MASARYK UNIVER SITY

FACULTY OF MEDICINE

Modern approachesin diagnostics of inflammatory
bowel disease ira pediatric population

HABILITA TION THESIS

In Pediatrics

(Collection of previously published scholarly works)

Brno 221 Petr JaM@®BhdDgi ev



| hereby declare that | wrote this habilitation thesis on my own, using the relevant resources
listed in the references.

Signatue



Acknowledgment

| would like to thankvery sincerelyall my mentors who stimulated my interest in research
questions, namelprof.  On d Se j Pr& AjaytGbel. a n d

Many thanksare dueto my research collaboratoesd colleagues from the Department of
Pediatrics, University Hospital Brnd-aculty of Medicine, Masaryk Universjtand Central

Europearinstitute of Technology.

Last but not least, | would like to express my sincere thanks to my whole familglways
supportive wife Hanaand ourbdovedchildren.



Commentary

Inflammatory bowel disease (IBy an umbrella term describing disorders that cause chronic
inflammation of the gastrointestinal tract. IBD affects both children and adults, but children
have their specificities. IBIs classically divided intaC r o hdiséase and ulcerative colitis.

In the current view, pediatric IBD encompasses a continuum of clinical categociesling

typical ulcerative colitis, atypical ulcerative colitis, Crahrcolitis, and Cr o hdiséase
Where none of the above can be determined, we refemi@mmatory bowel disease
unclassified. The incidence of IBD has been increasing in recent decades wqréshalidiBD

has moved fronbeing previously athe periphery of intereggmonggastroenterologistsito

focus aone of the most studied diseases. The pathogerfd&® anvolves aninteraction of
genetic and environmental variables that disrupt the relationship between the immune system
and the gut microbiota. The clinical manifestations of IBD can be not only intestinal but also
extraintestinal, and more aggressit@ms of the disease are often present in children
compared to adults. The course of IBD is unpredictable, with alternating periods afgflare
and remission. IBD in childhood can disrupt somatic and psychological development and has
relevant socialand e€onomic consequences. Therefore, accurate and timely diagnosis and
adequate therapwre essential. The presented habilitation thesis documentatheg hor 6 s
experience in managy pediatric patients with various gastroenterological problemsathtg

coreis a focus on IBD and description of modern diagnostic approadies.habilitation

thesis is conceived as a collection1df articlespreviously published by the author and his
colleagues. It contains individual chapters dealing with the basic asdet®®.oWhere
relevant, it is followed by commentaries introducing the topic of each publication, describing
the current state of knowledge and how the author has contributed to knowledge in this field.
The work is based on research activitiesthat authosd workplaces, the Department of
Pediatrics, University Hospital Brndhe Faculty of Medicine, Masaryk Universitand

Central European Institute of Technology.
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1. Introduction

Inflammatory bowel disease (IBD$ a term encompassing a rangecbfonic inflammatory

conditions affectingthe gastrointestinal tract ani traditiorally suldivided intoCr o hn dé s

disease (CD) and ulcerative colitis (UGED is an inflammatory disease affecting any part of
the gastrointestinal tract from the oral cavity to the rectbot,the most typical site of
involvement is the terminal ileum. Clinical manifestations of CD in children are varied and
may include fatigue, weight loss, abdominal pain, diarrhea, growth impajrerehtelayed
puberty? UC is characterized by inflammatory involvement of the coltypical symptoms
depend on the extent of the disease and ieatuampy abdominal pain and diarrhea, often
with blood® According to various sources, up to emearter of patients with IBD are
diagnosed in childhood or adolescefceThe incidence of IBD has been increasing in recent
decades in all populations (pediatric and adult) and world¥ideThe cases of this
phenomenon are not clearly understood tisl is probably one of the reasons why IBD has
moved from the periphery of interestnonggastroenterologists to one of the most studied
disease8 The pathogenesis of IBD involvem interaction of genetic and environmental
variables that disrupt the relationship betw#e®m immune system and the gut microhibta
There are significant differences between the child and adult popglatod patients
diagnosed during childhood have differential characterigéas, higher prevalence of CD,
more extensive disegsand more frequent family histgry**® In addition, the us of
immunomodulators and biologic agentsgigae r i n chil dhood onset
more aggressive course of the disédskhe couse of IBD is unpredictable, with alternating
periods of flareup and remission. The variety of symptoms, both intestinal and
extraintestingl the presence of complicatignsften challenging diagnostic procedurasd

the therapy itself, including potentiaide effects, make the disease challenging for young
patients and their families. Proper somatic development may be impainéd,quality of

life, social life and educatioralso are affected® The main elements of diagnostic workup
include upper and lower endoscopy with mucosal biopsies and imaging pro¢cedhares

the differential diagnosjsit is necessary to excludemany IBD-mimicking diseases®
Accurate and timely diagnosis and adequate theaegpgssentiglbecause diagnostic deley
associated with complicated disease catits® Therapeutic options include medication,
nutritional therapy, and surget$??2 The goal of IBD treatment is achieving deep remission of

the disease, which means elimination of pha t & ®ymptofs, normalization of laboratory

parameters, induction of mucosal healing, restoration of normal growth, and prevention of
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surgical complication$ Thus, an interdisciplinary approach involving different health
professions is essential in the management of patients with such complex medical ptbblems
Moreover, the professiorsataring for these patients must have a broad understanding of the
topic becausethere is increasing interest irsuch additional treatment modalitiesss

complementary and alternative medicfaé’



2. Classification
2.1.Types of IBD

Even thoughBD in children and adults is similar in many ways, pediatric IBD (PIBD) often
has atypical features miak classification of PIBD challengint}' 2 ?Moreover, accurate
phenotype classification of IBD is crucial for appropriate management and prognosfitation
Consensudased critria for the diagnosis of PIBD were publishe@®B053 These included

a defined diagnostic workip for newPIBD patientthat enabled standardized diagnostics

CD, UC, and indetermnate colitis®® This was an important achievement for both clinical
practice and clinical research. In 201He revised Porto criteria were released and identified
subtypes of PIBDas UC, atypical UC (atypical phenotypes such as macroscopic rectal
sparing, isoleed nonserpiginous gastric ulcers, normal crypt architecture, absence of
chronicity in biopsies, or a cecal patch.), IBD unclassified (IBDflammation is limited to

the colon with features that make differentiation between UC and CD uncertain evem afte
complete workup), and CE.Consequently, theddiatric IBD PortoGroup ofthe European
Society of Rediatric Gastroenterology, Hepatology and Nutrition (ESPGHpNlished the
O0PICB@ssesdd criteria that st anfilecategoregd t he
typical UC, atypical UC, IBDUC r o hcalifissand CD*?

2.2. Disease location

The previously used Montreal classification for disease characterizatiohad several
weaknesses regarditige classification of childre’® **For this reasoraninternational group

of pediatric IBD experts developed evideti@sed consensus recommendations for a
pediatric modification of the Montrealassification(the so-called Parisclassification)in an
effort to facilitate research in PIBD and create uniform standards for defining IBD
phenotypes® Table 1 and Table 2 summarize Paris classification for CD and ,UC

respectively?®



Tablel.Pari s classification for Crohnos

Age at diagnosis

Ala: Oi <10years
Alb: 10i <17 years
A2: 1740 years
A3: >40 years

Location

L1: distal 1/3 ileuniNlimited cecal
disease

L2: colonic

L3: ileocolonic

L4a: upper disease proximal to ligame
of Treitz

L4b: upper disease distal to ligament
Treitz and proximal to distal 1/3 ileum

Behavior

B1: nonstricturing
nonpenetrating
B2: stricturing
B3: penetrating

B2B3: both penetrating and stricturing
disease, either at the same or differen
times

p: perianal disease modifier

Growth

GO: no evidence of growth delay
G1: growth delay

Table 2. Paris classification for ulcerative colitis.

Extent

E1: ulcerative proctitis

E2: left-sided UC (distal to splenic flexure)
E3: extensivghepatic flexure distally)

E4: pancolitis(proximal to hepatic flexure)

Severity

SO never severe
S1 ever severe

di

sSsease

It should be added that this classification has more use in research than in clinical practice.

