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Abstract 

 

Variation of the Microbiome in Pediatric Crohn’s Disease 

 

Introduction: 

Crohn’s Disease (CD) is a chronic, relapsing condition of the human 

gastrointestinal system with several significant extraintestinal manifestations. It 

can affect any age group; 10% of patients being diagnosed prior to their 18th 

birthday. Pediatric CD is known to have a more severe and difficult to manage 

phenotype. A rising incidence has been observed in recent years although the 

disease phenotype has remained largely unchanged. There is a growing body of 

literature describing dysbiosis in patients with CD. Despite extensive research, 

the role and behaviour of the gut microbiome in pediatric CD is not well 

understood. 

Aims: 

We aimed to characterize the microbiome in patients with CD longitudinally and 

compare it with non-IBD patients. We also sought to explore if there were any 

microbiome differences between ASCA positive and ASCA negative patients. 

Methods: 

We analysed the microbiome of 345 biopsies from 204 patients, including 88 CD 

first diagnosis (CDFD) patients, 38 patients in relapse (CDRL), 12 patients in 

remission (CDRM), and 66 controls. Species identification was conducted using 

oligotyping in combination with ARB/SILVA taxonomic annotation. Comparison 
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was also made between ASCA status, microbial diversity and clinical 

characteristics. 

Results: 

We observed 45 bacteria to be statistically different between CDFD samples and 

controls, with Fusobacterium being the most implicated species in CDFD 

patients. We also identified gender specific differences in CD. Five species 

showed a strong association with patients with CD in relapse and 10 species in 

patients with CD in remission. Three taxa showed a positive co-occurrence 

across the two groups. Hespellia porcina (closest taxonomic neighbor to 

Clostridium oroticum) had the strongest association with samples from patients 

with CD in relapse. Interestingly, Fusobacterium was not part of the CD relapse 

associated taxa group. 

Faecalibacterium prausnitzii was equally present in CDFD and in control 

samples. 

ASCA was highly specific but poorly sensitive for the diagnosis of CD. In patients 

with CD, ASCA positivity was more likely to be present in patients older than 10 

years, and associated with increased likelihood of ileocolonic disease distribution 

and long-term risk of surgery. Microbial alpha and beta diversity were similar in 

patients with CD with or without ASCA, but significantly less when compared to 

non-IBD controls. 14 bacterial species were statistically associated with ASCA 

positive patients with CD and 14 species with ASCA negative patients (p< 0.05). 

By using a false discovery rate corrected P value, two species remained 

statistically associated with both the groups. Ruminococcus torques and 

bacterium Yersinia enterocolitica were statistically associated with CD ASCA 
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positive patients (p = 0.0178). Enterobacter cloacae and Faecalibacterium 

prausnitzii were statistically associated with CD ASCA negative patients (p = 

0.0178 and 0.0342, respectively). 

Conclusions: 

This is the first study to investigate gut mucosal microbiome in a pediatric CD 

cohort with longitudinal sampling. Significant differences in microbiome were 

observed between treatment naïve patients with CD, patients with CD in relapse, 

patients with CD in remission and non-IBD patients. We also identified 

differences in the gut microbiome between patients with CD depending on 

presence of ASCA. 
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1.1: Introduction 

Crohn’s Disease (CD) is a chronic, relapsing condition of the human gastrointestinal 

system with several significant extra-intestinal manifestations. It can affect any age group, 

7-10% of patients being diagnosed prior to their 18th birthday.(1) Pediatric CD is known 

to have a more severe and difficult to manage phenotype.(2) It also presents the 

challenge of ensuring adequate growth and development of the child whilst managing this 

condition. A rising incidence has been observed in recent years although the disease 

phenotype has remained largely unchanged.  

1.2: History 

Case reports of CD have been described since the early 18th century. In 1932, Burrill B. 

Crohn and colleagues published a case series of 14 patients accurately describing the 

clinical features of an entity that they called terminal ileitis, now known worldwide as 

Crohn’s Disease.(3) It has subsequently become recognized as affecting the entire 

gastrointestinal tract (GIT) with the terminal ileum being the most frequent part to be 

involved.  

1.3: Epidemiology 

CD affects nearly 1.4 million people in the United States of America and one million 

people in Europe.(4-6) It is also highly prevalent in Australia, with the Barwon region in 

Victoria reporting the highest incidence of CD in the world (29.3/100,000 population).(7) 

When stratified to the 15-24 year age group, this equated to 40/100,000 population.  
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A retrospective study by Phavichitr et al. reported on pediatric CD from 1971 to 2001 in 

Melbourne, Australia.(8) They observed a 14-fold increase in the incidence of CD over 3 

decades, with 0.13/100,000 children aged 16 years or less diagnosed with CD in 1971 

and 2.0/100,000 children diagnosed with CD in 2001.  

Whilst a Scandinavian study found the presentation rate of pediatric CD to be static over 

time albeit with a 3-fold increase in ulcerative colitis (UC), studies from other parts of 

Europe have shown an increasing incidence of pediatric CD.(9, 10) Jakobsen et al. 

observed a 15-fold increase in the incidence of CD in Danish children under the age of 

15 years in the period between 1998-2006, when compared to the incidence of CD from 

1962 to 1987.(11) 

A study from the United Kingdom reported an increase in the incidence of CD in 12 to 16-

year-old males from 4.7 to 7.4 per 100,000 and 3.4 to 6.0 per 100,000 females between 

1985 and 1995.(12, 13) Significant increases in the incidence of inflammatory bowel 

disease were also noted in a study of 6-month- to 5-year-old patients from Canada, and 

specifically an increased incidence of CD in children aged 5 to 9 years.(12, 14) In addition, 

a study from Texas reported an increased incidence in 10 to 17-year-old patients with 

CD, although a relatively stable rate of diagnosis of CD in less than 10-year-olds.(12, 15)  

Similar studies from Eastern Europe have also reported an increasing incidence of CD in 

children. Lovasz et al. reported a significantly increased incidence of CD in their 

population-based pediatric study from Hungary.(16) They found that the incidence of CD 

increased from 0/100,000 person years in 1977 to 7.2/100,000 person years in 2011. 

They observed an increased incidence in all age groups although the rate of increase 
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was higher in the older age group. Another pediatric population-based study from 

Slovenia reported an increase in the incidence of CD from 3.6/100,000 to 4.6/100,000 

from 2002 to 2010.(17)  

CD has traditionally been regarded as a disease of the Western world. However, an 

increasing incidence has also been reported from Asia, Eastern Europe and South 

America. A recent study compared the incidence of CD in Australia to Southeast Asia.(4) 

Even though the incidence in Australia (14.6/100,000) was higher than Southeast Asia 

(0.15–1.00/100,000) it was evidently becoming an increasing health burden in Southeast 

Asia. A decade-long multicenter, retrospective trial conducted in Shanghai, China has 

also shown an increase in the incidence of IBD from 0.517 per million in 2001 to 6.1 per 

million population in 2010.(18)  

Malekzadeh et al. reported an increasing incidence of both UC and CD in Iran.(19) They 

conducted a systematic review of English and Iranian databases for the incidence, 

prevalence and epidemiology of IBD in Iranian adults and found that the incidence of IBD 

had increased from 0.62/100,000 in 1990 to 3.11/100,000 in 2012. They also observed 

that UC was more prevalent than CD in Iran, but that there was no specific sex 

predilection.  

A retrospective survey of the incidence of pediatric IBD in Saudi Arabia, which collected 

data on children between 0 to 14 years diagnosed with CD or UC between 2003 and 

2012, identified an approximate doubling in the overall incidence of CD over this 

period.(20) However, on further analysis, this significant increase was confined to the age 
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groups between 5 to 14 years. The number of younger children (aged 4 years or less) 

diagnosed with CD fell significantly over the same period. 

1.4: Etiology   

Despite the growing health burden of CD, its etiology has not been completely 

characterized. Since it was first described multiple theories have been advanced, 

however none can completely explain all aspects of the pathogenesis of CD. In broad 

terms, it is currently believed that CD results from the interplay of genetic, environmental 

and immunologic factors in a susceptible host (Figure 1.1).  

 

Figure 1.1: Etiology of CD: interplay of genetic, environmental and immune factors in a 
susceptible host (free to use images from shutter stock with thanks edited and adapted) 
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1.4.1: Genetic Factors 

Genetic factors are believed to play an important role in CD. This is based on the 

frequency of a positive family history and the 50% concordance rate for CD in 

monozygotic twins.(21) Genome wide association studies have demonstrated at least 

200 IBD-associated loci, including 136 shared loci between CD and UC, 37 loci specific 

for CD and 27 for UC.(22-24) 

 

Figure 1.2: Genetic Loci associated with CD 

Figure of digestive system obtained with thanks from Wikimedia (free to use with modification) 
Gene details from (22-24)  
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Figure 1.2 summarizes some of the known genes implicated with CD. Studies have 

shown that genes not only influence disease susceptibility but also influence disease 

location and behavior. 

1.4.1.1: Genes associated with disease susceptibility 

Studies have demonstrated that defective processing of intracellular pathogens is a 

common theme amongst most genes implicated in the occurrence of CD. The first gene 

implicated in susceptibility to CD was the nucleotide binding oligomerization domain 

containing 2 gene (NOD2), also called caspase recruitment domain protein 15 (CARD15) 

or inflammatory bowel disease protein 1 (IBD1).(25, 26) Located on chromosome 16, it 

recognizes bacterial muramyl dipeptide and regulates immune response to bacteria.(27, 

28) Studies have demonstrated a two-fold increase in relative risk of developing CD with 

the presence of one NOD2 variant and 20-40 fold increased risk with the presence of two 

NOD 2 variants.(29, 30) Loss-of-function variants of the NOD2 gene have been 

associated with an increased susceptibility to CD and especially small bowel disease.(25, 

31-33)  

The IL-23 pathway is emerging to be critical in the pathogenesis of CD.(34, 35)  A number 

of genes from this pathway including IL12B, STAT3, JAK2 and TYK2 are believed to be 

true susceptibility genes for CD. Germ-line variants of IL10 signalling also appear to play 

a central role in the pathogenesis of CD.(36, 37) Other loci involved with increased 

susceptibility to CD include IBD 5, 3, 6 on chromosomes 5, 6 and 19 respectively, and 

DLG5 gene on chromosome 10q22-23.(28, 30) 



8 

1.4.1.2: Genetics and disease severity 

A number of studies have demonstrated that patients with CD with any of three common 

mutations in the NOD2 gene undergo a more severe disease course as compared to 

those without these mutations.(38) Lacher et al. assessed the prevalence of NOD2 

mutations in a cohort of 171 German pediatric patients with CD.(38) These were 

compared to a group of adult individuals who had undergone hernia repair surgery. Nearly 

half (46%) of the pediatric patients with CD carried at least one NOD2 mutation compared 

to only 14% of healthy controls. They also observed that p.1007fs carrier status conferred 

a 4.73-fold increased risk of isolated ileal disease as compared to children carrying none 

of the three mutant genes.  Significant associations were also observed between 

stricturing complications, the presence of NOD2 genotype and p.1007fs carrier status.  

Posovszky et al. tested 85 children and 117 adults with CD for the presence of 3 NOD2 

variant alleles most commonly associated with CD; p.R702W, p.G908R and 

p.10007fs.(39) 44% of the pediatric and 42% of adult patients with CD had at least 1 of 

the 3 NOD2 variants. They were then followed up for 2 years to monitor disease behaviour 

and activity, response to treatment and bone mineral density.  The presence of any of the 

NOD2 variant genes predisposed the patients towards more severe disease activity, 

younger age of onset and a higher risk of osteoporosis. 

Other genetic mutations have also been implicated.  Denson et al. observed an increased 

risk of stricturing complications and surgery in pediatric patients with CD with mutations 

in genes coding for NADPH oxidase.(40) They collected DNA from 543 pediatric patients 

with CD and identified 26 missense mutations in the gene coding for NADPH oxidase, 
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which conferred a 3-fold increased susceptibility to perianal disease and stricturing 

disease as compared to pediatric patients with CD without these mutations. 

1.4.1.3: Genetics and disease location 

Palmieri et al. explored the genetic relationship in site-specific CD.(41) 708 pediatric 

patients with CD from different centers were included in the study. 537 healthy blood 

donors without a history of CD were included as controls. Variants from 12 loci were 

associated with ileal localization of CD. The strongest association was observed with 

NOD2 and MAP3K71P1 genes. Increased risk of ileal disease was also observed in 

carriers of the variations rs1000113 and rs4958847 in the IRGM gene and rs713875 

polymorphism of the MTMR3 gene. NOD2 polymorphisms rs206684, rs2066845 and 

rs2066847 and IRGM polymorphisms rs1000113 and rs4958847 were associated with 

ileo-colonic localization of CD. Variations in genes IL23R, MST1 and in those on locus 

10q21 were observed to have an association with colonic disease.   

Some other studies have demonstrated an association between certain single nucleotide 

polymorphisms (SNPs) in the MDR gene and colonic disease. Krupoves et al. explored 

possible associations between susceptibility to CD and variants of the MDR-1 gene in 

their case/control study of 270 pediatric patients with CD and 336 controls.(42) Nominal 

association between SNPs rs10242480 and rs2034583 and colonic location of CD was 

observed. Nominal association with stricturing and/or penetrating disease was also 

observed with SNPs rs1128503, rs1202184, rs1202186, rs2091766 and rs2235046.  
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1.4.1.4: Genetics and Risk of Surgery 

In a case/control study with 47 pediatric patients with CD and 100 controls Bouzidi et al. 

demonstrated a higher risk for surgery in pediatric patients with CD carrying a mutation 

in the MDR-1 gene (C1236T allele).(43) 

1.4.1.5: Autophagy and ATG16L1 

ATG16L1 is a gene that has been reported to be essential for autophagy- a process that 

mediates degradation of intracellular proteins via vesicle-mediated delivery to lysosomes. 

Coding mutation T300A is associated with an increased risk of CD.(31) ATG16L1 

deficient mice showed Paneth cell dysfunction similar to the Paneth cell phenotype 

observed in patients with CD, but interestingly the mouse model required the presence of 

commensal bacteria and murine norovirus infection to generate these specific 

abnormalities.(31, 44, 45) 

1.4.1.6: Genetics and Non-European populations 

Researchers have also explored whether IBD-implicated loci differ by ethnicity. Yang et 

al. performed a genome-wide association study to determine susceptibility loci in a 

Korean population.(46) They identified two susceptibility loci at rc3766920 (near PYG02-

SHC1 at 1q21), and rs16953946 (in CDYL2 at 16q23) that potentially implicate changes 

in T-cell and IL-10 pathways. An association with both CD and UC was determined via 

the likelihood modeling approach. Hong et al. performed a trans-ethnic meta-analysis 

(Meta-ANalysis of TRans–ethnic Association studies: MANTRA) in which they included 

all the published immunochip association results on IBD.(47) This included 38,155 cases 

and 48,485 controls genotyped on the immunochip using a Bayesian approach. They 

identified three novel susceptibility loci at MYO10-BASP1 for IBD, 
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PP2R3C/KIAA0391/PSMA6/NFKB1A and LRRK1 for CD and four novel associations 

within previously known loci at NCF4, TSPAN32, CIITA and VANGL2. They also 

replicated 103 loci of known IBD susceptibility in Asian samples, thereby confirming the 

substantial genetic overlap between European and Asian populations. 

1.4.1.7: Rare mutations with functional significance 

Chuang et al. performed exome sequencing and array based genotype analysis of 1,477 

Ashkenazi Jewish individuals with CD and 2,614 Ashkenazi Jewish individuals without 

CD in a study which aimed to identify rare CD-associated frameshift variants with high 

functional and statistical effects.(48) They observed an association of CD with a 

frameshift mutation in CSF2RB. They further observed that this mutation was associated 

with decreased activity of the enzyme aldehyde dehydrogenase, which is normally 

associated with immune tolerance.  

1.4.1.8: Genetics and other conditions 

Jostins et al. undertook meta-analysis on CD and UC genome-wide association 

scans.(23). They identified 71 new associations for a total of 163 IBD loci that met 

genome-wide significance thresholds. They also observed that 70% of the IBD loci were 

shared with other complex diseases or traits. Type 1 diabetes mellitus shared the largest 

number of loci (20/39, 10-fold enrichment) with IBD while ankylosing spondylitis and 

psoriasis shared 8/11(13-fold enrichment overlap) and 14/17 loci (14-fold enrichment 

overlap) respectively. 

1.4.1.9: Genetics and Microbiome 

There is also some evidence that some genetic mutations directly or indirectly perturb the 

mucosal microbiome, which in turn influences responses to pathogens. Research has 
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also demonstrated that certain IBD loci are nearly 5 times enriched in genes involved in 

primary immunodeficiency.(23) These correlate with reduced numbers of circulating T-

cells, specific subsets of TH17 cells, memory cells and regulatory T-cells. It has been 

observed that six out of eight genes implicated in Mendelian susceptibility to 

Mycobacterial disease are located within IBD loci.  

Wagner et al. in their study on pediatric patients with CD and 48 non-IBD controls 

demonstrated an association between TLR4 (rs4986790) and IL10RA mutation 

(rs2229113) and the presence of MAP infection.(49)     

Li et al. reported a microbiome shift associated with a CD risk allele SLC39A8.(50) They 

observed that 5 genera including Anaerostipes, Coprococcus, Roseburia, Lachnospira 

and SMB53 were depleted in SLC39A8Thr391 allele carriers, patients with CD and 

overweight individuals. They also observed a depletion of Faecalibacterium prausnitzii 

and Ruminococcus gnavus in SLC39A8Thr391 allele carrier patients with CD. In another 

study, the heterozygous form of SNP rs2836878 was observed more frequently in 

Pseudomonas positive pediatric patients with CD (16/22) as compared to Pseudomonas 

negative pediatric patients with CD (7/20).(51) 

Although more than 200 genetic loci have been associated with CD, a number of them 

are from the non-coding regions of the DNA and only account for a small variation in 

disease risk.(23) Moreover the occurrence of CD in patients with no family history, a high 

incidence in “Western” countries and increasing incidence with increasing 

“Westernisation” cannot be accounted for by genetic factors alone. Clearly, environmental 

factors must contribute significantly to the development and progression of this disease.  
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1.4.2: Environmental factors  

The rapid increase in incidence of CD in developed countries and in countries with 

historically little CD provides a strong argument for the role of environmental factors in its 

causation.  This has been examined in a wide range of studies across a range of risk 

factors.  

1.4.2.1: CD and smoking 

Niewiadomski et al. evaluated multiple environmental factors that might contribute to the 

pathogenesis of IBD in 81 mainly adult patients with CD from Victoria, Australia compared 

to 104 controls.(52) They found that exposure to smoking was associated with the 

development of CD (odds ratio (OR): 1.42, confidence interval (CI): 1-2.02, p=0.029). In 

contrast, Ng et al. in a case-control study which recruited 186 adult patients with CD and 

940 healthy controls of diverse ethnic background across Asia and Australia, found that 

whilst patients of Australian Caucasian background had an increased prevalence of a 

history of smoking  compared to controls (40% vs 19%, adjusted OR: 4.30, CI: 1.22-

15.16). A history of smoking was not a significant risk factor for the development of CD in 

patients of Asian background, amongst whom the prevalence of a history of smoking was 

11% compared to 11% in matched controls.(53)  

It is known that smoking is associated with substantial changes in intestinal and oro-

pharyngeal microbial composition.(54)  
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1.4.2.2: CD and antibiotics 

Ng et al. also found that antibiotic use before the age of 15 years conferred a protective 

effect against the subsequent development of CD (adjusted OR: 0.19, CI: 0.07-0.52) in 

both Australian and Asian cohorts.(53). This finding is at variance with other older studies.  

Card et al. had previously found that a group of 587 adult patients with CD were more 

likely to have had a history of antibiotic use in the 2 to 5 years before diagnosis when 

compared to 1,460 controls (71% vs 58%, OR: 1.32, CI: 1.05-1.65, p<0.001).(55)  

A pediatric study had also found an increased risk for the subsequent development of CD 

in children who had previously received antibiotics.(56) Information on antibiotic use for 

this study was obtained from the Danish Drug Prescription registry for the period from 

1995 to 2004. Corresponding information on IBD diagnoses was obtained from the 

Danish National Hospital Register. Information on potential confounding factors including 

family socio-economic status, area of residence and ethnicity was also obtained from the 

Civil Registration System. They observed that antibiotic users were 1.84 times more likely 

to be diagnosed with IBD than non-users (CI: 1.08-3.05). This increased risk was highest 

in the 3 months following a course of antibiotics, and also greater in children who had 

received 7 or more courses. One suggestion from these studies was that the use of 

antibiotics might alter the microbiological ecosystem of the gut in such a way as to 

influence its response to environmental antigens and its subsequent susceptibility to 

developing CD. An alternative possibility put forward was that children had received 

antibiotics for symptoms of as yet undiagnosed CD such as fever or diarrhea. 
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1.4.2.3:  CD and breast feeding 

A history of breast-feeding during infancy appears to be protective against the subsequent 

development of CD, although studies to date have produced conflicting results.(57)  

Gearry et al., in a population-based case-control study of 1290 adult patients and 600 

controls in Canterbury, New Zealand found that a history of having been breast-fed 

conferred a level of protection against the subsequent development of CD (adjusted OR: 

0.55, CI: 0.41–0.74).(58) This effect was only significant if breast-feeding had been 

continued for longer than 3 months.   

In contrast, Han et al. failed to find any protective effect from breast feeding, this time in 

a study of 315 adult patients with CD and 536 controls from the North Island of New 

Zealand.(59)  The duration and exclusivity of breast-feeding was not reported in this 

study.  A Chinese case-control study of 102 adult patients with CD and 410 controls also 

found no significant evidence of a protective effect from breast-feeding against the 

development of CD in later life, irrespective of whether the duration of breast-feeding had 

been more or less than 3 months.(59)  

Breast-feeding certainly has both a short- and long-term impact on the constitution of 

gastrointestinal flora, the intestinal micro-environment and immunomodulatory events at 

a critical time in human development with lasting impact.(60, 61) It has been suggested 

that the development of oral tolerance to specific microflora and food antigens is 

augmented in breast-fed infants, thereby diminishing the risk of development of many 

immune-mediated diseases.(57)  
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1.4.2.4:  CD and diet 

Variations in dietary intake have been implicated in both the pathogenesis and clinical 

course of CD. A Victorian study found that pre-diagnosis intake of fast-food more than 

once a week was significantly associated with a risk for CD (OR: 2.26, CI: 1.76-4.33, 

P=0.003).(52, 62) 

Gearry et al. in New Zealand identified the presence of a home vegetable plot in childhood 

as being protective against the development of inflammatory bowel disease.(58) In a 

Danish study, Jakobsen et al. found that wholemeal bread and more than once daily 

vegetable consumption were associated with a decreased risk of developing IBD.(63)  

The same study identified that white bread consumption was a risk factor for the 

development of IBD. 

At least one animal study has evaluated the effect of high sodium choride consumption 

on intestinal inflammation. Monteleone et al. demonstrated an exacerbation of colitis in 

mice with sodium chloride enriched diet, and also an increase in the production of 

proinflammatory cytokines in the lamina propria of intestinal cells in vitro in a sodium 

chloride enriched environment.(64) Agus et al. evaluated the impact of high fat/ high sugar 

diet on intestinal microbiota composition, function and microbiome in mice.(65) They 

found that the high fat/ high sugar diet created an inflammatory environment in the gut. 

There was an overgrowth of proinflammatory Proteobacteria including Escherichia coli 

and a decrease in protective bacteria and short chain fatty acid concentrations. These 

studies suggest that the high salt, fat and sugar content of many fast-foods has the 

potential to directly exacerbate colitis by creating a proinflammatory environment.  
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Daily tea consumption, at least in an Asian population, appears to be protective against 

CD (adjusted OR: 0.62, CI: 0.43-0.91).(53)  Niewiadomski et al. also found some 

evidence to support a protective effect for high caffeine intake in their study from the 

Barwon region of Australia (more than a cup of coffee or tea a day) against CD (OR: 0.59, 

CI: 0.34-1.03), p=0.03).(52)   

Broadly, these and other studies identify an increased risk for CD amongst those who 

consume more meat and fats, particularly polyunsaturated fatty acids and omega-6 fatty 

acids, with reduced risk amongst those with a greater intake of fruits and possibly 

vegetables.(62) Other recent evidence has implicated the proinflammatory role of food 

additives in the form of dietary emulsifiers in the pathogenesis of intestinal inflammation. 

Chassaing et al. reported the observation of low grade inflammation and metabolic 

syndorme in wild-type mice and also promoted colitis in predisposed hosts.(66)  

1.4.2.5:  Family history, bedroom sharing  

Familial aggregation is well documented in CD, with sharing of both susceptibility genes 

and environmental factors.(67) The possibility that family overcrowding might influence 

the development of CD either through a generalised lack of hygiene or through the spread 

of specific transmissible disease has been examined using bedroom sharing as a proxy.  

While earlier studies in both the UK and in China have failed to find a link between indices 

of overcrowding in childhood and CD, a study from Denmark has found evidence 

supporting bedroom-sharing as a risk factor for CD (OR: 3.6, CI: 1.3–9.4).(63, 68, 69) 

Jakobsen et al. conducted a questionnaire-based study between 2007-2009 of 59 IBD 

patients under the age of 15 years and 477 healthy controls from a specific geographical 

region in Denmark.(63)  IBD in first-degree relatives, bedroom sharing, prior hospital 
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admission for gastrointestinal infections and white bread consumption were all found to 

be risk factors associated with the development of IBD. However, wholemeal bread and 

more than daily vegetable consumption were found to be associated with a decreased 

risk of developing IBD.  It seems likely that bedroom sharing serves as a proxy for other 

environmental factors in the home. 

1.4.2.6:  CD and sunshine exposure 

Nerich et al. evaluated the role of sunshine exposure in the development of CD.(70) They 

estimated the incidence of CD in different geographical locations in France and obtained 

data on surface UV radiation intensity. A significantly lower rate of CD was observed in 

areas with high sun exposure, and a higher rate of CD in areas with low sun exposure. 

However, this has not been confirmed in other studies. 

Holmes et al. performed a systematic review of population-based studies in pediatric CD 

and evaluated the ultraviolet radiation at the location of the study.(71) A review of 39 data 

points obtained from 28 articles revealed an increase in the annual incidence of pediatric 

CD by 0.23 cases per 100,000 population for every ten degree increase in latitude. 

