} (18-6T) 9% (85/94) J'u] 70T HSI4 diy1ads
-uod pue syuaned gg| ul 4o} |eSOINW BY} Auewiap (98LT) % (£9/29) JN 61T sa|dwes -dnoi3 ¢ HS|4 200Z “|e 1
Jo uonisodwod ay} ul dduaJaylp |edpurid oy ‘uileg (98-LT) &€ (62/52) ad #s Asdoiq d1uojo)  ssduanbas yNYI S9T DSUISPIMG
(@4) (-dds wnuappqojAyiap
“dds pjjasa11nsping) e11310eq0330.d
““dds wnuapngiopo)) “dds wnuapngiuoidold
dds snjjiopqawny “dds ouqiaufingopnasq
“dds paidsojj13sg “dds snaodouiwny
(Sutpnpaui anssi [esoonw sa|dwes Asdoiq
[9]jeded 3y} yum pasedwod se esodnwigns (88-2€) 65 (TT/4) (S]043U0d) g|-UON ST |esodnwqns Supuanbas {14
1uadelgqns ayy ur @)4) sajeuoliqinoynsag vsn (99-%2) T4 (T1/6) aj oz pue [esodnw ea|| VN4 S9T daaq “le 19 1uipoly)
(sjo43u0d gg|-uou
ul s Sulpuodsaliod 3y} yum pated
-wod suaned ynN1T) souowrdlhing ‘bjja1onaid
*(s]043u0d gg|-uou jo 3ys Sulpuodsaliod INT)
spuownlfing ‘olqinofinsaq ‘vjiydojig
‘DIY14301daT ‘DLIASSIAN ‘WNLIBIIDGNT ‘D|[310Ndld
(DN @S paweyjul-uou
yum patedwod yn aus pawejull) Ajiwey (€L-T#) 65 (9/8) (s|o41u0)) @gl-uoN 41 sa|dwes Supuanbas 810¢
aDaID|[2JaISSI| ‘SNUDS DIIASSIaN ‘WINII}IDGIIDO]) VN (L9-LT) % (8/9) on Ht saisdoiq |esodnpy VNY! S9T “|e 13 ouedlH
("pul TT “y]
6 $19D 0T) $|043U0) 0€
(‘pul 0T "y
(‘Pul/ "y @) pHapDGORI0Id elpul (£9-LT) "pul  (6T/TT) "PUI 0T 439 0T) N 0€
(on4) sajaprosarong ejuenyi (18-6T) "yu1  (LT/0T) "yu] (‘pul 6 sa|dwes SunuanbasosAd 9102
(‘Pul "yu1 @2/ s|jonuo) a9 t) sapniuiil4 Auew.ag (€9-97) 439 (9T/4T) W13  "Yi1 8 U39 0T) @I LT Asdolq |esoonpy VN4 S9T “le 13 uewysy
0Ond)
psoulbniap spuowiopnasd ‘oy1|-lizyusnoid o (e301q0D1WI sa|dwes Suuanbas £002
‘si1bpif sap104a}oDg ‘analnlia}Ingolaius VN p|o-Jesh-zT (1/0) d21U0j0d) DN T Asdoiq d1uo0j0) VNY4 S9T “le 19 Suep
sSuipuiy Jolepy u1140 *03p (98uet) (4 -ou/w -ou) Joyod Apnis suiSiio ajdwes SpoyR I Jeah “Joyiny
a5e ueay lapuap

Sujjdwes jo sawi
3y} Je sansiIvIeIRYd HoYod Apnis

peanuijuo) °t 9jqel



1013

Salem et al.

‘ungjoys awouan 3|oym
'SOM $S131]03 dAIIRIDIN 1)) ‘SIsauoydodyda|a [958 juaipedsS aunjesadwa) jesodwa} :39) | wsiydiowAhjod YyiSus| JuswSel) uoldLIISA [eUIWIR) (d14Y-] ‘wsiydiowAjod uoiewaouod puesls 3|Suls :4JSS (S1H|0d Suipwi
-}195 :)°°S ‘sisAjeue Jadeds d1uadiajul [BWOSOqL (yS[Y ‘UuoIIeaL Uleyd asesswAhjod 1Y)d Bjew |y BIUBNYIIT YT {(U0NBIIISSE|D [BaJjuoly) Q) PazI|eIo| w3l :q)-T7 BIPU| :"pu] 11103 3RUIWIR}aPUI 1) U] dwoJpuAs
[9moq 3|qelll :sg| ‘aseasip [amoq Alojewwejjul :qg| ‘Auewusn s |eaiydes50as :03p ‘uoneziplighy nis ul 33uIds3ION|) (HS|S BJewa) 14 ‘sisaioydouda|d 28 jualpesd Sulinjeusp :39o(Q 3seasip s,uyol) :q)

J32UBd 21U0[0) £ G102
(OnY) "dds ougofinsaq ‘ojiydiupdnw "y puejay| YN YN ons  sdsdoiq esodnpy ¥dd YN S91 “le 12 Asjueg
(69-22) €€ (8/9) §|043u0) #T saqoud
(@) 1102 3 (9£-22) €5 (n1/61) n e sa|dwes HSI4 21dads S00¢
(On-v) vipusso) “ijo> 3 VN (65-6T) TG (s/1) a9 saisdolq [e129y -dnoi3 g HSI4  “|e 32 DleuojAw
uojod
13| dY} Ul JOU pue WNAI Y} Ul I WOy
so|dwes palied UIIM]aQ SIIUIIBYIP JULILIU
-81s pamoys dnoiSqns wnydaj wniplijso))
3y} jo uoysodwod 3y} ey} Inq NS ay} ul
DN 40 uoIIL0| By} JO dAIPAASILI S3Ys Asdoiq
usamiaq Apuedijiusis pariea uonisodwod
3} ‘IJ[12DG0}ID] 10} 1Ry} PIJOU SEM OS|e }|
SuoISaJ pajelad|n-uou ay} pue
pajelad|n 3y} uaamMiaq Jualapip Ajpuediyiusis sa|dwes £002
a.9m dnoudqns wnidaj wniplisof) ‘1200307 euly) (zL-9T) o% (s1/6) n we Asdoiq |esoonyy sishijeue 3ppg “le 19 Sueyz
S131]02 papis-Ya7 L L£00¢
e1I3)2B(Q JURUIWOPQNS //0) °J VN VN VN s0Id € sa|dwes saisdoig EDIN “le 19 |0)0S
S|0J3U0) ST
N 61 Supuanbas yNg L00T “|e 19
(ag1d) apaipuiazdpgosazuy epeue) VN VN ad €1 sa|dwes Asdoig vSIY 1SMO|10)|
Supuanbas
(Ond) 42120q0WO0IYdY elpuj (7G-LE) (sjosu0)) @gj-uon £ s9|dwes paseq-auasd 810¢
‘wnippqoIyd ‘sbuowoydoijousls  ‘esjyseseyep (T7-0€) VN on zt Asdoiq uojo) VNY4 S9T  ““|e 12 Jey[njepp
L (€1/L) §|043u0) 07
Sq| ul dnou8 ajppas wniappgn3g jo pasod of (9/4) sanoiqiue +ag| ot
-Wod sI wyijolq 3[iym ‘agl yum syuaied ul 81 (11/9) sS4l o¢ saqo.d
94n1eay juauiwoid e si sijibpif sapioiajing jo Gh (11/6) N oz s9|dwes HSI4 d11dads 6002
pasodwod Ajuiew wjijoiq [eSOdNW Ju3IdYpe uy VN €€ (6/11) a) oz Asdoig |esoonpy -dnoJ3 #T HSI4  “|B 19 PSUISpIMS
sSuipuly Jolepy u1140 *039 (98uet) (4 ~ou/w -ou) Joyod Apnis suiSiio ajdwes SpoyR I Jeah Joyiny
aSe ueay Japuap

Sujjdwes jo sawin

3y} 1e sansiIapPeleYd Hoyod Apnig

panuiuo) T 3jqeL



United European Gastroenterology Journal 7(8)

1014

(panunuod)
(ag11) saprosapng
(@d4) pjjuayi3 “(-dds)
snjiydowany ‘pjjawiagn ‘snxoloJaju3
‘Sn230303da.}S ‘snj[120qojan7]
(@d1) pjrydoyig
‘Djj24233nS 433SIIDIQ ‘D1IA}IDGNT