Nevertheless, the Paris classification ®’BD could, for example havea predictivevaluefor

long-term worse outcom®
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2.3.Age of onset

PIBD patients can also be classified in terms of age. Montreal classification distinguished
pediatriconset IBD as cases diagnosed before 17 yafaageand labeled them A®.In the

Paris classificatio® A1 was further divided into Ala (diagnosed before 10 years of age) and
Alb (diagnosed betwedl® and 17 years of age). Among Ala cases, those diagnosed before 6
years of age are classified as vegrly-onset IBD (VEGIBD).3” Furthermore, IBD cases

with onset by 2 yearsf agewere classified as infantdl8D and by 28 days of age as
neonatalonset IBDs, respectiveflf: 3 Now, therefore we have subgroups of pediattinset

IBD (<17 years), earbpnset IBD (<10 years), VE@BD (<6 years), infantileonset IBD (<2
years), and neonatahset IBD (<28 days)*°

IBD generdly is regarded as a polygenic disease, and a gendde association study has
revealed more than 240 known diseassociated gené®Pediatriconset IBD seesito have

a greater genetic component compared to azhdet IBD due to lower cumulative exposure

to environmental factor® In pediatrcs, the name IBD is also used fgroup of diseases

that have similar symptomatology but are caused by rare genetic defects. Other diseases that
involve the symptoms of IBD have a separate name, often based on molecular classification,
and their manifestions are referred to &BD-like. 38 **Rare monogenic IBD and IBlke
syndromesthereforepresent the genetic extreme where a single highly pathogenic variant
causes IBD symptoms. As such, pediatmset IBD represents a spectrum ranging from
extreme monogenic varian{gypicaly VEO-IBD) to adolescent complex variantas(in
adults)* Evaluating and managing children with VEBD is a challenging field for pediatric
gastroenterologistsvorldwide3” 42 Specifics in édagnostics of VEGABD will be further

described in another chapter.

2.4.Authorsécontribution to the knowledge

My colleaguesand I describeda unique diagnosis of trichohepatoenteric syndrome (THES)
(Annex 1). To our knowledge, this was the first case diagnosed in the Czech Republic. THES
can have a clinical presentation similar to that of VIBO and is often assigned to this group

(or to VEO-IBD-like). The described patienthad somatic retardation and woollfair
appearancand suffered from recurring episodes of watery mucous diarrhea, impaired liver

functions, and failure to thrive (Figufig.*?
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Figure 1. Clinical dataof the patientwith trichohepatoenterisyndrome.

(A) Overall habitus of the patien{B) Detail of the hairy part of the head. Brittle, easily
breakable hair.(Ci) Hair analysis using light microscopy showing trichorrhexis nodosa.
Magni fi cal@i)Bmi sA4t0lTy. spl it hai r The figdrehad bEeng ni f i
published in Jabandziev et 4l.

Esophagogastroduodenoscopy and colonoscopy were performed at 4 years to rule out
possible IBD, but only signs of nonspecific colitis were evident. Massive parallel sequencing
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targeting a pnel of primary immunodeficieneselated genes was used to examine the
pati ent blextgeDedafion sequencingNGS) analysis revealed two heterozygous
variants in theTTC37 gene. Nonsense p.Atg01* and missense p.Leul505Ser variants in
exons 34 and 42, respectively, were evaluated as pathogenic basedilao predictions,

their rare occurrence in the general population, and the fact that both mutations had already
been described in patientwith THES THES could be a lif¢hreatening condition,
particularly in children who develop liver disease or severe infection coarsgsg must be
considered in the differentialiagnosisin children for whom a diagnosis of VEABD is

being consideretf
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3. Epidemiology

IBD has undoubtedly become a global dis¢ds# Dependingupon individual regions, we
can find regions with lownedium and high incidencesDifferences in incidence coulso
be foundby racé® and by age (children vs. adultd)There is egeneralconsensusvithin the
gastroenterologist community that the incidence of IBD is increasing worldwifiend
especially in lowincome countrie® 47 With these trends, aignificant burden on health
systems and economic impacts can be exp&&&dt is not easyto compare and standardize
data from different parts of the worldowever,due to heterogeneitgmongstudy desigrs.
Diagnostic criteria andiffer. Some studies use hospital recqoraile others use surveys and
administrative dat&' The age limit is avital inclusion criterion with asignificart impact on
reportedincidence ratg as individual studies differsignificartly in their definitions of
childhood or upper age limit (15, 18, or 20 yeaspectively.® Most data are retrospective
only a few prospective populatidrased studieshave beenconducted,those being
particularly from developing countries. Furthermore, the incidence rates are often an
extrapolation from one or more regions of a couptrit cannot be ruled out that better
diagnosics of IBD is at least partly responsible for the increase in incid&niceconnection
with the differencein incidence in individual countries so-called nortiisouth gradient is
discussedwith the highest incidence of IBD g found in the nortd In adult patients, a
positive associationvith a ¢ 0 u n tweaithoés measured by gross domestic producty ha
been discusseth It is also necessary to mention the fact that we do not have recent data
from a large number of countriendmost countries lack accurate estimdtaghe incidence
of pediatric 1IBD?* °®

The most recentsystematic review studying the incidence of IBD in the pediatric
populationworldwide was published in 20f8andit is interesting to compariat with the
previoussystematic review from 20¥1The authors ofhe 2011systematic review stated that
the incidence of CD was increasing especially in some countries and, conviraeliie
incidence of UC remagd the same in most countrié$n 2018, Sykora et ateviewed140
studies reporting data from 38 countfieShe highest annual pediatric incidences of IBD
were 23/10M00 persofyears in Europel5.2/100000 in North Americaand 11.4/10@00
in Asia, the Middle East and Oceania. The highest annual incidences of CD were
13.9/10Q000 in North America and 12.3/1000 in Europe. The highest annual incidermies
UC were 15.0/10@00 in Europe and 10.6/1@®0 in North America. The highest annual
incidences of IBBU were 3.6/10@00 in Europe and 2.1/1@M0 in North AmericaOverdl,
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67% of CD, 46% of UCand 11% of IBDBU studies reported increasing incidemcdhe trend
analyse$' °® From a general grspective it is not very clear how incidence trends will
continue to evolvelt is questionable whether, for example, developed countries are still
experiencing further increase in incidenceakecently published systemic review and meta
analysis Roberts et alstated that the incidence of pediatric IBD continues to increase
throughout Europe, withmore robustevidence of a noritsouth thanof an eastwest
gradient’’

3.1. Au t h aconsildution to the knowledge

Until recently, we did not have much information about the epidemiology of IBD in children
within the Czech Republic. The first Czech national survey was conducted and published by
Pozler et alin 2006° This paper describedow the incidence of CDhad increasedrom
0.25/100,000 in 1990 to 1.25/100,000 in 208thwarz et at® rather morerecently(2017)
published a 1&ear prospective study of pediatric IBD patients in the Pilsen Region of the
Czech Republic showing that a group of 170 pediatric patients (study p&@&i2215)
represented an average incidence of IBD per 100,000/year of 10.0 (6.2 for CD, 2.8 for UC,
and 1.0 for IBBU).%6: 59

Our study Annex 2) aimedto determine the incidence and trends of IBD in the
population of Czech childrefl. The study included a #gear period in the South Moravian
Region. It characterized differences by sexd age and projected the incidence of IBD for
future yearsOverall, 358 pediatric patients with newly diagnosed IBD at the Department of
Pediatrics, University Hospital Brnavere evaluatedDiagnosed werd 92 children (53.6%)
with CD, 123(34.4%) with UC, and 43 (12.0%) with IBD. The incidence of IBD increased
from 3.8 (CD 2.9, UC 0.9, and IBD 0.0) per 10@00/year in 2002 to 14.7 (CD 9.8, UC 4.0,
and IBD-U 0.9) per 100,000/year in 2013<0.001) (Figure?). The overall IBD incidence pe
100,000/year was 9.8 (95% confidence interval [CI]i 889). Constituent incidences per
100,000/year were CD 5.2 (95%: 4.5 6.0), UC 3.4 (95% CI: 2i&.0), and IBBU 1.2
(95% CI:0.91.6). IBD incidence was projected to reach 18.9 1@0,000/year in2022
(Figure 2). The incidence of CD, UCand UIBD found in our study, including the
proportionsamongthem, were practically identical to the results from Schwarz¥t*8Both
studies showed that the overall incidence of IBDincreasingin Czech children,and

especially the incidence of CD, while the trerids UC and IBDU seem to be constant.
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Despite some limitations, we would therefore suggestaharesults are potentially similar to

the incidencéo befound in pediatric IBD patients across the Czech Repgblic.