However, contrary to the observations of Nerich et al. there was only a modest, 

statistically insignificant decrease in the incidence of pediatric CD with increasing ambient 

UV radiation.  A putative explanation for any association between sun exposure and risk 

of CD has been based on the observation that both active vitamin D and skin exposure 

to ultraviolet radiation lead to suppression of Th-1 immune function and upregulation of T 

regulatory cells, potentially dampening proinflammatory pathways leading to CD.(71) 

Vitamin D status may also influence the intestinal microbiome. 
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1.4.2.7:  CD and physical activity 

Ng et al. found that daily physical activity was protective against the development of CD 

amongst an Asian population (aOR 0.58; CI 0.35-0.96). Regular exercise is believed to 

promote an anti-inflammatory environment.(72)  

1.4.2.8:  CD and season of birth 

Shaw et al. conducted a case-control study to evaluate a possible association between 

season of birth and CD.(73) In this case-control study, seasons of birth of 11,145 IBD 

patients from a Canadian IBD register were compared to 108,633 controls. They 

observed that a significantly higher number of males with CD were born in spring. 

However the association was not observed in females or patients with UC. The isolated 

association between males with CD and season of birth is curious and could be related 

to unmeasured confounding factors such as genetic predisposition, diet, breast-feeding 

and family history. 

Seasonal variation of immune mediated diseases has also been evaluated by Disanto et 

al. in a large case-control study looking at month of birth and immune mediated disease 

in England and Scotland.(74) They compared the month of birth of 115,172 patients with 

immune mediated diseases including Systemic Lupus Erythematosus, Rheumatoid 

Arthritis, Multiple Sclerosis, UC and CD to the general population. A peak month of birth 

in spring with a deficit in autumn was identified in all groups of patients with an immune 

mediated disorder, except for those with CD, in whom no seasonality was established.  

For those immune mediated disorders showing seasonality for month of birth, the risk of 

developing the disorder was inversely associated with predicted low winter second 

trimester ultraviolet B exposure and third trimester vitamin D status. 
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The observation that most immune mediated diseases except CD conform to seasonality 

is intriguing. Whilst CD is generally accepted to be an immune mediated condition, its 

pathogenesis would appear to be complicated by multiple other etiological factors of 

which immune mediation is only one. 

1.4.2.9:  Environment and the intestinal microbiome 

Hoarau et al. sequenced the gut microbiome, including the mycobiome in patients with 

CD and their non-CD first-degree relatives in 9 familial clusters living in Northern France 

and Belgium and compared them to healthy individuals from 4 unrelated families living in 

the same area.(75) They observed that the microbiome in patients with CD and their first 

degree relatives was significantly different from that of unrelated healthy individuals 

residing in the same geographical region. Patients with CD were observed to have a 

relative abundance of Candida tropicalis which positively correlated with levels of E coli 

and Serratia marcescens and also with levels of anti-Saccharomyces cerevisiae antibody 

(ASCA).  

Clearly, the occurrence of CD is the result of a complex interplay of the gut microbiome, 

genetic factors, environmental factors and immune responses. There is no single 

mechanism that can fully explain the processes that lead to the spectrum of chronic 

inflammation observed in CD. 

1.5: CD and Intestinal Microbiome 

Recent literature suggests that immune activation along with a dysbiosis of the 

microbiome in a genetically primed gut can trigger chronic inflammation.(76) It has long 

been known that the human intestine harbors nearly 1011 organisms/g of tissue.(77) 
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These are mostly believed to be commensals and a number of these organisms have a 

role in a number of physiological functions in the human gut including bile flow and 

synthesis of Vitamin B12.  

There is a growing body of literature describing dysbiosis in patients with CD. One early 

study in adults involved the culture of intestinal fluid obtained from resection specimens 

of patients with CD and UC and compared them to controls who had undergone resection 

for peptic ulcer disease or a cholecystectomy.(78) They found a higher concentration of 

E coli, Bacteroides fragilis and Veillonella in patients with CD as compared to controls. 

However, a causal relationship could not be established and the search for an etiological 

agent has continued. 

Further evidence of microbial involvement in the etiology of CD came from studies 

demonstrating that diversion of the fecal stream leads to improvement in CD, whilst 

colonic CD responds to antibiotic use.(79) Harper et al. demonstrated that the infusion of 

filtered ileostomy effluent into the defunctioned colon of patients with CD colitis who had 

been treated with a split ileostomy led to a recurrence and exacerbation of their 

symptoms.(80) They concluded that factors greater than 0.22 microns in the fecal stream 

are responsible for the maintenance and exacerbation of inflammation in CD.  

A number of animal studies illustrated the possible role of microbiota in CD. Onderdonk 

et al. demonstrated the development of colitis in guinea pigs by association with 

Bacteroides vulgatus irrespective of carrageenan treatment.(81) They also observed that 

guinea pigs maintained in a germ-free environment did not develop colitis with 
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carrageenan treatment thereby strongly suggesting a role for microbes in the occurrence 

of colitis.  

Rath et al. identified the development of colitis in HLA-B27 transgenic mice with a defined 

bacterial cocktail containing Bacteroides sp. Colitis did not develop in non-transgenic and 

germ-free mice.(82) Kishi et al. demonstrated the development of colitis following rectal 

administration of Bacteroides vulgatus in TCR-alpha -/- mice.(83) 

Interestingly, the role of microbiota appeared to vary with the genetic make-up of animal 

models. Waidmann et al. demonstrated the development of colitis by a non-pathogenic 

strain of E coli (E coli mpk) in IL-2 deficient germ-free mice.(84) They also observed that 

colitis did not develop if E coli mpk was co-administered with Bacteroides vulgatus. 

However, various studies had previously established the role of Bacteroides vulgatus in 

inducing or maintaining inflammation in different animal models.  

Recent advances in molecular biology have immensely helped us improve our 

understanding of the microbiome. Metagenomics – the study of the microbiome through 

culture-independent techniques has revolutionized the way in which we study and 

analyze the microbiome.(85) The basis of all metagenomic analyses is the bacterial 16s 

ribosomal (rRNA) gene. This is a 1.5kbp gene comprising of 9 variable and 9 conserved 

regions, which provide the basis for bacterial taxonomy. Metagenomics provides 

information on the complete gene content of communities - both functional and taxonomic 

markers. This profiling of human-associated microbial communities can reveal links 

between microbiome, host physiology and pathology.  
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1.5.1: Sampling for Microbiome Analysis 

One of the dilemmas in microbiome analysis has been identifying and obtaining the 

appropriate sample. Intestinal contents or fecal matter have been analyzed in a number 

of studies designed to assist in understanding variations in microbiota amongst patients 

with CD. Whilst these have provided us with some insight into the variation in microbiota 

with the disease process, they do not provide information about the mucosa-associated 

microbiota (MAM). Studies have suggested that MAM are different from fecal associated 

microbiota (FAM) and are crucial contributors to ongoing inflammation.(86) 

Manichanh et al. published the first study evaluating the FAM in adult patients with 

CD.(87) They compared the FAM in 6 patients with small bowel disease in remission to 

6 healthy volunteers by screening the two DNA libraries for the bacterial 16s-rRNA gene 

by DNA hybridization. They observed that 4 predominant groups (Bacteroidetes, 

Firmicutes, Actinobacteria and Proteobacteria) accounted for all the molecular species 

recovered. However, patients with CD were observed to have a decreased microbial 

diversity due to fewer Firmicutes ribotypes. Clostridium leptum group was depleted in 

patients with CD as compared to healthy volunteers. This study pointed toward a static 

dysbiosis in patients with CD despite clinical remission. However, it is not clear whether 

the dysbiosis is related to the etiology of CD or is an outcome of treatment. 

Wills et al. examined changes in FAM in adult IBD patients over time.(88) They obtained 

fecal samples from 10 patients with CD and 9 UC patients during remission and 

subsequently during exacerbations. They observed some variation in the relative 

abundance of certain microbial groups. However, there was no difference in the presence 
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or relative abundance of any particular species or groups in association with disease 

exacerbation or remission. There was also no difference in the alpha diversity indices with 

disease location, age, gender or medications. This was the first prospective study to 

evaluate any longitudinal variation in fecal microbiota in IBD patients in association with 

disease exacerbation or remission. It is intriguing that no significant difference in microbial 

composition could be identified during the disease course. There could be multiple 

reasons for this observation. Besides the small size of the study group, it is possible that 

the timing of collection of fecal samples influenced the result. Since the microbiome is 

dynamic in nature, a delay in collection or analyzing fecal samples could cause depletion 

of certain groups. A study at the Sanger Institute in the UK and others subsequently have 

found that the depletion of members of Bacteroidetes phyla correlated with storage of 

feces at -20oC.(89) Another drawback of Wills’ study is the lack of a healthy control group. 

It could be argued that since this is a longitudinal study of IBD patients evaluating changes 

in microbiota over time, the inclusion of a healthy control group would be superfluous. 

However, a comparison of fecal microbiota during remission with healthy controls could 

provide an insight into the nature of any microbial shifts, whether it was trending towards 

a microbiome similar to that in healthy controls or towards an altogether different 

composition.  

Kaakoush et al. conducted a study of newly-diagnosed pediatric patients with CD.(90) 

They collected fecal samples from 18 patients with CD and 21 healthy controls and 

performed high throughput sequencing of the bacterial 16s-rRNA gene. They observed 

an enrichment of Bacteroidetes and Proteobacteria along with a depletion of Firmicutes 

in patients with CD. They also observed a correlation in the detection frequency of 

Bacteroidetes and Firmicutes with the Pediatric Crohn’s Disease Activity Index (PCDAI). 
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More recently Shaw et al. conducted a prospective, longitudinal study on fecal microbiota 

in Pediatric Crohn’s Disease in 15 CD and 4 UC patients. These were followed up for a 

period of 8 months.(91) Patients were classified as responders or non-responders, and 

then compared to 10 controls, 6 of which were unaffected family members of the study 

group. Disease phenotype was recorded using the Paris modification of the Montreal 

classification. Clinical indices of inflammation including fecal calprotectin and PCDAI were 

also recorded. The hypervariable region V4 of the bacterial 16s-rRNA gene was 

sequenced using the Illumina MiSeq platform. At the genus level they found that 

Akkermansia, Fusobacteria, Veillonella were more abundant in non-responders, while F 

prausnitzii were decreased in non-responders and Coprococci were diminished in cases. 

They also observed a persistence of dysbiosis in responders with a distinct microbiota 

signature. 

1.5.2: Exclusive Enteral Nutrition and the Fecal Microbiome 

One aspect of CD microbiota that has received considerable attention is the variation of 

microbiota with exclusive enteral nutrition (EEN). A number of studies have investigated 

the variation in intestinal microbiota with EEN. 

Lionetti et al. investigated the effect of EEN on fecal microbiota in patients with CD in 

2005 using Temperature Gradient Gel Electrophoresis (TGGE).(92) They observed that 

while the fecal microbiota remained stable in healthy children over an 8-week period, it 

differed significantly from CD children. Variation in microbiota over time while on EEN 

was also observed amongst patients with CD. 
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Leach et al. analyzed the fecal microbiota in 6 pediatric patients with CD receiving EEN 

and compared them to 7 healthy controls.(93) Bacterial diversity was measured with 

polymerase chain reaction to amplify the bacterial 16s-DNA for 5 groups of bacteria, 

which included the Eubacteria Bacteroidetes-Prevotella, Clostridium coccoides, 

Clostridium leptum and Bifidobacteria. Changes in bacterial diversity were measured by 

Bray Curtis similarity. They observed that the bacterial diversity based on PCR-DGGE 

banding profile in patients with CD was similar to controls at diagnosis, however it 

significantly decreased following treatment with EEN as compared to controls. 

D’Argenio et al. reported a single case of a patient with CD whose ileal mucosal samples 

were analyzed for microbiota before and after treatment with EEN.(94) These were 

compared with those from a healthy child with a rectal polyp. They observed a significantly 

lower Shannon diversity in the group of patients with CD before treatment, which 

improved and became similar to the healthy child after treatment with EEN. They also 

reported that the ileal microbiome became similar to that from the healthy child after 

treatment with EEN. 

Gerasimidis et al. also evaluated the effect of EEN on the intestinal microbiota of pediatric 

patients with CD.(95) Fecal samples from 15 CD and 21 non-IBD patients were collected 

at the beginning, during and after completion of 8 weeks of EEN. Temporal temperature 

gradient gel electrophoresis was performed to amplify the V6 to V8 regions of all bacterial 

16s rRNA gene. They observed that children with CD had lower concentrations of 

Bifidobacteria, members of Clostridium leptum group and F prausnitzii before and after 

commencing EEN. However, E coli was enriched in patients with CD. A decrease in 



27 

bacterial diversity and richness was also observed whilst on EEN, which increased after 

the patients returned to their habitual diet.  

Quince et al. performed a study of the fecal microbiota in 23 patients with CD on EEN 

who were compared to 21 healthy children.(96) Microbiota was analyzed using the 

Illumina MiSeq platform for sequencing of the V4 region of the bacterial 16s-rRNA gene. 

They observed a lower Shannon diversity and richness in patients with CD as compared 

to controls. This was noted to decrease further in patients with CD on treatment with EEN 

and recover on resumption of habitual diet after cessation of EEN. Beta diversity 

variability of the community structure was also reported to be higher in patients with CD 

as compared to controls. A higher abundance of Faecalibacterium, Subdoligranulum and 

Clostridiales was also reported amongst controls. They also reported no difference in 

microbiota amongst patients with CD on the basis of the presence or absence of ileal 

involvement. Among the thirty-four genera reportedly altered with EEN, Lactococcus was 

the only genus enriched with EEN. Similar to previous studies, a major reduction in the 

relative abundance of several genera with EEN was observed.  

Guinet-Charpentier et al. also reported significant variation of fecal microbiota with both 

partial and exclusive enteral nutrition in their observational study of 34 pediatric patients 

with CD.(97) They also analyzed the fecal microbiota using Illumina MiSeq sequencing 

of the 16s-rRNA gene. They reported a decrease in the abundances of Dialister, Blautia 

and unclassified Ruminococcaceae in patients on partial enteral nutrition as compared to 

those on no enteral nutrition. 
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1.5.3:  Mucosal Microbiome 

 It is clear from these studies that the fecal-associated microbiota from children with CD 

is different from children who are free of the disease, and also that it undergoes significant 

variation following treatment with EEN. However, it would be interesting to see if these 

changes also apply to the mucosal-associated microbiota since it can be argued that this 

is of more biological relevance. 

Conte et al. performed the first pediatric study of mucosal gut microbiota in IBD.(98) Their 

study group comprised 12 patients with CD, 7 UC patients, 6 with indeterminate-IBD (ID-

IBD), 10 with lymphonodular hyperplasia of the ileum and 7 controls. Biopsies from ileum, 

cecum and rectum were analyzed for their microbiota profile. They used conventional 

culture techniques for the isolation and characterization of aerobic and facultative 

anaerobic bacteria, and 16S-rRNA based amplification and real time polymerase chain 

reaction assay for the detection of bacterial groups and species. Gram-negative bacteria 

comprised 52% of the culture isolates from the ileal mucosa of patients with CD. These 

included members of the Enterobacteriacae family including E coli, Klebsiella and Proteus 

spp, while only E coli was noted from the ileal mucosa of control biopsies. The authors 

also noted that the detection rate of Bacillus thetaiotamicron and Bacteroides vulgatus 

was lower from the ileal mucosa of patients with CD as compared to controls.   

Hansen et al. investigated the mucosal microbiota via quantitative RT-PCR from colonic 

biopsies of twenty-five, treatment-naive IBD (CD-13; UC-12).(99) They observed a 

significant reduction in alpha diversity in patients with CD as compared to controls. They 
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also reported an increased abundance of F prausnitzii in colonic biopsies from patients 

with CD, which are at variance to that observed in adult studies.  

In their BISCUIT study, Hansen et al. evaluated colonic biopsies from 44 children with 

IBD (CD=29) for microaerophilic bacteria, particularly Campylobacter and Helicobacter 

pylori.(100) They observed no significant difference in the PCR prevalence of 

Campylobacter, H pylori and Suturella wardsworthenesis between IBD and control 

patients. 

In the largest study conducted to date, Geevers et al. analyzed both mucosal and fecal 

microbiota in their multicenter study on 447 pediatric patients with CD.(101) They 

sequenced the Variable-4 region of the 16s-rRNA gene using the Illumina MiSeq platform 

(version 2). Mucosal microbiota was analyzed from both rectal and ileal biopsies from 

treatment-naïve patients. They found that CD was associated with an overall decrease in 

species richness and alteration in the abundance of several taxa. They also observed a 

positive association of CD with abundances of Pasteurellaceae, Veillonellaceae, 

Neisseriaceae and Fusobacteriaceae. Bacteroides, Faecalibacterium, Roseburia, 

Blautia, Ruminococcus, Coprococcus, and a number of taxa within the families of 

Ruminococcaceae were found to be negatively associated with CD. A fecal sample was 

also analyzed for microbiota in a subset of the cohort (n= 233), which revealed a far less 

dysbiotic state as compared to the mucosal microbiota. A further analysis of the effect of 

antibiotic exposure on dysbiosis revealed an amplified dysbiotic state with an abundance 

of Fusobacteriaceae in the terminal ileum and Enterobacteriaceae in the rectum. The 

dysbiosis was reported to be dependent on sample type and location as Pasteurellaceae 

were suppressed in the ileum while Veillonellaceae were suppressed in both the rectum 
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and stool. However, the indication for the use of antibiotics, type of antibiotics and 

duration of antibiotic use could impact on the degree of dysbiosis, which is unclear in this 

study.  

Geevers et al. also observed a pattern of taxon-taxon interaction.(101) Taxa within 

families Enterobacteriaceae, Pasteurellaceae, Veillonellaceae and Fusobacteriaceae 

were found together while Clostridia and Bacteroidetes grouped together. On the basis 

of this observation they calculated the microbial dysbiosis index (MD-I) (the ratio of the 

log of total abundance of organisms increased in CD to the log of total abundance of 

organisms decreased in CD). They found that the MD-I correlated positively with the 

Pediatric Crohn’s Disease Activity Index (PCDAI) and negatively correlated with species 

richness. 

More recently, Assa et al. evaluated the mucosal microbiota from ileal and ileocolonic 

biopsies of 10 patients with CD and compared it to 15 healthy controls.(102) They found 

neither any significant differences in the alpha diversities between patients with CD and 

controls, nor any difference in alpha diversity on the basis of disease location in CD. 

Interestingly they observed that nearly 16 different OTUs associated with F prausnitzii 

were enriched in patients with CD. They also observed that Ruminococcaceae related 

OTUs including Faecalibacterium, Oscillispira and unclassified Ruminococcaceae 

accounted for nearly 55% of the genera enriched in patients with CD. 

It is evident that the mucosal microbiota in pediatric patients with CD is different from non-

IBD children. There is also evidence from sibling studies in adults to suggest that 

dysbiosis precedes the onset of disease, possibly indicating a role in the pathogenesis of 
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CD.(103) However, the current literature is limited by the variation in methodology of 

microbiota analyses, heterogeneity of study populations and small cohorts in case of 

single center studies. Considering the dynamic nature of microbiota, a large single center 

study would provide greater insight into the differences in microbiota between patients 

with CD and non-IBD children. Moreover, it would be interesting to follow changes in 

microbiota during clinical periods of relapse and remission.   

1.6: CD and Serology 

Another interesting aspect of CD is ASCA positivity in 50-60% patients.(104) Anti-

Saccharomyces cerevisiae antibody (ASCA) is an antibody to mannan, a cell wall 

glycoprotein present in yeast. An association between the detection of ASCA and 

diagnosis of CD was identified during the quest for a role for dietary antigens in CD. Main 

et al. were the first to demonstrate a higher incidence of ASCA positivity in patients with 

CD as compared to patients who did not have CD in their study on 55 adult patients.(104) 

Subsequent studies from both adults and children have established a high degree of 

specificity for the diagnosis of CD but poor sensitivity. Barnes et al. reported an incidence 

of 63% ASCA positivity in their cohort of 40 adult patients with CD as compared to 4% 

and 8% positivity respectively in UC patients and controls.(105) Reummele et al. 

confirmed a higher incidence of ASCA positivity in a study of 173 pediatric patients with 

CD.(106) They observed a similar rate of ASCA positivity (55%) in pediatric CD as in adult 

CD.(105, 106) It is generally agreed that ASCA positivity rates vary, ranging from 30 to 

60% in patients with CD, compared to only 5% in the general population.(107) 
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1.6.1: ASCA and Disease Severity 

Some studies have suggested that ASCA titers might be related to disease severity in 

adults, with patients exhibiting a high ASCA titer more likely to run a complicated disease 

course. Ryan et al. analyzed the role of ASCA in predicting a complicated disease course 

in adult patients with CD.(108) They collected paired serum samples for ASCA from 127 

patients with CD at baseline and after 5 years. The data were used to determine outcome 

after a median 9.3 years. Disease phenotype and severity was based on the Montreal 

classification. They observed that ASCA IgG was significantly associated with stricturing/ 

penetrating disease at 9 to 10 years following diagnosis. Some studies have also 

suggested a correlation between ASCA positivity and a higher incidence of surgical 

intervention. Forcione et al. conducted a case-control study to evaluate the role of ASCA 

status as a risk factor for early surgery in adult patients with CD.(109) They collected 

blood samples from 35 patients with CD who had undergone surgery and compared 

ASCA titers to 30 controls who had not undergone a major surgery in the previous 3 

years. They found higher mean ASCA IgA and IgG titers in patients who had undergone 

surgery as compared to those who had not undergone surgery.  

The pediatric literature around the role of ASCA in predicting disease severity and/or the 

need for surgical intervention is variable and inconsistent. Dubinsky et al. observed no 

association between ASCA positive rate and stricturing disease behavior in their study of 

196 pediatric patients with CD.(110) They, however, observed a correlation between 

ASCA positive rate and small bowel disease location. Amre et al. conducted a 

retrospective study on a cohort of 139 patients with CD.(111) They determined the time 

taken to develop the first complication following diagnosis. 25.9% of patients had 
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undergone surgery within 3 years of diagnosis. The occurrence of surgical procedures 

was higher in patients who were ASCA positive. Gupta et al. conducted a multicenter 

study of 989 patients with CD.(112) They collected data on ASCA, ANCA, anti-OmpC and 

based severity of disease on PCDAI. They found a higher rate of surgery in patients who 

were ASCA positive as compared to those who were ASCA negative.  

1.6.2: ASCA and Disease Location 

Bueno de Mesquita et al. studied the association of serological markers with disease 

location, behavior and natural history.(113) Their cohort comprised 99 patients with IBD 

(CD 80; 15 UC; 4 indeterminate colitis) diagnosed before the age of 17 years. 335 healthy 

first-degree relatives and 76 non-IBD controls were also included. They found that 

disease behavior was more susceptible to change over time than disease location after 

a mean follow-up period of 10.7 years. A total of 48% of the patients with CD progressed 

to a complicated disease in the form of strictures and fistulae, with most requiring surgery. 

They noted that the patients who needed surgery more often had an associated 

autoimmune disease and were also ASCA positive.   

There is also some evidence to suggest that disease location and age of the patient can 

influence ASCA positivity. Markowitz et al. studied the influence of age on ASCA serology 

in a multicenter trial of 705 pediatric patients with CD.(114) They observed that an older 

age at diagnosis and small bowel disease independently increased the likelihood of ASCA 

positive serology. Less than 20% of patients younger than 8 years of age at diagnosis 

were ASCA positive in their study.  
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Reummele et al. did not find any correlation between ASCA titer and disease distribution 

in their study of 130 patients with CD.(106) However, they observed a lower ASCA 

positive rate in patients with colonic disease as compared to patients with ileal CD. 

Russell et al. conducted a study on 301 Scottish patients.(115) They observed a 

correlation of ASCA with orofacial granulomatosis but none to any gastrointestinal 

disease distribution. Canani et al. conducted a multicenter study on the effect of disease 

activity on ASCA positive rates in 102 pediatric patients.(116) They observed that medical 

treatment and disease location did not influence assay results. However, mean ASCA 

titers were lower in patients with colonic disease when compared to those with ileocolonic 

disease. 

This variation in results across different studies is possibly related to differences in study 

design and also classification of disease severity. Most of these studies based disease 

severity on clinical parameters, which may or may not fully reflect the disease burden.  

It has been reported in adults that ASCA positivity in individuals without disease can 

predict the future development of CD. Van Schaik et al. collected blood samples and data 

from volunteers registered in the European Prospective Investigative into Cancer and 

nutrition (EPIC) study.(117) They defined time to event by calculating the difference 

between the sampling date and date of diagnosis. Accuracy of serological markers was 

studied from the area under the receiver-operated curve (ROC). They identified 244 

patients with incident IBD at a mean of 4.5 years after sampling. They found that a 

combination of multiple serological markers including pANCA, ASCA IgG, anti-OmpC, 

and anti-CBir1 together had a higher positive predictive value for the diagnosis of both 

CD and UC. 
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1.6.3: Pathogenesis of ASCA positivity 

There is limited understanding around the mechanisms of appearance and 

disappearance of these antibodies, alterations over time, and ability to predict a severe 

disease course – especially in children with IBD. It has been suggested that ASCA 

positivity reflects a loss of tolerance to yeast in CD, resulting in the formation of serum 

antibodies. Giaffer et al. analyzed antibody positivity to different strains of Saccharomyces 

cerevisiae and also in other conditions including UC and celiac disease.(118) They 

observed a higher rate of antibody positivity in CD and celiac disease against both baking 

and brewing strains of Saccharomyces cerevisiae. They suggested that an inflamed, 

more permeable gut wall is conducive to ASCA positivity since small bowel inflammation 

is a common factor in both CD and coeliac disease.  

1.6.4:  ASCA and first-degree relatives 

ASCA have also been identified in 20-30% of healthy relatives of patients with CD, 

suggesting a genetic influence contribution toward ASCA positivity. Standaert-Vitse et al. 

analyzed Candida albicans colonization and ASCA positivity in patients with CD and their 

healthy relatives.(119) They observed an ASCA positivity rate of 72% in patients with CD 

and 30% in their healthy relatives.  

There is limited literature around the factors influencing ASCA positivity and their possible 

role in progression and severity of CD. Small bowel inflammation and genetic 

predisposition cannot explain the variability in positivity rate. Furthermore, it is unclear if 

and how ASCA positivity influences severity of CD. Recent literature has suggested 

dysbiosis in patients with CD. However, variation in microbiome between ASCA positive 
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and ASCA negative patients with CD has been as yet unexplored. It is possible that 

variations in microbiome between patients may influence the development of ASCA. 