‘pA1dso[[125Q ‘Snad0d0uIwny (-T) (stT/2T) $]03U0) LT
‘paioQ ‘pinp|g ‘sn33030.do) (5T--8) (6/5) on Ht sishjeue 4144-1 710z
‘D1INGasOY ‘Sapl04a}ang ‘Sapl04a}IpGDIDd VN (81-8) (9/4) @) 0T sd|dwes |exaeq4 Supuanbag YNYI S9T  “'|e 19 nsjewoy
VNY! S9T
eljelsny (71-6) OT (8/€T) $]0J1U0) 1T Jo Supuanbas 7102
(@>71) paidsoyj1aso ‘Asuphs (§T-1T) 2T (L/2T) @)-71/1161  s9jdwes |edaeq indysSnoayi-ySiH  “|e 19 ysnoyeey
(swoydwAs
|eulsajulolisen
YUM €) sjojuo) T
SI11|0D 3)ReUlWIIBPU| T
on ot Supuanbas
(agl) snaoub -y VN YN VN @6 s3|dwes jexsey dlwouaBe  LTOT “[e 1 [|BH
(@24) 122020191u3
(@1
winiia3a2pqn3 ‘winipljsol) ‘snaodouiwiny
(@d/agi) snjj1ogopn]
(@gi}) pjjabiys ‘piyduayds3
(@y/ag1t) snazo0x04do)y
(On{ ‘aqit) ‘wnuapoqopiig
(On/ad/agit) s|ou0) 127 SOM 102
WN1iajapqI|pI3ab ‘D1INGasSOY “43)2DGLIOPY  BILIBWY YLON (LT>) VN @) Lh s9jdwes |edae4  Supuanbas-yNYd S9T “|e 19 SIaAD
LT N+Ia T
(91-01) 4T @+1a ST0C
sa1dads uspJo sajelpliiso)) VN (91-9) €1 VN @) € s9|dwes |pxaeq Suppuanbas yNYJ S9T  “’|e 19 ueSunoH
(15-62) 9¢ (8/0T1) §]0Jju0) 81
(n5-52) 9% (€/2) (esdejay) @) & 3990 9002
sapads JapJo sajeipliiso) VN (0£-52) on (/L) (uoissiway) @) TT s9|dwes [edseq4 Supuanbas yYNYI SIT “le 19 uejuels
sSuipuiy Jolepy uiSiio (98ues) (4 ~ouy -ou) Hoyod Apnis  suiSuo ajdwes spoy Jeah Joyiny
ED) 958k ueay J3puap

Sujdwes jo awn 3y}
1@ SdlIsIIaeIRYD Sludlleyd

‘sa|dwes |eraey Woly pashjeue aseasip [amoq AlojewWwe|jul YHM pajeidosse eliajeg z a|qel



1015

Salem et al.

(panunuod)

(LT) 615 a8e uelpap (€/6%) s|0J3u0) 2§
(82) 05 ade uelpapy (6/4) on €1
(§7°41) ¢s a8e uelpay (sT/8T) @) og
(@2-2Sd/2Nn-25d (LT) 6% a8e uelpap (€/81) @)-2Sd 1¢
/Ajuo 3sdy) snjjpgopn] (w1) € 98e uelpapy (L/02) JN-ISd LT 910¢
‘WN1Ia)IDGosn ‘snixodosajug wniS|dg (sz'ST) 64 98e uelpay (8/01) Ajuo )54 81 s9|dwes |erseq Supuanbas yNQgI SIT “|e 12 oulqes
(Le-5€) 9¢ (91/11) S|043U0) LT
(6€-67) 4€ (€/9) Jl 8
(on-1€) s¢€ (€/1) N-y4
(mh-L€) of (s/8) dN-V €1
(011) wnuapnqopifig (11 -g€) on (9/%) @d-4 01 6002
(On-v/@3-v /21 /aqi-41) nzyusnoid 4 VN (T4-4¢€) L€ (sT/2) @d-V ¢z sd|dwes |edaey VNY! S9T “e 19 |0YoS
(On{) wniqodoyy ‘pliddpqopIfIg
(ad1) puappg
saploipuljfd 3 ‘oY wniappgng
(Ond/ad?1) avaspuanqoiaiug
On/ax V) (09-81) o $|0J1U0) Z€
abadDlia)dbgoiajug (18-8T)T'TH N S0t 800C “|e 1
On/adt) nzusnoid 4 Auew.sg (8L-LT) 84E VN @) 8 sajdwes |edaeq HSH Disuispims
(@) €8)
(@4 prysuayssy ‘wnrappgosny Hoyod ueis|ag
(@1) pyjasuiyjo) ‘abadnjjauasuajsiiy) (sjo3u0) TTT
42)20q1Adiqounyjaly ‘sadljsosapuy wnig|ag (€5-L2) TH (82/52) IN €€ ‘@) wE) LT0T
‘apa3p22030}da1)s03dad ‘WinliajdnqipIan uiedg (85-8T) %€ (€1/12) Joyod ysiueds s3jdwes |ease4 Supuanbas yNQgJ SIT “|e 19 |eased
(z9/82) a4 (9/41) $]043u0) 0¢ d144-1 croe
(@d7) nzyusnpid 4 uede| (57-92) 9€ (91/1¢) @ tn s3|dwes |exaey ¥ddb YNY! S9T  ““|e 19 ojowiing
(67-12) G€ (81/11) $[043u0) 67
(agid) (1103 -3) piyouayds3 (05-92) 8¢ (5/6) N-4ut
(@1) Hzyusnoid 4 (0s-t2) 9¢ (6/L) on-v 91
(agI?) (sapi0203 °g) (19-€2) n (€/2) ad-y46 £10C
pinpjg “(wnydaj *3) winipiiso)) VN L5-6T) 8¢€ (t/€) @d-V L s3jdwes |eddeq 4ddb YNY! S9T “le 18 20qnQ
AnswoJdads ssew
-AydeiSojewouyd
On:agdrt) ses Aq uoned
lzyusnpid o ‘souowidlfing (€5-0¢€) Tn (84/6€) S|0J1u0) /8 -1ji3uenb sayjoqey 7102
‘winjplso)) ‘(siujwioy °y) plingasoy wnigjog (s6-tg) € (€6/41) N LzT  sa|dwes |eddeq VNY4 S9T J0 3950  “[B 13 S|aiyden
sSuipuiy Jolep uiguo (98uea) (4 -ou/w -ou) Hoyod Apnis  suiduo 3jdwes SpoyR\ Jeah “Joyiny
'030 a8e ueayy 1apuap

Suldwes jo awn sy}
1B SdlsIIaldRIRY) Sjudlled

panuijuo) °z 3jqelL



United European Gastroenterology Journal 7(8)

1016

(panunuod)

S]043U0) G
JN-Y9T
n-v €1
(@>1) wnua10qi1|p2304 aJ>-y6t 0T0C “[e 13
(agq1?) pbuappqopifig VN (61-6) 4T vN @)-V Tz s9|jdwes [eraey Supuanbas yNyd ST 21131MYS
VNQ4 S9T 40 3911
(6/L) $[043u0) 91 uoneziplighy
(c9-t€) L4 (97€) a-yert 10(q 10p aAl} £00Z B 19
(adV) puappgoIaU7 VN (89-91) ¢ (L/1) @)-v 8 sa|dwes exaey -eyjuenb yN@d S9T 'd NISARS
13 (ot/TT) S|043u0) T
U (er/L) JN 1U3ISAINY 6T sanbiuyaay aunynd
LS (01/8) JNn-v 8t |eli31eg dAIR)
0§ (51/9) @) 1uIS3INY 0T -ljuenb-jwas pue 1661
(@2?) pu2320GOPIfIg ‘Sn||120go3IDT VN 8¢ (91/9) @)-Y gz s3jdwes |edae4 aAneyjuenb YNy S9T “|e 19 Jajeln
(95-62) o% (9/£) $]043U0) €T
(D1)) sapioiapng (€£-62) 6C (€/2) N6 Anawoiky moj4
(@d1) wmdaj (n5-82) T4 (9/1) on €1 saqoud Hs|4 9002
(On1) sapi0203 ) VN (05-42) Le (T1/2) @) €1 sajdwes jessey dHpads-dnois 9 Hs|d “le 13 |oyos
(69-£2) €4 (€/9) S]0J41U0) 6 011 ¥2d 9002
(On1T) saprord03 wniplyso)) VN (69-52) 6€ (9/5) JN 6 s3|dwes |exde4  YNYJ pue YNQ! S9T | 13 °H ‘|oyos
144-1
19 (81/c1) §]043u0) 0€ ¥dd
€€ (91/8T) on 1€ d144-1 10T
(agI1) wnipsop) VN 0¢ (s1/9T1) @) 1€ sajdwes [eyaeq Supuanbas yNY! S9T “|e 1 yopuy
(agid) wmwapnu 4 (0z-8) (9/9) $|04u0) 1
1103 3 ‘winpappnu y ‘0> °3 (9T-11) (w/2) ano9 sishjeue 9102
(On/ad?) ajppas -3 ‘nzyusnoid 4 VN (LT-TT) (€/€) @9 sdjduwes |edaey dlwouadejay “le 13 [jouy
TH 95e uelpapy (6%/6€) S|0J1u0) 88
i 35e ueipa|y (LE/mS) N 16 ¥ddb d1y9ds-snuag €10Z “|e 1
(On/a@a1) snazoanuhing VN 6€ 93e uelpaly (Tz/€T) @) 16 so|dwes |exsey Suidusanbas yNY4 S9T neyydag
(On?t) -ds wnio03apaind snaod1d1hing
(@g1-25d 1) snazodouiwiny ‘pizinaidiajpy
(ag1-25d¥) (¢L-te) m (81/€1) $|0J3u0) T€ L10C
apadD1ia}apqosn4 ‘bsourbojidNw Y ‘vIyioy angeld (1£-02) O% (ST/LT) ag1-)Sd z€  sa|dwes |exaeq4 Suppuanbas YNYI S9T “le 19 J3leg
sSulpuiy Joley uiguo (98ues) (4 -ou/w -ou) Hoyod Apnis  suiSuo ajdwes SpoyR\ Jeah Joyiny
*030) ase uea|y Japuap