Figure 2. Incidence rates per 100,000/year among childrari§Oyears of age) newly
diagnosed with IBD (A) and CD (B) in South Moravian Region, 2002 to 2017 and 2018 to
2022.
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Black points represent actual data. Broken blue lines indicate trend over the obgerigzt
based on Poisson regression along with a 95% confidence interval. Blue aanfisture
projections.The figurehad beerpublished in Jabandziev et .

These results therefore suggest that incidence rates of pediatric IBD and its subtypes in the
Czech Republic are among the highest in the literathteteover, hese data further
emphasize the need to identify risk facttihat contribute to the increasing incidence of
IBD.% @
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4. Etiopathogenesis

Knowing IBD& gathogenesis is key to understanding the causes of #BD a better
understanding of these processes could lead to the development of novel IBD tRérapies
Despite significant achievements, we do not yet have a comprehensive theory describing all
the pathogenetic prosses leading to IBDThere is growing evidengcehowever,that the
pathogenesis of IBD resslt from an interplay among host genetic susceptibility,
environmental factors, immunological abnormalities, and intestinal barrier alteration (Figure
3).62.63

Figure 3. Mechanisms involved in the pathogenesis of inflammatory bowel disease.
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Figure was prepared in accordance with Ramosl &8 and created in collaboration with the
Service Center for £earning at Masaryk University, Faculty of Informatics.
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4.1. Intestinal barrier and immune response

The mucosal barrier and its proper functioniagg essential in protecting against adhesion
and invasion of luminal microorganisifs This is made possible by intact epithelium,
synthesis of various antimicrobial peptides\d mucus layer formatidi.Damags to the
intestinal mucosal barrier includemong othersdefective production of antimicrobial
peptides, changes in the thickness or composition of the intestinal mucus layer, changes in
pattern reognition receptors,and defects in the autophagy proc&%sThe intestinal
epithelium is in a functional equilibrium with the luminal conteriisturbance of this
equilibrium can lead to dysbiosis and further to the developmeapathological condition
such as IBI¥" %8In CD patients, ér examplethere have beedescribed abnormal intestinal
permeability abnormities of tight junction® anddysfunction of goblet cells, Paneth c¢fls
and M cells®® Upon encounténg antigen and microbial products gaigaccess through the
intestinal barrier, dendritic cells and other antigeesenting cells initiate a cascade of-pro
and antiinflammatory signalg! This results irthe activation of variousubsets of local and
circulating lymphocytesnigrating to effector sites where inflammation occtll these
processeinfluencethe innate responsand production of various cytokineshile affecting

the function of effector and regulatory cells. Dysregulated immunologiaatiogs in the gut
thatlead to imbalance in pr@and antiinflammatory pathways involved in innate and adaptive
immunity areregarded as fundamentalttee development and persistence of inflammation in
IBD."?

4.2. Environment

The available evidence suggests that environmental exposures have variable effects on
individuals with IBD”3 In a studyby Elten et al, for example, grear exposure to residential
greenspace during childhoedas associated with reducdBD risk, thus suggesting a novel
avenue tdBD preventon in children’* The same study group revealed associations between
maternal and earijfe exposures to air pollutasaind risk of pediatrionset IBD diagnosi&

In a national caseontrol study in Sweden,igher cumulative exposure to systemic and
particularly broaespectrum antibiotic therapy was associated with greater risk cfonset

IBD and its subtype® Moreover greater adherence to a Mediterranean diet was associated
with significantly lower rsk of lateronset CD in two prospective studies by Khalili et’al.

Among environmental factors,ied is widely thought toplay a crucial role in IBD
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developmentA positive eplanation could be that dietary habits have an essential role in
defining the composition of the human gut microbiota and patients suffering from IBD show a
generalized decrease in bacterial biodiversity aaduction in specific taxaincluding
Firmicutes, BacteroidetesLactobacillus andEubacteriuny® An umbrella review of available
metaanalyses identifiedhine factors that increasthe risk of IBD: smoking (CD), urban
living (CD and IBD), appendectomy (CD), tonsillectomy (CD), antibiotic exposure (IBD),
oral contraceptive use (IBD), consumption of soft drinks (UC), vitamin D deficiency (IBD),
and nonrHelicobacter pylorike enterohepati Helicobacter species (IBD}-urthermore,
sevenfactors reduceéherisk of IBD: physical activity (CD), breastfeeding (IBD), bghlaring
(CD), tea consumption (UC), high levels of folate (IBD), high levels of vitamin D (CD), and
Helicobacterpylori infection (CD, UC, and IBD)® Neverthelessthe impact of modifying
specific environmental factors on risk of disease, risk of disease progresgiorisk of
relapse remains inadequately studidtere being onlyjimited highquality dataavailable

from interventional studie®; 81

4 3. Genetics

Studies of genetic context in IBD tagradually used various approaches reflecting advances
in genetic testingfamily and twin studies, linkage studies, candidate gene association studies,
genomewide association studie®) Genomewide association studies (GWA8Jone have
revealed the majority of information related ttee genetics of IBD,showing thatcomplex
genetic disorders like IBD are polygenic, being driven by multiple, common genetic
polymorphism$® 8 To date, GWAS and po€§WAS deep resequencing studibave
identified 240 IBDassociated lo@! 8 Neverthelessas many as80i90% of GWAS
identified loci are confined to noncoding variation that exerts its pathogenic effects through
modulation of gene expression. Recent studiese focused um small intranuclear
molecules that can broadly regulate gene expressimh as epigeetic markers, microRNAS,

and norcoding RNAs all of which have been implicated in the pathogenesis of IBD through
different pathways and will be discussed I&tef°

44. Au t h ccongildution to the knowledge

The family of noncoding RNAs (ncRNAs) exhibits variety of biological function&®
Noncoding RNAs can be divided according to their function inio groups: housekeeping
NncRNAs (e.g., tRNAs, rRNAs, snRNAs, snoRNAs) and regulatory ncRNAs. Transcripts
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shorter than 200 nucleotides are termed short noncoding RN#A&anscripts exceeding 200
nucleotides are called long noncoding RNAs. Both groupsnar@ved in regulating gene
expression and operate on several levels depending iotyhes. Theshort ncRNAS, such as
microRNAs (miRNAs), small interfering RNAs (siRNAs), and Phiieracting RNAs
(piRNAS), are involved mostly in postanscriptional rgulation but also in many other
specific processes such as transposon silencingbosomal RNA maturatior?®> 8’ The
NncRNAs have emerged as potential biomarkers for several diseases, as these are generally
stable and abundantly present in a variety of clinical specimens, including tissues and bodily
fluids; are hghly tissuespecific, cell typespecific, and conditiospecific; and can be readily
detected by routine and inexpensive laboratory technfué$.® Several miRNAsand
specific miRNA signaturesave been identified in IBRssociated tissuecluding serum®
intestinal mucos&: °2 and stook.®> % Among many other cellular processeshis been
shown that miRNAs play a significant role in intestinal immunity. In ouclarfAnnex 3),

we provided an overview of current knowledge on ncRNAs, their altered expression profiles
in pediatric IBD patientsand how these are emerging as potentially valuable clinical

biomarkers® Figure4 depicts tissue miRNAs involved in the developmerlaD.8
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Figure 4. Tissue miRNAs involved in the development of pediatric IBD.
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Symptoms and signs