Further studies exploring the relation of microbiome and ASCA positivity will perhaps 

provide a missing link in our understanding of the pathogenesis of CD. 
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Table 1.1: Summary table of Studies in Review of literature  (Australian studies have been highlighted in bold text 

S.No Year Authors Journal Title Summary 

History 

1.  2013 Pant, 
Anderson et al 

J Investig Med 
61(6): 1036-1038. 
 

Trends in hospitalizations of children 
with inflammatory bowel disease within 
the United States from 2000 to 2009 

There was a significant increase in the number and 
incidence of hospitalized children with IBD in the United 
States from 2000 to 2009. 

2 1932 Crohn, 
Ginzburg et al 

Journal of the 
American Medical 
Association 99(16): 
1323- 1329. 
 

Regional ileitis; a pathologic and clinical 
entity. 

Burrill B. Crohn and colleagues published a case series 
of 14 patients with terminal ileitis accurately describing 
the clinical features of an entity that they called terminal 
ileitis and is now recognized worldwide as Crohn’s 
Disease. 

Epidemiology 

1. 2011 Cosnes,  
Gower-
Rousseau et 
al 

Gastroenterology 
140(6): 1785-1794 

Epidemiology and natural history of 
inflammatory bowel diseases 

This study discusses increases in the incidence and 
prevalence of inflammatory bowel diseases in the past 
50 years. 

2. 2012 Molodecky, 
Soon et al 

Gastroenterology 
142(1): 46-54 e42; 
quiz e30 

Increasing incidence and prevalence of 
the inflammatory bowel diseases with 
time, based on systematic review. 

Systematic literature search of population-based studies 
on incidence of Crohn’s Disease. Evaluated data from 
167 studies from Europe, Asia and the Middle East and 
North America. 75% of CD studies and 60% of UC 
studies had an increasing incidence of statistical 
significance (P < .05) 

3. 2013 Ng, Tang et al  Gut 64(7): 1063-
1071. 
 

Environmental risk factors in 
inflammatory bowel disease: a 
population-based case-control study in 
Asia-Pacific. 

This study evaluated incidence of CD in Australia and 
South East Asia and determined that CD was becoming 
an increasing health burden in southeast Asia. 

4. 2010 Wilson, Hair 
et al  

Inflamm Bowel Dis 
16(9): 1550-1556 

High incidence of inflammatory 
bowel disease in Australia: a 
prospective population-based 
Australian incidence study. 

This study determined annual incidence of CD in a 
specific Geographical region in Australia (Barwon). 
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S.No Year Authors Journal Title Summary 

5. 2003 Phavichitr, 
Cameron et 
al 

J Gastroenterol 
Hepatol 18(3): 329-
332. 
 

Increasing incidence of Crohn's 
disease in Victorian children. 

This study determined that the incidence of pediatric 
CD from 1971 to 2001 in Melbourne has increased 
14-fold over 3 decades, with 0.128/100,000 children 
diagnosed with CD in 1971 and 2.0/100,000 children 
diagnosed with CD in 2001 

6. 2000 Lindberg, 
Lindquist et al 

J Pediatr 
Gastroenterol Nutr 
30(3): 259-264 

Inflammatory bowel disease in children 
and adolescents in Sweden, 1984-1995 

This study observed a 3-fold increase in pediatric 
patients with ulcerative colitis (UC) but found the rate of 
CD to be static 

7. 2002 Kim and Ferry 
et al 

Curr Probl Pediatr 
Adolesc Health 
Care 32(4): 108-
132. 

Inflammatory bowel diseases in children This study discussed increasing incidence of CD in other 
parts of Europe.  

8. 2009 Jakobsen, 
Paerregaard 
et al.  

Eur J Gastroenterol 
Hepatol 21(11): 
1291-1301 

Pediatric inflammatory bowel disease 
during a 44-year period in Copenhagen 
county: occurrence, course and 
prognosis--a population-based study 
from the Danish Crohn colitis database 

15-fold increase in the incidence of CD in Danish 
children under the age of 15 years in the period between 
1998-2006 when compared to the incidence of CD from 
1962 to 1987 

9. 2001 Armitage, 
Drummond et 
al 

Eur J Gastroenterol 
Hepatol 13(12): 
1439-1447 

Increasing incidence of both juvenile-
onset Crohn's disease and ulcerative 
colitis in Scotland 

12-16 year old males from 4.7 to 7.4 per 10,000 patients 
and 3.4 to 6.0 per 10,000 females with CD. 

10. 2011 Benchimol, 
Fortinsky et al 

Inflamm Bowel Dis 
17(1): 423-439. 

Epidemiology of pediatric inflammatory 
bowel disease: a systematic review of 
international trends. 

Systematic review of research describing the 
epidemiology of childhood-onset IBD to assess changes 
in incidence rates over time and to evaluate international 
differences. Globally rising rates of pediatric IBD was 
demonstrated in both developed and developing nations; 
however, most countries lack accurate estimates. 

11. 2009 Benchimol, 
Guttmann et al 

Gut 58(11): 1490-
1497 

Increasing incidence of pediatric 
inflammatory bowel disease in Ontario, 
Canada: evidence from health 
administrative data. 

This is a population-based clinical database of patients 
with IBD aged <15 years. Statistically significant 
increases in incidence were noted in 0 to 4 year-olds 
(5.0%/year, p = 0.03) and 5 to 9 year-olds (7.6%/year, 
p<0.0001), but not in 10-14 or 15 to 17 year-olds. 
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S.No Year Authors Journal Title Summary 

12. 2010 Malaty, Fan et 
al 

J Pediatr 
Gastroenterol Nutr 
50(1): 27-31 

Rising incidence of inflammatory bowel 
disease among children: a 12-year 
study 

Retrospective investigation of a cohort of children 
diagnosed with IBD between 1991 and 2002 who were 
registered in the IBD center at Texas Children's Hospital. 
The results demonstrated a rising incidence of IBD 
among children with evidence of more CD than UC. 

13. 2014 Lovasz, 
Lakatos et al 

Dig Liver Dis 46(5): 
405-411 

Incidence rates and disease course of 
pediatric inflammatory bowel diseases 
in Western Hungary between 1977 and 
2011 

Significant increase in incidence of CD in their 
population-based study from Hungary. Incidence of CD 
increased from 0/100,000 person years in 1977 to 
7.2/100,000 person years in 2011 

14. 2014 Urlep, Blagus 
et al 

Biomed Res Int 
2015: 921730 

Incidence trends and geographical 
variability of pediatric inflammatory 
bowel disease in Slovenia: A nationwide 
study. 

Population-based study from Slovenia reported an 
increase in the incidence of CD from 3.6/100,000 people 
to 4.6/100,000 people from 2002 to 2010 

15. 2013 Wang, Zhang 
et al 

Inflamm Bowel Dis 
19(2): 423-428 

Inflammatory bowel disease in Chinese 
children: a multicenter analysis over a 
decade from Shanghai. 

Decade long multicenter, retrospective trial conducted in 
Shanghai, China has also showed an increase in the 
incidence of IBD from 0.517/106 populations in 2001 to 
6.1/106 population in 2010 

16. 2016 Malekzadeh, 
Vahedi et al 

Arch Iran Med 
19(1): 2-15 

Emerging epidemic of inflammatory 
Bowel Disease in a middle-income 
country: A nation-wide study from Iran. 

Increasing incidence of both UC and CD in Iran. They 
found that the incidence of IBD had increased from 
0.62/100,000 populations in 1990 to 3.11/100,000 
population in 2012. 

17. 2014 El Mouzan, 
Saadah et al 

Inflamm Bowel Dis 
20(6): 1085-1090 

Incidence of pediatric inflammatory 
bowel disease in Saudi Arabia: a 
multicenter national study. 

A significant increase in the incidence of CD in the older 
age groups in the years 2008-2012 as compared to the 
period ranging from 2003- 2007 was observed. They 
also observed a significant decrease in the incidence of 
CD in the younger age group in the years ranging from 
2008- 2012. 
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S.No Year Authors Journal Title Summary 

Etiology- Genetics 

1. 2000 Orholm, 
Binder et al 

Scand J 
Gastroenterol 
35(10): 1075-1081 

Concordance of inflammatory bowel 
disease among Danish twins. Results of 
a nationwide study. 

Positive family history and the 50% concordance rate for 
CD in monozygotic twins 

2. 2011 Lees, Barrett 
et al 

Gut 60(12): 1739-
1753 

New IBD genetics: common pathways 
with other diseases 

Genome wide association studies have demonstrated at 
least 200 IBD associated loci, including 136 shared loci 
between CD and UC, 37 loci specific for CD and 27 for 
UC. 

3. 2012 Jostins, Ripke 
et al 

Nature 491(7422): 
119-124 

Host-microbe interactions have shaped 
the genetic architecture of inflammatory 
bowel disease 

Although more than 163 genetic loci have been 
associated with CD, a number of them are from the non-
coding regions of the DNA and only account for a small 
variation in disease risk. 

4. 2016 Li, Wei et al Inflamm Bowel Dis 
22(7): 1540-1551 

Pathway-based genome-wide 
association studies reveal the 
association between growth factor 
activity and inflammatory bowel disease 

Meta-analysis of 5 CD cohorts of European and 
replication studies in an independent cohort genotyped 
on the Immunochip and in another pediatric cohort of 
European ancestry. Found significant associations 
involving genes in growth factor signaling for CD. This 
result was replicated in 2 independent cohorts of 
European ancestry. 

5. 2001 Ogura, Bonen 
et al  

Nature 411(6837): 
603-606 

A frameshift mutation in NOD2 
associated with susceptibility to Crohn's 
disease. 

The first gene implicated in susceptibility to CD was the 
Nucleotide binding oligomerization protein-2 (NOD2) 
gene also called Caspase recruitment domain containing 
protein-15 (CARD 15) or inflammatory bowel disease 
protein 1 (IBD1) 6. 2005 McGovern, 

Hysi et al 
Hum Mol Genet 
14(10): 1245-1250 

Association between a complex 
insertion/deletion polymorphism in 
NOD1 (CARD4) and susceptibility to 
inflammatory bowel disease.  

7. 2006 Kufer, Banks 
et al 

Ann N Y Acad Sci 
1072: 19-27 

Innate immune sensing of microbes by 
Nod proteins. 

Located on chromosome 16 and recognizes bacterial 
muramyl dipeptide and regulates immune response to 
bacteria. 

8. 2007 Ponsky, Hindle 
et al 

Surg Clin North Am 
87(3): 643-658 

Inflammatory bowel disease in the 
pediatric patient. 



41 

S.No Year Authors Journal Title Summary 

9. 2003 Cavanaugh, 
Adams et al 

Ann Hum Genet 
67( 1): 35-41 

CARD15/NOD2 risk alleles in the 
development of Crohn's disease in 
the Australian population 

This study examined the frequency of risk alleles 
(Arg702Trp (C/T), Gly908Arg (G/C) and 980fs981 (-/C) 
in 205 multiplex IBD families, 107 CD cases and 409 
normal individuals. Demonstrated that the three risk 
alleles are more frequent in CD, than in controls. 

10. 2005 Newman, 
Siminovitch et 
al 

Curr Opin 
Gastroenterol 
21(4): 401-407 

Recent advances in the genetics of 
inflammatory bowel disease. 

The article discusses current information on the relation 
between CARD15 variants and Crohn disease and the 
discoveries of SLC22A4/SLC22A5 and DLG5 gene 
variants. 

11. 2002 Ahmad, 
Armuzzi et al 

Gastroenterology 
122(4): 854-866 

The molecular classification of the 
clinical manifestations of Crohn's 
disease. 

Loss of function variants of the NOD2 gene has been 
associated with an increased susceptibility to CD 
especially small bowel disease 

12. 2002 Lesage, Zouali 
et al 

Am J Hum Genet 
70(4): 845-857 

CARD15/NOD2 mutational analysis and 
genotype-phenotype correlation in 612 
patients with inflammatory bowel 
disease.  

13. 2005 McGovern, 
Hysi et al 

Hum Mol Genet 
14(10): 1245-1250 

Association between a complex 
insertion/deletion polymorphism in 
NOD1 (CARD4) and susceptibility to 
inflammatory bowel disease.  

14. 2013 Marcuzzi, 
Bianco et al 

Biomed Res Int 
2013: 297501 

Genetic and functional profiling of 
Crohn's disease: autophagy mechanism 
and susceptibility to infectious diseases. 

15. 2009 Brand Gut 58(8): 1152-
1167 

Crohn's disease: Th1, Th17 or both? 
The change of a paradigm: new 
immunological and genetic insights 
implicate Th17 cells in the pathogenesis 
of Crohn's disease 

This study discusses the role of IL23R and five additional 
genes involved in Th17 differentiation (IL12B, JAK2, 
STAT3, CCR6 and TNFSF15) that are associated with 
susceptibility to Crohn's disease. 
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S.No Year Authors Journal Title Summary 

16. 2010 Franke, 
McGovern,  
Barrett et al 

Nat Genet 42(12): 
1118-1125 

Genome-wide meta-analysis increases 
to 71 the number of confirmed Crohn's 
disease susceptibility loci 

Meta-analysis of six Crohn's disease genome-wide 
association studies (GWAS). Identified 30 new 
susceptibility loci meeting genome-wide significance. 
Combined with previously confirmed loci, these results 
identified 71 distinct loci for association with Crohn's 
disease. 

17. 2008 Franke, 
Balschun et al 

Nat Genet 40(11): 
1319-1323 

Sequence variants in IL10, ARPC2 and 
multiple other loci contribute to 
ulcerative colitis susceptibility. 

Twenty of the most significantly associated SNPs were 
tested for replication in three independent European 
case-control panels. SNP rs3024505 immediately 
flanking the IL10 (interleukin 10) gene on chromosome 
1q32.1 showed the most significant association.  

18. 2010 Franke, 
Balschun et al 

Nat Genet 42(4): 
292-294 

Genome-wide association study for 
ulcerative colitis identifies risk loci at 
7q22 and 22q13 (IL17REL) 

Performed a genome-wide association analysis in 1,043 
German ulcerative colitis (UC) cases and 1,703 controls. 
Discovered new associations at chromosome 7q22 
(rs7809799), chromosome 22q13 in IL17REL 
(rs5771069) and confirmed these associations in six 
replication panels from different regions of Europe. 

19. 2010 Lacher,  
Helmbrecht,  
Schroepf et al 

J Pediatr Surg 
45(8): 1591-1597 

NOD2 mutations predict the risk for 
surgery in pediatric-onset Crohn's 
disease. 

Investigated the effect of three common mutations of the 
NOD2/CARD15 on disease manifestation and the risk of 
surgery in a cohort of German childhood-onset patients 
with CD. NOD2 mutations were highly associated with 
CD and stricturing behavior and also confer a risk for 
isolated ileal disease. 

20.  2013 Posovszky, 
Pfalzer et al 

BMC Gastroenterol 
13: 77 

Age-of-onset-dependent influence of 
NOD2 gene variants on disease 
behavior and treatment in Crohn's 
disease. 

Tested 85 pediatric and 117 adults with CD for the 
presence of 3 common NOD2 variant alleles; found that 
44% of the pediatric and 42% of adult patients with CD 
had  at least 1 of the 3 NOD2 variants; presence of any 
of the NOD2 variant genes predisposd the patients 
towards higher disease activity, younger age of onset 
and higher risk of osteoporosis. 
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S.No Year Authors Journal Title Summary 

21. 2018 Denson, 
Jurickova et al. 

Gastroenterology 
154(8): 2097-2110 

Clinical and genomic correlates of 
neutrophil reactive oxygen species 
production in pediatric patients with 
Crohn's Disease. 

Tested for associations between mutations in genes 
encoding reduced nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidases, neutrophil function, and 
phenotypes of CD in pediatric patients. Identified 26 
missense mutations. Patients with CD who carried 
mutations in these genes were 3-fold more likely to have 
perianal disease and stricturing complications.  

22. 2017 Palmieri,  
Bossa et al. 

PLoS One 12(1): 
e0168821 

Crohn's Disease localization displays 
different predisposing genetic variants. 

Genetic markers, previously shown to be associated with 
inflammatory bowel disease (IBD), were tested in 
patients with CD with the aim to understand the genetic 
relationship between ileal, ileocolonic and colonic CD 
and determine whether a different genetic background 
would support the three disease sites as independent 
entities.  

23. 2016 Krupoves, 
Seidman et al 

Inflamm Bowel Dis 
15(6): 900-908 

Associations between ABCB1/MDR1 
gene polymorphisms and Crohn's 
disease: a gene-wide study in a 
pediatric population. 

Case-control study conducted at 3 gastroenterology 
clinics across Canada. Nominal association between 
SNPs rs10242480 and rs2034583 and colonic location of 
CD was observed. Nominal association with stricturing 
and/or penetrating disease was also observed with 
SNPs rs1128503, rs1202184, rs1202186, rs2091766 
and rs2235046. 

24. 2016 Bouzidi, 
Mesbah-
Amroun et al. 

Pediatr Res 80(6): 
837-843 

Association between MDR1 gene 
polymorphisms and the risk of Crohn's 
disease in a cohort of Algerian pediatric 
patients. 

Case-control study with 47 pediatric patients with CD 
and 100 controls. Significantly higher frequency of risk 
alleles, 1236T and 2677T/A observed among patients 
with CD compared to controls.  

25. 2013 Marcuzzi, 
Bianco et al 

Biomed Res Int 
2013: 297501 

Genetic and functional profiling of 
Crohn's disease: autophagy mechanism 
and susceptibility to infectious diseases. 

ATG16L1 is reported to be essential for autophagy. 
Coding mutation T300A is associated with an increased 
risk of CD. 

26. 2008 Miller, Zhao et 
al. 2008 

Autophagy 4(3): 
309-314 

The autophagy gene ATG5 plays an 
essential role in B lymphocyte 
development."  

ATG16L1 deficient mice showed paneth cell dysfunction 
similar to paneth cell phenotype observed in patients 
with CD; the mouse model required the presence of 
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S.No Year Authors Journal Title Summary 

27. 2010 Homer, 
Richmond et 
al. 

Gastroenterology 
139(5): 1630-1641, 
1641 e1631-1632 

ATG16L1 and NOD2 interact in an 
autophagy-dependent antibacterial 
pathway implicated in Crohn's disease 
pathogenesis. 

commensal bacteria and murine norovirus infection to 
generate these specific paneth cell abnormalities 

28. 2016 Yang, Hong, 
Oh et al. 

Gastroenterology 
151(6): 1096-1099 
e1094 

Identification of loci at 1q21 and 16q23 
that affect susceptibility to inflammatory 
bowel disease in Koreans 

Genome-wide association study of susceptibility loci in 
Korean individuals, comprising a total of 1505 IBD 
patients and 4041 controls. Identified 2 new susceptibility 
loci for IBD at genome-wide significance. 

29. 2018 Hong, Yang et 
al. 

J Crohns Colitis 
12(6): 730-741 

Immunochip Meta-Analysis of 
inflammatory bowel disease identifies 
three novel loci and four novel 
associations in previously reported loci 

Performed Meta-ANalysis of TRans–ethnic Association 
studies: MANTRA in which they included all the 
published immunochip association results on IBD. 
Identified three novel susceptibility loci at MYO10-
BASP1 for IBD, PP2R3C/KIAA0391/PSMA6/NFKB1A 
and LRRK1 for CD and four novel associations within 
previously known loci at NCF4, TSPAN32, CIITA and 
VANGL2. 

30 2016 Chuang, 
Villaverde et 
al. 

Gastroenterology 
151(4): 710-723 
e712 

A frameshift in CSF2RB predominant 
among Ashkenazi Jews increases risk 
for Crohn's Disease and reduces 
monocyte signaling via GM-CSF. 

Exome sequencing and array-based genotype analysis 
of 1477 Ashkenazi Jewish individuals with CD and 2614 
Ashkenazi Jewish individuals without CD to identify rare, 
CD associated frameshift variants of high functional and 
statistical effects. Observed an association of CD with a 
frameshift mutation in CSF2RB. 

31 2013 Wagner, 
Skinner et al 

Med Microbiol 
Immunol 202(4): 
267-276 

TLR4, IL10RA, and NOD2 mutation in 
pediatric Crohn's disease patients: 
an association with Mycobacterium 
avium subspecies paratuberculosis 
and TLR4 and IL10RA expression 

Study on pediatric patients with CD and 48 non-IBD 
controls an association between TLR4 (rs4986790) 
and IL10RA mutation (rs2229113) and the presence 
of MAP infection. A mutation in TLR4 (rs4986790) 
and IL10RA (rs22291130) was significantly 
associated with MAP-positive patients with CD 
compared to MAP-negative patients with CD. 

32 2016 Li, Wei et al Inflamm Bowel Dis 
22(7): 1540-1551 

Pathway-based Genome-wide 
Association Studies Reveal the 
Association Between Growth Factor 
Activity and Inflammatory Bowel 
Disease. 

This study employed pathway-based approaches to 
identify genes that cooperatively make contributions to 
the genetic etiology of CD. Found significant 
associations involving genes in growth factor signaling 
for CD.  
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33 2013 Wagner, 
Catto-Smith 
et al. 

Inflamm Bowel 
Dis 19(4): E58-59 

Pseudomonas infection in children 
with early-onset Crohn's disease: an 
association with a mutation close to 
PSMG1. 

Heterozygous form of SNP rs2836878 was observed 
more frequently in Pseudomonas positive pediatric 
patients with CD as compared to Pseudomonas 
negative pediatric patients with CD. 

Etiology- Environmental Factors 

1. 2016 Niewiadoms, 
Studd et al. 
2016 

Intern Med J 46(6): 
669-676 

Influence of food and lifestyle on the 
risk of developing inflammatory 
bowel disease. 

IBD in Victoria, Australia - frequent fast food intake 
was associated with an increased risk of developing 
CD, whereas higher caffeine intake apeared to afford 
some protection against developing CD.  

2. 2015 Ng, Tang et al. 
2015 

Gut 64(7): 1063-
1071. 

Environmental risk factors in 
inflammatory bowel disease: a 
population-based case-control study in 
Asia-Pacific. 

186 adult patients with CD and 940 healthy controls from 
eight Asian countries and Australia. A protective effect of 
prolonged breast feeding, childhood antibiotic use, pet 
dogs and aquarium fish was observed. 

3. 2013 Biedermann, 
Zeitz et al. 
2013 

PLoS One 8(3): 
e59260 

Smoking cessation induces profound 
changes in the composition of the 
intestinal microbiota in humans. 

This study investigated the role of smoking cessation on 
intestinal microbiota in 10 healthy human subjects. They 
observed an increase in microbial diversity; an increase 
in Firmicutes and Actinobacteria and a decrease in 
Proteobacteria and Bacteroidetes. 

4. 2004 Card, Logan 
et al 

Gut 53(2): 246-250 Antibiotic use and the development of 
Crohn's disease 

The study explored the relationship of antibiotic use with 
Crohn’s Disease prospectively. Data from 587 patients 
with CD and 1460 controls suggested an association of 
CD with prior antibiotic use. 
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5. 2011 Hviid, 
Svanstrom et 
al.  

Gut 60(1): 49-54 Antibiotic use and inflammatory bowel 
diseases in childhood. 

Antibiotic users were 1.84 times more likely to be 
diagnosed with IBD than non users. The risk of 
developing IBD was observed to be highest in the 3 
months following a course of antibiotics among children 
receiving more than 7 courses of antibiotics. 

6. 2004 Klement, 
Cohen et al 

Am J Clin Nutr 
80(5): 1342-1352 

Breastfeeding and risk of inflammatory 
bowel disease: a systematic review with 
meta-analysis. 

This meta-analysis explored the role of breast-feeding in 
preventing the development of CD. A total of 17 studies 
were included. It was concluded that breast feeding 
supports a lower risk of CD and UC. 

7. 2010 Gearry, 
Richardson et 
al. 

J Gastroenterol 
Hepatol 25(2): 325-
333 

Population-based cases control study of 
inflammatory bowel disease risk factors. 

Confirmed an increased risk of IBD in patients with a 
family history of IBD, caucasian ethnicity and urban 
dwelling in their population based case-control study of 
1290 adult patients with CD and 600 controls on 
environmental factors in IBD conducted in Canterbury, 
New Zealand. 

8. 2010 Han, Fraser et 
al. 

Mutat Res 690(1-2): 
116-122 

Environmental factors in the 
development of chronic inflammation: a 
case-control study on risk factors for 
Crohn's disease within New Zealand. 
 

315 adult patients with CD and 536 controls in the North 
Island New Zealand; positive correlation of family history 
of IBD to the development of IBD later in life. 

9. 2016 Niu, Miao et 
al. 2016 

PLoS One 11(4): 
e0153524 

Identification of environmental factors 
associated with inflammatory bowel 
disease in a southwestern highland 
region of China: A nested case-control 
study. 

No protective effect on the development of IBD of breast 
feeding or consumption of vegetables was observed in 
this population.  
 

10. 2003 Fanaro, 
Chierici et al 

Acta Paediatr Suppl 
91(441): 48-55 

Intestinal microflora in early infancy: 
composition and development. 

Review article on gut microbiota composition in young 
infants. The review observed that Enterococcus faecalis, 
E coli, Enterobacter cloacae, Klebsiella pneumoniae, 
Staphylococcus epidermidis and Staphylococcus 
haemolyticus are predominant species.  
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11. 2007 Hanson et al Proc Nutr Soc 
66(3): 384-396 

Session 1: Feeding and infant 
development breast-feeding and 
immune function 

This review discusses the anti-inflammatory properties of 
breast milk. 

12. 2015 Lee, 
Albenberg et 
al 

Gastroenterology 
148(6): 1087-1106 

Diet in the pathogenesis and treatment 
of inflammatory bowel diseases. 

Review article on possible role of diets in the 
pathogenesis and management of CD. 

13. 2013 Jakobsen, 
Paerregaard 
et al 

J Crohns Colitis 
7(1): 79-88 

Environmental factors and risk of 
developing pediatric inflammatory bowel 
disease -- a population-based study 
2007-2009. 

Observed that IBD in first degree relatives, bedroom 
sharing, prior hospital admission for gastrointestinal 
infections and white bread consumption were risk factors 
for development of IBD. Wholemeal bread and more 
than daily vegetable consumption associated with a 
decreased risk of IBD. 

14. 2016 Monteleone, 
Marafini et al 

J Crohns Colitis 
11(2): 237-245 

Sodium chloride-enriched Diet 
Enhanced Inflammatory Cytokine 
Production and Exacerbated 
Experimental Colitis in Mice. 

Exacerbation of colitis in mice with sodium chloride 
enriched diet, and also an increase in the production of 
proinflammatory cytokines in the lamina propria cells of 
the intestine in vitro in a sodium chloride enriched 
environment. 