Sujdwes jo awn ay}
1@ sansiIaeIRY) Sjudlled

psnunuo) °t ’|qel



1017

Salem et al.

‘unSjoys aWouan dOYM SO :SIH|0d dAieIdN DN ‘wsiydiowAjod yiSua| JusawsSely uoidLIsal

|EUIWIRY dT4Y-1 ‘SIH[0D BAIJRIII|N UOISSIWAI JN-Y ‘) UoIssiwal :q)-Y ‘uondeas uieyd asesswAjod aaneyuenb :yidb tsimiSuejoyd Suisosapds Arewrad :)sd ‘Suppuanbas uoresauss 1xau :SHN ‘d|qe|ieAe jou :y¥N

‘9jew :p :(uoned

se[d |eaJjuoly) Juswaajoaul nS-1addn yum @) pazijedo] wnajl 1) #1/T7 SIIJ0d SNoMIBJUI )| ‘palissepun qg| :nagl ‘sessip [amoq Alojewwepul :qg| ‘ed1ydesSoas oan tuonezipughy

NS Ul 32UdDSI0N|} HSI4 ‘Djewdy i ‘sisaIoydos}ddld 35 Ju3IPpeIS SulnjeuIp :IDDQ ‘UOIIBJUI S|P WNIPLISOP 1|Q) BSBISIP S,UY0L) Q) ‘SIH|0D SAIRIII|N SAIPE DM)-Y ‘BSeISIP S,Uyos) AL :Q)-Y

S]043U0) TE
(Tv-€2) T¢€ (WT/LT) SsaAl1e[a.
(vS-L2) L€ (91/€T) 39.83p 15414 6T €10C
(On-yYd/sannejpu/ant) nzyusnoid o uteds (9-z€) Oon (T9/58) dN-Y 91T  sa|duwes |edaey ¥ddb “|e 19 e[aiep
T (w1/0T) $]03U0) #Z
(L1-€) 01 (0/1) nagi t Bupuanbas sagues
(7z-4) 41 (ze/te) N € Supuanb z10e
VN (0z-€) ST (o1/¢€1) @) £z sajdwes |edaeq -asolAd 454 YNQ “|e 12 edeq
uoneziplighy
Reaseonip
(On4) puapbgoajosd-4 (91-01) (¢T/4T1) §]041u0) 9 VNY4 (41114
(On?) pipuisop VN (LT-0T) (ot/L1) ON £z sajduwes [exde4  S9T |eLIAE] JO Y)d “le 18 |reydIw
S|0J3u0) 9
On?) (opydupnw y) ono9 210z
pisubwidyyy pue -dds snjj1a0gopn] ylewuaq VN VN JN-Y9 s3jdwes |erseq 390@ “|e 19 seusSIp
S|oJjuo) 8T SON
sdl 1¢ Supuanbas yidap-u|
(S81/2n/Ad) 42bid ouginofinsaq on 4l 3990
‘DIY1IOMSPOM °g pue|Suj VN VN @) 0z s3|dwes [esse4  Supuanbas #54 YNQ z10z “le 19 elf
ejoiqoniw |esodnw (06-€h) (T1/9) $]0J3u0) ST aseqelep |Sy19
@) ut “Ajjeuoiserdo nuapDpGoajoId-4 LT (t/0) SI}1]02 JIWaryds| T 399Q0-4)d
(@) 110> 3 (ne-62) (1/1) ne 8upuanbas 9007 “|e 12
‘snazodouiwny “dds wniplijso)) VN (TH-£€) (01/6) @) 61 sajdwes |edaeq QU338 YNYJ S9T  PUIPI-ZaulIBY
(95-07) €€ (6T/4T) Qag|-uon €€
(e5-5¢€)zy (@) nagi €
(@>/aa) vijabys (29-L1) %€ (91/L1) on €€ W €107 “|e 19
(@) pryouayss3y Remuon (£6-T2) €€ (oz/01) @) o¢ s3|dwes |exaeq4 Supuanbas YNY4 ST uasp|idoyl
sSuipuiy Jolep uiguo (98uea) (4 -ou/w -ou) Hoyod Apnis  suiduo 3jdwes SpoyR\ Jeah “Joyiny
"099 a8e ueapy 1apuan

Suldwes jo awn sy}
1B SdlsIIaldRIRY) Sjudlled

panuijuo) °z 3jqelL



United European Gastroenterology Journal 7(8)

1018

“s1j0d

9AI1RIDIN 1) ‘uondeAL Uleyd dseldwAjod anieyuenb Yy db B|gejieae Jou yN ‘waisAs0d3 [e1qOIDI| |BUIISSIU| UBINKH SY) JO J0IRINWIS-|BSOINIY :JWIHS-IN ‘9w | {(UoIedIfISSe|d [eajuoly) @) 21U0j0303]1 :d)-€]
‘(UoI}RIIISSBD [BJIUOYY) JUBWBAOAUI d1U0j0d Ajliewidd ypm @) :Q)-27 {(Uonedlyisse|d |easpuoly) @) pazijedo| wnajl :q)-17 :@d-17 [edydesSoas "0an ‘ajewsay 14 ‘sisaioydoldad 38 uaipess Sulnieusp :399Q

VN VN S|0J1u0) T¢
(hL-6T) €4 (T1/0€) on ™ sa|dwes Asdoig 10C
(aqil) snjjrpqopn] euly) (16-£T) 0€ (6/21) @ sz s9|dwes |exaey Supuanbas-yNY4 S9T “le 13 Suem
(OnT) pjja100214
/S3p1043)apg ‘dnoib wnydaj )
9y} Jo sa1dads e ‘nzyusnpid 4 ‘dnous s9|dwes |edaeq VNY4 S9T Jo 390(Q
a|b13al *3/Sap103703 *) Y} JO SIdqUAW (v€-S2) Lt S|0J3u0) 9 sa|dwes Asdoiq [9pow Ing djweuhp 710z “|e 1@
“dds pngasoy ‘epIX 43ISN|> WNIPLIISO[) VN (8L-€€) T4 VN n 9 |esodnw pue [euiwn OJ}IA Ul JWIHS-W UDJIBWLIBA
(agid) snaozoiauz sa|dwes |edaeq
(On/a@dy) ojabiys (o%-22) 8¢ (11/01) $]0J1U0) TZ (WnyaJ pue wnId
-DIY2143YIs3 snuad 3y} jo duepunge ay| (0L-6T) T (TT/0€ n 9 ‘wna|l) suoielo| SupuanbasosAd %102
(Ond/axt) wnuapogiprany eulyd (9%-8T) o€ (6/L1) a 9c 1ualayip saisdoig -hGh YNY! S9T “le 19 usy)
sa|dwes [edae4 8007
(@2-17171) dnous wnida) *) “‘nzyusnoid 4 VN VN VN a 86 pue Asdoiq |esodnyy nzyusnoid 4 jo Yodb “|e 19 |0y0S
(0L-0€) s (sz/o1) $|0J1u0) G¢
(@>71) wnua30qi|p2304 (69-0¢€) %S (8/L) on st
(@dV) pjjauojjiap ‘snapub -y ‘snjj120qopn] (67-ch) 9 (z/0) €l¢
(On?) pjjaz0naid (02-02) 14 (9/9) act sa|dwes |esoonpy otoc
(agil) sapiosapng ystpams (0£-02) €5 (8/L) 1161 sa|dwes |edae4 Suduanbas-yNYy! S91 “le 12 BuljjIm
sSuipuly Jolep uiSio (28ueu) (4 "ou/w -ou) Moyod Apnis suiSiio ajdwes spoyap J1eaf Joyny
*030) a8e ueayy 13puan

Surdwes jo awn

3y} je sonsLvpPeIRYd SIudlled

‘sa|dwes Asdoiq pue |edae} yjoq wolj pashjeue aseasip [amoq Alojewiweljul YyUm pajerdosse eliapeg e ajqeL



1019

Salem et al.