5. Diagnostics

Diagnosis of IBD is based on the Revised Porto critéri In the Czech Republic, national

recommendations basegon these criteria are availalife °” Accurate diagnosis should be

based on a

es@phagogastroduodenoscqopgnd ileacoloscopy with obtaining mucosal samples for
histological examination and imaging of the small bovfelndicated?® It is necessary to
exclule other diseases mimicking the symptoms of I8rhus, weshouldrule out possible
intestinal infection, allergic diseases, and many oftgetermine the bas subtype of IBD
(UC, CD, UIBD), extent of the disease (Paris classificati®mytivity of the diseasgusing
PediatricC r o hDiséase Activity IndefPCDAI]%¢% and the Pediatric Ulcerative Colitis
Activity Index [PUCAI));1°% 192andthe behavior of the diseaséTable 3 presents the overall

combination of

history,

comparativecharacteristicef CD and UCL%3

Table3. Mul ti pl e

Location

Endoscopic findings

Histological findings

Radiologic findings

characteri

Abdominal pain, diarrhea,

weight loss, anorexia,
growth failure

Mouth to anus; involves all
layers ofthegut: mucosa to
serosa; most common:
ileocolonic

Segmental distribution,
aphthous ulcers, deep
fissuring ulcers,
cobblestoning, perianal
disease, strictures, fistulas
Pathognomonic nen
caseating granulomas;
patchy cryptitis, crypt
abscesses, ileitis

Rigid stenotic segments, ski
areas, and sinus tracts or
fistulas

physical

and

stics of

Bloody diarrhea, abdominal pain

Colon; involves only mucosa; mos

common:pancoitis

Diffuse and continuous erythema,

friability, granularity, loss of

vascular pattern from rectum to

variable extent

Cryptitis, crypt abscesses, crypt
architectural distortion, basal
lymphocytosis, distal Paneth cell

metaplasia

Dilatation of colon in toxic
megacolon

Figure was prepared in accordance withiveira et al3

laboratory

examination,

Crohnos
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5.1. PatientGs history, symptoms and clinical examination

Only fewaspectsaregiven greater emphasis the literaturehanthe importance of a detailed
evaluation of thep a t i1 lastoty @rsd ahoroughclinical examination, including a careful
examinationof the perianal area. This in contrast with the fact that theftenis notdone in
routine clinical practicé®® IBD is manifested by a wide range of symptotnsth intestinal
and extraintestinal® Although typical symptoms fromgastrointestinal tract affection are
usually at the forefrontiBD could first present asxtraintestinal manifestation'$® These
include erythema nodosum, pyoderma gangrenosum, episcleritis, uveitis, ardmdis

others'®’

Clinical manifestations of CD in children may include fatigue, weight loss,
abdominal pain, diarrhea, anemia, growth failamed delayed puberf/UC is characterized

by inflammatory affection of the coloypical symptoms include crampy abdominal pain,
diarrhea, and rectal l@eing. The clinical symptomatology also depends on the extent of the
disease; according to the Paris classificattothe disease can be divided into isolated
proctitis, leftsided colitis, extended colitiand pancolitis. Pancolitis is very common in

children and affects abothreequartersof patients:®®

5.2. Laboratory tests

Baseline testénclude erythrocyte sedimentation rate, complete blood count, liver enzymes,
albumin,andC-reactive proteir(CRP)*® %®Use of serum antibodies remains complementary

in clinical practice and serology may have a role in assessing prognosis jeAdNCA,
ASCA).1% Neverthelesspormal blood tests cannot exclude PIBD. Altosetenth of all

IBD patients diagnosed ia study by Ashton et al had normal values fomrll widely used

blood testsand even more than 20% of patients had normal €RIR. comparing widely

used laboratory tests in UC and CD, normal inflammatory markers were more common in
UC. UC was more likely to have abnormal liver enzymes and all normal resultsw@&®

more likely to hae abnormal ESR, CRP, hemoglobin, platelatsl aloumintt°

In reent years, fecal calprotectin (FCRgsting has gained relatively high clinical
popularity and widespreaase®!! In a recent studypy Walker et al, FCPtesting of children
with suspected IBD accurately distinguished IBD from a functional gut disameducing
secondary care referrals and associat#ization of diagnostic healtltare!*? Nevertheless,
clinicians mustalso beaware of the potential methodological limitationd=&¥P examination

in routine practicé® *Evidence regaling the clinical use and value BEP measurements
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in variousgastrointestinal disorders in children were reviewedrecently published position
paperfrom ESPGHAN. CurrentlyF C P an use lies in the diagnosis and monitoring of
IBD and itsdifferentiation from functional gastrointestinal disorders
Consensustatementsave recently been publishedgading prognostic laboratory
(and clinica) factors forsuchimportant clinical question@mong othersgs needfor surgery

anddisease complicationsith regard taCD'® and UC!/

5.3. Endoscopic examination

Endoscopy haan essential and irreplaceable role in the diagnosis and management of PIBD.
It is usedto differentiatelBD subtypes, monitor disease activity, assess response to therapy,
and treafpossible complication¥® 1%Various endoscopic scoring systems are used in both
research and clinical practi¢® including, among othersSimple Endoscopic Score for
Crohn's Disease (SESD),*?! Ulcerative Colitis Endoscopic Index of Severity (UCES)

and Rutgeerts scoté® for predicting the postoperative recurrence in CD patients after
ileocolonic resectionRevised Porto criteria recommend perforgrupper gastrointestinal
endoscopy and ileoolonogopy with multiple biopsies for all suspected patients with PIBD,
as well assmall bowel imaging (unless typical US determinedafter endoscopy and
histology) by magnetic resonance enterography or wireless capsule end§sCopgently,
recommendationgre generally availabléor endoscopy in pediatricsncluding indications

for diagnostic and therapeutic esophagogastroduodenoscopy anecoligmscopy,
stricture/stenosis endoscopic management, endoscopic solving of upper and lower
gastrointestinal bleedingnd otherd?* 2>Recommendations for trainirand ongoing ski
maintenance in pediatric endoscdmverecentlybeenpublished?® In pediatrics performing

an endoscopic examination means most casesundergoing general anesthesia.id
essential to determine the optimal examination strategy in the diagnosis of patients with
chronic conditions such a®n-bloody diarrhea and abdominal paiim a study from de Vijver

et al., @aluating symptoms and blood and stool markers in patients witibloody diarrhea
wasfound to bethe optimal test strategy that allowkd resening diagnostic endoscopy only

for children at high risk for IBD. This approach allowed miniimgzexposure to endoscopy in

children®?”
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5.4. Histomorphologic examination

Collaboration with a pathologist is ssential, and the pathologist is part of the
multidisciplinary team caring for pediatric IBD patients. Very importartbishae clinical
data with the pathologist. Differential diagnosis between CD andcliCbe particularly
challenging such as when there amgypical presentation patterdier UC and Cr o hn & s
colitis.'?® Extremely importantis obtaining mucosal biopsies from all parts tife
gastrointestinal tradh IBD patients,and missing biopsies from grossly normal tissue would
have missed abnormal histolotfy It should be emphasized thdiagnostic gastrointestinal
biopsiesin VEO-IBD patients differ from thse occurring with older onset of PIBD and
include broader differential diagnosis.ge autoimmune enteropathy}® Supplemental
(special) stains basagpon a patients clinical historyare needed in special situations and
must take into account the local differential diagnostioasibn such as inlow-resource

countriests® 132
5.5. Imaging methods

The noninvasive nature of imaging makes it an ideal tool for serial assessment of disease
activity and treatment response. The choice of imaging (baltrelsonography, computed
tomography, magnetic resonance imagieig) should be based on the specific advantages
and disadvantage®f each (ionizing radiation, availability, reproducibility, length of
examination cost)%® For examplewhile ultrasound isawidely used, safe, fast, afalv-cost

method both for children suspected of IBD dod monitoring children with IBDM2 the
diagnostic accuracy of ultrasound in detecting intestinal inflammation remains

inconclusivet3*

5.6. Examples of modern diagnostic methods potentially useful in clinical practice

Although we have a fairly wide range of tools at our disposal for adequate diagnosis of IBD,
several alternative diagnostic techniques have been developed redanibyis noninvasive
markers are currently availablaytthey have limitations and do natgvide ideal utility'*®In
pediatricandadult patients, we can often encounter diagnostic défa}fsThus, it would be
highly advantageous to have tools to predict whether patients will develop IBD Bonll
exanple, Torres et aidentified a panel of 51 protein biomarkers (ec@mplement cascade
proteins, lysosomes, glycosaminoglycatiggt were predictive ofC r o hdiséase withirb
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years On the other hand, predictive factors for the development oédu@ not be found®