15. 2016 Agus, Denizot 
et al 

Sci Rep 6: 19032. 
 

Western diet induces a shift in 
microbiota composition enhancing 
susceptibility to Adherent-Invasive E coli 
infection and intestinal inflammation 

This study evaluated the impact of a HF/HS diet in mice 
for gut micro-inflammation, microbiome composition and 
selection of E coli. They observed a reduced expression 
of SCFA receptor in HF/HS fed mice. They also 
observed the development of a pro inflammatory 
environment and microbial dysbiosis in this cohort of 
mice. 

16. 2015 Chassaing, 
Koren et al. 

Nature 519(7541): 
92-96 

Dietary emulsifiers impact the mouse 
gut microbiota promoting colitis and 
metabolic syndrome. 

This study demonstrated that relatively low 
concentrations of two commonly used dietary emulsifiers 
can induce low grade inflammation in wild type mice and 
colitis in predisposed mice. 

17. 2016 Hwang, Kwak 
et al 

J Crohns Colitis 
10(9): 1024-1032. 

Influence of a Positive Family History on 
the Clinical Course of Inflammatory 
Bowel Disease 
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18. 1998 Duggan, 
Usmani et al 

Gut 43(4): 494-498 Appendicectomy, childhood hygiene, 
Helicobacter pylori status, and risk of 
inflammatory bowel disease: a case-
control study 

This study demonsrtated an inverse relationship 
between previous appendectomy and ulcerative colitis. It 
also examined the relation between childhood domestic 
hygeine, H Pylori infection, hot water supply with 
subsequent development of CD and UC. 

19. 2011 Nerich, 
Jantchou et al 

Aliment Pharmacol 
Ther 33(8): 940-945 

Low exposure to sunlight is a risk factor 
for Crohn's disease."  

Sunshine exposure to development of CD- significantly 
lower rate of CD was observed in areas with high sun 
exposure and a higher rate of CD in areas with low sun 
exposure. 

20. 2015 Holmes, Xiang 
et al 

Inflamm Bowel Dis 
21(4): 809-817 

Variation in incidence of pediatric 
Crohn's disease in relation to latitude 
and ambient ultraviolet radiation: a 
systematic review and analysis. 

Systematic review of all population-based studies on 
pediatric CD and evaluated the ultraviolet radiation at the 
location - Increase in the annual incidence of pediatric 
CD by 0.23 cases per 100,000 population for every ten 
degree increase in latitude. 

21. 2016 Davison, 
Kehaya et al 

Am J Lifestyle Med 
10(3): 152-169 

Nutritional and physical activity 
interventions to improve immunity 

This review discusses the role of regular physical 
exercise in improving immnity also the possible role of 
nutritional supplementation. 

22. 2014 Shaw, Nugent 
et al. 

Clin Gastroenterol 
Hepatol 12(2): 277-
282 

Association between spring season of 
birth and Crohn's disease 

Possible association between season of birth and CD - 
significantly higher number of males with CD were born 
in Spring. 

23. 2012 Disanto, 
Chaplin et al.  

BMC Med 10: 69 Month of birth, vitamin D and risk of 
immune-mediated disease: a case-
control study. 

Case-control study looking at month of birth and immune 
mediated disease in British and Scottish population- a 
peak in the number of births of patients with an immune 
mediated disorder other than CD in April. 
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24. 2016 Hoarau, 
Mukherjee et 
al 

Inflamm Bowel Dis 
21(4): 809-817 

Variation in incidence of pediatric 
Crohn's disease in relation to latitude 
and ambient ultraviolet radiation: a 
systematic review and analysis. 

Sequenced the gut microbiome and mycobiome in 
patients with CD and their non-CD first-degree relatives 
in 9 familial clusters living in Northern France and 
Belgium and compared them to healthy individuals from 
4 unrelated families living in the same area. Observed 
that the microbiome in patients with CD and their first 
degree relatives was significantly different from that of 
unrelated healthy individuals residing in the same 
geographical region. 

CD- Microbiome- History 

1. 2008 Sokol, Pigneur 
et al 

Proc Natl Acad Sci 
U S A 105(43): 
16731-16736 

F prausnitzii is an anti-inflammatory 
commensal bacterium identified by gut 
microbiota analysis of Crohn disease 
patients. 

Immune activation along with microbiome dysbiosis in a 
genetically primed gut can trigger chronic inflammation 

2. 2014 Michael 
Madigan et al 

Brock’s Biology of 
Microorganisms 
14th edition 
Chapter 23.4 

Brock’s Biology of microorganisms  Human intestine harbors nearly 1011 organisms/g of 
tissue 

3. 1978 Keighley, 
Arabi et al. 
1978) 

Gut 19(12): 1099-
1104 

Influence of inflammatory bowel disease 
on intestinal microflora. 

Cultured the intestinal fluid from resection specimens of 
CD and UC patients and compared them to controls who 
were patients undergoing resection for peptic ulcer 
disease or having cholecystectomy. They found an 
increased concentration of E coli, Bacteroides fragilis 
and Veillonella in CD as compared to controls 
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4. 1991 Rutgeerts, 
Goboes et al 

Lancet 338(8770): 
771-774 

Effect of fecal stream diversion on 
recurrence of Crohn's disease in the 
neoterminal ileum 

Diversion of fecal stream leads to improvement in CD, 
and colonic CD responds to antibiotic use 

5. 1985 Harper, Lee et 
al 

Gut 26(3): 279-284 Role of the fecal stream in the 
maintenance of Crohn's colitis. 

Infusion of ileostomy effluent into a defunctioned colon of 
patients with CD colitis who had been treated with split 
ileostomy led to an exacerbation of symptoms of CD 

6. 1981 Onderdonk, 
Franklin et al 

Infect Immun 32(1): 
225-231 

Production of experimental ulcerative 
colitis in gnotobiotic guinea pigs with 
simplified microflora 

Demonstrated the development of colitis in guinea pigs 
by association with Bacteroides vulagtus irrespective of 
carrageenan treatment 

7. 1996 Rath, Herfarth 
et al 

J Clin Invest 98(4): 
945-953 

Normal luminal bacteria, especially 
Bacteroides species, mediate chronic 
colitis, gastritis, and arthritis in HLA-
B27/human beta2 microglobulin 
transgenic rats 

Demonstrated the development of colitis in HLA B27 
transgenic mice with a defined bacterial cocktail 
containing Bacteroides sp. Colitis did not develop in non-
transgenic and germ-free mice 

8. 2000 Kishi, 
Takahashi et 
al 

J Immunol 165(10): 
5891-5899 

Alteration of V beta usage and cytokine 
production of CD4+ TCR beta beta 
homodimer T cells by elimination of 
Bacteroides vulgatus prevents colitis in 
TCR alpha-chain-deficient mice. 

Development of colitis following rectal administration of 
Bacteroides vulgatus in TCR -alpha -/- mice 

9. 2003 Waidmann, 
Bechtold et al 

Gastroenterology 
125(1): 162-177 

Bacteroides vulgatus protects against E 
coli-induced colitis in gnotobiotic 
interleukin-2-deficient mice. 

Demonstrated the development of colitis by a non-
pathogenic strain of E coli (E  coli mpk) in IL-2 deficient 
germ free mice. Colitis did not develop if E coli mpk was 
co-administered with Bacteroides vulgatus 

10 2016 Koppel, 
Balskus et al 

Cell Chem Biol 
23(1): 18-30 

Exploring and understanding the 
biochemical diversity of the human 
microbiota. 

Metagenomics provides information on the complete 
gene content of communities - both functional and 
taxonomic markers. This profiling of human associated 
microbial communities can reveal links between 
microbiome and host physiology and pathology 
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CD- Microbiome- Sample 

1. 2015 DeCruz, Kang 
et al 

 J Gastroenterol 
Hepatol 30(2): 268-
278 

Association between specific 
mucosa-associated microbiota in 
Crohn's disease at the time of 
resection and subsequent disease 
recurrence: a pilot study."  

Mucosa-associated microbiota (MAM) are different 
from fecal associated microbiota (FAM) and 
contribute to ongoing inflammation 

2. 2006 Manichanh, 
Rigottier-Gois 
et al 

Gut 55(2): 205-211 Reduced diversity of fecal microbiota in 
Crohn's disease revealed by a 
metagenomic approach 

Compared the FAM in 6 patients with small bowel 
disease in remission to 6 healthy volunteers by 
screening the two DNA libraries for the bacterial 16s 
rRNA gene by DNA hybridization.  4 predominant groups 
that included Bacteroidetes, Firmicutes, Actinobacteria 
and Proteobacteria could account for all the molecular 
species recovered. Patients with CD had a decreased 
microbial diversity. Clostridium leptum group was 
depleted in patients with CD.  

3. 2014 Wills, Jonkers 
et al 

PLoS One 9(3): 
e90981. 

Fecal microbial composition of 
ulcerative colitis and Crohn's disease 
patients in remission and subsequent 
exacerbation 

Observed some variation in relative abundance of 
certain microbial groups; no difference in presence or 
relative abundance of any particular species or groups in 
association with disease exacerbation or remission. First 
prospective study to evaluate longitudinal variation in 
fecal microbiota in IBD patients in association with 
disease exacerbation or remission. 

4. 2012 Kaakoush, 
Day et al 

J Clin Microbiol 
50(10): 3258-3266 

Microbial dysbiosis in pediatric 
patients with Crohn's disease. 

Newly diagnosed pediatric patients with CD - 
enrichment of Bacteroidetes and Proteobacteria 
along with a depletion of Firmicutes in patients with 
CD. Observed a correlation in the detection 
frequency of Bacteroidetes and Firmicutes with the 
pediatric Crohn’s disease activity index (PCDAI) 

5. 2016 Shaw, Bertha 
et al 

Genome Med 8(1): 
75 

Dysbiosis, inflammation, and response 
to treatment: a longitudinal study of 
pediatric subjects with newly diagnosed 
inflammatory bowel disease. 

Prospective, longitudinal study on fecal microbiota in 
Pediatric Crohn’s Disease in 15 CD and 4 UC patients - 
Akkermansia, Fusobacteria, Veillonella were more 
abundant in non-responders; F prausnitzii were 
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decreased in non-responders and Coprococci were 
diminished in cases.  

CD Microbiome- Fecal Microbiome with EEN 

1. 2005 Lionetti, 
Callegari et al.  

J Parenter Enteral 
Nutr 29(4 Suppl): 
S173-175; 
discussion S175-
178, S184-178 

Enteral nutrition and microflora in 
pediatric Crohn's disease. 

Investigated the effect of enteral nutrition on fecal 
microbiota in patients with CD in 2005 using 
Temperature Gradient Gel Electrophoresis (TGGE); fecal 
microbiota remained stable in healthy children over an 8-
week period it differed significantly from children with 
CD.  

2. 2008 Leach, 
Mitchell et al 

Aliment Pharmacol 
Ther 28(6): 724-733 

Sustained modulation of intestinal 
bacteria by exclusive enteral 
nutrition used to treat children with 
Crohn's disease. 

Analyzed the fecal microbiota in 6 pediatric patients 
with CD receiving EEN and compared them to 7 
healthy controls; bacterial diversity based on PCR-
DGGE banding profile in patients with CD was 
similar to controls at diagnosis however, it 
significantly decreased following treatment with EEN 
as compared to controls. 

3. 2013 D'Argenio, 
Precone et al.  

Am J Gastroenterol 
108(5): 851-852 

An altered gut microbiome profile in a 
child affected by Crohn's disease 
normalized after nutritional therapy. 

A single case of patient with CD- a significantly low 
Shannon diversity in the group of patients with CD 
before treatment; which improved and became similar to 
the healthy child after treatment with EEN. They also 
reported that the ileal microbiome became similar to that 
form the healthy child after treatment with EEN 

4. 2014 Gerasimidis, 
Bertz et al 

Inflamm Bowel Dis 
20(5): 861-871 

Decline in presumptively protective gut 
bacterial species and metabolites are 
paradoxically associated with disease 
improvement in pediatric Crohn's 
disease during enteral nutrition. 

Children with CD had a lower concentration of 
Bifidobacteria, members of Clostridium leptum group and 
F prausnitzii before and after commencing EEN. 
However, E coli was enriched in patients with CD. A 
decrease in bacterial diversity and richness was also 
observed whilst on EEN; which increased after the 
patients returned to their habitual diet 

5. 2015 Quince, Ijaz et 
al 

Am J Gastroenterol 
110(12): 1718-1729; 
quiz 1730 

Extensive modulation of the fecal 
metagenome in children with crohn's 

Higher Shannon diversity and richness in controls as 
compared to patients with CD. This was noted to 
decrease further in patients with CD on treatment with 



53 

S.No Year Authors Journal Title Summary 

disease during exclusive enteral 
nutrition 

EEN and recover on resumption of habitual diet after 
cessation of EEN. 

6. 2016 Guinet-
Charpentier, 
Lepage et al 

Gut 66(1):194-95 Effects of enteral polymeric diet on gut 
microbiota in children with Crohn's 
disease. 

Reported significant variation of fecal microbiota with 
both partial and exclusive enteral nutrition in their 
observational study of 34 pediatric patients with CD; 
decrease in the abundances of Dialister, Blautia and 
unclassified Ruminococcaceae in patients on partial 
enteral nutrition as compared to those on no enteral 
nutrition 

CD Microbiome- Mucosal Microbiome 

1. 2006 Conte, 
Schippa et al 

Gut 55(12): 1760-
1767 

Gut-associated bacterial microbiota in 
pediatric patients with inflammatory 
bowel disease. 

Biopsies from ileum, cecum and rectum were analyzed; 
Gram negative bacteria; members of the 
Enterobacteriacae family including E coli, Klebsiella and 
Proteus comprised 52% of the culture isolates from ileal 
mucosa of patients with CD while only E coli was noted 
in ileal mucosa of control biopsies 

2. 2012 Hansen, 
Russell et al 

Am J Gastroenterol 
107(12): 1913-1922 

Microbiota of de novo pediatric IBD: 
increased F prausnitzii and reduced 
bacterial diversity in Crohn's but not in 
ulcerative colitis. 

Mucosal microbiota via quantitative RT-PCR from colonic 
biopsies of 25, treatment-naïve IBD (CD-13; UC-12).  
They observed a significant reduction in alpha diversity 
in patients with CD as compared to controls; increased 
abundance of F prausnitzii in colonic biopsies from 
patients with CD.  

3. 2013 Hansen, Berry 
et al 

PLoS One 8(3): 
e58825 

The microaerophilic microbiota of de 
novo pediatric inflammatory bowel 
disease: the BISCUIT study. 

BISCUIT study -colonic biopsies from 44 children with 
IBD (CD=29) for microaerophilic bacteria particularly 
Campylobacter and H pylori; no significant difference in 
the PCR prevalence of Campylobacter, H pylori and 
Suturella wardsworthenesis between IBD and patients 
with CD. 

4. 2014 Gevers, 
Kugathasan et 
al 

Cell Host Microbe 
15(3): 382-392 

The treatment-naive microbiome in new-
onset Crohn's disease. 
 

Analyzed both mucosal and fecal microbiota in their 
multicenter study on 447 pediatric patients with CD; CD 
was associated with an overall decrease in species 
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richness and alteration in the abundance of several taxa; 
positive association of CD with abundances of 
Pasteurellaceae, Veillonellaceae, Neisseriaceae and 
Fusobacteriaceae; Bacteroides, Faecalibacterium, 
Roseburia, Blautia, Ruminococcus, Coprococcus, and a 
number of taxa within the families of Ruminococcaceae 
were found to be negatively associated with CD. 

5. 2016 Assa, Butcher 
et al 

Inflamm Bowel Dis 
22(7): 1533-1539 

Mucosa-associated ileal microbiota in 
new-onset pediatric crohn's disease.  

16 different OTUs associated with F prausnitzii were 
enriched in patients with CD; Ruminococcaceae related 
OTUs including Fecalibacterium, Oscillispira and 
unclassified Ruminococcaceae accounted for nearly 
55% of the genera enriched in  patients with CD. 

6. 2016 Hedin, van der 
Gast et al 

Gut 65(6): 944-953 Siblings of patients with Crohn's disease 
exhibit a biologically relevant dysbiosis 
in mucosal microbial metacommunities. 

Sibling studies in adults to suggest that dysbiosis 
precedes the onset of disease thereby indicating a 
possible role in the pathogenesis of CD 

CD and Serology 

1. 1988 Main, 
McKenzie et al 

BMJ 297(6656): 
1105-1106 

Antibody to Saccharomyces cerevisiae 
(baker’s yeast) in Crohn's disease. 

ASCA positivity in 50-60% patients of CD. 

2. 1990 Barnes, Allan 
et al.  

Int Arch Allergy 
Appl Immunol 
92(1): 9-15. 

Serum antibodies reactive with 
Saccharomyces cerevisiae in 
inflammatory bowel disease: is IgA 
antibody a marker for Crohn's disease? 

Incidence of 63% ASCA positivity in their cohort of 40 
adult patients with CD as compared to 4% and 8 % 
positivity respectively in UC patients and controls 

3. 1998 Ruemmele, 
Targan et al 

Gastroenterology 
115(4): 822-829 

Diagnostic accuracy of serological 
assays in pediatric inflammatory bowel 
disease. 

Confirmed a higher incidence of ASCA positivity in 
pediatric patients with CD from their study of 173 
pediatric patients with CD.  

4. 2002 Khan, 
Schwarzenber 
et al 

Inflamm Bowel Dis 
8(5): 325-329 

Role of serology and routine laboratory 
tests in childhood inflammatory bowel 
disease. 

ASCA positivity rates vary, ranging from 30 to 60% in 
patients with CD, compared to only 5% in general 
population. 
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5. 2013 Ryan, 
Silverberg et 
al 

Aliment Pharmacol 
Ther 38(3): 274-283 

Predicting complicated Crohn's disease 
and surgery: phenotypes, genetics, 
serology and psychological 
characteristics of a population-based 
cohort. 

Analyzed the role of ASCA in predicting a complicated 
disease course in adult patients with CD. ASCA IgG was 
significantly associated with stricturing/ penetrating 
disease at 9-10 yrs. following diagnosis. 

6. 2004 Forcione, 
Rosen et al 

Gut 53(8): 1117-
1122 

Anti-Saccharomyces cerevisiae 
antibody (ASCA) positivity is associated 
with increased risk for early surgery in 
Crohn's disease. 

Case-control study to evaluate the role of ASCA status 
as a risk factor for early surgery in adult patients with 
CD. Higher mean ASCA IgA and IgG titers in patients 
who had undergone surgery as compared to those who 
had not undergone surgery. 

7. 2006 Dubinsky, Lin 
et al 

Am J Gastroenterol 
101(2): 360-367 

Serum immune responses predict rapid 
disease progression among children 
with Crohn's disease: immune 
responses predict disease progression. 

Observed no association of ASCA positive rate with 
disease behavior as stricturing or non- stricturing in their 
study of 196 pediatric patients with CD. 

8. 2006 Amre, Lu et al Am J Gastroenterol 
101(3): 645-652. 

Utility of serological markers in 
predicting the early occurrence of 
complications and surgery in pediatric 
Crohn's disease patients. 

Occurrence of surgical procedures was higher in patients 
who were ASCA positive 

9. 2006 Gupta, Cohen 
et al 

Gastroenterology 
130(4): 1069-1077 

Risk factors for initial surgery in 
pediatric patients with Crohn's disease. 

Multicenter study of 989 patients with CD; higher rate of 
surgery in patients who were ASCA positive as 
compared to those who were ASCA negative.  

10. 2009 Bueno de 
Mesquita, 
Ferrante et al 

Eur J Pediatr 
168(5): 575-583. 

Clustering of (auto)immune diseases 
with early-onset and complicated 
inflammatory bowel disease. 
 

Analyzed association of serological markers with disease 
location, behavior and natural history; disease behavior 
was more susceptible to change over time than disease 
location over a mean follow up period of 10.7 years; 48% 
of the patients with CD progressed to a complicated 
disease in the form of strictures and fistulae, with most 
requiring surgery. They noted that the patients who 
needed surgery more often had an associated 
autoimmune disease and were also ASCA positive. 

11. 2009 Markowitz, 
Kugathasan et 
al 

Inflamm Bowel Dis 
15(5): 714-719 

Age of diagnosis influences serologic 
responses in children with Crohn's 
disease: a possible clue to etiology? 

ASCA serology in a multicenter trial of 705 pediatric 
patients with CD; Older age of diagnosis and small 
bowel disease independently increased the risk of ASCA 
positive serology 
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12. 1998 Ruemmele, 
Targan et al 

Gastroenterology 
115(4): 822-829 

Diagnostic accuracy of serological 
assays in pediatric inflammatory bowel 
disease. 

Did not find any correlation of ASCA to disease 
distribution in their study on 130 patients with CD. 
However, they observed a lower ASCA positive rate in 
patients with colonic disease as compared to patients 
with ileal CD. 

13. 2009 Russell, Ip et 
al 

J Pediatr 
Gastroenterol Nutr 
48(2): 161-167 

Anti-Saccharomyces cerevisiae 
antibodies status is associated with oral 
involvement and disease severity in 
Crohn disease. 

Correlation of ASCA with orofacial granulomatosis but 
none to any gastrointestinal disease distribution. 

14. 2004 Canani, 
Romano et al 

Inflamm Bowel Dis 
10(3): 234- 239 

Effects of disease activity on anti-
Saccharomyces cerevisiae antibodies: 
implications for diagnosis and follow-up 
of children with Crohn's disease. 

Multi-centre study on effect of disease activity on ASCA 
positive rates in a study on 102 pediatric patients; 
medical treatment and disease location did not influence 
assay results. However mean ASCA titers were lower in 
patients with colonic disease when compared to those 
with ileocolonic disease 

15. 2013 Van Schaik, 
Oldenburg et 
al 

Gut 62(5): 683-688 Serological markers predict 
inflammatory bowel disease years 
before the diagnosis. 

Combination of multiple serological markers including 
pANCA, ASCA IgG, anti-OmpC, and anti-CBir1 together 
had a higher positive predictive value for the diagnosis of 
both CD and UC 

16. 1992 Giaffer, Clark 
et al 

Gut 33(8): 1071-
1075 

Antibodies to Saccharomyces 
cerevisiae in patients with Crohn's 
disease and their possible pathogenic 
importance. 

Analyzed antibody positivity to different strains of 
Saccharomyces cerevisiae and also in other conditions 
including UC and coeliac disease; higher rate of antibody 
positivity in CD and coeliac disease against both baking 
and brewing strains of Saccharomyces cerevisiae. 

17. 2009 Standaert-
Vitse, Sendid 
et al 

Am J Gastroenterol 
104(7): 1745-1753 

Candida albicans colonization and 
ASCA in familial Crohn's disease. 

Observed an ASCA positivity rate of 72% in patients with 
CD and 30% in their healthy relatives 
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2.1: Hypotheses 

Gut microbiome studies in pediatric CD signal a decrease in bacterial diversity 

associated with a variation in the relative abundances of certain bacterial taxa in 

CD compared to non-IBD groups. However, the variation of microbiome 

composition with changing clinical status of IBD patients and in relation to non-

IBD patients is still unclear. We hypothesized that a change in clinical status of 

patients should be accompanied by changes in microbiome, which could in turn 

influence their clinical condition. Furthermore, we also hypothesized that a 

variation in anti-Saccharomyces antibody status between patients with CD is also 

related to microbiome differences between individuals. 

2.2: Aims 

The aims of this study were 

1. To determine differences in microbiome between treatment naïve pediatric 

patients with CD and without CD. 

2. To determine the variation in microbiome over time in pediatric patients with 

CD during periods of remission and relapse 

3. To determine differences in microbiome between ASCA positive and ASCA 

negative patients with CD.   
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3.1: Patients 

All pediatric patients who presented to The Royal Children’s Hospital Melbourne 

with signs and symptoms suggestive of CD from January 2003 to March 2013 

were eligible to be a part of the study.  

The local human ethics committee at The Royal Children’s Hospital, Melbourne 

approved the study. It was conducted at The Royal Children’s Hospital [RCH] and 

Murdoch Children’s Research Institute [MCRI], Melbourne. 

Data on age, gender, clinical phenotype, medical history, laboratory 

investigations were collected for all patients. Study patients were divided into 

different groups based on the stage of disease at the time of endoscopy. These 

included CD first diagnosis (CDFD); patients with CD in remission (CDRM) and 

patients with CD in relapse (CDRL). Patients for ASCA microbiome study were 

classified as CD ASCA positive and CD ASCA negative. Patients who had a 

colonoscopy for symptoms suspicious of CD but did not have a diagnosis of CD 

were included as controls. 

3.2: Diagnosis 

The diagnosis of IBD was based on standard clinical, endoscopic and 

histopathological criteria.  Disease phenotype was based on the Paris 

modification of the Montreal classification.(120)  
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3.3: Definitions 

3.3.1:  New Diagnosis Crohn’s Disease (CD)  

CD was defined on the basis of standard clinical, laboratory, endoscopic and 

histological criteria. (120) 

3.3.1.1: Clinical Criteria 

CD was suspected in any child who presented with a history of chronic diarrhea 

and rectal bleeding. Extra-intestinal manifestations including weight loss, fatigue, 

anorexia, joint pains, oro-facial granulomatosis (OFG) and erythema nodosum 

were considered supportive of the diagnosis.  

3.3.1.2: Laboratory Criteria 

Patients with suspected CD were evaluated for presence of raised inflammatory 

markers including C-reactive protein (CRP), erythrocyte sedimentation rate 

(ESR), thrombocytosis, iron deficiency anemia, hypoalbuminemia and raised 

fecal calprotectin where available.  Positive IgG or IgM anti-saccharomyces 

cerevisiae antibody (ASCA) was considered supportive of a diagnosis of CD. 

3.3.1.3:  Radiologic Criteria 

Evidence of transmural inflammation and stricture anywhere in the gastro-

intestinal tract as identified on magnetic resonance enterography (MRE) was 

considered supportive of a diagnosis of CD. 

3.3.1.4:  Endoscopic Criteria 

All patients suspected with CD underwent gastroscopy and colonoscopy. 
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Endoscopic appearances of linear non-contiguous aphthous ulcers in the ileum 

or colon were considered suspicious of CD. It was recognized that Crohn’s 

disease can affect any part of the gastrointestinal tract and that the disease can 

also be confluent.(120) Non-specific endoscopic appearances of edema, 

erythema, friability and loss of vascular pattern were considered supportive of the 

diagnosis. 