(panunuod)

1] (Tz/L) $]0J1u0) 8¢
Ly (6/L) Vsd 9T
05 (ez/g) V) 92 8upuanbas unsjoys
(vds/vyy) 1dod pjjazonaid vsn ] (€€/1T) VYON #7  sa|dwes |edaeq Supuanbas yNYJ S9T €102 “|e 1 J3YdS
peusqy S|043U0) TZ
(vds/vy 1) nzuusnpid 4 SuiPawW Yoy Y3 19suo juadal g s9|dwes |edrveq Supuanbas yNY4 S9T GT0Z ““|e 1 ||01S
(vds/vyy) sbuowopnasq S|0Juo0) z€ 810¢
(vdsJ) abadpjjauayry vsn (55-8T1) VN VoY te  so|dwes |exve4 Supuanbas YNy S9T “|e 19 uosseuely
] (01/2) S|0J3u0) LT
(vdS?) ougialfingopnasq ‘piqoduiodniiaj vsn Ly (6/L) vds 91  sa|dwes |exde4  Buiduanbas yNYI ST STOZ “[e 13 JBYDS
(s4-52) s (€5/9) $|013U0) 65 pa1a81el-yNY! Z10Z ¥vY1n3
(VY) sna0330433u3 ‘Lanal "7 ‘winjuawiiaf *7 ‘siuiwng -7 uede| (1£-6%) 09 (sz/zT) suaned yy L€ s9|dwes |edveq |el1a1eq Yidb-1y “|e 19 epaely
(v4) (stutwni - 1y (01/8) S|odjuo) ST
‘siaul *7 ‘SnLDAIIDS SN|[12Dq01IDT) DIduab sn|j1dpqoIDT euly) 8y (z1/€) VY 6T s9|dwes |eaeq Supuanbas 591 €10Z “|e W NI
(96-6€) L (L/€) S|0J3u0) 0T
(vds/vy 1) nzyusnoid 4 (09-54) 25 (L) vds 11
(vds/vyd) (LT-TT) T (9/€1) S|0J3u0) 6T 8upuanbas unsjoys
DaID41ASOUYIDT ‘DIIdIIDGOUIIY ‘WNLId}IDGOPIfIg vsn  (LT-TT) 4T (TT/6T) VY3 0¢  s9jdwes |erseq Supuanbas yNYJ S9T 8T0Z “|e 19 ||01S
(yds?1) bigossiwodniia) 42320Gos31) ‘D14d320Gosn
(vdsd) sadAwouidy ‘piyioy ‘plIasSIaN ‘DII3IIDGOUIIY (0L-£€2) (zh/eL) S]0J1u0) #IT Supuanbas
(vds/wyd) udod pjjazonaid ‘pjjasuijjo) euly) (T£-%T1) (047/LS) SV L6 s3jdwes |erdeq ungjoys daag LT0T |2 19 U3\
(vds/wyd) pjjasuijjod €6 (92/9) S]0Jju0) Z€ Sunuanbas
(v4) pjjaysabby vsn 99 (8z/er) sjuanted yy o s3|dwes |edded VN4 S9T 970Z “|e 19 usy)
(XLW -¥Y71) sajpriappngoiaiug S|0Jju0) 0T
(N13-vy 1) uodn apaovipliso)) X1W + N13
(ON/N13-vY4!) puappg0a301dDY2q VN VN paaisdal vy 0T
(NL3-vy!) dnosd 59 (8/7)  NL3 paAIadaL vy 0T
sa|paojsop ‘avapidfydodoisoy ‘wnjAyd pliazopqouns) 09 (6/T)  XLW paniadai vy TT 8T0Z “|e 1®
(vy 1) wnuapogiipdang €9 (6/2) sjuaijed anjeu llueweiq
(v4 ) snjjppgoidny ‘apadp(1opqodn]  puejul 96 (01/1) usawieas) vy 1T s9jdwes |erveq VN4 S9T SON -ljueiynid
(vds{) onnojg
‘DaJo@ ‘sn220304d0d ‘sn22030ujwiny ‘apa31ia}Ingolio) S|0J3U0) 69
(yds?) pjja10021dpIDg VY 8T
(vdsl /vy 1) wnuapoqopifig (€9-£2) (€/92) (Aoxsty gl
(VY) saanonaua) ‘sajasibiauhs ‘apaipuoliqinluIING (9£-%5) (2z/9) +vds 21 ‘yds #z) Suuanbas 1T0C
‘(pj1ydoyjiq) abapuoliqinofinsag ‘pjjaisqafy  dduelq (£9-5¢) (9%/T4) sjuaned yds 9g  sajdwes |edaeq 9uas YNYJ S9T “|e 19 uegaig
sSulpuiy Joley uiguo (@8ues) (4 ou/p -ou) Hoyod Apmis  suiSiio 3jdwes SpoyR Jeah “Joyiny
ED) aSe ueayy Japuap

Suijdwes jo swi 3y}
1e SJIISLIdIRIRY) SIUBIIR]

‘sa|dwies |e>aey wouy pashjeue saseasip dIIWNIYL DIUOIYI UMM pajeldosse elidldeg 4 ajqeL



United European Gastroenterology Journal 7(8)

1020

‘siuyleojApuods :yds tajqejiene jou N jew :py DiydesSoad

090 3JeWay 14 '3seasIp s,uyot) :q) ‘sijApuods Suisojhyue Sy ‘ASojorewnayy jo 38a||0) uedLBWY YIY

S|0J3u0d YN

(vds) snaosourwny a vN €T0C
(vds/wy 1) nzuusnoid 4 ‘souowioifydiod Pensqy Sunssw Yoy SY VYN Asdoiq |eaj1 jeutwia) Supuanbas g91 “le 19 ‘0[|9150)

_Lz9-VY1H S8 910¢
(vds/yy 1) avadpjjauojjiap Peiisqy Suieaw Yoy LL29-Y1H 0T Asdoiq |eunsaju| Supuanbas yYNY4 S9T “|e 19 0]|9150)

VN VN S|0Jju0) ST J1U0|0d pue [ed)l
(vdsd) sa1sipig wniS|ag (05-0T1) (1T/€T) vds Lz s9|dwes Asdoig Supuanbas yNYJ S9T LT0Z “|@ 19 O]
sSulpuly Joley u1s1io (98ued) (4 ~ou/p -ou) Hoyod Apnis suiSiio sajdwes SpoyIR N Je3A “Joyiny
ED) aSe uea|y J3puan

Surdwes jo awr ayy

18 SdlisiIapRIRY) ,SIUBlIE]

‘s9|dwes Asdoiq wouy pasAjeue saseasip djeWN3YL dIUOIYD YIM paje1dosse eliapeqg G ajqeL

'sijliypeojApuods :yds fuonpeas uteyd asesswAhjod anneluenb swil-jeal :yIdb-1Y SIIYLE dAIIEA (yaY (SHLIYLIE PIOJRWNAYI 1Y ‘SIIIYMe siseliosd 1ysd ‘SiIyle piojewnayd
pajealiun }asuo Mmau :yYON :Supuanbas uolesauas Ixau :SON ‘dqejleAr jou YN ‘dlexaljoylduw X]W ‘djew |y ‘jediydeiSoas :"oan ‘ajewsy :4 ‘wsnewnayy jsuieSy anSea] ueadoiny :yyin3 ‘dadisuers
INLT ‘ShdyHe paje[al-siysayiud :yy3 ‘sisaioydouida)d 98 jusipess Surinjeusp :3noQ 9seasip [dmoq Alojewwepyul :qg| ‘Sidylde plojewnayl pajeal; duodyd :yy) ‘ASojojewnayy jo 983||0) uedIBWY YIV