It is clear that further research efforts are needed in this Reldently, several studies have
investigatedserum dipeptidyl peptidasé as a biomarker of IBD severity and also as a
predictor of subclinical diseasetivity, but with conflicting result$”**° Serum profiling and
nontcoding RNAs are just starting ticomewidely usedbut reveal great promise for future
clinical practice.Non-coding RNAs and their role in IBDare amongthe a u t hrmaind s
scientific focus areasand are discussed elsewhefe.#? In any case combining different

serumbiomarkers can be valuable in improvithg performance of disease evaluati6h

Studies have recentlyevealed agpotentially promising new fecal biomarkers of
intestinalinflammation calgranul#C (S100A12), tumor pyruvate kinase isoenzyme type M2
(TuM2-PK), and fecal osteoprotegerin (FORP®) Fecal calgranul#C andFCPhad excellent
test characteristics to gulict IBD and justify endoscopy ia study by Heida et af*?
Moreover, calgranulin C appears to be a more suitable maker for prgaraicosal healing
in children with IBD!*2 Other, less wel-established fecal biomarkers includigh mobility
group boxl (HMGB1), chitinase dike 1, defensins, matrix metalloproteinases, and human

nucleic acid Most ofthese stillrequire further extensive evaluations and validatin

New endoscopic methsdcan be expectel to emerge and bapplied in clinical
practice.In the case of UC, foexample, magnification colonoscopy, endocytoscopy, and
confocal laser endomicroscopy (CLE) enable assgsistological inflammation without the
need for biopsy** Concretely CLE allows visualzation of mucosal abnormalities and thus in
vivo histology during ongoing endoscopic evaluation by identifying macroscopically rormal
appearing mucosa, assessing intestinal epithelial barrier function and vascular permeability,
and characterizing potentiaiucosal lesions, including dysplastic lesions. In particular, CLE
used in conventional endoscopy could facilitate the assessment of mucosal healing“h 1BD.
In apilot studyby our study group, we evaluat&lL E dsefulness in diagnogy esophageal

diseasesnd came tpromising result$*®

Massively parallel sequencing, also termed -{gexteration sequencing (NGS§
increasinty usal in clinical practice Its high capacitycreatesnew opportunities foNGS 6 s
clinical application for establishing diseagsBagnosesand prognosesand in making

therapeutic decisiorf$ 147
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Targeted sequencing is the NGS agsagt commonly usediypically, it interrogates
tens or hundreds of genes presumed to be associated with a particular clinical phenotype or
group of diseases. Targeted NGS panelsaatay verytime- and costeffective

A specific type of targeted NGS asséypown as wholeexome sequencingVES),
analyzesall o f a g eratanoadidgs regionslt is particularly beneficial in cases of
disorders that are phenotypically heterogeneous wwhdn it is difficult to select an
appropriate panel of candidate causative gebDespite itsclear advantages, WES also has
some limitations, such as that intronic and noncoding regions remain uncoseded
sequencing quality (often expressed as sequencing depth) is insufficient for particular genes,
preciselybecause the range of targeted regionsoisverylarge. BecauseNGS technology
produces huge amounts of datlae processing and storagé that informationrepresents a
considerablédioinformaticchallenge*® When properly selected and us&lfzS technologies
provide excellent todd that greatly expand the range of genes analyzed and can contribute
importantly to ensuring adequate preventive and therapeutic procedupadiéotsat risk.3%

42, 147 This is evidenced byse of the methodology in our patients, as documented in the

articles discussed in this wotk.14°

5.7.Au t h aonsildution to the knowledge

Despite advances in IBD diagnostics and therapy, there is still afaeddomarkers to
accurately identify IBD patients and predict treatment resptn$ais knowledge could
ultimately lead to more individualized approasko patients. The identification of patients at
high risk for a complicated disease coursaldthenbecrucial®® 15t

In the article by Jabandziev et #hnnex 4),'° we stratified therapeutically naive
pediatric patients diagnosed with UC pancolitis according to the severity of their condition
and prediction for standard treatment according to the specific expression of 10 candidate
miRNAs that we identifiedn a previous review pap&t.The work was createduring the
aut hor énsthetlabaredory ofProf. Ajay Goel, at the Department of Molecular
Diagnostics and Experimental Therapeutics, Beckman Research Instti@itg of Hope, Los
Angeles,CA,USA. Thestudye nr ol | ed t herapeutically napve,
confirmed pancolitisWe examinedformalinfixed paraffinrembedded specimens of colonic
tissue for expression of 10 selected candidate miRNK¥e performed receiver operating

characteristic curve analysis, using area under the curve and a logistic regressigritanodel
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evaluate tb diagnostic and predictive power of the miRNA panélse final analysis
included 60patients. As a control group, 18 children without macroscopic and microscopic
signs of inflammatory bowel disease were examin@dcombination of three candidate
MiRNAs (et-7i-5p, miR223-3p, and miR4284) enabled accurate detection of pediatric UC
patients and controls (FiguB. A panel of four candidate miRNAs (mi&75-3p, miR146a

5p, miR2233p, and MiR200b-3p) was associated withC severity in pediatric patientand
another combination of three miRNAs (miR1-5p, miR1925p and miR194-5p) was
associated with early relapse of the disease. Nine patients out of the total were diagnosed with
primary sclerosing cholangitis simultaneously with ulcerative colitis. Aepaf 6 candidate
MIiRNAs (miR-142-3p, miR146a5p, miR223-3p, let7i-5p, miR1925p, and miR194-5p)
identified those patients witlprimary sclerosing cholangitisSpecific combinations of
mMiRNAs show promise atols for potential use in precise diseasentification and severity

and prognostic stratification in pediatric patients with ulcerative pancHfitis.
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Figure 5. Diagnostic accuracy of-BiiRNA panel for identifying UC patients.
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6. Differential diagnostics

In the diagnostics of children with suspected IBD, it is necessary to differentiate a relatively
wide range of diseaséisatmay be similar in their symptoms to the manifestations of BD.
Pat i ®stoty sr@ specific clisal signs should always be taken into accounthinking
aboutdifferential diagnostig it is necessary teonsider(and also to exclude if possible)
infectious causes, immuseflammatory disordersjascular ischemidisorders, drugnduced
colitis, and many otherS? PossiblelBD-mimicking diseases are summarized in Tadfé>

154 particularly very challenging imlifferential diagnosis can dto marage patients with

VEO-IBD. Therefore, thigopicis discussed in a following separate chapter.

Table 4. Differential diagnostics of IBEmimicking diseases.

Infection bacterial Campylobacter jejuniSalmonella sp., Shigella dysenteriae,
Yersinia enterocolitica, enteroinvasivedsli, Clostridium
difficile etc.

viral Norovirus, Rotavirus, Coronavirus, Adenovirus, Echovirus,
Cytomegalovirus, Herpes simplex virus type 2 etc.

parasitic Giardia lamblia, Entamoeba histolytjtc.

fungal Candida crusei, Candida glabrata etc. (especially in
immunocompromisegatients)

toxins Vibrio cholerae (choleragen), Staphylococcus aureus (enterot
A-E), Clostridium difficile (toxin A,B) etc.

Drugs microscopic non-steroidalantrinflammatorydrugs, proton pumps inhibitors,
colitis s t at-blatkers, etb.