Histological confirmation of the diagnosis of CD was based on the presence of 

non-caseating granuloma, transmural inflammatory infiltrate and sub-mucosal 

fibrosis. Other non-specific features that were considered supportive of the 

diagnosis included crypt architectural changes, colonic Paneth cell metaplasia 

and goblet cell depletion. 

3.3.2: Treatment Naïve Crohn’s Disease (New Diagnosis)   

All new diagnosis Crohn’s Disease patients with no previous history of 

consumption of any disease-modifying agents including corticosteroids, 

immunomodulators, 5-ASA preparations, antibiotics, prebiotics and probiotics in 

the 3 months prior to diagnosis were classified as having treatment naïve new 

diagnosis Crohn’s Disease. 

3.3.3: Severity of CD  

The severity of CD was based on the Paris modification of the Montreal 

classification.(120) 
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3.3.4: Remission  

Most published studies have utilized the Simple Endoscopic Score for Crohn’s 

Disease (SES-CD) of 0-2 or 0-3 as an indicator of mucosal healing.(121) For the 

purposes of this study only patients with a SES-CD of 0-2 on endoscopy and also 

quiescent disease on histopathology were classified as being in remission.(122) 

Subjective improvement in symptoms, corroborated by normalization of 

inflammatory markers (C-reactive protein (CRP), erythrocyte sedimentation rate 

(ESR), fecal calprotectin where available, and thrombocytosis was considered as 

supportive information. 

3.3.5: Relapse  

Previously diagnosed patients with CD were classified as in relapse if they had 

demonstrated evidence of remission either in the form of an SES-CD of 0-2 and/or 

improvement in clinical and laboratory parameters on at least one occasion 

following diagnosis and initiation of treatment, and had subsequently presented 

with - 

1. Clinical symptoms of active disease in the form of ongoing diarrhea, rectal 

bleeding, fatigue, anorexia, return of other extra-intestinal manifestations 

identified at the time of diagnosis. 

2. Raised inflammatory markers including CRP, ESR, thrombocytosis, iron 

deficiency anemia, hypoalbuminemia or raised fecal calprotectin where 

available. 
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3. Endoscopic evidence of active disease in the form of aphthous ulceration, 

inflammation, edema, erythema, friability; SES-CD of more than or equal 

to 4.(121) 

4. Histological features consistent with active inflammation.  

3.4: DNA EXTRACTION 

Biopsies were stored in stabilization buffer (RNALater; Ambion Inc, Austin, Texas, 

USA) at minus 70°C for later DNA extraction. They were thawed at room 

temperature. Each individual biopsy was added to a 1.6 ml Eppendorf tube 

containing 200 μl Buffer RLT (QIAGEN AllPrep DNA/RNA kit from QIAGEN Pty 

Ltd.) supplemented with 10% beta-mercaptoethanol (BME) using a sterile needle. 

Biopsies were disrupted and homogenized using a sterile plastic pestle and an 

electric-driven homogenizer for approximately 10 seconds after which the pestle 

was washed with further 400 μl of RLT/BME buffer mix collected into the same 

tube. The homogenate was transferred to a sterile autoclaved screw cap tube. 

Two 5 mm glass beads were added to each tube and the mixture was vortexed 

for five minutes followed by incubation for 1 hour. Regular vortexing was 

performed every 10 minutes for 2 minutes during this incubation. After incubation 

the mixture was centrifuged for 3 minutes. The homogenate was transferred to 

an AllPrep DNA spin column and centrifuged for 30 seconds. The DNA spin 

column was placed in new 2 ml collecting tubes and then into the refrigerator for 

later DNA extraction. Supernatant was used for further RNA extraction. From 

here onwards, the RNA and genomic DNA was extracted according to the 

QIAGEN AllPrep DNA/RNA extraction kit protocol (version Nov 2015). For 

genomic RNA isolation we included the optional DNAse incubation step 
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recommended in the QIAGEN protocol. RNA was extracted twice with 50 μl 

RNAse-free water. The extracted RNA was stored in two aliquots of 50 μl at minus 

80°C. DNA was extracted twice with 50 μl of RNAse-free water. The extracted 

DNA was stored in two aliquots of 50 μl at minus 30°C.  

3.5: PCR and MiSeq sequencing 

All PCR reactions were performed using the ROCHE Expand High Fidelity (EHF) 

PCR system (Mannheim Germany). The DNA was amplified with Illumina adapter 

and indexed PCR primers using a dual-index sequencing strategy to target the 

bacterial 16S rRNA variable region 2 gene.  We added 96 samples per library, 

which were barcoded with 8 different forward indexes and 12 different reverse 

indexes. The ROCHE EHF PCR system involves the preparation of two separate 

master-mixes. Master-mix one contained nuclease-free water, 200 μM dNTP (1 

μl), 300 nM bacterial 16S gene V2 forward PCR primers (1.5 μl) [7f 5’ 

AGYGGCGACGGGTGAGTAA 3’] and 300 nM bacterial 16S gene V2 reverse 

PCR primers (1.5 μl) [r356 5’ CYACTGCTGCCTCCCGTAG 3’] in a total reaction 

volume of 20 μl. Master mix two contained nuclease-free water, 5 μl EHF buffer 

(10x) containing magnesium chloride (1.5 mM) and 0.75 μl EHF enzyme (2.6 

U/reaction) in a total reaction volume of 25 μl. Both master mixes were prepared 

in a DNA-free PCR hood then transferred to a separate PCR hood used for DNA 

handling. Five microliters of sample DNA was added to master mix one then 

combined with master mix two to a final reaction volume of 50 μl.  Pseudomonas 

putida DNA was used as the positive control and 5 μl nuclease-free water was 

added to the negative PCR control instead of template DNA. Cycling conditions 

were as follows: denaturation at 94°C for 3 minutes, followed by 30 cycles of 

amplification [denaturation 94°C for 30 seconds, annealing 58°C for 30 seconds, 
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extension 72°C for 45 seconds] and a final extension at 72°C for 7 minutes. All 

primers were purchased from Integrated DNA Technologies (IDT), Singapore. 

The PCR product was gel-purified using the Promega Gel extraction kit (Wizard 

SV Gel and PCR Clean-Up system, Madison, WI, USA). DNA was eluted in 50 μl 

nuclease-free water and stored at minus 30°C.  Individual samples were sent to 

the Australian Genome Research Facility in Melbourne for library preparation and 

MiSeq sequencing using 250bp paired-end settings and v2 SBS chemistry.  

3.6: Bioinformatics for bacterial 16S rRNA gene analysis 

The sample cohort consisted of 345 biopsies plus three controls, which were 

sequenced in four libraries. The forward and reverse fastq files were processed 

according to the MiSeq SOP [MOTHUR wiki at 

http://www.mothur.org/wiki/MiSeq_SOP] with additional adjustments: For the 

“make.contigs” command we set “trimoverlap=T”. For the “screen.seqs” 

command we used the “optimize=start-end, criteria=80” step and also included 

the alignreport with a minscore=90 and minsim=90. Chimeras were removed 

using Uchime with the dereplicate option set to “true”. Sequences were further 

classified using the Silva reference database “silva.nr_v119.align” and the Silva 

taxonomy database “silva.nr_v119.tax” and a cut off value of 80%. Subsequent, 

Chloroplast, Mitochondria, unknown, Archaea, and Eukaryota sequences were 

removed. Three control samples were removed from the final “fasta”, “name”, 

“group”, “list”, and “taxonomy” files using the “remove.groups” command, leaving 

345 samples. Each sample was normalized to 9188 sequences per sample, 

which was the number of sequences in the smallest sample.  



67 

The normalized high quality redundant fasta file was used for oligotyping using 

the unsupervised “Minimum Entropy Decomposition” [MED] for sensitive 

partitioning of high-throughput marker gene sequences using default 

parameters.(123) The node representative sequence of each oligotype (OTP) 

was used for taxonomic classification using the SILVA incremental aligner [SINA 

v1.2.11] via the SILVA online portal [https://www.arb-silva.de]. The taxonomic 

identity was set to minimum of 80%. We further attempted a taxonomic 

classification down to species level using the ARB analysis - A Software 

Environment for Sequence Data [version 5.5-org-9167] [2]. For ARB analysis, we 

used a customized version of the SILVA SSU Ref database [NR99, release 119] 

that was generated by removing environmental and uncultured taxa. Most of the 

OTPs (324/396) could be assigned down to genus level using the SINA online 

portal. ARB analyses considerably improved the taxonomic classification to the 

species level. 370/396 OTPs could be assigned down to species level. 

3.7: Alpha diversity analysis 

The oligotype frequency count table was used in MOTHUR to generate alpha 

diversity indexes. Variation in diversity was based on differences in Shannon 

diversity index and qstat statistic. We used these two different diversity indexes 

because they all differ in the mathematical method for the emphasis of taxon 

richness and abundance. One is often given greater emphasis than the other. 

The Q statistic is a bridge between the abundance models and diversity indices 

and does not involve fitting a model. It does not weight towards very abundant or 

rare species, which are excluded from the analysis.(124) The Q statistic analysis 

is based on measuring the “inter-quartile slope” on the cumulative species 

abundance curve. Shannon index is based on proportional species abundance. 
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Shannon includes a "log" to the relative abundance of species and the "weight" 

of abundant species will thus be reduced slightly relative to more rare species. 

Bacterial richness was determined by Chao index. Statistical analysis was 

performed using GraphPad PRISM version 6.0h for Mac. The Mann Whitney U 

Test was used for comparing two groups and the Kruskall-Wallis test was used 

for comparing more than two groups with Dunn’s multiple comparison tests. 

Differences with a P value < 0.05 were considered significant.  

3.8: Beta diversity analysis 

Multivariate beta diversity analysis was performed using PERmutational 

Multivariate ANalysis Of VAriance (PERMANOVA, 9999 permutations) using the 

Adonis function from the R package VEGAN.(125) PERMANOVA test was 

adjusted for gender, age, biopsy location (ileum and colon) and biopsy status 

(affected, non-affected).  The PERMANOVA test is better than the 

ANOVA/MANOVA test because it does not need normal distributed data and 

Euclidean distance but works with any distance measure and uses permutations 

to make it distribution free.  The PAleontological STatistics package PAST3 

(version 3.10) was used for the SIMilarity of PERcentages (SIMPER) analysis 

using the Bray-Curtis distance measure on raw data (126). SIMPER analysis is a 

simple test for evaluating which taxa are predominantly responsible for an 

observed difference between groups of samples (127). From the SIMPER test 

we reported the contribution and the mean abundance of each OTP species in 

the different patient groups. In addition, we also calculated the frequency of each 

OTP using EXCEL (Microsoft EXCEL for Mac, version 15.35). The combination 

of the SIMPER mean abundance and EXCEL frequency determines whether a 

high mean abundance of an OTP is driven by many or by few samples. PAST3 
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was also used for the Spearman’s rho correlation coefficient (SCC) analysis. This 

helped us to identify any trend for an association between bacteria and patient 

groups. The indirect gradient analysis of “Principal Components (PCA)” was 

carried out in PAST3. PAST analysis was done on square root transformed data. 

The Pearson standardized residual (PSR) test was used to identify a trend of 

association between two categorical variables (e.g. association between a 

particular heatmap cluster and whether the subject has CD disease or not, Figure 

2c). In addition, a critical Z value with a Bonferroni corrected P value was 

calculated to identify any statistical association between two categorical 

variables. A standardized residual test value below or above the critical Z value 

denotes a statistical association. The Pearson test was done in R using the Fifer 

package. 

We also carried out a pairwise test for multiple comparisons of Mean Rank Sums 

(Dunn's-Test) to identify statistical associated bacteria in paired sample groups. 

This was done using the R function posthoc.kruskal.dunn.test from the PMCMR 

R package. P value was adjusted with the false discovery rate (Benjamini & 

Hochberg) method.  

The rank-based indirect gradient analysis “non-metric multidimensional scaling 

(NMDS)” was used for the visualization of taxonomic differences between the 

different groups. NMDS attempts to represent, as closely as possible, the 

pairwise dissimilarity between objects in a low-dimensional space. To run the 

NMDS, we used the function meta-MDS from the vegan R package.(128)  
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4.1: Abstract 

Objective 

The gut mucosa is the principal site where Crohn’s disease (CD) inflammation 

occurs. Limited information is available about the gut mucosal microbiome during 

CD relapse and remission. The aim of our study was to characterize specific 

changes of the gut microbiome during relapse and remission in a large single-

center pediatric CD cohort.  

Design 

We analyzed the microbiome from biopsies from patients with CD including CD 

first diagnosis (CDFD) patients, patients with CD who relapsed (CDRL), patients 

with CD who were in remission (CDRM), and controls. Species identification was 

conducted using oligotyping in combination with ARB/SILVA taxonomic 

annotation.  

Results 

We observed 45 bacteria to be statistically different between CDFD samples and 

controls, with Fusobacterium being the most implicated species in CDFD 

patients. We also identified gender-specific differences in CD. Five species 

showed a strong association with CDRL patients and 10 species with CDRM 

patients. Three taxa showed a positive co-occurrence across the two groups. 

Hespellia porcina (closest taxonomic neighbor to Clostridium oroticum) was the 

most strongly associated with CDRL samples. Interestingly, Fusobacterium was 
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not part of the CDRL-associated taxa group. Faecalibacterium prausnitzii was 

equally present in CDFD and in control samples.  

Conclusion 

This is the first study that has investigated the gut mucosal microbiome in a 

pediatric CD cohort with longitudinal sampling. Importantly, the microbiome of 

patients in CDRM did not return to a healthy control state. Neither did the 

microbiome of patients with CDRL return the profile seen at CDFD. 

4.2: Introduction 

Crohn’s Disease (CD) is a chronic inflammatory condition of the gastro-intestinal 

tract with numerous extra-intestinal manifestations. Compared with adults, 

pediatric patients with CD have a more severe phenotype that is often associated 

with numerous complications.(120) Since its description there has been an 

interest in the role of the gut microbiome in the etiopathogenesis of CD. Recent 

literature suggests that immune activation along with microbiome dysbiosis in a 

genetically primed gut can trigger chronic inflammation.(76) Despite extensive 

research, the role and behavior of the gut microbiome in pediatric CD is not well 

understood. Microbiome analysis is fraught with multiple issues, which make any 

study on the microbiome difficult to conduct and analyze. The gut microbiome is 

dynamic and its composition within the gut is also variable depending on the 

sample analyzed - mucosa or feces. 

Therefore, longitudinal analyses, and the choice of sample site - stool versus gut 

wall mucosa - are both clearly important. While stool samples are easier to collect 

and larger studies can be planned, stool-associated microbiome (SAM) may not 
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reflect dysbiosis as accurately as mucosa-associated microbiome (MAM).(129) 

Pediatric studies on MAM in CD are limited and inconsistent. The last decade has 

seen rapid progress from low-resolution conventional culture techniques to the 

current high-resolution next-gen sequencing.  The most commonly applied 

methodology is PCR amplification and sequencing of the bacterial 16S ribosomal 

RNA (rRNA) gene.(130) 

In 2006, Conte et al. published the first study on the mucosal microbiome in 

patients with CD. Using real-time (RT) PCR and conventional culture techniques 

in their cohort of 12 patients with CD and seven non-IBD controls, they 

demonstrated reduced bacterial diversity and relative depletion of Bacteroides 

vulgatus in patients with CD.(98) Gevers et al. published the largest study on the 

mucosal microbiome in CD.(101) This was a multicenter study of 447 patients 

with CD and demonstrated a significant difference between mucosal samples and 

fecal samples; a positive correlation of CD with Veillonellaceae, Neisseriaceae 

and Fusobactereaceae and a depletion of Bacteroides and Clostridiales in CD. 

In another study, Mottawea et al. investigated the interaction between intestinal 

microbiota at the host luminal interface in newly diagnosed pediatric patients with 

CD.(131) They evaluated the microbiota at the mucosal luminal interface of the 

ascending colon collected by flushing saline water from 61 CD, 42 UC and 21 

control patients. In concordance with the findings of Gevers et al.’s study, they 

also observed a predominance of Clostridiales and Bacteroidales in controls and 

a predominance of Enterobactereaceae, Veillonellaceae, Fusobacterium, 

Neisseria and Hemophilus in patients with CD. Furthermore, they also observed 

a down-regulation of mitochondrial proteins in CD suggesting a central role for 

mitochondrial proteins in the pathogenesis of CD.  
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A number of adult studies have observed a depletion of F prausnitzii in patients 

with CD and an association with relapse.(86) However, there are two pediatric 

studies that have observed an enrichment of F prausnitzii in pediatric patients 

with CD. Hansen et al. reported an enrichment of F prausnitzii in their study on 

12 patients with CD compared to 11 non-IBD controls by RT PCR.(99) More 

recently Assa et al. observed 16 operational taxonomic units (OTUs) identified as 

F prausnitzii via Ilumina HiSeq 2500 sequencing, all of which were enriched in 

patients with CD.(102)  

Overall, gut microbiome studies in pediatric CD signal a decrease in bacterial 

diversity associated with a variation in the relative abundances of certain bacterial 

taxa in CD compared to non-IBD groups. However, the variation of microbiome 

composition with changing clinical status of IBD patients and in relation to non-

IBD patients is still not clear. We conducted a single-center study to investigate 

variation in the microbiome in mucosal biopsies of pediatric patients with CD 

during periods of relapse and remission, comparing it with the microbiome of non-

IBD controls. 
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4.3: Material and Methods 

4.3.1: Patients 

A total of 204 patients were enrolled in this study, from which 345 gut mucosal 

biopsies were used for bacterial 16S rRNA gene analysis. The cohort was 

comprised of 119 males and 85 females, and the average age of the patients was 

12.12 years (Table 4.1) 



76 

Patient Male / 
Female 

Age [years] Diagnosis of Relapse and 
Remission  

Biopsies Ileum Colon 

TOTAL 
N=204 

119/85 3.37 – 18.01 
(average 12.1) 

 345 179 166 

Control 
N=66 

32/34 4.42 - 18.0 
(average 12.3) 

 
88 61 27 

CD FD 
N=88 

56/32 3.37 - 17.9 
(average 12) 

 
152 75 

33A + 42N 
77 
51A + 26N 

CD RL 
N=38 

23/15 5.0 - 18.1 
(average 12.2) 

4 to 115 months after first 
diagnosis                       
(average 47 months) 

81 34  
17A + 17N 

47 
25A + 22N 

CD RM 
N=12 

8/4  9.4 - 16.43 
(average 13.2) 

2 to 180 months after first 
diagnosis (average 39 
months) 

24 9N 15N 

CDFD = Crohn’s disease patients at first diagnosis, CDRL = Crohn’s disease patients 
at disease relapse, CDRM = Crohn’s disease patients in disease remission,  
A = affected [inflamed] biopsy, N = normal [non-inflamed] biopsy 

Table 4.1: Patients and biopsies used in pediatric Crohn’s disease study 

 

The diagnosis of IBD was based on standard clinical, endoscopic and 

histopathological criteria.  Disease phenotype was based on the Paris 

modification of the Montreal classification (Table 4.2).(120)  

 

 Total 
(n) 

M F 

A1a  (0-10yr) 34 20 14 

A1b  (11-17yr) 107 65 42 

L1 (distal 1/3rd of the ileum +/- limited cecal disease) 15 9 6 

L2 (colonic) 11 5 6 

L3 (ileocolonic) 113 76 37 

L4a (upper disease proximal to the ligament of Treitz) 80 52 28 

L4b (Upper disease distal to the ligament of Treitz and 
proximal to the distal 1/3rd ileum) 

2 1 1 

B1 (non- stricturing, non –penetrating) 69 47 22 

B2 (Stricturing) 28 20 8 

B3 (Penetrating) 22 5 17 

Table 4.2: Paris Classification (pediatric modification of Montreal Classification)
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Data on age, gender, clinical phenotype, medical history, laboratory 

investigations were collected for all patients. None of the patients with CD in the 

first diagnosis group (CDFD) had received any IBD-specific medication before 

initial diagnosis, or antibiotics within three months prior to diagnosis. Biopsies 

were collected from inflamed and non-inflamed sites in the ileum and colon at 

initial endoscopic examination as well as at later examinations. These were 

immediately placed in stabilization buffer (RNAlater, Ambion Inc. Austin, Texas, 

USA) and stored at –70°C.  

Sixty-six patients were non-IBD controls who had presented with signs and 

symptoms suspicious of IBD but were found to have no endoscopic or 

histological evidence of IBD. We ensured that none of these patients was 

subsequently readmitted to hospital or diagnosed with IBD. Longitudinal 

biopsies (n=105) were collected from a subset of 50 patients with CD at 2-180 

months after initial diagnosis of CD. The exact timing for follow up examination 

was dictated by clinical indications for repeat endoscopy. All the patients from 

whom longitudinal biopsies were obtained were on specific IBD medications at 

the time. CD management is largely standardized at RCH. Most patients will 

have an induction treatment with oral corticosteroids or exclusive enteral 

nutrition for 6 weeks. This is followed by maintenance treatment with an 

immunomodulator, which could be either of azathioprine, methotrexate or 6 

mercaptopurine – the choice depends on the patient’s age, gender, clinical 

status and disease distribution. Patients are regularly monitored, initially every 

2-4 weeks and subsequently every 10-12 weeks, depending on clinical 

conditions. If the clinical response to initial immunomodulator therapy is 

inadequate, biologics are introduced. A small minority of patients will require 
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further therapy including surgery. Most of the longitudinal patients in this study 

cohort underwent this pattern of management. It was not possible to have 

discrete groups of longitudinal patients in terms of treatment received, as all the 

patients had received most of the above treatment modalities at some point in 

their management. 

4.3.2: Heatmap analyses 

Heatmap analysis was performed using the R package “Heatplus”.(132) For the 

heatmap we used the Bray Curtis clustering and Ward.D method. The heatmap 

shown in Figure 4.2a was generated from the CDFD and non-IBD control 

datasets using the top 70 OTP taxa. The top 70 OTP taxa represent taxa with a 

minimum relative abundance of 10% in at least 10 samples. The “cuth” parameter 

was set to six, which generated four clusters. The “cuth” sets the height at which 

to cut through the dendrogram to define groups of similar features/samples. For 

the identification of the samples in each cluster we generated a heat map with all 

samples (not shown) and then used the samples in each of the four heatmap 

clusters for the creation of the PCA plot shown in Figure 4.2b. The heatmap 

shown in Figure 4.4c was generated using all samples from all four groups 

(CDFD, non-IBD controls, CD RL, and RM). The “cuth” parameter was set to six, 

which generated six clusters. These six heatmap clusters were used for the 

generation of a PCA plot (Figure 4.4d). We also combined the red and the orchid 

cluster from Figure 4.4d into one cluster and the resulting five clusters were used 

in a new PCA plot shown in Figure 4.4e. We also generated a PCA plot with four 

clusters by further combining the orange and the turquoise cluster from Figure 

4.4d- 4.4f).  



79 

4.3.4: Longitudinal samples 

We also calculated the changes in bacterial composition over time in 32 case 

studies from which we collected biopsies at CD first diagnosis and during disease 

relapse and disease remission. The proportional abundance of individual OTP 

species and their changes over time was calculated in EXCEL (Microsoft EXCEL 

for Mac version 15.35) and staked column charts were generated in Keynote 

(version 6.1). 

4.3.4:  Data plotting 

Group differences were plotted using principal components analysis (PCA) and 

non-metric multidimensional scaling (NMDS). Hierarchical clustering and 

heatmap analysis were used to generate unbiased microbiome clusters, which 

were then used to correlate with OTP species and patient groups using SCC 

analysis. The changes in bacterial composition over time were plotted in 32 cases 

from which we collected biopsies at CD first diagnosis and during disease relapse 

and remission.   

4.4: Results 

Four sequence libraries generated 49,129,035 raw reads of which 36,017,493 

[73.3%] were high quality reads. Three positive controls and two mismatched 

samples were removed leaving 345 samples (biopsies) from 204 patients for 

oligotyping, generating 399 oligotypes (OTPs).  The OTP taxon names from the 

SILVA online analysis and ARB analysis are shown in Supplementary Table 4.1. 

Three OTPs were removed from further analysis because they were each 

detected at high number in only one sample and were therefore considered 
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outliers due to laboratory contamination. These were Staphylococcus epidermidis 

(common skin bacteria) Methyloversatilis universalis (environmental water 

bacterium) and Microbacterium sediminis (isolated from deep sea 

sediment).(133-135) The 396 redundant OTPs could be grouped into 169 non-

redundant unique OTPs. Eighteen OTP taxa had a minimum abundance above 

1% across all samples. This subset of 18 OTPs taxa made up a total of 71.9% of 

all sequences (Table 4.3). 
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OTP taxa % reads 

Bacteroides vulgatus 23.6 

F. prausnitzii 10.5 

Bacteroides dorei 6.9 

Bacteroides fragilis 4.4 

Prevotella copri 4.3 

E coli 2.7 

Ruminococcus faecis 2.4 

Bacteroides massiliensis 2.2 

Bacteroides uniformis 2.2 

Sutterella wadsworthensis 1.9 

Ruminococcus gnavus 1.8 

Bacteroides ovatus 1.5 

Bacteroides thetaiotaomicron 1.5 

Haemophilus parainfluenzae 1.4 

Enterobacter cloacae 1.3 

Fusobacterium 1.2 

Epulopiscium 1.1 

Blautia wexlerae 1.0 

Table 4.3: Top eighteen most abundant OTPs with minimum 1% abundance 
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4.4.1: Beta diversity analysis 

PERMANOVA was used to statistically differentiate bacterial communities 

between different groups with or without metadata for age, gender, gut locations 

and gut condition (Supplementary Table 4.2). The bacterial community was 

statistically different between CDFD patients and non-IBD controls (P=0.0001).  

Gender differences were observed in the CDFD group (P=0.004).  