S]0J3U0) ST 200z
(Sy1) snpbjna sapioiaidng ‘apiuownaud pjjaisqapy VN VN VN Sy 6T s3jdwes |edaeq 3190@ “|e 13 sSuiqqgais
(v 1) dnoib wnyda) wnipiijso)) (81-9) €T (£/9) S|0Jjuo) €T
(w43 1) nzyusnoid 4 vsn  (61-£) €1 (tT/M1) V43 Gz sdjdwes |exdeq  Supuanbas YNy SIT 7107 “|e 19 [|01S
Sululels-yNa
uoneziplighy yNYy! S9T 8002
(vds/vy1) souowoihydiod  puejuiy (oL -th) LS (¢n/6) VY 16 sd|duwes |edaed Answoif> mojy  “|e 19 onnojyeep
(0£-14) €9 (%1/0) S|0J3u0) HT Suuanbas unsioys
(vds/vyy) 1dod pjjazonaid uede[  (69-16G) %9 (11/€) VY LT  s9|dwes |eddeq Supuanbas YNY4 S9T  9T0Z ““|e 19 epaey
sSulpuiy Jolepy uisuo (98ues) (4 ou/p -ou) Hoyod Apmis  suiSiio 3jdwes SpoyR\ Jeah “Joyiny
‘09p  3Se ueay lapuap
Suijdwes jo swiy 3y}

1@ sansiaeIRYY Sjudlled

peanuiuo) 4 ajqel



1021

Salem et al.

‘silyle

plojewnay. iy f3|qe|ieae jou :yN djew :|y Ayredoayiie inoyum ggj :N-agl ‘Ayredoayiie pajeposse-qgj iy-ag| @seasip [amoq Alojewweljul :qg| d1ydeiSoas '0a0 3|eWY 14 (UOIIRISIUBL [RUIISIIUI-BIIXD 1| |T

(Ayyedosypie + agii) agql ¢t 10T “[e 13
winirapf sn23030Ja}u3 pue sN3030423U3 ‘apaindI0I04ajug VN VN VN  Ayedosyue 4 qgj z1 sa|dwes [exae4  Suppuanbas yNY4 S9T ssopJaaqey
(W13 10l +3n1) sainynd |ools ul usyo dJow VN VN W13 uiol+)n &6
puNoy} 313M SNajoid pue pjjaisqajy ‘sn33030jAydois wap| wap| SI}ljodued 98
(OnY) etoy arelNdE wap| wap| JN papIs-}a7 0T sa|dwes |edae sanbiuyday 600Z “'[e 1®
(ON?) 1102 bIYd1I3YIST pUE 1]]12DG0IID] ‘DII}IDGOPIfIG VN (£17-01) (zLT/L4T) on (esig 1€1 s9jdwes saisdoig uapuadap ainyn) Adfsj010Q
05 (g/LT) S|0J3u0) 49
[4°} (s1/0T) VY &¢
(aail) 6% (0%/92) ‘N-agl 99 810 “[e 19
DIY2113Y353 VN 6% (71/17) v-agl sz sa|dwes |exaej  Suluanbas yNYJ S9T  0So0upad-ziunpy
sSuipuly Joleyy  uiSio (98ues) (4 ‘ou/w -ou) paipnis uoneindod  suiSiio sajdwes SpoyR I Jeaf qoyny
‘099  aSe ueayy 1apuan

Sundwes jo awn ay}
1@ SJIISIIBIdRIRYD SJUBIled

*S9SEASIP JI}WNAYJ JIUOIYD puB ISeIsIp [amoq Alojewiweljul YIm pajeldosse eliapeqg L ajqeL

*SIHAYLR plojewnayd tyy ‘8nip dnewnayliue Suihyipow-aseasip :qyywa ‘A8ojorewnayy jo 383107 uedLBWY YOV

S|0J3U0) €% SQEMS |BI3B}
Sanle[3 pue anSuo]
(vds/vy) sbuowopnasq pensqy 92.89p-1s.14 €9 SQeMs |edaey Supuanbas 9T0Z “|e 1
(vY) snaoxosapug Sunsaw Yoy VY 91T pue anSuo| VNY! S9T weyuag
(vds/vy 1) abadpjjauojjiap Asenijes
(vY44) paspirdsouyon] ‘winipijso)) (89-6T) € (69/82) $]0J1U0) L6 s9|dwes |ejus(q Supuanbas GT0C
‘anapjawind 43300GIuopion ‘vjjayrabb3 ‘bjjasuifjo) euly) (7L-L2) 0§ (78/1€) (@¥vwa te) vy STt sa|dwes |edaeq dlwouaselapy “le 19 Sueyyz
sSulpuly Jolep uigLo (98ued) (4 ~ou/p -ou) Hoyod Apnis suiSiio s9|dwes SpoyR\ Jeah Joyiny
ED) 98e uealy J3pusn

Suijdwes jo awi ayy
1B S[IS1IaPRIRYD S)UBIIR]

‘sa|dwes u1S1Jo J3yjo pue |eIde} WO pashjeue S3aseasIp dIIRWNAYJ JIUCIYD YHM pajeldosse eliapeg ‘9 ajqeL



1022

United European Gastroenterology Journal 7(8)

coprococcus).>**273° Within this phylum, an increased
amount of Streptococcus genera was observed, in con-
trast to Ruminococcaceae genera (Faecalibacterium),
which seems to be particularly deficient in Crohn’s dis-
case.’*?731733 Furthermore, Rehman et al. demon-
strated population-specific disease-related patterns of
Firmicutes phyla, by observing a lower abundance in
healthy German samples compared with patients’ sam-
ples, while Lithuanian and Indian patients with Crohn’s
disease show the lowest Firmicutes abundances.*

In a recent study using molecular methods of bacter-
ial identification,”® it has been shown that
Faecalibacterium prausnitzii was one of the most under-
represented species of the Faecalibacterium genera in the
MAM of patients with IBD (compared with healthy sub-
jects).?1:22:24.28.31.32.35°38 Therefore, similar to the results
from faecal microbiota studies, a significant decrease of
bacteria from the Firmicutes phylum was demonstrated
in the MAM of Crohn’s disease patients.?**'-3

A reduction of Ruminococcaceae, Lactobacillaceae,

Veillonellaceae  and  Erysipelotrichiaceae  genera
(Faecalibacterium,  Streptococcus, Veillonella and
Catenibacterium  respectively),'”>*3*# along with

Dialister genus in Crohn’s disease patients,*” and
Roseburia, Clostridium and Butyricimonas genera is
observed in IBD patients, particularly those with
ulcerative colitis.**3*4%4143 A few studies showed an
increased number of the Tissierellaceae family, and a
decreased number of Eubacterium genera in inflamed
colonic mucosa biopsy samples when compared with
the non-inflamed sites in ulcerative colitis patients***°
(Figure 2).

Bacteroidetes phyla. Data concerning the
Bacteroidetes phylum are more conflicting. Some studies
reported a reduction of the Bacteroides group in IBD
patients especially in Crohn’s disease patients.'®?!-?%2
In contrast, Andoh and colleagues demonstrated an
increased amount of this phylum in the context of
IBD.*” To note, one study showed an increase of
Bacteroidetes phylum in salivary microbiota in ulcera-
tive colitis patients.” Hirano and co-workers showed an
enrichment of the Cloacibacterium genus, and decreased
abundance of Prevotella (at both inflamed and non-
inflamed mucosal site) and Butyricimonas genera at the
non-inflamed mucosal site of ulcerative colitis patients
compared with the corresponding site in non-IBD con-
trols and in the faecal microbiota of ulcerative colitis
patients.>!*34448 A greater abundance in these two
genera was found in the submucosal tissues of patients
with Crohn’s disease.?'**#4%4 As with Crohn’s dis-
ease, this strongly suggests a restricted biodiversity in
ulcerative colitis and an increased proportion of unusual
bacteria.’*>' Bacteroidetes show also interesting age-
related patterns and population-independent increase

in abundance in the standing and active bacteria
among healthy subjects and ulcerative colitis patients.**
A decreased abundance of Parabacteroides genera and
Odoribacteracae family in IBD and Crohn’s disease
patients respectively has been reported.'®**** Similar
to the results from faecal microbiota studies, a signifi-
cant decrease of bacteria from the phylum Firmicutes
was demonstrated in the MAM of patients with
Crohn’s disease.’>> A recent study by Walujkar and
colleagues revealed significant differences in the MAM
of patients manifesting acute exacerbations of ulcerative
colitis with increased number of Parabacteroides and
Elizabethkingia genera as compared to remission
stage>* (Figure 2).