(drug-induced

COIitiS) macroscopic chemotherapeutic drugs (e.taxane, platinum),
colitis immunomodulators (e.ginfliximab, adalimumab), laxatives,
antibiotics etc.
inflammatory non-steroidalantiinflammatorydrugs, immune checkpoint
colitis inhibitors (nivolumab) etc.
Vascular- HenochSc h °© n| e i systgmicvasoulitis @ermatomyositis,
ischemic systemic lupus erythematodes), granulomatosis with angiitis
disorders
Immune- eosinophilicgastroenteritis, severe combined immunodeficienc
inflammatory ;yndrom_e, common variable immunoc_ieficiency diseases.,
(including mte;rleukmlO S|gnal|pg de_fects, chronic granuloma‘Fous d|§eas
. X-linked lymphoproliferative syndrome type 1,2, Wiskéttrich
mo_nogenetlc syndrome, Omen syndromecongenital neutropenia, Behées
diseases) disease, autoimmurenteopathy, agammaglobulinemia,
mevalonate kinase deficienostc.
Other coeliac disease, lactose intolerance, irritable colon syndrome,

glycogen storage disease type b, radiation colitis, intestinal
lymphoma, HermanskPudlak syndromerichohepatoenteric
syndrome, sarcoidosis, laxative abuste.

Tablewas prepared in accordance witliegmanet al'>®andHamdeh et at>
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6.1. Very-early-onset IBD

In VEO-IBD patients whado not respond to standard therapy, we must consider the possible
presence of primary immunodeficiency. This possibility should be considered especially in
children under 2 years of age. A phenotypic aitamoire summarizing key findings to
ensure that aareful clinical history for VEGBD and examinatiorare madedo narrow the
search for an underlying monogenetic defec SUNG AGE MATTERS MOST (YOUNG

AGE onset,multiple family members and consanguinigtoimmunity, thriving failure,
treatment with onventional medication failsgndocrine concerns;ecurrent infections or
unexplained fever, severe perianal diseasemacrophage activation syndrome and
hemophagocytic lymphohistiocytosisbstruction and atresia of intestingkin lesions and
dental and &ir abnormalities, andumors)® Warning signsthat could ideally lead to
suspicion of monogenic VE@D or IBD-like disease are summarized in Tabfé& 5.

Table 5. Warning signs for suspecting monogenic IBD.

Key points Comments
Very early age onset of IBBlike immunopathology = Likelihood increases with very early onset, particularly i
those younger thabyears of age at diagnosis

Family history In particular, consanguinity, predominance of affected
males in families, or multiple family members affected

Atypical endoscopic or histological findings For example, extreme epithelial apoptosis or loss of
germinal centers

Resistance to conventional therapies Such as exclusive enteral nutrition, corticosteroids, and
biological therapy

Skin lesions, naildystrophy, or hair abnormalities For example, epidermolysis bullosa, eczema, folliculitis
pyoderma or abscess@molly hair, or trichorrhexis

nodosa
Severe or very early onset perianal disease Fistulas and abscesses
Lymphoid organ abnormalities For example, lymph node abscesses, splenomegaly
Recurrent or atypical infections Intestinal and notintestinal
Hemophagocytic lymphohistiocytosis Induced by viral infections such as Epst8arr virus or

cytomegalovirusor macrophage activation syndrome

Associated autoimmunity For example, arthritis, serositis, sclerosing cholangitis,
anemia, and endocrine dysfunction, such as thyroiditis
type 1 diabetes mellitus

Early development of tumors For examplenpon-Hodgkin lymphoma, skin tumors,
hamartoma, thyroid tumors

Tablewas prepared in accordance withlig et al®®
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Physical findings and comorbidities of which physicians should be aware in suspicion of
monogenic VEGABD or VEO-IBD-like syndromes at the initial physical examination and

during follow-up are depicted in Figu@!®®

Figure 6. Key indicators of monogenic IBD in clinical practice.

Comorbidities Specific physical findings
. °- Hair abnormality (ADAM17, DKC1, RTELT)
CNS abnormality (DKCT, RTELT, TGFBT etc.) T Wooly hair with trichorrhexis nodosa (TTC37, SKIV2L)
g\

Recurrent severe infection, Atypical infection "
typ Dysmorphic features

ERinidicease (IKBKG, MALT1, G6P(C3, TTC37, SKIV2L etc.)

Eczema/folliculitis in early infancy (/L10/R, FOXP3, WAS)
Ectodermal anhidrotic dysplasia ({KBKG) Oral ulcer, Oral leukoplakia (DKCT, RTELT)

Blistering (FERMT1, PLCG2, COL7A1 etc.) .\\
Hyperkeratosis (DKCT, RTELT) T~ Lymphadenopathy/Lymphatic abcess
Skin ulcer, Bullosa, Digital clubbing

i

Malignancy (/L 10/R, LRBA, CTLA4) L Hepatomegaly/Splenomegaly
Lymphoma ——— 8
Gastric cancer ‘7 —— HLH, MAS (XIAP, STXBP2, MVK, NLRC4)

Me o yhdrome Albinism (HPS1/4/6)

AR
Niemann-Pick type C (NPCT) \ /
Glycogen storage type 1b (SLC37A4) /.\k ‘ ‘
- g Periostosis (SLCO2A1)

Intestinal obstruction (T7C7A)
Blood cell counts abnormalities (SLCO2A1)

Autoimmune disorders Neutropenia (G6PC3, SLC37A4)
(CTLA4, LRBA, STAT1, STAT3, FOXP3 etc.) Lymphopenia (TTC7A)

AIHA, ITP, T1DM, Thyroiditis Thrombocytopenia (WAS)
Arthritis, Psoriasis, AlH, Uveitis, Leukocytosis (/TGB2, MEFV)
Nephropathy, Interstitial lung disease Thrombocytosis (MEFY)

In parentheses after the listed comorbidities and specific clinical findings are genes whose
mutations are responsible for the disease manifestatiigare was prepared in accordance

with Nambuet al'®® and created in collaboration with the Service Center fdrearning at
Masaryk University, Faculty of Informatics.

Certainly, a subset of the more aggressive, thenagsystant VEGBDs, which have recently
beenregarded aassociated with iorn errors ofmmunity (IEI), should be mentioned %

The updated IEI list from thénternational Union of Immunological Societiphenotypic
classification includes 406 IEI disorders with 430 gene defétfo date, more than 50
monogenic defects associated with IBD or HBKe phenotype have already been
identified!>® Gastrointestial manifestation of IEI is common and may precedeptti@ary
diagnosis of IEF*® 58 From a pathophysiologicapoint of view VEO-IBD related to IEI
manifests as a result of impaired barrier function of the intestinal epithelium, defects in

bacterial killing by phagocytes, increased hypmrautoimmune inflammatory pathways, or
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impaired development and function of the adaptive immune sy&&m?*°® >8rhe subgroups

of IEl-associated VE@BD are summarized in Table?8.

Table 6. Inborn error of immunityassociated VEOBD groups

1 Genetic variants inpuencing th
T Genetic vari ant gsecagmtipniaedrclearancg b a
1 Genetic variants in the HLO-IL-10R pathway and related cytokine fan

members
1 Genetic variants impairing regulatory T cells
1 Genetic variants impairing development of the adaptive immune sys
I Geneticvariants esul ti ng i n autoi npammi

Tablewaspreparedin accordancewith Kelsenetal.?®

Becausdhe management of monogenic IBD is different fribvat forclassical IBD |t
is crucial to identify thesepatients The PaediatridBD Porto Group of ESPGHAN recently
published a position papa&oveing indications, technologies (targeted paretpme and
genome sequencing), gene panel setup, -effesttiveness of genetic screeningnd

requirements for the clinical care settitig.