4.4.1.1:  Bacteria associated with CDFD patients and non-IBD controls 

Two different methods were used to identify bacteria associated with CDFD 

patients and non-IBD controls.  In the first method we used PCA and NMDS to 

plot group differences between CDFD and non-IBD control samples (Figure 4.1a 

and 4.1b). SCC analysis identified a trend for an association between eight 

bacteria and CD, and between 25 bacterial and non-IBD controls. Our cutoff was 

a SCC value > 0.2. A Mann-Whitney U test with a false discovery rate P value 

correction confirmed whether there were any statistical implications for these 

species. (Figure 4.1c) 
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Figure 4.1. The microbiome is different between Crohn’s disease first diagnosis samples 
(CDFD, labeled CD in this figure) and non-IBD control (CON) samples. Principle 
component analysis (1a) and non-metric multidimensional scaling (4.1b) reveal that a 
sub-group of CDFD patients form a unique cluster separated from a mix of CDFD/CON 
cluster. Figure 4.1c shows bacterial taxa, which are statistically different between CDFD 
and CON samples. Spearman correlation coefficient analysis was used to identify any 
trend for a bacterial association. Bacterial species with a Spearman correlation 
coefficient value > 0.2 are shown together with a false discovery corrected P value from 
the Mann-Whitney U test. SIMPER mean abundance analysis in combination with 
EXCEL calculated frequency clarifies the importance of each bacterial taxa. For 
example, Bacteroides vulgatus was detected in 95.4% of CDFD samples and in 97.7% 
of non-IBD controls but the mean abundance was much higher in the non-IBD control 
samples (2700) compared to the CDFD samples (1490). 
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The two most abundant CDFD associated bacteria were Fusobacterium spp and 

Haemophilus parainfluenzae. They were detected in 62.5% and 58.5% of CDFD 

samples respectively, compared to 27.3% and 39.8% in non-IBD control samples. 

The differences in the mean abundance of the two species were significantly 

larger between the two groups, 232 versus 4.68 for Fusobacterium and 220 

versus 30.4 for Haemophilus parainfluenzae. The larger differences in the mean 

abundance highlights that both species were present at very low abundance in 

the control samples. Besides Fusobacterium spp, two Veillonella species (V 

atypica, and V parvula), Propionibacterium acnes, two Clostridium species (C 

lactatifermentans and C butyricum), and Epulopiscium, were also observed to be 

associated with CDFD samples. The SIMPER mean abundance analysis, EXCEL 

frequency calculation and Spearman’s rho correlation coefficient analysis of the 

CDFD and non-IBD control samples are shown in Supplementary Table 4.3. 

In the second method we further separated the different pockets of clusters seen 

in the PCA plot in Figure 4.1a into four heatmap clusters (4.2a). The four heatmap 

clusters are presented as distinctive clusters on the PCA plot (Figure 4.2b). We 

then correlated the CDFD and non-IBD control samples with the four heatmap 

clusters using PSR test together with a critical Z value to identify statistical 

association (Figure 4.2c). This strategy was also used to decipher whether any 

of the four heatmap clusters were associated with CD gut wall inflammation, 

gender or gut location (Figure 4.2c). The PSR test revealed that CDFD samples 

were statistically associated with the red microbial heatmap clusters (PSR test 

value = 4.061, critical Z value 2.734). 49/152 patients with CD were in the red 

cluster compare to 8/88 non-IBD controls. Non-IBD controls were statistically 

associated with the green cluster (PSR test value = 2.754, critical Z value 2.734). 
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41/88 non-IBD controls were in the green cluster compared to 44/152 patients 

with CD. Each of the four microbial heatmap clusters was then associated with 

the dominant bacteria (Figures 4.2d to 4.2f) 
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Figure 4.2. Analysis of microbial heat map clusters (Figure 4.2a) for the CDFD and non-
IBD control samples revealed a CD specific cluster (red in Figure 4.2b), which was 
dominated by 12 bacteria (Figure 4.2d). The orange microbial heatmap cluster, which 
was the most diverse cluster, contained a mix of CDFD and non-IBD control samples 
and therefore was not associated with either of the groups (Figure 4.2e). The green 
microbial heatmap cluster (Figure 4.2g) was associated with most non-IBD control 
samples and was dominated by Bacteroides vulgatus. The turquoise microbial heatmap 
cluster was the smallest cluster and was dominated by Bacteroides dorei (Figure 4.2f).  
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Figure 2. Heat map cluster analysis, PCA analysis, and Spearman’s rho correlation coefficient analysis for CDFD and non-IBD control samples
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x -axis = Spearman correlation coefficient value, only bacteria with  a Spearman correlation coefficient  value above 0.2 are shown on the y axis
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CD 4.061 -1.925 0.409 -2.754
CON -4.061 1.925 -0.409 2.754

CD inflammed 0.670 0.828 -0.344 -0.833
CD non-inflammed -0.670 -0.828 0.344 0.833
CD male 0.719 -1.446 -1.713 1.864
CD female -0.719 1.446 1.713 -1.864
CD_colon -0.633 -0.047 1.120 -0.461
CD_ileum 0.633 0.047 -1.120 0.461

Pearson standardized residuals test, to measue how large 
the deviation from the null hypothesis is

Bold value = statistically associated with heatmap cluster. 
The number represent the standardized residuals test value. 
A standardized residuals test value below or above the 
critical Z value (2.734) denotes a statistically association. 
The critical Z value was calculated with a Bonferroni 
corrected P value of 0.00625 (0.05/8).  Abbreviations: CD = 
Crohn's disease, CON = non-IBD control
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The CD red microbial cluster (Figure 4.2d) showed a trend for an association with 

12 bacteria (SCC value- 0.2016 and 0.4137) of which six overlapped with the 

eight CD bacteria identified by method one (Figure 4.2c). The green microbial 

cluster, accounting for nearly half of all non-IBD control samples, was dominated 

by Bacteroides vulgatus. The false discovery rate corrected P value of the 

Kruskal-Wallis test for the individual species associated with each of the heatmap 

clusters are shown, together with the SIMPER mean abundance analysis and 

EXCEL frequency calculation in Supplementary Table 4.4. 

4.4.2: Alpha diversity analysis 

Bacterial alpha diversity based on qstat diversity was statistically different 

between CDFD and non-IBD controls (Figure 4.3b).  Shannon diversity was not 

statistically different (Figure 4.3a). These indicate that the interquartile range of 

OTPs abundance used by the qstat statistic provides the most diversity between 

the two groups. The observed number of unique OTPs and the calculated Chao 

diversity richness was statistically lower in the CDFD group compared to the non-

IBD controls (Figures 4.3c to 4.3d) 

. 
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Figure 4.3: Alpha diversity analysis. Figures 4.3a to 4.3d show the Shannon diversity index, qstat diversity index, Chao community 
richness and observed taxa for the CDFD samples (labelled CD in this figure) and control samples (CON). Figures 4.3e to 4.3h show the 
Shannon diversity index, qstat diversity index, Chao community richness and observed taxa for the four heat map clusters from the CDFD 
and control datasets from Figure 4.2. Figures 4.3i and 4.3j show the Shannon diversity index and qstat diversity index from the CDFD 
gender and control gender. Figures 4.3k and 4.3l show the Shannon diversity index and qstat diversity index for the CDFD inflamed 
biopsies, CDFD non-inflamed biopsies and control (CON) biopsies. Figures 3m and 3n show the Shannon diversity index and qstat 
diversity index for the CDFD samples, control samples (CON), patients with CD in relapse samples (CDRL – labelled RL in this figure), 
and patients with CD in remission samples (CDRM – labelled RM in this figure).
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Analyses of the four heatmap microbiome clusters generated from the CDFD and 

the non-IBD control datasets (4.2) revealed that the bacterial diversity and 

community richness was highest in the orange microbial cluster compared to the 

other three microbial clusters (turquoise, red, and, green clusters) (4.3e and 

4.3h). Qstat but not Shannon diversity was statistically different between CDFD 

and non-IBD controls separated by gender (Figures 4.3i to 4.3j). As expected, the 

CDFD inflamed biopsies (both ileal and colonic) and the CDFD non-inflamed 

biopsies possessed a lower bacterial diversity compare to the non-IBD controls 

based on qstat index. However, the bacterial diversity between the CDFD 

inflamed and CDFD non-inflamed biopsies was similar (Figures 4.3k to 4.3l).  

No significant differences in bacteria were observed between differing age 

groups, gut wall condition and locations (Figures 4.4a, 4.4b, 4.4c) 
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Figure 4.4(a): NMDS plot of microbiome variation with age             

 

 

Supplementary Figure -2a 



92 

    

 

  Figures 4.4b: NMDS plot of microbiome variation with biopsy status  
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      Figure 4.4c: NMDS plot of microbiome variation with gut location 
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4.4.3:  Bacteria associated with patients with CD in relapse and patients 

with CD in remission 

There were significant differences in bacterial communities between CDFD and 

CDRM patients (P= 0.0003), between CDFD and CDRL patients (P adjusted = 

0.0001), between the CDRL group and CDRM group (P adjusted = 0.0034) and 

between non-IBD controls with CDRL patients and with CDRM patients (P = 

0.0313, and 0.0001, respectively).   

We used SCC analyses to identity a possible trend for an association between 

bacteria and patients with CD in relapse and patients with CD in remission. The 

Kruskal-Wallis test was used to confirm a statistical association of the bacteria 

identified by SCC analysis. Figure 4.6 shows the most commonly implicated 

bacteria in patients with CD in relapse and in patients with CD in remission. The 

Kruskal-Wallis test for all bacteria is summarized in Supplementary Table 4.5. 

Five bacteria were positively associated with relapse in patients with CD samples 

and 10 bacteria were positively associated with CD remission samples.  Some 

bacteria showed a trend of an association with more than one patient group.  

In the relapse group, two bacteria (Hespellia porcina and Eubacterium 

fissicatena) were strongly associated with relapse samples according to our 

criteria with a SCC value above 0.2. Hespellia porcina was found next to 

Clostridium oroticum in the ARB taxonomic tree (Figure 4.5). 
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Figure 4.5. Screen shot from the ARB analysis showing the position of Hespellia porcina 
in the ARB taxonomic tree. 

 

H porcine was detected in 56.8% of all CDRL samples, in 45.8% of CDRM 

samples, in 26.1% of control samples, and in 17.8% CDFD samples. The 

SIMPER mean abundance was 13.4, 37.8, 5.88, and 5.9, respectively for the four 

groups. Eubacterium fissicatena was detected in similar numbers of samples in 
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the CDRL (42.0%) and in CDRM group (45.8%) compared to 18.2% in non-IBD 

control samples and 19.1% in the CDFD samples (Supplementary Table 4.5). 

The Simper mean abundance was similar for CDRL (103) and CDRM samples 

(108) and was much lower for non-IBD control (2.94) and CDFD samples (13.6) 

(Supplementary Table 4.5). Interestingly, Fusobacterium, which had been 

strongly associated with CDFD, was negatively associated with CDRL samples 

(Supplementary Table 4.5). 

The remission group microbiota were dominated by Pseudoflavinofractor 

capillosus, Lactobacillus casei and Lactobacillus gasserei (Figure 4.6). 

Pseudoflavinofractor capillosus is a Gram-negative, normal commensal bacillus 

of the human GI tract. Lactobacillus casei belongs to phylum Firmicutes. It is a 

generally recognized as a beneficial gut bacterium.(136) A number of strains of 

Lactobacillus casei are used in probiotic preparations. Lactobacillus gasseri is 

another member of phylum Firmicutes from which several strains are used in 

probiotic preparations.(137) 
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Figure 4.6. Five bacteria were most associated with patients with CD in relapse and 10 
bacteria were most associated with patients with patients with CD in remission. Several 
other species with lower frequency and smaller mean abundance were also associated 
with either of the two groups and are outlined in supplementary table 4.5. Some bacteria 
showed a co-association with both groups. Abbreviation: CON = non-IBD control, RM = 
patients with CD in remission, RL = relapse in patients with CD, CDFD = Crohn’s disease 
first diagnosis, FDR = false discovery rate corrected P value.  
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4.4.3.1:  Alpha diversity for CDRL and CDRM 

No statistically significant differences were detected in the Shannon and qstat 

diversities between the CDFD, the CDRL, and CDRM group. However, all three 

groups showed lower qstat diversity compared to the non-IBD controls (Figures 

4.3m and 4.3n). 

4.4.4.1:  Microbiome diversity in longitudinal case studies 

A total of 32 individual case studies with longitudinal sampling were available. 

Two subsets of bacteria were analyzed for these case studies. The first set 

represents 16 bacteria with a minimum abundance of 1% across all samples. This 

included 70.5% of all sequence reads (Figure 4.7).  The second set represents 

14 bacteria with a minimum abundance of 0.5% to 1%. This included 11.4% of all 

sequence reads (Figure 4.8) 
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Figure 4.7. Bacterial diversity in 32 patients with subsequent sampling showing the top 16 bacterial taxa with minimum 1% abundance 
which covers 70.5% of all sequence reads. Figure 4.7a shows the top 1% bacterial taxa in the non-IBD control group. They are dominated 
by Bacteroides vulgatus, followed by F prausnitzii, Bacteroides doreii, and Prevotella copri. Figures 4.7 b and c show the top 1% bacterial 
taxa in the 32 individual longitudinal case studies. Each cluster of bars represents a single patient. Abbreviations: CD = Crohn’s disease, 
FD = first diagnosis. RL = relapse, RM = remission, Ca = Cecum, Sg = Sigmoid, Il = Ileum, Re = Rectum, Co = Colon, A in e.g. CaA = 
affected (inflamed) biopsy, N = normal (non-inflamed) biopsy, Con = non-inflammatory bowel disease control.
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Supplementary�figure�-4-�Bacterial�diversity�in�32�pa9ents�with�subsequent�sampling�using��the�second�set�of�most�abundant�14�
bacterial�taxa�with�minimum�abundance�of�0.5%�and�a�maximum�abundance�of�1%��
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Figure 4.8: Bacterial diversity in 32 patients with subsequent sampling using the second set of most abundant bacterial taxa with 
minimum abundance of 0.5% and a maximum abundance of 1%. 4.8a represents non IBD patients and 4.8b and c represent 32 
longitudinal cases. 
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Figure 4.7a shows the top 16 bacteria in the non-IBD control samples.  Nearly all 

control samples had Bacteroides vulgatus. Bactroides vulgatus was the most 

dominant species in 38/88 samples. The second most abundant species was F 

prausnitzii, followed by Bacteroides dorei, and Prevotella copri. The microbiome 

compositions in the 32 case studies are very diverse (Figure 4.7b and 4.7c). In 

the first case study for example, the colonic samples at first diagnosis were 

dominated by F prausnitzii and Bacteroides vulgatus. The next three samples 

taken during periods of relapse one month later included a larger proportion of 

Bacteroides massiliensis and Ruminococcus faecis. The remission samples at 

19 months later were mostly dominated by Bacteroides massiliensis across 

biopsies from the whole gut. During the second remission at 28 months later, 

Bacteroides vulgatus was the most dominant species and Bactroides 

massiliensis had mostly disappeared.  

Another example is case study three in which the microbiome was quite different 

to case study one. The first three samples taken at first diagnosis were dominated 

by Haemophilus parainfluenzae. Bacteroides vulgatus at relapse at 12 months 

replaced this. However, at 29 months relapse the dominant taxa were Suturella 

(Figure 4.8).  

Interestingly, some clinical patients in relpase such as case study seven and nine 

did not show a typical CD microbiome composition. Samples from both patients 

were dominated by Bacteroides vulgatus, which was the most abundant species 

in the non-IBD control samples (Figure 4.7).  
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4.5: Discussion 

This is the largest, single-center, prospective pediatric Crohn’s Disease study to 

evaluate variation in the gut mucosal microbiome both at the time of diagnosis 

and longitudinally during CD relapse and remission.  

In this study, we used oligotyping together with ARB/SILVA analysis to precisely 

annotate bacteria at a species level. A total of 45 bacteria, mostly classified at the 

species level, were observed to be different between newly diagnosed CD 

samples and non-IBD control samples.  

Fusobacterium, species belonging to the genus Veillonella, Clostridium, 

Epulopiscium, Propionibacterium acnes and Haemophilus parainfluenzae were 

significantly associated with newly diagnosed CD.  In our analysis, we combined 

all 12 Fusobacterium oligotypes into Fusobacterium to obtain the strongest signal 

for this frequently reported pathogenic gut bacterium. Indeed, Fusobacterium was 

the strongest associated taxa in new diagnosed patients with CD and was 

detected in over 60% of all samples (P value = 7.05E-09). This implied 

involvement of Fusobacterium in CD is consistent with observations from other 

studies.(101)  

The gut microbiome plays an important role in gut physiology, primarily in the 

synthesis of short chain fatty acids from proteins, peptides and sugars.(138) F 

prausnitzii from Ruminococcaceae family has been shown to be involved in 

butyrate production in the colon.(139) Besides being an energy source for colonic 

epithelial cells, butyrate is also known to improve gut barrier integrity and prevent 

development of metabolic disorders.(140) Adult microbiome studies have 



105 

consistently demonstrated a decreased abundance of F prausnitzii in newly 

diagnosed patients with CD and also during disease recurrence.(86) However, 

pediatric data on F prausnitzii is conflicting. There are at least two studies of 

pediatric mucosal biopsies that have demonstrated a paradoxical abundance of 

F prausnitzii in patients with CD.(99, 102) The Gevers study showed a depletion 

of F prausnitzii in patients with CD.(101) This difference in the relative abundance 

of F prausnitzii between adult and pediatric studies is intriguing. It is possible that 

F prausnitzii is not as metabolically significant in pediatric colon as compared to 

adult colon. In our study we observed 45 oligotypes, which were classified as F 

prausnitzii. All 45 combined F prausnitzii oligotypes were detected in 94.74% of 

CDFD samples and in 98.86% of non-IBD control samples with a very similar 

mean abundance of 961 and 889 respectively.  

Between-patient group analyses using PERMANOVA revealed a different 

microbiome composition between CDFD patients and non–IBD controls. 

Subsequent microbial heatmap cluster analysis in combination with SCC analysis 

identified that samples from CDFD male patients were positively associated with 

the CD dominated red heatmap cluster. Microbiome differences between genders 

in the CD group points towards a dysbiosis that is gender specific. This is a 

curious observation and could possibly be related to hormonal influences on the 

microbiome.  

Generalized dysbiosis independent of gut location has previously been 

demonstrated in a number of studies. Haberman et al. found similarities in 

microbiome shift in biopsies from patients with CD with overt ileal involvement 

compared to patients without overt ileal involvement.(141) PERMANOVA test in 

our study did not point towards microbiome differences between gut locations. 
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This was true both for patients with CD and for non-IBD controls, for which the 

microbiome composition was very similar between different gut locations at first 

diagnosis of CD and during relapse and remission. 

There are no pediatric studies investigating differences in microbiome between 

inflamed and non-inflamed biopsies. Differences in microbiome between inflamed 

and non-inflamed biopsies might well be postulated as causal or as an effect of 

inflammation. Studies have demonstrated a link between the severity of 

inflammation and increased oxidative stress resulting in an increased abundance 

of aerotolerant taxa during ongoing inflammation.(142) This is related to an 

alteration in the metabolic pathways for the breakdown of carbohydrates.(142) In 

this study, the PERMANOVA test did not identify significant differences between 

gut wall conditions. In addition, alpha diversity analysis did not find significant 

differences between inflamed and non-inflamed samples from patients with CD 

using both the Shannon diversity and qstat statistics. Qstat statistic revealed a 

significant difference between non-IBD controls and CD inflamed or CD non-

inflamed samples but this is most likely a reflection of a generalized a lower 

bacterial diversity and community richness amongst CDFD patients. 

The gut microbiome is dynamic and is influenced by a number of factors including 

diet, medicines, lifestyle and genetic predisposition.(143) Hence it is reasonable 

to expect that it should vary during the course of gut inflammatory disease and 

with remission or relapse. We conducted a detailed analysis to test this 

hypothesis. We observed a significant variation in microbiome between newly 

diagnosed patients with CD and patients with CD in relapse, as well as those in 

remission. The PERMANOVA test was highly significant between these three 

groups plus non-IBD controls. Qstat statistic further revealed that the diversity of 
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the interquartile range of bacteria was highest in the non-IBD controls compared 

to any of the three CD groups (CDFD, CDRL, and CDRM). No significant 

differences in alpha diversity were observed between the three CD groups.  

In our study, we identified five bacteria statistically associated with CDRL 

samples and 10 bacteria statistically associated with CDRM samples. Hespellia 

porcina was the most associated species in CDRL samples. Hespellia species 

were previously isolated from swine manure storage pits.(144) Further taxonomic 

analysis of Hespellia porcina showed that it was very closely located to 

Clostridium oroticum in the ARB bacterial taxonomic tree. This is a member of 

Clostridium cluster XIVa. Clostridium oroticum was has been reported from 

human feces and was recently reclassified to Faecalicatena orotica comb. 

nov.(145, 146) Detailed graphical presentation of the top 20 bacteria which cover 

82% of all sequence reads in the 32 longitudinal analysed patients suggests that 

there is not one single taxon that can be implicated in relapse. Rather, the 

microbiome observed at relapse is the outcome of a combination of several 

factors including ongoing inflammation and treatment. This could be the 

explanation of variation in microbiome observed between CDRL and CDFD 

groups. Similarly, the microbiome variation between CDRM patients and non-IBD 

controls is also suggestive of adaptation of the microbiome to drug therapy. 

These findings suggest a deeper and more pervasive dysbiosis, which persists 

despite clinical remission, and possibly has an immunogenic basis. This is an 

interesting observation, which might have significant clinical implications. As the 

role of microbiome alterations in the pathogenesis of individual patients with CD 

becomes clearer, more “personalized medicine” and effective treatment 

modalities can be designed. 
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4.6: Conclusion  

This study showed that the microbiome differed uniquely between CDFD patients 

and non-IBD controls. Furthermore, it generated important insights about the 

bacterial changes and adaptation during periods of CDRL and CDRM. It revealed 

significant differences in microbiome at different stages of disease CDFD, CDRL 

and CDRM. The individual variation between first diagnosis and subsequent 

relapse/remission over time has demonstrated that the microbiome can change 

dramatically over time within the same patient.  Results from this study will 

provide an important knowledge base for future novel target therapies in which 

each patient should be treated differently based on their microbiome profile 

. 
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Supplementary Table 4.1: 

Taxonomic annotation of oligotype representative node sequences using SILVA 

Incremental online portal Aligner (SINA v1.2.11) on https://www.arb-silva.de/aligner/ 

accessed 13th March 2017 and 11th July 2017 and ARB platform installed on local 

SANGER computer cluster. Supplementary Table 4.1 shows the OTP ID, the number of 

reads for each OTP under the “size” column, then the taxonomic levels from the SINA 