Actinobacteria phyla. Concerning the Actinobacteria
phylum, studies using both culture and recent molecu-
lar  methods demonstrated an increase  of
Bifidobacterium genera in the faecal microbiota as
well as in the biopsy samples of IBD patients, notably
in patients with Crohn’s disease.*'*>**?%->> However,
other authors reported that an age-related reduction
of bacteria of the Bifidobacterium genera was shown
in inflamed sites when compared with non-inflamed
ones and salivary microbiota of ulcerative colitis
patients,’-21:2%:24:40:44.55°57.38 walyjkar and co-workers
showed an increase amount of Micrococcus genera in
MAM of ulcerative colitis patients when compared
with non-IBD subjects™ (Figure 2).

Proteobacteria phyla. Published studies display a
quantitative alteration of Proteobacteria phylum in
IBD, especially Escherichia and Shigella from the
Enterobacteriaceae family.'?-?!-222433-38:39 Thyg  their
increased abundance was reported in the MAM and
faecal samples of patients with Crohn’s disease,
whether using culture®*>? or molecular®®%*®! methods.
As with Crohn’s disease patients, the MAM of patients
with ulcerative colitis contained an abnormally elevated
concentration of bacteria, especially anaerobes.’*
A restriction of the MAM biodiversity similar to that
observed in patients with Crohn’s disease has
been found, such as reduction of Firmicutes and an
overrepresentation of Enterobacteriaceae.*®3%33-35-6264
A decreased abundance of the genera Bilophila and
Desulfovibrio was evidenced at the inflamed site of
ulcerative colitis patients compared with the corres-
ponding site of non-IBD controls, whereas a decreased
amount of Bilophila genera and its species (B. wads-
worthia) was detected in the faecal microbiota of
Crohn’s disease patients.***>°® Moreover, an age-
related reduction of the Neisseria genera bacteria was
reported in inflamed sites when compared with non-
inflamed ones and salivary microbiota of ulcerative col-
itis patients.”-2!:22:244044.55°38 walyjkar et al. suggested
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an increased abundance of Stenotrophomonas,
Ochrobactrum and Achromobacter genera in ulcerative
colitis patients as compared with the same patients
during remission stage.* Finally, Proteobacteria
phyla displayed also an age-related pattern.®*

Other phyla. Finally, a decreased abundance of
Verrucomicrobia (Akkermansia) and Fusobacteria
(Leptotrichia) was reported at the inflamed colonic
mucosal sites of Crohn’s disease and ulcerative colitis
patients compared with the corresponding sites of non-
IBD controls. However, further investigation concern-
ing an eventual association between Leptotrichia and
ulcerative colitis is necessary,>!-40:41:44.67-69

In summary, among the 56 available studies on IBD,
differential abundance of 40 bacterial species has been
reported; 15 were specifically found in Crohn’s disecase
studies while only 16 species were reported in ulcerative
colitis studies. These variations mainly concerned
Firmicutes, Proteobacteria and Bacteroidetes.

Gut bacterial changes reported in CRD patients. A total of
21 studies, enrolling 993 CRD patients, analysed the
gut microbiota by 16S rRNA gene sequencing from
faeces. Breban et al. have demonstrated that B-diversity
analysis, which evaluates the shared diversity between
different microbiomes in terms of various ecological
distances, showed a microbiota composition signifi-
cantly different between the RA, SpA and healthy sub-
jects groups. Both SpA and RA patients differed from
healthy subjects as well as SpA from RA patients. This
study showed also that «-diversity, which evaluates the
species’ richness and evenness within the microbiota,
assessed by the number of observed species was signifi-
cantly decreased in both SpA and RA patients, as com-
pared with healthy subjects.””’" In ankylosing
spondylitis (AS) patients, the diversity of the gut micro-
biome was similar to healthy subjects at the genus level
but was significantly higher in the controls at the spe-
cies level.”?

Firmicutes phyla. Concerning the Firmicutes phylum,
several bacteria from the Lachnospiraceae family,
including Ruminococcus (R. gnavus sp.), Dorea,
Coprococcus and Blautia genera, are overabundant in
SpA.” Increased amount of several Blautia and
Ruminococcus could characterize HLA-B277 siblings.”®
Likewise, inflamed ileal biopsies of SpA patients
revealed an increase in the Dialister genus, which
could be a microbial marker of disease activity.”>’*
In contrast, SpA patients seemed to display a decreased
amount of Roseburia species.” Concerning RA patients,
fewer Firmicutes of the Ruminococcaceae family but an
increase in Lactobacillus species and Faklamia have
been observed.””> A study by Picchianti-Diamanti

et al. characterized the gut microbiota of RA patients
under different immunosuppressants treatment strate-
gies (ETN, MTX, or ETN plus MTX) and compared
it to that of treatment-naive patients. This study high-
lighted a drop in Proteobacteria caused by ETN, which
in general are abundant in both intestinal and extra-
intestinal inflammatory diseases.”® Moreover, upon
ETN treatment, a decrease in Clostridiaceae was
observed, which were previously found enriched in
patients with RA and IBD-associated arthropathy.”’
In patients treated with MTX, analysis revealed a sig-
nificant decrease in Enterobacteriales.”

Liu et al. reported that RA patients, compared with
healthy subjects, exhibited an increased bacterial diver-
sity within the Lactobacillus community with increase in
L. salivarius and L. iners,””"®"° for instance. The ana-
lysis of faeces from RA patients has demonstrated the
presence of a large cluster including Firmicutes bacteria
belonging to the Lachnospiraceae and Clostridiaceae
(Clostridium) families, as well as small clusters contain-
ing strains from the Lactobacillus and Ruminococcus
genera.”® ®! In the RA patients’ gut, a decrease of bac-
teria from the Veillonellaceae family was observed.*:#2
In contrast to SpA patients, psoriasis arthritis patients
showed depletion in Coprococcus, Ruminococcus,
Clostridium and Pseudobutyrivibrio compared with
healthy subjects.”®%%®* Finally, SpA patients exhibited
a decreased faecal abundance of F. prausnitzii com-
pared with healthy subjects. This bacterium may be,
at least in part, responsible for the pathogenesis of
SpA 87485

Bacteroidetes phyla. There is a significant enrichment
of the Prevotellaceae species, and more particularly of
Prevotella copri, within the Bacteroidetes phylum, in
intestinal microbiota of patients with new-onset RA,
compared with chronic RA patients and healthy sub-
jects.”!%%¢ This bacterium is relatively scarce in the gen-
eral population. In addition, Bacteroides genera counts
were lower in the same group, while being higher in
SpA patients.”***%¢ However, P. copri decreased in
the gut of RA patients along with disease chronicity.’
Breban et al. also demonstrated that SpA and RA
patients have decreased populations of Prevotellaceae
and Paraprevotellaceae genera compared with healthy
subjects.”” However, in AS patients, Prevotellaceae are
more abundant in terminal ileal biopsy samples.®
Furthermore, a quantitative metagenomics study has
shown that the microbial communities in the AS cases
were characterized by a higher abundance of
Prevotellaceae genera (P. copri) compared with healthy
subjects.”” Other bacteria from the Bacteroidetes
phylum, such as Porphyromonas, were shown to be
decreased in RA patients while being increased in ter-
minal biopsies of AS patients.®>*’
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Actinobacteria phyla. Regarding the Actinobacteria
phylum, which is a low-abundant one, patients with
RA or SpA had a higher amount of bacteria from the
Coriobacteriaceae family and especially of the
Bifidobacterium genus, including B. bifidum species,
than healthy subjects.””’* However, RA patients are
also characterized by an increase of Corynebacterium
species.”” The metagenomic analysis and 16S sequen-
cing have additionally brought to light the presence of
the bacteria Gordonibacter pamelaeae, Eggerthella lenta
and Collinsella in RA patients.”’7>%° The latter could
contribute to the increased permeability of the gut and
enhanced production of pro-inflammatory cytokines.’
In SpA patients, an overabundance of Collinsella,
Rothia and Actinomyces genera was reported.”!’>34

Proteobacteria phyla. The Proteobacteria phylum
is more abundant in RA patients than in healthy
subjects, concerning more specifically the Klebsiella
and  Bilophila genera from  Enterobacteriaceae,
Desulfovibrionaceae and Succinivibrionaceae families.”
In SpA patients there is a decrease of Citrobacter,
Enterobacter and Erwinia genera.””®'** The last was
particularly reduced in the HLA-A24 positive group
of patients. In contrast, an overabundance of
Neisseria genera was reported in SpA patients.’?