It is clear from the above that the differential diagnosis of IBD and especially of the
VEO-IBD group ishighly complex ancthallenging Therefore, itshould ideally be performed

in IBD centershavingsufficient experience anchpability toperform adequate diagnosss.
6.2. Author sbcontribution to the knowledge

Phosphomannomutase deficiency(PMM2-CDG)

Congenital disorders of glycosylation (CDG)mprisea large ancheterogeneous group of
more than130 monogenicdiseases®® CDG is caused by defects in the synthesis of glycans
and in the attachment of glycans to proteins and lipids. Clinical manifestation is
multisystemic®® 62 The Nlinked protein glycosylation defect PMM2-CDG
(phosphomannomutage deficiency) previously known as CDG type la, was the first
reportedCDG and remaisithe most common CDG to daf® PMM2-CDG patients can be
divided into those with neurological and those with neurovisceral phentfideurovisceral
phenotypeincludes heart (pericardial effusion and cardiomyopathy), liver (high serum
transaminases)and gastrointestinal (chronic diarrhea, feeding el gastroesophageal
reflux) involvement'®* 18°|n a retrospectivel analyzed group 096 French patients with

PMM2-CDG, the presenting signs were mostly neurological (hypotonia, intellectual
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disability, cerebellar syndrome) and observed in almost all the patientsddition to
neurological signs, #otal of 38patients exhibited viscal features including at least one of
the following feeding difficulty requiring nutritional support (n=23), cardiac features (n=20;
pericarditis), hepatgastrointestinal features (n=12; chronitarrhea 7, proteinlosing
entergathy: 1, ascites: 3, liver failure: 1, portal hypertension: 1), kidney features @mfl)
hydrops fetalis (n=13%*

We describedAnnex 5) an infant boy with PMM2ZCDG and novel splicing mutation,
who presented with pericardial effusion, typical dysmorphic facial features, inverted nipples,
failure to thrive, and psychomotor retardation. Screening for CDG perfornreglisselectric
focusing of serum transferrin showed a typical PMI@DG pattern. Exome sequencing
revealed one common pathogenic variant (c.691G > A/p.Val231Met) and one novel variant
(c.447 C 3dupA) in the PMM2 gene. Both PMM2 variants were further confirmed by Sanger
sequencing n both the proband and the parents?®o
result in loss of donor splice sit&nalysis at mMRNA level confirmed that it leads to exon five
skipping (r.348_447del) and causes premature termination of translation to tee pro
(p.G117Kfs4).14° Although CGDMM2 is a relatively rare disorderjt can have
gastrointestinal symptomatology and treluld be consideredspecially in the differential
diagnosis of patients with suspected VIEBD or VEO-IBD-like syndromes.

MIRAGE syndrome

A 2016 paper reportedn a group ofll patients witha newly identified syndromethat was
termedMIRAGE.'% MIRAGE is an acronym for theignificantfindings of myelodysplasia,
infection, restriction of growth,adrenal hypoplasiagenital phenotypes, anénteropathy.
Gastrointestinal complications include chronic diarrhea and esophageal dysfdtfction.
MIRAGE syndrome is mextremely rare disease. Several dozen patients have been described

SO farl67—170

We describedhe case report of a patient with MIRAGE syndrofanex 6).1"* The
authorcared for this patient for a long time at our agefment in the intensive care urahd
ambulatory careThe reported patient had a novel mutation SAMD9 (c.2471 G>A,
p.R824Q), manifesting with prominent gastrointestinal tract involvement and
immunodeficiency. Among othanajor symptoms, he had difficulty swallowing, requiring

percutaneous endoscopic gastrostprnimequent gastrointestinal infections, and perianal
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erosions. He suffered from repeated infections and periodic recurring fevers with elevation of
inflammatory markers. At 26 months of age, he underwasmatopoietic stem cell
transplantationthat signifcantly improved hematological and immunological laboratory
parameters. Nevertheless, he died at day 440trosplant due to sepsiven thought is a
sporadicdisease, SAMD9 mutations should be consideredh aause of enteropathy in

pediatric patiers; especially in combination with other described symptbhs.

Eosinophilic esophagitis

The finding of eosinophilic infiltration accompanies inflammatory diseases of the
gastrointestinal tract of various origins, and the differentiation of primary and secondary
forms is crucial for further diagnosis and treatméfPrimary eosinophilic gastrointestinal
disorders(EGID) are arelatively new group of diseaseshey can affect any part of the
gastrointestinal tract andre characterized by mucosal infiltration of eosinophils in the
absence of other causes for eosinophifia’’*We can diagnose eosinophilic esophagitis,
eosinophilic gastritis, eosinophilic gastroentisyi eosinophilic enteritis, and eosinophilic
colitis, or a combiad involvement of different parts of the gastrointestinal ttattin
populations of Western countries, eosinophilic esophagitis is by far the most commgdf¢form
These diseases present withb@aad spectrum of often neepecific symptomsand with
differential diagnosis ranging from functionghstrointestinaldiseases to severe organic
disordess, including IBD. Generally, clinical manifestation depengi®on the location of
eosinophilic infiltration.The mthophysiology of EGID is still unclealt seems that food and
aeroallergens play an essential ralee exdoscopic appearance of EGID is not spec#ic.
combination of serious clinical suspicion and histopathologically proven dense eosinophilic
infiltration of the intestine are essentfar diagnosist’# Unfortunately,with the exception of

the esophagus, eosinophilic infiltration of the gastrointestinal wall is comifion
Furthermore, we can find eosinophils in mucosal specimensghen cases ofmany
inflammatory diseasessuch as celiac disease, IBlnd parasitic infections Moreover
eosinophilic infiltration of the gastrointestinal tract may accompany hypereosinophilic

syndrome, vasculitigs well apostmedicamentous and malignant dised$gs

In our observational surveyAnnex 7),}’” we aimed to characterize features of
eosinophilic esophagitis @E) diagnosed in five pediatric endoscopy cemtard to describe
local strategies for its treatment. This analysis focused on describing their general situation

(age, gender, symptoms) and also aimed to investigate any possible linkage between age and
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symptoms or length of diagnosis period. Demograpfaatures clinical symptoms
laboratory, endoscopic, and histopathological findirggl chosen treatment of patients were
recorded and analyzed. We precisely described 33 new cases of children with EOE and their
clinical characteristics. To our best knedge, this was the first retrospective study on
pediatric patients with EoE in the Czech Republite have proposedollecting longterm
prospective observational datddra national EOE register of patients in the Czech Republic

as doing savould signifcantly improve our knowledge of this disedse.

Herpetic esophagitis

Endoscopic examination of the upper gastrointestinal t@etprisesan integral part of the
diagnostics process in patients with suspected .fBD'?® Inflammation in upper
gastrointestinal tract is described in approximately half of the children with IBD during the
initial assessmenin a study by Castellaneta et,dhe sites mogtequently involved were the
stomach (67%) followed by the esophagus (54%) and duodenum t22%om the
pathological point of view, amonghe manifestations of pediatric IBD in upper
gastrointestinal tract include lymphocytic esophagitis, focally enhanced gastritis, duodenal
inflammation, and epithadid granulomas’ In addition to IBD, differenial diagnosis of
ulcerative esophagitis must consiégsophagd infections (herpes simplex, cytomegalovirus,
varicellazoster virus, candida, or vaus bacteial agents), tauma, esophaeg burns,and
Behceexe¥'dis

We describeqAnnex 8)'8 the case report o 7-yearold immunocompetent boy with
a suddenly occurring triad of symptoms: odynophaghest pain, and fever. In addition to
other standard examinations, we performed esophagogastroduodenoscopy, where significant
inflammatory changes transihing to longitudinal lceratons in the distal third of the
esophagus were reged 8! In addiion to the standard sampling of esopégdissue, fopsy
materal was also sentor bacteiological and mycological examinah a well asfor the
detecton of herpes simplex virusHSV) and cytomegalovirus by polymerase chaection
(PCR). The result of HSV DNA deteoh by PCR from the esophad mucosa was positive.
Herpesvirusinfections in general,can complicate the course of IBD. Immunosuppressive
therapy appears to increase the risk of herpesvirus reactivation and predispose to more severe
infections. While cytomegalovirus colitis and systemic EpsBarmr virus reactivatio are
well known, HSV is rarely involved. When HSV infections do occur, they are usually

confined to sites of local reactivation, such as mucosal surfacgs the oropharynx,
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anogenital regionand eyes) and sites on the skin. However, case reportsibiegc
disseminated HSV infection with colonic involvement have beeblished®!: 182 The
presented work demonstrates the necessity to consider the possible presence of HSV infection

in differential diagnosis of endoscopiadings of gastrointestinal ulceratioHs.
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7. Therapy