annotation, and the taxonomic level from the ARB analysis 



OTP	ID Size Phylum Class Order Family Genus Genus Species Choosen		taxon
OTP_0002 623703 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides vulgatus OTP_0002_Bacteroides_vulgatus
OTP_0028 1768 Firmicutes Erysipelotrichia Erysipelotrichales Erysipelotrichaceae Dielma OTP_0028_Dielma
OTP_0050 5493 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnoclostridium Clostridium clostridioforme OTP_0050_Clostridium_clostridioforme
OTP_0055 4776 Firmicutes Clostridia Clostridiales Lachnospiraceae bacterium YE61 OTP_0055_Lachnospiraceae
OTP_0056 1840 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides thetaiotaomicron OTP_0056_Bacteroides_thetaiotaomicron
OTP_0070 2103 Fusobacteria Fusobacteriia Fusobacteriales Fusobacteriaceae Fusobacterium Fusobacterium periodonticum OTP_0070_Fusobacterium_periodonticum
OTP_0078 7671 Fusobacteria Fusobacteriia Fusobacteriales Fusobacteriaceae Cetobacterium somerae OTP_0078_Cetobacterium_somerae
OTP_0080 3718 Firmicutes Clostridia Clostridiales Clostridium perfringens OTP_0080_Clostridium_perfringens
OTP_0081 9883 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides caccae OTP_0081_Bacteroides_caccae
OTP_0082 1372 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides thetaiotaomicron OTP_0082_Bacteroides_thetaiotaomicron
OTP_0084 875 Fusobacteria Fusobacteriia Fusobacteriales Fusobacteriaceae Fusobacterium ulcerans OTP_0084_Fusobacterium_ulcerans
OTP_0087 788 Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Parabacteroides Parabacteroides distasonis OTP_0087_Parabacteroides_distasonis
OTP_0088 7660 Actinobacteria Actinobacteria Propionibacteriales Propionibacteriaceae Propionibacterium Propionibacterium acnes OTP_0088_Propionibacterium_acnes
OTP_0097 1788 Firmicutes Negativicutes Selenomonadales Acidaminococcaceae Phascolarctobacterium Phascolarctobacterium succinatutens OTP_0097_Phascolarctobacterium_succinatutens
OTP_0101 1206 Actinobacteria Actinobacteria Bifidobacteriales Bifidobacteriaceae Bifidobacterium Bifidobacterium pseudocatenulatum OTP_0101_Bifidobacterium_pseudocatenulatum
OTP_0112 872 Firmicutes Bacilli Lactobacillales Streptococcaceae Streptococcus Streptococcus parasanguinis OTP_0112_Streptococcus_parasanguinis
OTP_0159 964 Firmicutes Bacilli Bacillales Family	XI Gemella Gemella sanguinis OTP_0159_Gemella_sanguinis
OTP_0174 697 Actinobacteria Actinobacteria Bifidobacteriales Bifidobacteriaceae Bifidobacterium Bifidobacterium adolescentis OTP_0174_Bifidobacterium_adolescentis
OTP_0176 5502 Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella Prevotella bryantii OTP_0176_Prevotella_bryantii
OTP_0187 1317 Cyanobacteria Melainabacteria Gastranaerophilales OTP_0187_Gastranaerophilales
OTP_0231 1054 Firmicutes Bacilli Bacillales Family	XI Gemella Gemella haemolysans OTP_0231_Gemella_haemolysans
OTP_0233 1611 Firmicutes Bacilli Lactobacillales Carnobacteriaceae Granulicatella adiacens OTP_0233_Granulicatella_adiacens
OTP_0254 1184 Firmicutes Clostridia Clostridiales Clostridiaceae	1 Clostridium	sensu	stricto	1 Clostridium paraputrificum OTP_0254_Clostridium_paraputrificum
OTP_0261 1711 Firmicutes Clostridia Clostridiales Lachnospiraceae Roseburia OTP_0261_Roseburia
OTP_0289 89109 Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella	9 Prevotella copri OTP_0289_Prevotella_copri
OTP_0292 9778 Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella	9 Prevotella copri OTP_0292_Prevotella_copri
OTP_0294 9311 Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella	9 Prevotella copri OTP_0294_Prevotella_copri
OTP_0300 4724 Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella	9 Prevotella copri OTP_0300_Prevotella_copri
OTP_0307 1309 Firmicutes Clostridia Clostridiales Peptostreptococcaceae Clostridium maritimum OTP_0307_Clostridium_maritimum
OTP_0308 31630 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides uniformis OTP_0308_Bacteroides_uniformis
OTP_0313 870 Firmicutes Bacilli Lactobacillales Enterococcaceae Enterococcus Enterococcus cecorum OTP_0313_Enterococcus_cecorum
OTP_0314 2924 Firmicutes Bacilli Lactobacillales Enterococcaceae Enterococcus Enterococcus casseliflavus OTP_0314_Enterococcus_casseliflavus
OTP_0315 2381 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides uniformis OTP_0315_Bacteroides_uniformis
OTP_0319 2193 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides uniformis OTP_0319_Bacteroides_uniformis
OTP_0342 764 Actinobacteria Actinobacteria Bifidobacteriales Bifidobacteriaceae Bifidobacterium Bifidobacterium bifidum OTP_0342_Bifidobacterium_bifidum
OTP_0345 967 Actinobacteria Actinobacteria Bifidobacteriales Bifidobacteriaceae Bifidobacterium Bifidobacterium gallinarum OTP_0345_Bifidobacterium_gallinarum
OTP_0349 4203 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_0349_Faecalibacterium_prausnitzii
OTP_0350 665 Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia Blautia glucerasea OTP_0350_Blautia_glucerasea
OTP_0351 979 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_0351_Faecalibacterium_prausnitzii
OTP_0353 4274 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_0353_Faecalibacterium_prausnitzii
OTP_0357 3115 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_0357_Faecalibacterium_prausnitzii
OTP_0358 1130 Firmicutes Clostridia Clostridiales Lachnospiraceae Roseburia Roseburia hominis OTP_0358_Roseburia_hominis
OTP_0361 1629 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_0361_Faecalibacterium_prausnitzii
OTP_0362 4784 Firmicutes Clostridia Clostridiales Lachnospiraceae [Eubacterium]	ruminantium	group bacterium YE64 OTP_0362_Eubacterium
OTP_0376 873 Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella Prevotella timonensis OTP_0376_Prevotella_timonensis
OTP_0382 708 Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella Prevotella timonensis OTP_0382_Prevotella_timonensis
OTP_0401 2021 Firmicutes Bacilli Lactobacillales Enterococcaceae Enterococcus Enterococcus faecalis OTP_0401_Enterococcus_faecalis
OTP_0402 945 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnoclostridium Clostridium hathewayi OTP_0402_Clostridium_hathewayi
OTP_0404 5870 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides stercoris OTP_0404_Bacteroides_stercoris
OTP_0407 8786 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides stercoris OTP_0407_Bacteroides_stercoris
OTP_0410 712 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides clarus OTP_0410_Bacteroides_clarus
OTP_0413 1929 Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Parabacteroides Parabacteroides johnsonii OTP_0413_Parabacteroides_johnsonii
OTP_0414 1915 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides stercoris OTP_0414_Bacteroides_stercoris
OTP_0434 756 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides stercoris OTP_0434_Bacteroides_stercoris
OTP_0437 18052 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides thetaiotaomicron OTP_0437_Bacteroides_thetaiotaomicron
OTP_0450 996 Firmicutes Clostridia Clostridiales Lachnospiraceae [Eubacterium]	hallii	group Eubacterium hallii OTP_0450_Eubacterium_hallii
OTP_0466 1767 Firmicutes Clostridia Clostridiales Christensenellaceae Christensenellaceae	R-7	group OTP_0466_Christensenellaceae_R-7
OTP_0479 8864 Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia wexlerae OTP_0479_Blautia_wexlerae
OTP_0481 8599 Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia wexlerae OTP_0481_Blautia_wexlerae
OTP_0482 12288 Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia Blautia wexlerae OTP_0482_Blautia_wexlerae
OTP_0495 6173 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides uniformis OTP_0495_Bacteroides_uniformis
OTP_0514 894 Firmicutes Erysipelotrichia Erysipelotrichales Erysipelotrichaceae Incertae	Sedis Clostridium innocuum OTP_0514_Clostridium_innocuum
OTP_0515 895 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus Lactobacillus acidophilus OTP_0515_Lactobacillus_acidophilus
OTP_0520 14502 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides fragilis OTP_0520_Bacteroides_fragilis
OTP_0521 30102 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides fragilis OTP_0521_Bacteroides_fragilis
OTP_0522 1004 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides fragilis OTP_0522_Bacteroides_fragilis
OTP_0524 48330 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides fragilis OTP_0524_Bacteroides_fragilis
OTP_0525 1290 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides fragilis OTP_0525_Bacteroides_fragilis
OTP_0526 3802 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides eggerthii OTP_0526_Bacteroides_eggerthii
OTP_0527 3906 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides fragilis OTP_0527_Bacteroides_fragilis
OTP_0539 638 Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Barnesiella Barnesiella intestinihominis OTP_0539_Barnesiella_intestinihominis
OTP_0541 855 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides ovatus OTP_0541_Bacteroides_ovatus
OTP_0543 2838 Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Barnesiella Barnesiella intestinihominis OTP_0543_Barnesiella_intestinihominis
OTP_0555 1020 Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Barnesiella Barnesiella intestinihominis OTP_0555_Barnesiella_intestinihominis
OTP_0563 1741 Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminiclostridium_9 OTP_0563_Ruminiclostridium_9
OTP_0567 1273 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides plebeius OTP_0567_Bacteroides_plebeius
OTP_0569 8191 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides coprocola OTP_0569_Bacteroides_coprocola
OTP_0570 1119 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides plebeius OTP_0570_Bacteroides_plebeius
OTP_0571 1467 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides plebeius OTP_0571_Bacteroides_plebeius
OTP_0572 58214 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides massiliensis OTP_0572_Bacteroides_massiliensis
OTP_0573 861 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides dorei OTP_0573_Bacteroides_dorei
OTP_0574 71302 Bacteroidetes Bacteroidia Bacteroidales Bacteroides dorei OTP_0574_Bacteroides_dorei
OTP_0576 127135 Bacteroidetes Bacteroidia Bacteroidales Bacteroides dorei OTP_0576_Bacteroides_dorei
OTP_0599 5156 Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia Blautia obeum OTP_0599_Blautia_obeum
OTP_0601 2304 Firmicutes Clostridia Clostridiales Lachnospiraceae uncultured Ruminococcus obeum OTP_0601_Ruminococcus_obeum
OTP_0604 1920 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium prausnitzii OTP_0604_Faecalibacterium_prausnitzii
OTP_0623 1108 Firmicutes Clostridia Clostridiales Lachnospiraceae Ruminococcus gnavus OTP_0623_Ruminococcus_gnavus
OTP_0626 652 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnoclostridium Clostridium symbiosum OTP_0626_Clostridium_symbiosum
OTP_0628 1029 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnoclostridium Clostridium aldenense OTP_0628_Clostridium_aldenense
OTP_0629 8950 Firmicutes Clostridia Clostridiales Lachnospiraceae Ruminococcus gnavus OTP_0629_Ruminococcus_gnavus
OTP_0643 22584 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium bacterium ic1379 OTP_0643_Faecalibacterium
OTP_0644 927 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_0644_Faecalibacterium_prausnitzii
OTP_0646 2408 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_0646_Faecalibacterium_prausnitzii
OTP_0647 1782 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_0647_Faecalibacterium_prausnitzii
OTP_0654 1137 Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminiclostridium_6 Eubacterium siraeum OTP_0654_Eubacterium_siraeum
OTP_0684 1540 Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella	2 Prevotella melaninogenica OTP_0684_Prevotella_melaninogenica
OTP_0685 4246 Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella	2 Prevotella melaninogenica OTP_0685_Prevotella_melaninogenica
OTP_0690 1046 Firmicutes Clostridia Clostridiales Lachnospiraceae Clostridium Clostridium hathewayi OTP_0690_Clostridium_hathewayi
OTP_0693 1301 Firmicutes Clostridia Clostridiales Lachnospiraceae Coprococcus	3 Ruminococcus faecis OTP_0693_Ruminococcus_faecis
OTP_0697 6730 Firmicutes Clostridia Clostridiales Lachnospiraceae Tyzzerella	=		Clostridium Clostridium lactatifermentans OTP_0697_Clostridium_lactatifermentans
OTP_0709 779 Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminococcaceae	UCG-002 Oscillibacter valericigenes OTP_0709_Oscillibacter_valericigenes

Supplementary	Table	1.	Taxonomic	annotation	of	oligotype	representative	node	sequences	

SILVA	Incremental	Aligner	(SINA	v1.2.11)	[Use	online	portal]	for	taxonomic	classification	of	OTP	node	sequences
Taxonomic	classification	of	OTP	node	

sequences	to	species	level	using	ARB	platform



OTP_0723 659 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides fragilis OTP_0723_Bacteroides_fragilis
OTP_0725 5162 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides fragilis OTP_0725_Bacteroides_fragilis
OTP_0734 12603 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_0734_Faecalibacterium_prausnitzii
OTP_0735 1889 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_0735_Faecalibacterium_prausnitzii
OTP_0755 12720 Firmicutes Negativicutes Selenomonadales Veillonellaceae Veillonella Veillonella parvula OTP_0755_Veillonella_parvula
OTP_0756 1250 Firmicutes Negativicutes Selenomonadales Veillonellaceae Veillonella Veillonella denticariosi OTP_0756_Veillonella_denticariosi
OTP_0768 1025 Firmicutes Negativicutes Selenomonadales Veillonellaceae Veillonella Veillonella parvula OTP_0768_Veillonella_parvula
OTP_0777 990 Firmicutes Bacilli Bacillales Paenibacillaceae Paenibacillus Paenibacillus alvei OTP_0777_Paenibacillus_alvei
OTP_0780 15170 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides uniformis OTP_0780_Bacteroides_uniformis
OTP_0789 4117 Fusobacteria Fusobacteriia Fusobacteriales Pseudomonas putida OTP_0789_Pseudomonas_putida
OTP_0796 1301 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_0796_Faecalibacterium_prausnitzii
OTP_0798 1402 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_0798_Faecalibacterium_prausnitzii
OTP_0808 5907 Firmicutes Clostridia Clostridiales Clostridium bartlettii OTP_0808_Clostridium_bartlettii
OTP_0809 1754 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides xylanisolvens OTP_0809_Bacteroides_xylanisolvens
OTP_0813 749 Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminococcus	2 Ruminococcus bromii OTP_0813_Ruminococcus_bromii
OTP_0819 1388 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus Lactobacillus oris OTP_0819_Lactobacillus_oris
OTP_0823 687 Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Coprobacter Coprobacter fastidiosus OTP_0823_Coprobacter_fastidiosus
OTP_0841 1807 Firmicutes Clostridia Clostridiales Lachnospiraceae uncultured Clostridium propionicum OTP_0841_Clostridium_propionicum
OTP_0843 1563 Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminococcaceae	UCG-002 Oscillibacter ruminantium OTP_0843_Oscillibacter_ruminantium
OTP_0855 1530 Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia coccoides OTP_0855_Blautia_coccoides
OTP_0856 1243 Firmicutes Clostridia Clostridiales Ruminococcaceae Oscillibacter ruminantium OTP_0856_Oscillibacter_ruminantium
OTP_0884 3931 Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae Klebsiella pneumoniae OTP_0884_Klebsiella_pneumoniae
OTP_0885 2989 Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae Morganella Morganella morganii OTP_0885_Morganella_morganii
OTP_0887 659 Proteobacteria Deltaproteobacteria Desulfovibrionales Desulfovibrionaceae Desulfovibrio Desulfovibrio piger OTP_0887_Desulfovibrio_piger
OTP_0895 1531 TM7 Candiatus	Saccharibacteria OTP_0895_TM7
OTP_0900 1052 Proteobacteria Betaproteobacteria Neisseriales Neisseriaceae Neisseria Neisseria flavescens OTP_0900_Neisseria_flavescens
OTP_0901 796 Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae Proteus Proteus penneri OTP_0901_Proteus_penneri
OTP_0969 1576 Firmicutes Clostridia Clostridiales Lachnospiraceae OTP_0969_Lachnospiraceae
OTP_0979 10240 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnospiraceae	NK4A136	group Clostridium bolteae OTP_0979_Clostridium_bolteae
OTP_0980 1260 Firmicutes Clostridia Clostridiales Ruminococcaceae OTP_0980_Ruminococcaceae
OTP_1009 4708 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides finegoldii OTP_1009_Bacteroides_finegoldii
OTP_1011 2088 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides finegoldii OTP_1011_Bacteroides_finegoldii
OTP_1020 2590 Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella	7 Prevotella melaninogenica OTP_1020_Prevotella_melaninogenica
OTP_1028 1792 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides plebeius OTP_1028_Bacteroides_plebeius
OTP_1038 7061 Firmicutes Clostridia Clostridiales Lachnospiraceae Incertae	Sedis Eubacterium eligens OTP_1038_Eubacterium_eligens
OTP_1051 4237 Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia luti OTP_1051_Blautia_luti
OTP_1052 962 Firmicutes Clostridia Clostridiales Lachnospiraceae Coprococcus	3 Coprococcus comes OTP_1052_Coprococcus_comes
OTP_1053 9785 Firmicutes Clostridia Clostridiales Lachnospiraceae Fusicatenibacter saccharivorans OTP_1053_Fusicatenibacter_saccharivorans
OTP_1054 4807 Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia Blautia faecis OTP_1054_Blautia_faecis
OTP_1078 1150 Firmicutes Clostridia Clostridiales Lachnospiraceae [Eubacterium]	hallii	group Eubacterium hallii OTP_1078_Eubacterium_hallii
OTP_1093 642 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides thetaiotaomicron OTP_1093_Bacteroides_thetaiotaomicron
OTP_1097 763 Firmicutes Clostridia Clostridiales Ruminococcaceae Oscillibacter Oscillibacter ruminantium OTP_1097_Oscillibacter_ruminantium
OTP_1100 13499 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides ovatus OTP_1100_Bacteroides_ovatus
OTP_1108 1935 Firmicutes Clostridia Clostridiales Ruminococcaceae Subdoligranulum Subdoligranulum variabile OTP_1108_Subdoligranulum_variabile
OTP_1111 7163 Fusobacteria Fusobacteriia Fusobacteriales Fusobacteriaceae Fusobacterium Fusobacterium mortiferum OTP_1111_Fusobacterium_mortiferum
OTP_1125 5653 Firmicutes Clostridia Clostridiales Peptostreptococcaceae Terrisporobacter Clostridium metallolevans OTP_1125_Clostridium_metallolevans
OTP_1126 3135 Firmicutes Clostridia Clostridiales Lachnospiraceae uncultured Clostridium propionicum OTP_1126_Clostridium_propionicum
OTP_1127 1669 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus Lactobacillus casei OTP_1127_Lactobacillus_casei
OTP_1159 666 Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Barnesiella Barnesiella intestinihominis OTP_1159_Barnesiella_intestinihominis
OTP_1162 6251 Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Barnesiella Barnesiella intestinihominis OTP_1162_Barnesiella_intestinihominis
OTP_1170 1074 Actinobacteria Actinobacteria Actinomycetales Actinomycetaceae Actinomyces Actinomyces odontolyticus OTP_1170_Actinomyces_odontolyticus
OTP_1173 1714 Actinobacteria Actinobacteria Micrococcales Micrococcaceae Rothia Rothia mucilaginosa OTP_1173_Rothia_mucilaginosa
OTP_1184 7466 Firmicutes Negativicutes Selenomonadales Veillonellaceae Veillonella Veillonella atypica OTP_1184_Veillonella_atypica
OTP_1185 1696 Firmicutes Erysipelotrichia Erysipelotrichales Erysipelotrichaceae Erysipelatoclostridium Clostridium ramosum OTP_1185_Clostridium_ramosum
OTP_1196 4390 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides fragilis OTP_1196_Bacteroides_fragilis
OTP_1199 3579 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides fragilis OTP_1199_Bacteroides_fragilis
OTP_1200 6025 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides fragilis OTP_1200_Bacteroides_fragilis
OTP_1201 1799 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides fragilis OTP_1201_Bacteroides_fragilis
OTP_1202 2058 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides fragilis OTP_1202_Bacteroides_fragilis
OTP_1204 1873 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides fragilis OTP_1204_Bacteroides_fragilis
OTP_1205 3620 Firmicutes Bacillis Lactobacillales Aerococcaceae Abiotrophia Abiotrophia para-adiacens OTP_1205_Abiotrophia_para-adiacens
OTP_1209 5528 Fusobacteria Fusobacteriia Fusobacteriales Fusobacteriaceae Fusobacterium Fusobacterium varium OTP_1209_Fusobacterium_varium
OTP_1210 13197 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides faecis OTP_1210_Bacteroides_faecis
OTP_1222 7324 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnoclostridium Ruminococcus gnavus OTP_1222_Ruminococcus_gnavus
OTP_1224 1652 Firmicutes Clostridia Clostridiales Lachnospiraceae Ruminococcus gnavus OTP_1224_Ruminococcus_gnavus
OTP_1232 3310 Spirochaetae Spirochaetes Spirochaetales Brachyspiraceae Brachyspira Brachyspira aalborgi OTP_1232_Brachyspira_aalborgi
OTP_1233 6768 Spirochaetae Spirochaetes Spirochaetales Brachyspiraceae Brachyspira Brachyspira aalborgi OTP_1233_Brachyspira_aalborgi
OTP_1234 2949 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus Lactobacillus gasseri OTP_1234_Lactobacillus_gasseri
OTP_1240 4152 Firmicutes Negativicutes Selenomonadales Acidaminococcaceae Phascolarctobacterium Phascolarctobacterium faecium OTP_1240_Phascolarctobacterium_faecium
OTP_1245 3887 Firmicutes Negativicutes Selenomonadales Acidaminococcaceae Phascolarctobacterium Phascolarctobacterium faecium OTP_1245_Phascolarctobacterium_faecium
OTP_1253 1091 Firmicutes Negativicutes Selenomonadales Acidaminococcaceae Phascolarctobacterium Phascolarctobacterium faecium OTP_1253_Phascolarctobacterium_faecium
OTP_1257 1013 Firmicutes Clostridia Clostridiales Ruminococcaceae Subdoligranulum variabile OTP_1257_Subdoligranulum_variabile
OTP_1259 5553 Firmicutes Clostridia Clostridiales Ruminococcaceae Subdoligranulum variabile OTP_1259_Subdoligranulum_variabile
OTP_1279 1451 Firmicutes Erysipelotrichia Erysipelotrichales Erysipelotrichaceae Erysipelotrichaceae_UCG-003 OTP_1279_Erysipelotrichaceae_UCG-003
OTP_1280 2088 Firmicutes Erysipelotrichia Erysipelotrichales Erysipelotrichaceae Erysipelotrichaceae_UCG-003 OTP_1280_Erysipelotrichaceae_UCG-003
OTP_1290 16922 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1290_Faecalibacterium_prausnitzii
OTP_1291 94290 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1291_Faecalibacterium_prausnitzii
OTP_1292 12317 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1292_Faecalibacterium_prausnitzii
OTP_1293 5057 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1293_Faecalibacterium_prausnitzii
OTP_1294 1757 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1294_Faecalibacterium_prausnitzii
OTP_1295 3743 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1295_Faecalibacterium_prausnitzii
OTP_1298 989 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1298_Faecalibacterium_prausnitzii
OTP_1303 8523 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1303_Faecalibacterium_prausnitzii
OTP_1310 23795 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1310_Faecalibacterium_prausnitzii
OTP_1312 6324 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1312_Faecalibacterium_prausnitzii
OTP_1313 11753 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1313_Faecalibacterium_prausnitzii
OTP_1315 2449 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1315_Faecalibacterium_prausnitzii
OTP_1317 1004 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1317_Faecalibacterium_prausnitzii
OTP_1321 1182 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1321_Faecalibacterium_prausnitzii
OTP_1327 994 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1327_Faecalibacterium_prausnitzii
OTP_1329 743 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1329_Faecalibacterium_prausnitzii
OTP_1333 2734 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1333_Faecalibacterium_prausnitzii
OTP_1345 67505 Firmicutes Clostridia Clostridiales Lachnospiraceae Ruminococcus faecis OTP_1345_Ruminococcus_faecis
OTP_1347 7313 Firmicutes Clostridia Clostridiales Lachnospiraceae Ruminococcus lactaris OTP_1347_Ruminococcus_lactaris
OTP_1349 1718 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnoclostridium Ruminococcus lactaris OTP_1349_Ruminococcus_lactaris
OTP_1367 956 Firmicutes Clostridia Clostridiales Lachnospiraceae Ruminococcus lactaris OTP_1367_Ruminococcus_lactaris
OTP_1368 6356 Firmicutes Clostridia Clostridiales Lachnospiraceae Eubacterium rectale OTP_1368_Eubacterium_rectale
OTP_1371 16066 Firmicutes Clostridia Clostridiales Lachnospiraceae Eubacterium rectale OTP_1371_Eubacterium_rectale
OTP_1391 6626 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnoclostridium Clostridium hathewayi OTP_1391_Clostridium_hathewayi
OTP_1392 11870 Firmicutes Clostridia Clostridiales Lachnospiraceae Pseudobutyrivibrio ruminis OTP_1392_Pseudobutyrivibrio_ruminis
OTP_1394 3436 Firmicutes Clostridia Clostridiales Lachnospiraceae Hespellia porcina OTP_1394_Hespillia_porcina
OTP_1395 1183 Firmicutes Clostridia Clostridiales Lachnospiraceae bacterium YE62 OTP_1395_Lachnospiraceae
OTP_1397 1491 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnoclostridium Roseburia inulinivorans OTP_1397_Roseburia_inulinivorans
OTP_1419 4249 Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella	9 Prevotella copri OTP_1419_Prevotella_copri
OTP_1420 2315 Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella	9 Prevotella copri OTP_1420_Prevotella_copri