Other phyla. Finally, other phyla, such as
Synergistetes, Tenericutes, Fusobacteria and
Verrucomicrobia, were also seen to vary significantly
in RA and SpA patients®!-’*7>8388 (Figure 2).

In summary, among the available studies to vary on
CRD (N=21), 33 bacterial species were reported in
CRD; among those, 17 were specifically reported in
SpA studies while only nine species were reported in
RA studies. Variations mainly concerned Firmicutes,
Bacteroidetes and Actinobacteria phyla.

Differences between IBD and CRD gut microbiota. In three
studies enrolling a total of 554 patients, 356 IBD
patients without known arthropathy and a total of
132 IBD with joint extra-intestinal-manifestation
(EIM) patients were analysed (Table 7). One study
indirectly compared three cohorts of patients, SpA
patients without IBD history (n=74), SpA patients
with an IBD history (n=12) and RA patients (n=28)
compared with healthy controls (n=69) (Table 7).”°

Firmicutes phyla. Amongst the included studies, some
pointed out important differences, including variable
amount of several Firmicutes genera. For instance,
the overabundance of Veillonella observed in Crohn’s
disease patients contrasted with its paucity in CRD
(RA, SpA) patients. Conversely, the FEubacterium,
Clostridium, Ruminococcus and Coprococcus genera,

which were increased in CRD (RA, SpA) patients,
were decreased in patients with Crohn’s dis-
ease.”!1-21:22:242880.8588 ya ration of the Ruminococcus
genus is the most surprising since a paradoxical over-
abundance, especially of R. gnavus, has been reported
in IBD patients. This increased abundance correlated
positively with SpA activity whatever patients’ IBD
history, even though IBD was inactive at the time of
sampling in most of them.?"” In IBD, R. gnavus was
mostly associated with the gut mucosa, which conferred
to this mucolytic bacterium a possible role in the trigger-
ing or maintenance of inflammation.”"*' Whether its
lonely increase could be linked to specific genetic predis-
positions to SpA warrants more investigation. As for the
Dialister genera, belonging to the same bacterial family,
an increased number of sequences was observed in SpA
groups whereas a decrease was found in Crohn’s disease
patients.”” In ulcerative colitis patients with a joint EIM,
the Staphylococcus genus was found more frequently in
stool cultures.'”

Bacteroidetes phyla. Variations in Bacteroidetes
phylum concerned mainly two genera: Bacteroides,
which was in increased amounts in SpA patients and
in reduced amounts in RA and IBD groups, and
Prevotella, which showed a high abundance in CRD
(RA and SpA) patients and was lowered in ulcerative
colitis patients.%!1:242971.72.74.86.89

Proteobacteria phyla. In the Proteobacteria phylum,
the genus Bilophila was overabundant in RA and SpA
patients while being found in reduced amounts in
Crohn’s disease patients.?'>* %991 Dorofeyev et al.
showed a significant abundance of Enterobacter,
Klebsiella and Proteus genera in stools cultures from
ulcerative colitis patients with a joint EIM, compared
with healthy subjects and ulcerative colitis patients with-
out EIM.'? In contrast, in ulcerative colitis a decreased
amount of Neisseria was observed,’2!:22-24:40:44.55-38
However, metagenomics studies of gut microbiome in
patients with enteropathic arthritis are still lacking.
Using quantitative polymerase chain reaction, a relative
overabundance of the Enterobacteriaceae family, con-
comitant to a reduction of the Clostridia group XIVa
cluster, was reported in the gut microbiota in IBD
patients with joint manifestations. As a whole, the
Enterobacteriaceae family seemed to be increased in
the gut of IBD patients and this tendency is even more
pronounced in those with arthropathy.”?

Actinobacteria phyla. Concerning the Actinobacteria
phylum, an overabundance of Gordonibacter pame-
laeae, Eggerthella lenta and Collinsella was observed
in RA patients.”""*%"% However, an increase of
Micrococcus genera was also characterized in MAM
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ulcerative colitis patients.* In SpA patients, an over-
abundance of Collinsella, Rothia and Actinomyces
genera was reported.’!’>%

Other phyla. Finally, the Fusobacterium phylum is
more abundant in Crohn’s disease patients and less
abundant in SpA patients.”” In contrast, amounts of
the Tenericutes phylum are increased in SpA
patients.'?7%-7

Taken together, when considering all available stu-
dies (N =280), 40 bacterial species were reported only in
IBD patients, and 33 bacterial species were reported
only in CRD subjects (Figure 2). The main variations
were mostly observed in the Firmicutes phylum.

Literature search results: similarities regarding
bacterial microbiome in IBD and CRD

When comparing studies on IBD patients without
known CRD versus studies on CRD patients without
known IBD, we first observed that some dysbiotic
changes share similarities between chronic IBD and
chronic joint diseases, among which are a lower micro-
bial diversity and a diminished abundance of the
Firmicutes phylum.

Firmicutes phyla. Amongst the Firmicutes genera, a
common decreased amount was described for
Faecalibacterium and Roseburia species in both IBD
subtypes (Crohn’s disease and ulcerative colitis), as
well as in SpA and RA patients.''2!:22242958.70 A fey
studies using bacterial culture, in addition to recent
molecular methods, have demonstrated an increased
amount of Lactobacillus and Enterococcus in the
faecal microbiota of IBD patients, especially those
with Crohn’s disease and RA patients, although
others demonstrated a reduction of Lactobacillus in
Crohn’s discase patients, | 1116:21:22:24:39.55-57.60.78.50

An overabundance of Staphylococcus was observed
in ulcerative colitis patients with arthritis when com-
pared with patients without EIM and a healthy
population.

Proteobacteria phyla. In the Proteobacteria phylum, an
overabundance of several genera was observed, such
as Klebsiela and Proteus in all ulcerative colitis patients
with arthritis. These facultative microbiota were signifi-
cantly higher in these patients than in the healthy sub-
jects and ulcerative colitis patients  without
EIM 1254709495 Apy increase of Pseudomonas was
recently shown by Walujkar et al. in the MAM of
ulcerative colitis patients as compared with the same
patients during remission stage,>* as well as shown by
Manasson et al. and Benham et al. in patients with SpA
or RA.B!84

Actinobacteria  phyla. Concerning the Actinobacteria
phylum, an overabundance of Bifidobacterium was
reported in SpA patients, especially those with enthesi-
tis-related arthritis, and in IBD patients, notably in
patients with Crohn’s disease.?!-?>>428.55.58.70.72.74.80.87.88

Other  phyla. Finally, a common decrease of
Verrucomicrobia and Fusobacteria belonging species
was reported in both Crohn’s disease and ulcerative colitis
patients compared with non-IBD controls'®-!:40:41.:44.67-69
and in RA and SpA patients.?!:70-7%83.88

In summary, variations of species belonging to
Firmicutes, Proteobacteria, Actinobacteria,
Verrucomicrobia and Fusobacteria phyla represent the
main common trait between IBD and CRD gut micro-
biota. A figure depicting similarities and differences
observed in bacterial species amounts in biopsy and
faeces from IBD and CRD patientsis proposed (Figure 2).

Conclusion and perspectives

To our knowledge, this is the first systematic review
regarding gut microbiota alterations in IBD and CRD
patients. Our analysis highlights the general finding
that microbiota favouring proteolytic-fuelled fermenta-
tion and lactic acid-producing bacteria are increased in
both CRD and IBD inflammatory conditions while
those producing butyrate are generally decreased in
both diseases. Second, variations of gut microbiota
composition in IBD patients mainly concern
Firmicutes, Proteobacteria and Bacteroidetes. Within
the Firmicutes phylum variations of species such as
Roseburia, coprococcus, F. prausnitzii and
Streptococcus genera was observed either in the
MAM of Crohn’s disease patients or ulcerative colitis
patients. In terms of the Proteobacteria phylum, pub-
lished data display a quantitative alteration in
IBD Crohn’s disecase and ulcerative colitis patients

compared  with  control  groups,  especially
of  Escherichia, Shigella, Bilophila, Desulfovibrio,
Neisseria,  Stenotrophomonas,  Ochrobactrum  and

Achromobacter genera. Concerning the Bacteroidetes,
variations of Cloacibacterium, Prevotella,
Butyricimonas, Parabacteroides, Elizabethkingia genera
and Odoribacteracae family in IBD Crohn’s disease and
ulcerative colitis patients are observed.