The goals of treatment include relieve disease symptomagchieveintestinal healingreach
growth potentiglandoptimizethe quality of life while limiting drug toxicity®® IBD therapy

has come a long way irecert decadesandit will probably continue to undergo intensive
development. There are national recommendations for the treatment of pediatric IBD
patients™ % as well as recent international recommendations for the treatment of both UC
and CD'®?? In an ideal situation, herapy of pediatric patients with IBD should be
individualized, usinga risk-stratification approach and predictors of poor outcdthe
Treatment modalities could be divided into several groups, specifically medical therapy,
nutritional therapyandendoscopic and surgical therafxperimentatherapeutic modalities

such as fecal microbiaransplantationplasmaexchange, usingf mesenchymal stromal
cells, and othershave also been studié®'®’ There #s0 ae me alternative approaches,

which some patients requiaed about whiclthe treating physician should be informié#

7.1. Medical therapy

Medical therapy has long been limited tecadled norbiological therapies (aminosalicylates
thiopurines, and steroids). Together with a better understanding of the etiopathogenesis of
IBD, the development of biological therapy has beesigaificant advance in treatmerft®
Currently,tumor necrosis facteaphainhibitors infliximab and adalimumab are approved for
use in pediatric patients in the Czech Republic. The use of other ageritsas ustekinumab
and vedolizumabis only possible in the scalledfi o f f régankeredftey approval by the
relevant health insurance companyit can be expectechowever,that other and novel
therapies could enter the diagnostic repertoire of pediatric gastroentemlGgiserally, this
occurs after experience has been gained with new drugs in the treatmeult giagients->°

The new biologics and small molecule dridgck immune cell communication or migration.
Novel small molecules include Janus kinase (JAK) inhibitors (tofacitinib), small mothers
against decapentaplegic homolog (SMAD)7 amse oligonucleotides(mongersen)
sphingosin€l-phosphate  (S1P) receptor modulator®zanimod, etrasimod) and
phosphodiesterase (PDE)4 inhibitgapremilast) Other rovel biologics include anintegrins
(vedolizumab, natalizumab)anticytokines (ustekinumab, risankizumab, brazikumab,
mirikizumab, guselkumab), and amtucosal vascular addressin cell adhesion moletule
(MAdCAM-1) (etrolizumab}8% 1®1Some of these drugs are already part of clinical practice,
while others are being tested in varigmases of clinical trials.
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Cases of childrebeingtreated with combinatiaof biological agents with relatively

promising results have already been described in the literature. Dual biological therapy could

thuspotentiallyexpand the range of treatmeqitions!®
Figure7 summarizes the differetiterapeutiagents andheir site of action within the

pathophysiology of IBO®?

Figure 7. Therapeutic drgets of novel biologics and small molecules for the treatment of

inflammatory bowel disease.
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7.2. Nutritional therapy

In pediatrics, nutritional therapy can be used for two reasons: to improve the nutritional status
of both UC and C[patientsor as a mans to induce remission in patients with a defined type

of CD (exclusive enteral nutritiody> Recently, evidence has been published on the
possibility of combining enteral nutrition and a special diethe treatment of COOCr o hn 6 s
Disease Exclusion Diet, CDED), suggesting very promising reStilt€° At our department,

we have relatively good experience with this treatment modality. In the context of IBD

treatment, the effect of other diets has also been investigated, but with irsteacesults®®
199

7.3. Endoscopic and surgical therapy

Endoscopic examination and follewp is a common modality in mariag patients with
IBD.'2%> Endoscopic instrumentation allsws, for example, to dilate possible stend$es.
Surgical treatment has become a common part of comprehdBgiveeatment. In UC, this
involves mainly subtotal or total colectomy wittthe construction of ileeanal pouch
anastomosié” In CD, it is often an ileocecal resection performed because of irreducible
inflammatory activity in this area, or resolution of symptomatic stenosithefileocecal
valve2°2 The role of the surgeon in mariag complications of perianal involvemefite.,

fistulas, abscessgis indispensablé®® 204

74.Au t h cconsildution to the knowledge

lleocecal resection is an integral part of tiregtselected pedtac and adult patientsvith

CD,201: 205despitethe fact thaf concurrentlywith the development of biologicahérapies, the

need for surgery is decreasitly The issue of prediciy postoperative disease recurrence
however was not entirely cleaiThe am of the study by Poredska et g\nnex 9%°’ was to
determine whether the histological activity of CD in resection margins after ileocecal
resetion is associated withearly endoscopic recurrence of the diseaBeis study was
conducted withadult patientsbut some of these patientead beerpreviously treated at thet

t he aut hor(isedtheDepartment ad BediatrizsThe resectionine was always up

in macroscopically healthy tissue. lleocecal resected specimens were histologically examined
for the presence of microscopic signs of CD, including both resection margins, that is, the

small and large intestine. At 6 months postoperatjvelatients underwent a follewp
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colonoscopy during which endoscopic recurrence was assessed according to the Rudgeerts
score?®® We investigated whether histological findings in the resection margins correlated
with endoscopic recurrence of CD. Furthermore, the eftdgbreoperative therapy and other

risk factorsassociatedvith endoscopic recurrenceewe evaluated. Endoscopic recurrence of

CD at 6 months after surgery was observed in 23 patients out of a total of 107 enrolled.
Microscopic evidence of CD in the resection margins was associated with significantly higher
endoscopicecurrence in the anastomosis (56.5% versus 4.8%, p<0.001). Duration of disease
from diagnosis to surgery (p=0.006) and length of resected bowel (p=0.019) were
significantly longer in patients with proven endoscopic recurrence. Thus, it was shown that
microscopic evidence of CD in the resection line cdases ofileocecal resection was
significantly associated with a higher risk of early postoperative endoscopic recuireace.
results of a recent metmalysis, where our work was included, showed thatipesiesection
margins and myenteric plexitis and granulomas in the resection margins significantly
increased the risfor postoperative recurrence of C8 This is consistent with the results of

our study?®’
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8. Complications

This chapter will discuss complications, both within and outside the digestivettiatcye
so-called extraintestinal complications. It should be said that complications include here, from
a somewhat broader point of view, manifestations that may kergras initial manifestatisn

of the disease in individual patieng.g., perianal fistulatignin the following text, the issue

of potential adverse effects wfedicamentherapywill not be discussed further.

8.1. Complications from within the gastrointestinal tract

Strictures can develop practically anywhere in the gastrointestinal amtespecially in
patients with CD. These lesions may be asymptomatic or may require some type of
intervention (dilatatioror surgical resectior®

Gastrointestinal fistulas are abnormal connections between the bowel and neighboring
organs.The occurrence of CD in childhood is associated with more aggressive development
of perianal fistulas. Fistulasan occur in almosbnethird of patients within 67 years after
diagnosis’!! Fistula types include perianal, entengtaneous, enterenteric, entero
mesenteric, rectwaginal, and enterevesical?'? Perianal fistulas are most common and
commonly causesevere infections, fecal incontinence, perianal discharge, negative self
image and social isolatiorPerianal fistulas significantly reduce the quality of life of patients
and are relatively difficult to tregt® but the introduction o&int-TNF has improved patients

outcomed?83. 214

Toxic megacolorfTM) is one of the most feared complications of IBD, especiddly
and should be considered in these pati€fiti.is characterized by a combination of systemic
toxicity (fever, tachycardia, leukocytosis, altered mental status) and segmental or total
dilatation of the colos!® TM is fraught with high morbidity and mortality and can require
surgical treatmentVarious infections, especiallClostridium difficle may also be a

causative factor in the developmenfof.2! 212

Other complicatias include primary sclerosing cholangitis, orofacial granulomatosis
and cholecystolithiasi€."?2° A feared longrun complication ismalignancy inasnuch asthe
onsetof IBD in childhoodis associated with increased risk of any canaedespeciallyof

gastrointestinal cancers, both in childhood and later if3ife.
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