In CRD patients, variations of gut microbiota are
mainly observed in Firmicutes, Bacteroidetes and
Actinobacteria phyla. Alterations of gut microbiota
observed in the Firmicutes phyla included
Ruminococcus (R. gnavus sp.), Dorea, Coprococcus,
Blautia and Dialister genus in RA and SpA
patients. In addition alterations of Roseburia,
Lactobacillus, Faklamia, Staphylococcus, Clostridium,
Pseudobutyrivibrio, F.  prausnitzii  species and
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Veillonellaceae family was observed in patients com-
pared with healthy subjects. There is a significant vari-
ation of species within the Bacteriodetes phylum,
particularly of Bacteroides, Prevotellaceae (P. copri),
Paraprevotellaceae and Porphyromonas genera in RA
and SpA patients compared with healthy subjects.
Regarding the Actinobacteria phylum, which is a low-
abundant one, in patients with RA or SpA variations of
the Bifidobacterium genus, including among others B.
bifidum species, Gordonibacter pamelaeae, Eggerthella
lenta, Collinsella, Rothia and Actinomyces genera,
were reported compared with control groups.

Another major finding of this study is the reduction of
bacterial diversity observed in both CRD and IBD and
the presence of common bacterial phyla changes. We
can mention an increased abundance in Lactobacillus,

Enteroccocus, Staphylococcus, Bifidobacterium,
Klebsiella, Pseudomonas and Proteus genera in
both CRD and IBD, whereas Fuaecalibacterium

and Roseburia genera and Verrucomicrobia and
Fusobacteria phyla are decreased in both diseases.

Interestingly, experimental studies have confirmed
the role of Faecalibacterium in immune controlled in
both type of affections. First, Hablot and colleagues
suggested that experimental dextran sulphate sodium
(DSS)-induced colitis could altered the gut microbiota
of mice with arthritis compared with mice with colitis
alone and thus could delay the appearance of ‘pro-
arthritogenic’ bacteria.”® This delay is associated with
a difference of microbiota composition between mice
with arthritis and colitis and mice with colitis only.
Members of the Firmicutes phylum are mainly affected;
Lactobacillus genus and Clostridiales order are more
present in mice with arthritis and colitis compared
with mice with only colitis. Several studies showed
that species from Lactobacillus are beneficial in DSS-
induced colitis."”*®” Thereby, a Lactobacillus sp.
increase in arthritis 4 colitis group might play a role
in the subclinical improvement as observed by the
decrease in faecal lipocalin-2 level. A difference of the
faecal microbiota composition is also observed between
arthritis and arthritis 4 colitis groups. At arthritis and
colitis  onset,  Lactobacillaceae, —and  notably
Lactobacillus R. gnavus, and S24 7 species belonging
to Bacteroidales are more present in mice with arthritis
and colitis compared with an arthritis group.
Interestingly, these groups of bacteria had been
shown to be more present in mice with higher suscep-
tibility to arthritis development.'*“°

Viladomiu and colleagues recently identified an
enrichment of IgA-coated Escherichia coli in Crohn’s
disease-SpA with an adherent-invasive E. coli (AIEC)
pathotype. Experimental models highlight two features
of the host—pathogen interaction that must be con-
sidered to understand the specificity of pathogenetic

mechanisms, namely, host susceptibility and strain vari-
ability.'> Crohn’s disease-SpA-derived AIEC protects
against acute injury and death from DSS-induced col-
itis in WT mice. Resident microbiota, including AIEC,
induce colonic RORyt/Foxp3® CD4" T cells,
which play an important role in restraining inflamma-
tory colitis.”® Consistently, a higher Enterobacteriaceae
in six-month-old infants correlated with better nutri-
tional status.”” Thus, in situations of nutritional suffi-
ciency or immunocompetence, the response to
Enterobacteriaceae may have coevolved to protect the
host; however, persistent nutritional deficiency”® or
genetic susceptibility (modelled in IL-10-deficient and
K/BxN mice) evokes maladaptive responses, which, in
turn, promote more severe inflammatory Th17 disease.
Likewise, these data link the shared genetic susceptibil-
ity in the IL23R locus in both Crohn’s disease and
SpA'® with increased systemic E. coli sero-reactivity
and Th17 inflammatory cytokines. These results high-
light the functional implication of IgA-coated E. coli
enriched in Crohn’s disease—associated-arthritis and
identify a Th17 immunophenotype characteristic of
this EIM. This mechanistic link between intestinal
microbiota and systemic inflammation may underlie
the clinical efficacy of sulfasalazine in peripheral joint
symptoms.'®! While anti-TNFa therapy improves axial
symptoms in patients with active Crohn’s disease,'®*
these data also highlight the overactivation of the IL-
23/IL-17 pathway in Crohn’s disease patients with per-
ipheral symptoms.

This review displays several methodological and the-
oretical limitations. First, heterogeneity of studied
populations (in terms of age, gender and origins) and
microbiota-analysing methodology deeply impact the
gut microbiota picture. The purpose of our study,
that is, to identify similarities and differences between
gut microbiome in IBD and in CRD patients, is chal-
lenging considering also the relatively small number of
studies in CRD compared with IBD.

Indeed, the first studies analysing gut microbiota in
IBD were published in 2005, whereas gut microbiota in
CRD has been explored a decade later. Since the first
studies, more than 4000 IBD patients have been ana-
lysed whereas only 300 have been for CRD.

Second, inconsistencies may exist among the findings
from available studies due to the heterogeneity in
sample size, biopsy location, local inflammation and
types of samples (biopsy vs. stool), which may influence
the microbiota composition. Furthermore, complexity
of the microbiota must be put into perspective along
with current technological limitations (analysing DNA
encoding 16S RNA gene still provides only an incom-
plete picture of bacterial populations and some studies
presented here used culture dependent determination
methodology).
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Despite these considerations and in an effort to syn-
thetize already published data we provide detailed
tables by clinical condition and sample type as well as
a figure providing an overview of the data available
(Figure 2).

Finally, information on the possible concomitant
arthritis and IBD was not provided in some of the 80
included studies involving IBD and CRD patients. It is
thus impossible to rule out the presence of subclinical
joint—gut inflammation in these patients.

We can mention also the absence of healthy control
groups in certain studies or the incomplete description
of clinical situation of patients (for instance patients
with IBD history without information on disease activ-
ity or medication or faeces consistency score at time of
sampling) that could influence gut microbiota.'*®

Bacteria are not the only component of gut micro-
biota, fungi and virus may have a role in both diseases’
initiation or severity. Bacteria and fungi could compete
for the same subtracts or produce synergistically
metabolites that could affect host immunity and metab-
olism. Only a few studies on intestinal fungal micro-
biota and its relationship with IBD have been
conducted. Much evidence has shown that fungi and
their communities may be involved in the pathogenesis
of IBD, especially Crohn’s disease.'® To date fungal
microbiota implication in CRD has not been explored.

The enteric virome is known to be altered in patients
with IBD, with specific changes assessed between
ulcerative colitis and Crohn’s disease. Enormous num-
bers of candidate viruses have been thought to be the
triggering factor of arthritis, particularly of RA, but
most of the evidence implicating viruses in the patho-
genesis of CRD is circumstantial and inconclusive.
Tantalizing observations have often been based on in
vitro or animal studies, case reports, or studies with
small sample sizes, cross-sectional designs or without
control groups.

The description of the viral, fungal, bacterial meta-
genomes in patients suffering from IBD and/or CRD
shall provide a better understanding of the interactions
between the microbiome and host immunity within the
joint—gut axis. The identification of specific species in
well-defined categories of patients can provide valuable
information, which can be translated into prognostic,
diagnostic or therapeutic tools that are critically lacking
for these diseases. Furthermore, such studies hold great
promise for the development of future strategies aiming
at early detection of relapse and at controlling/
manipulating the microbiome to reduce the burden of
these ailments.

In conclusion, a total of 80 studies investigated the
bacterial microbiome in patients with IBD and/or
CRD. These studies showed that some bacterial
taxons seem specifically imbalanced in IBD (n=40)

and CRD (n=33), while showing increased abundance
in Firmicutes genera Lactobacillus and Staphylococcus,
Actinobacteria Bifidobacterium, and Proteobacteria
genera such as Pseudomonas, Klebsiella and Proteus,
whereas Firmicutes phyla Faecalibacterium, Roseburia
genera and Verrucomicrobia phylum are decreased in
both CRD and IBD. Large and well-designed prospect-
ive studies are eagerly awaited to further elucidate the
role of gut microbiome in promoting pathological
inflammation within the joint—gut axis.
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