OTP_1425 815 Fusobacteria Fusobacteriia Fusobacteriales Fusobacteriaceae Fusobacterium Fusobacterium nucleatum OTP_1425_Fusobacterium_nucleatum
OTP_1427 8057 Fusobacteria Fusobacteriia Fusobacteriales Fusobacteriaceae Fusobacterium Fusobacterium nucleatum OTP_1427_Fusobacterium_nucleatum
OTP_1433 2511 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1433_Faecalibacterium_prausnitzii
OTP_1434 1243 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1434_Faecalibacterium_prausnitzii
OTP_1447 8305 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium prausnitzii OTP_1447_Faecalibacterium_prausnitzii
OTP_1448 1210 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1448_Faecalibacterium_prausnitzii
OTP_1458 1048 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1458_Faecalibacterium_prausnitzii
OTP_1460 785 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1460_Faecalibacterium_prausnitzii
OTP_1464 3398 Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Parabacteroides Parabacteroides distasonis OTP_1464_Parabacteroides_distasonis
OTP_1465 8445 Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Parabacteroides Parabacteroides merdae OTP_1465_Parabacteroides_merdae
OTP_1466 1496 Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Parabacteroides Parabacteroides merdae OTP_1466_Parabacteroides_merdae
OTP_1469 1016 Fusobacteria Fusobacteriia Fusobacteriales Fusobacteriaceae Fusobacterium Fusobacterium nucleatum OTP_1469_Fusobacterium_nucleatum
OTP_1470 4210 Fusobacteria Fusobacteriia Fusobacteriales Fusobacteriaceae Fusobacterium Fusobacterium nucleatum OTP_1470_Fusobacterium_nucleatum
OTP_1481 1402 Firmicutes Clostridia Clostridiales Ruminococcaceae Oscillibacter ruminantium OTP_1481_Oscillibacter_ruminantium
OTP_1482 1623 Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminococcaceae	UCG-002 Oscillibacter ruminantium OTP_1482_Oscillibacter_ruminantium
OTP_1489 1890 Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminococcaceae	UCG-002 Oscillibacter ruminantium OTP_1489_Oscillibacter_ruminantium
OTP_1497 1694 Firmicutes Clostridia Clostridiales Eubacteriaceae Eubacterium Eubacterium hallii OTP_1497_Eubacterium_hallii
OTP_1499 1082 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides cellulosilyticus OTP_1499_Bacteroides_cellulosilyticus
OTP_1501 808 Bacteroidetes Bacteroidia Bacteroidales Bacteroides intestinalis OTP_1501_Bacteroides_intestinalis
OTP_1502 3055 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides thetaiotaomicron OTP_1502_Bacteroides_thetaiotaomicron
OTP_1504 14445 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides thetaiotaomicron OTP_1504_Bacteroides_thetaiotaomicron
OTP_1505 647 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides thetaiotaomicron OTP_1505_Bacteroides_thetaiotaomicron
OTP_1507 1832 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides thetaiotaomicron OTP_1507_Bacteroides_thetaiotaomicron
OTP_1509 1322 Firmicutes Clostridia Clostridiales Lachnospiraceae Ruminococcus torques OTP_1509_Ruminococcus_torques
OTP_1510 10842 Firmicutes Clostridia Clostridiales Lachnospiraceae Ruminococcus torques OTP_1510_Ruminococcus_torques
OTP_1522 1745 Firmicutes Clostridia Clostridiales Lachnospiraceae Coprococcus	3 Coprococcus comes OTP_1522_Coprococcus_comes
OTP_1523 4022 Firmicutes Clostridia Clostridiales Lachnospiraceae Coprococcus	3 Coprococcus comes OTP_1523_Coprococcus_comes
OTP_1535 2540 Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminiclostridium	9 Pseudoflavonifractor capillosus OTP_1535_Pseudoflavonifractor_capillosus
OTP_1536 1067 Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminiclostridium	9 Pseudoflavonifractor capillosus OTP_1536_Pseudoflavonifractor_capillosus
OTP_1537 838 Firmicutes Clostridia Clostridiales Ruminococcaceae Flavonifractor plautii OTP_1537_Flavonifractor_plautii
OTP_1539 2233 Firmicutes Clostridia Clostridiales Ruminococcaceae Flavonifractor Flavonifractor plautii OTP_1539_Flavonifractor_plautii
OTP_1540 854 Firmicutes Clostridia Clostridiales Ruminococcaceae Flavonifractor Flavonifractor plautii OTP_1540_Flavonifractor_plautii
OTP_1545 1018 Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia Blautia luti OTP_1545_Blautia_luti
OTP_1564 1225 Firmicutes Clostridia Clostridiales Lachnospiraceae Clostridium hathewayi OTP_1564_Clostridium_hathewayi
OTP_1565 819 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnospiraceae	FCS020	group Clostridium nexile OTP_1565_Clostridium_nexile
OTP_1573 7989 Firmicutes Clostridia Clostridiales Lachnospiraceae Epulopiscium bacterium PS7 OTP_1573_Epulopiscium
OTP_1574 24419 Firmicutes Clostridia Clostridiales Lachnospiraceae Epulopiscium bacterium PS7 OTP_1574_Epulopiscium
OTP_1579 1826 Firmicutes Clostridia Clostridiales Lachnospiraceae uncultured Ruminococcus gnavus OTP_1579_Ruminococcus_gnavus
OTP_1602 8584 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1602_Faecalibacterium_prausnitzii
OTP_1603 2526 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1603_Faecalibacterium_prausnitzii
OTP_1607 2357 Firmicutes Clostridia Clostridiales Lachnospiraceae Eubacterium oxidoreducens OTP_1607_Eubacterium_oxidoreducens
OTP_1608 4026 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnospiraceae	UCG-005 Roseburia intestinalis OTP_1608_Roseburia_intestinalis
OTP_1613 1477 Actinobacteria Actinobacteria Bifidobacteriales Bifidobacteriaceae Bifidobacterium Bifidobacterium longum OTP_1613_Bifidobacterium_longum
OTP_1614 758 Actinobacteria Actinobacteria Bifidobacteriales Bifidobacteriaceae Bifidobacterium Bifidobacterium longum OTP_1614_Bifidobacterium_longum
OTP_1617 644 Firmicutes Negativicutes Selenomonadales Veillonellaceae Veillonella Veillonella tobetsuensis OTP_1617_Veillonella_tobetsuensis
OTP_1618 702 Firmicutes Negativicutes Selenomonadales Veillonellaceae Veillonella Veillonella parvula OTP_1618_Veillonella_parvula
OTP_1624 933 Firmicutes Clostridia Clostridiales OTP_1624_Clostridiales
OTP_1625 1027 Firmicutes Clostridia Clostridiales Christensenellaceae Christensenellaceae_R-7	group OTP_1625_Christensenellaceae_R-7
OTP_1626 1219 Firmicutes Clostridia Clostridiales Christensenellaceae Christensenellaceae	R-7	group OTP_1626_Christensenellaceae_R-7
OTP_1630 9476 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides xylanisolvens OTP_1630_Bacteroides_xylanisolvens
OTP_1631 4736 Bacteria Bacteroides xylanisolvens OTP_1631_Bacteroides_xylanisolvens
OTP_1633 1434 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides cellulosilyticus OTP_1633_Bacteroides_cellulosilyticus
OTP_1635 1505 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides salyersiae OTP_1635_Bacteroides_salyersiae
OTP_1638 2215 Firmicutes Erysipelotrichia Erysipelotrichales Erysipelotrichaceae Turicibacter Turicibacter sanguinis OTP_1638_Turicibacter_sanguinis
OTP_1640 2001 Firmicutes Erysipelotrichia Erysipelotrichales Erysipelotrichaceae Turicibacter Turicibacter sanguinis OTP_1640_Turicibacter_sanguinis
OTP_1645 2770 Verrucomicrobia Verrucomicrobiae Verrucomicrobiales Verrucomicrobiaceae Akkermansia Akkermansia muciniphila OTP_1645_Akkermansia_muciniphila
OTP_1646 1243 Verrucomicrobia Verrucomicrobiae Verrucomicrobiales Verrucomicrobiaceae Akkermansia Akkermansia muciniphila OTP_1646_Akkermansia_muciniphila
OTP_1651 30696 Proteobacteria Betaproteobacteria Burkholderiales Alcaligenaceae Sutterella Sutterella wadsworthensis OTP_1651_Sutterella_wadsworthensis
OTP_1656 23063 Proteobacteria Betaproteobacteria Burkholderiales Alcaligenaceae Sutterella Sutterella wadsworthensis OTP_1656_Sutterella_wadsworthensis
OTP_1659 2384 Proteobacteria Betaproteobacteria Burkholderiales Alcaligenaceae Sutterella Sutterella stercoricanis OTP_1659_Sutterella_stercoricanis
OTP_1668 22258 Proteobacteria Betaproteobacteria Burkholderiales Alcaligenaceae Parasutterella Parasutterella excrementihominis OTP_1668_Parasutterella_excrementihominis
OTP_1669 10314 Proteobacteria Betaproteobacteria Burkholderiales Burkholderiaceae Ralstonia Ralstonia pseudosolanacearum OTP_1669_Ralstonia_pseudosolanacearum
OTP_1670 982 Proteobacteria Betaproteobacteria Burkholderiales Alcaligenaceae Parasutterella Parasutterella excrementihominis OTP_1670_Parasutterella_excrementihominis
OTP_1676 15379 Proteobacteria Betaproteobacteria Burkholderiales Alcaligenaceae Sutterella OTP_1676_Sutterella
OTP_1679 1602 Proteobacteria Betaproteobacteria Burkholderiales Oxalobacteraceae Noviherbaspirillum Noviherbaspirillum psychrotolerans OTP_1679_Noviherbaspirillum_psychrotolerans
OTP_1685 20445 Proteobacteria Gammaproteobacteria Pasteurellales Pasteurellaceae Haemophilus Haemophilus parainfluenzae OTP_1685_Haemophilus_parainfluenzae
OTP_1686 827 Proteobacteria Gammaproteobacteria Pasteurellales Pasteurellaceae Haemophilus Haemophilus parainfluenzae OTP_1686_Haemophilus_parainfluenzae
OTP_1687 3050 Proteobacteria Gammaproteobacteria Pasteurellales Pasteurellaceae Haemophilus Terrahaemophilus aromaticivorans OTP_1687_Terrahaemophilus_aromaticivorans
OTP_1688 1480 Proteobacteria Gammaproteobacteria Pasteurellales Pasteurellaceae Haemophilus Haemophilus haemolyticus OTP_1688_Haemophilus_haemolyticus
OTP_1690 636 Proteobacteria Gammaproteobacteria Pasteurellales Pasteurellaceae Haemophilus Haemophilus haemolyticus OTP_1690_Haemophilus_haemolyticus
OTP_1691 838 Proteobacteria Gammaproteobacteria Pasteurellales Pasteurellaceae Actinobacillus Haemophilus paraphrohaemolyticus OTP_1691_Haemophilus_paraphrohaemolyticus
OTP_1694 1872 Proteobacteria Gammaproteobacteria Pasteurellales Pasteurellaceae Haemophilus Haemophilus parainfluenzae OTP_1694_Haemophilus_parainfluenzae
OTP_1702 62690 Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae Escherichia coli OTP_1702_Escherichia_coli
OTP_1710 12089 Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae Escherichia-Shigella Escherichia coli OTP_1710_Escherichia_coli
OTP_1712 1915 Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae Citrobacter Escherichia coli OTP_1712_Escherichia_coli
OTP_1720 3676 Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae Klebsiella pneumoniae OTP_1720_Klebsiella_pneumoniae
OTP_1725 5723 Proteobacteria Gammaproteobacteria Pasteurellales Pasteurellaceae Haemophilus Terrahaemophilus aromaticivorans OTP_1725_Terrahaemophilus_aromaticivorans
OTP_1729 14953 Proteobacteria Gammaproteobacteria Pasteurellales Pasteurellaceae Haemophilus Haemophilus parainfluenzae OTP_1729_Haemophilus_parainfluenzae
OTP_1733 1881 Proteobacteria Gammaproteobacteria Pasteurellales Pasteurellaceae Haemophilus Haemophilus parainfluenzae OTP_1733_Haemophilus_parainfluenzae
OTP_1746 2169 Firmicutes Clostridia Clostridiales Clostridiaceae	1 Clostridium	sensu	stricto	1 Clostridium disporicum OTP_1746_Clostridium_disporicum
OTP_1747 1657 Firmicutes Clostridia Clostridiales Clostridium paraputrificum OTP_1747_Clostridium_paraputrificum
OTP_1756 12499 Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Parabacteroides Parabacteroides distasonis OTP_1756_Parabacteroides_distasonis
OTP_1757 2904 Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Parabacteroides Parabacteroides distasonis OTP_1757_Parabacteroides_distasonis
OTP_1761 18825 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1761_Faecalibacterium_prausnitzii
OTP_1762 15578 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1762_Faecalibacterium_prausnitzii
OTP_1764 11690 Firmicutes Clostridia Clostridiales Lachnospiraceae Tyzzerella	4 Clostridium nexile OTP_1764_Clostridium_nexile
OTP_1765 1123 Firmicutes Clostridia Clostridiales Lachnospiraceae Tyzzerella	4 Clostridium nexile OTP_1765_Clostridium_nexile
OTP_1775 4179 Firmicutes Clostridia Clostridiales Lachnospiraceae Tyzzerella	4 Clostridium nexile OTP_1775_Clostridium_nexile
OTP_1776 17873 Firmicutes Clostridia Clostridiales Lachnospiraceae uncultured Ruminococcus gnavus OTP_1776_Ruminococcus_gnavus
OTP_1784 728 Firmicutes Clostridia Clostridiales Eubacterium oxidoreducens OTP_1784_Eubacterium_oxidoreducens
OTP_1787 3596 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnospira Bacteroides galacturonicus OTP_1787_Bacteroides_galacturonicus
OTP_1788 6881 Firmicutes Clostridia Clostridiales Lachnospiraceae bacterium YE61 OTP_1788_Lachnospiraceae
OTP_1794 2717 Firmicutes Clostridia Clostridiales Clostridiaceae	1 Clostridium	sensu	stricto	1 Clostridium butyricum OTP_1794_Clostridium_butyricum
OTP_1795 1227 Firmicutes Clostridia Clostridiales Clostridiaceae	1 Clostridium	sensu	stricto	1 Clostridium disporicum OTP_1795_Clostridium_disporicum
OTP_1820 1272 Firmicutes Clostridia Clostridiales Lachnospiraceae Roseburia inulinivorans OTP_1820_Roseburia_inulinivorans
OTP_1824 15191 Firmicutes Clostridia Clostridiales Lachnospiraceae Roseburia inulinivorans OTP_1824_Roseburia_inulinivorans
OTP_1829 1668 Firmicutes Clostridia Clostridiales Ruminococcaceae [Eubacterium]	coprostanoligenes	group Anaerotruncus colihominis OTP_1829_Anaerotruncus_colihominis
OTP_1842 23153 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnoclostridium Clostridium xylanolyticum OTP_1842_Clostridium_xylanolyticum
OTP_1843 3423 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnoclostridium Clostridium bolteae OTP_1843_Clostridium_bolteae
OTP_1859 1219 Firmicutes Clostridia Clostridiales Lachnospiraceae Coprococcus eutactus OTP_1859_Coprococcus_eutactus
OTP_1864 840 Firmicutes Clostridia Clostridiales Lachnospiraceae Coprococcus catus OTP_1864_Coprococcus_catus
OTP_1868 1683 Firmicutes Negativicutes Selenomonadales Veillonellaceae Megamonas Megamonas rupellensis OTP_1868_Megamonas_rupellensis
OTP_1869 3050 Firmicutes Negativicutes Selenomonadales Veillonellaceae Megamonas Megamonas funiformis OTP_1869_Megamonas_funiformis
OTP_1873 2921 Firmicutes Negativicutes Selenomonadales Veillonellaceae Megamonas Megamonas funiformis OTP_1873_Megamonas_funiformis
OTP_1874 4734 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1874_Faecalibacterium_prausnitzii
OTP_1877 2350 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1877_Faecalibacterium_prausnitzii



OTP_1878 979 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_1878_Faecalibacterium_prausnitzii
OTP_1888 1383 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides stercoris OTP_1888_Bacteroides_stercoris
OTP_1889 1864 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides stercoris OTP_1889_Bacteroides_stercoris
OTP_1890 714 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides stercoris OTP_1890_Bacteroides_stercoris
OTP_1899 1817 Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Odoribacter Odoribacter splanchnicus OTP_1899_Odoribacter_splanchnicus
OTP_1900 5159 Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Odoribacter Odoribacter splanchnicus OTP_1900_Odoribacter_splanchnicus
OTP_1901 1027 Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Odoribacter Odoribacter splanchnicus OTP_1901_Odoribacter_splanchnicus
OTP_1905 1203 Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Odoribacter Odoribacter splanchnicus OTP_1905_Odoribacter_splanchnicus
OTP_1907 2183 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides ovatus OTP_1907_Bacteroides_ovatus
OTP_1908 1377 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides ovatus OTP_1908_Bacteroides_ovatus
OTP_1909 1375 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides ovatus OTP_1909_Bacteroides_ovatus
OTP_1917 914 Firmicutes Bacilli Lactobacillales Streptococcaceae Streptococcus Streptococcus salivarius OTP_1917_Streptococcus_salivarius
OTP_1919 789 Firmicutes Bacilli Lactobacillales Streptococcaceae Streptococcus Streptococcus mitis OTP_1919_Streptococcus_mitis
OTP_1923 855 Firmicutes Bacilli Lactobacillales Streptococcaceae Streptococcus Streptococcus parasanguinis OTP_1923_Streptococcus_parasanguinis
OTP_1929 5035 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides ovatus OTP_1929_Bacteroides_ovatus
OTP_1930 3346 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides ovatus OTP_1930_Bacteroides_ovatus
OTP_1931 9670 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides ovatus OTP_1931_Bacteroides_ovatus
OTP_1933 3163 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides ovatus OTP_1933_Bacteroides_ovatus
OTP_1937 2072 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides ovatus OTP_1937_Bacteroides_ovatus
OTP_1939 1443 Firmicutes Clostridia Clostridiales Christensenellaceae Christensenellaceae	R-7	group OTP_1939_Christensenellaceae_R-7
OTP_1941 660 Firmicutes Clostridia Clostridiales Ruminococcaceae Subdoligranulum bacterium ic1395 OTP_1941_Subdoligranulum
OTP_1948 2692 Fusobacteria Fusobacteriia Fusobacteriales Fusobacteriaceae Fusobacterium OTP_1948_Fusobacterium
OTP_1949 3477 Fusobacteria Fusobacteriia Fusobacteriales Fusobacteriaceae Fusobacterium OTP_1949_Fusobacterium
OTP_1964 1225 Firmicutes Clostridia Clostridiales Peptostreptococcaceae Peptoclostridium Clostridium difficile OTP_1964_Clostridium_difficile
OTP_1965 14010 Firmicutes Clostridia Clostridiales Lachnospiraceae Anaerostipes hadrus OTP_1965_Anaerostipes_hadrus
OTP_1966 1680 Firmicutes Clostridia Clostridiales Lachnospiraceae Anaerostipes hadrus OTP_1966_Anaerostipes_hadrus
OTP_1968 634 Firmicutes Clostridia Clostridiales Lachnospiraceae Coprococcus	1 Coprococcus catus OTP_1968_Coprococcus_catus
OTP_1972 806 Firmicutes Clostridia Clostridiales Lachnospiraceae Eubacterium ramulus OTP_1972_Eubacterium_ramulus
OTP_1977 6214 Firmicutes Clostridia Clostridiales Lachnospiraceae Eubacterium fissicatena OTP_1977_Eubacterium_fissicatena
OTP_1979 6359 Firmicutes Clostridia Clostridiales Lachnospiraceae uncultured Eubacterium fissicatena OTP_1979_Eubacterium_fissicatena
OTP_1980 1746 Firmicutes Clostridia Clostridiales Lachnospiraceae Roseburia Roseburia faecis OTP_1980_Roseburia_faecis
OTP_1983 3806 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnoclostridium bacterium ic1294 OTP_1983_Lachnoclostridium
OTP_1991 1066 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnoclostridium bacterium ic1294 OTP_1991_Lachnoclostridium
OTP_2005 4361 Firmicutes Clostridia Clostridiales Lachnospiraceae uncultured Ruminococcus gnavus OTP_2005_Ruminococcus_gnavus
OTP_2006 643 Firmicutes Clostridia Clostridiales Lachnospiraceae uncultured bacterium ic1294 OTP_2006_Lachnospiraceae
OTP_2011 7517 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnospiraceae	UCG-004 Ruminococcus gnavus OTP_2011_Ruminococcus_gnavus
OTP_2012 3882 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnospiraceae	UCG-004 bacterium YE61 OTP_2012_Lachnospiraceae
OTP_2013 3325 Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae Pantoea agglomerans OTP_2013_Pantoea_agglomerans
OTP_2015 37472 Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae Enterobacter cloacae OTP_2015_Enterobacter_cloacae
OTP_2016 1018 Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae Enterobacter aerogenes OTP_2016_Enterobacter_aerogenes
OTP_2017 4069 Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae Citrobacter braakii OTP_2017_Citrobacter_braakii
OTP_2024 7386 Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae Escherichia-Shigella Shigella boydii OTP_2024_Shigella_boydii
OTP_2027 2686 Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae Escherichia-Shigella Escherichia coli OTP_2027_Escherichia_coli
OTP_2028 948 Proteobacteria Gammaproteobacteria Pasteurellales Pasteurellaceae Haemophilus parahaemolyticus OTP_2028_Haemophilus_parahaemolyticus
OTP_2029 1871 Proteobacteria Gammaproteobacteria Pasteurellales Pasteurellaceae Actinobacillus Haemophilus parahaemolyticus OTP_2029_Haemophilus_parahaemolyticus
OTP_2031 1283 Firmicutes Clostridia Clostridiales Clostridiaceae	1 Clostridium	sensu	stricto	1 Clostridium disporicum OTP_2031_Clostridium_disporicum
OTP_2032 5753 Firmicutes Clostridia Clostridiales Clostridium disporicum OTP_2032_Clostridium_disporicum
OTP_2033 9684 Firmicutes Clostridia Clostridiales Lachnospiraceae Dorea human intestinal.bacterium OTP_2033_human_intestinal.bacterium
OTP_2037 4779 Firmicutes Clostridia Clostridiales Lachnospiraceae Dorea Dorea formicigenerans OTP_2037_Dorea_formicigenerans
OTP_2046 2338 Firmicutes Clostridia Clostridiales Lachnospiraceae Ruminococcus obeum OTP_2046_Ruminococcus_obeum
OTP_2048 12128 Firmicutes Clostridia Clostridiales Lachnospiraceae Clostridium symbiosum OTP_2048_Clostridium_symbiosum
OTP_2057 719 Firmicutes Clostridia Clostridiales Lachnospiraceae Oribacterium Oribacterium sinus OTP_2057_Oribacterium_sinus
OTP_2062 1285 Firmicutes Clostridia Clostridiales Lachnospiraceae uncultured bacterium ic1294 OTP_2062_Lachnospiraceae
OTP_2066 686 Firmicutes Clostridia Clostridiales Lachnospiraceae uncultured Eubacterium fissicatena OTP_2066_Eubacterium_fissicatena
OTP_2069 815 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnoclostridium Clostridium bolteae OTP_2069_Clostridium_bolteae
OTP_2070 5099 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnoclostridium Clostridium lavalense OTP_2070_Clostridium_lavalense
OTP_2075 1182 Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminococcus callidus OTP_2075_Ruminococcus_callidus
OTP_2076 735 Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminococcus callidus OTP_2076_Ruminococcus_callidus
OTP_2078 1690 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnoclostridium Clostridium bolteae OTP_2078_Clostridium_bolteae
OTP_2079 812 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnoclostridium Clostridium asparagiforme OTP_2079_Clostridium_asparagiforme
OTP_2082 1486 Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella	9 Prevotella copri OTP_2082_Prevotella_copri
OTP_2083 2524 Bacteroidetes Bacteroidia Bacteroidales Bacteroides vulgatus OTP_2083_Bacteroides_vulgatus
OTP_2084 1361 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnospiraceae	NK4A136	group Clostridium bolteae OTP_2084_Clostridium_bolteae
OTP_2085 794 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_2085_Faecalibacterium_prausnitzii
OTP_2086 647 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides vulgatus OTP_2086_Bacteroides_vulgatus
OTP_2087 835 Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnospiraceae	NK4A136	group Butyrivibrio fibrisolvens OTP_2087_Butyrivibrio_fibrisolvens
OTP_2088 682 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides ovatus OTP_2088_Bacteroides_ovatus
OTP_2089 654 Firmicutes Clostridia Clostridiales Lachnospiraceae Ruminococcus faecis OTP_2089_Ruminococcus_faecis
OTP_2090 7971 Bacteroidetes Bacteroidia Bacteroidales Bacteroides vulgatus OTP_2090_Bacteroides_vulgatus
OTP_2091 1620 Proteobacteria Gammaproteobacteria Pasteurellales Pasteurellaceae Haemophilus Haemophilus parainfluenzae OTP_2091_Haemophilus_parainfluenzae
OTP_2092 1809 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium bacterium ic1379 OTP_2092_Haemophilus
OTP_2093 4149 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides uniformis OTP_2093_Bacteroides_uniformis
OTP_2094 3588 Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella	9 Prevotella copri OTP_2094_Prevotella_copri
OTP_2095 5180 Bacteroidetes Bacteroidia Bacteroidales Bacteroides vulgatus OTP_2095_Bacteroides_vulgatus
OTP_2096 1642 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium Faecalibacterium prausnitzii OTP_2096_Faecalibacterium_prausnitzii
OTP_2097 752 Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella	7 Prevotella bryantii OTP_2097_Prevotella_bryantii
OTP_2098 1331 Proteobacteria Betaproteobacteria Burkholderiales Alcaligenaceae Parasutterella Parasutterella excrementihominis OTP_2098_Parasutterella_excrementihominis
OTP_2099 5023 Bacteroidetes Bacteroidia Bacteroidales Bacteroides vulgatus OTP_2099_Bacteroides_vulgatus
OTP_2100 1956 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides fragilis OTP_2100_Bacteroides_fragilis
OTP_2101 756 Proteobacteria Betaproteobacteria Burkholderiales Alcaligenaceae Sutterella OTP_2101_Sutterella
OTP_2102 21966 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides vulgatus OTP_2102_Bacteroides_vulgatus
OTP_2103 14620 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides vulgatus OTP_2103_Bacteroides_vulgatus
OTP_2104 987 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides uniformis OTP_2104_Bacteroides_uniformis
OTP_2105 5052 Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides Bacteroides massiliensis OTP_2105_Bacteroides_massiliensis
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Supplementary Table 4.2: 

PERmutational Multivariate ANalysis Of VAriance (PERMANOVA) test for all 
samples and metadata for Crohn’s disease first diagnosis, non-IBD controls, 
Crohn’s disease relapse, Crohn’s disease remission, age groups, gender, gut 
locations, and gut wall condition (inflamed versus non-inflamed) 
 

 

  



Supplementary	Table	2.	PERMANOVA	test
CDFD	and	non-IBD	controls

SumsOfSqs MeanSqs F.Model R2 Pr(>F)
group 1.909 1.90856 6.5277 0.0267 1.00E-04 ***
CDFD	separated	by	gender

SumsOfSqs MeanSqs F.Model R2 Pr(>F)
gender 0.757 0.75708 2.3738 0.01558 0.0052 **
CDFD	separated	by	gender	and	adjusted	for	age,	gut	wall	condition,	and	gut	location

SumsOfSqs MeanSqs F.Model R2 Pr(>F)
age 0.5 0.49972 1.57627 0.01028 0.0643 .
gut	wall	condition 0.459 0.45906 1.44802 0.00945 0.1043
gut	location 0.255 0.25522 0.80503 0.00525 0.6795
gender 0.78 0.77983 2.45982 0.01605 0.004 **
CDFD	and	CD		Relapse	adjusted	for	age	and	gender

SumsOfSqs MeanSqs F.Model R2 Pr(>F)
age 0.712 0.71151 2.2815 0.00961 0.0098 **
gender 0.575 0.57454 1.8423 0.00776 0.0328 *
group 1.367 1.36702 4.3834 0.01846 0.0001 ***
CDFD	and	CD		Remission	adjusted	for	age	and	gender

SumsOfSqs MeanSqs F.Model R2 Pr(>F)
age 0.528 0.52848 1.6424 0.00911 0.0558 .
gender 1.02 1.02046 3.1713 0.0176 0.0004 ***
group 1.095 1.09505 3.4031 0.01888 0.0003 ***
CD		Relapse	and	CD		Remission	adjusted	for	age	and	gender

SumsOfSqs MeanSqs F.Model R2 Pr(>F)
gender 0.763 0.76344 2.4824 0.02291 0.009 **
age 0.681 0.68086 2.2139 0.02043 0.0184 *
group 0.824 0.82412 2.6797 0.02473 0.0034 **
Controls	and	CD		Remission

SumsOfSqs MeanSqs F.Model R2 Pr(>F)
group 1.3549 1.3549 5.0862 0.04419 2.00E-04 ***
Controls	and	CD		Remission	adjusted	for	gender

SumsOfSqs MeanSqs F.Model R2 Pr(>F)
gender 0.5445 0.5445 2.0618 0.01776 0.0341 *
group4 1.3286 1.3286 5.0309 0.04334 0.0001 ***
Controls	and	CD		Relapse

SumsOfSqs MeanSqs F.Model R2 Pr(>F)
group 0.588 0.58808 2.1772 0.01287 0.0238 *
Controls	and	CD		Relapse	adjusted	for	gender

SumsOfSqs MeanSqs F.Model R2 Pr(>F)
gender 0.614 0.61351 2.2872 0.01343 0.0195 *
group4 0.556 0.55624 2.0737 0.01217 0.0331 *
PERMANOVA	test	was	done	using	the	Adonis	function	from	the	R	package	VEGAN.	The	
microbial	community	was	statistically	different	between	the	(1)	CDFD	group	and	non-IBD	
controls;	(2)	between	gender	in	the	CDFD	group	(without	or	with	adjustment	for	confounders	
for	age,	gut	wall	conditions,	and	gut	location),	(3)	CDFD	group	and	CD	Relapse	group	
(adjustment	for	confounders	for	age	and	gender,	(4)	CDFD	group	and	CD	Remission	group	
(adjustment	for	confounders	for	age	and	gender),	(5)	CD	Relapse	and	CD	Remission	groups	
(adjustment	for	confoudners	gender),	(6)	non-IBD	controls	and	CD	Remission	group	(with	or	
without	adjustement	for	gender),	(7)	non-IBD	controls	and	CD	Relapse	group	(with	or	without	
adjustments	for	gender).	Abbreviations:	CDFD	=	Crohn's	disease	patients	at	first	diagnosis
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Supplementary Table 4.3: 

SIMPER test for individual OTP taxa contribution and mean abundance, Spearman’s rho 

correlation coefficient analysis with P value, and EXCEL calculated frequency for CD first 

diagnosis samples and non-IBD controls. 



Supplementary Table 3. SIMPER test, SPEARMAN correlation coefficient analysis, EXCEL frequency calculation, and Mann Whitney U test for CDFD and controls

Taxa (species) name SIMPER Spearman's 

Contrib. % CDFD Controls correlation coefficient CDFD % Controls % P value FDR P value

Turicibacter_sanguinis 0.3764 0.671 46 0.4456 8.55 45.45 0.0000001 0.0000122

Clostridium_disporicum 0.5593 2.63 68.6 0.4230 13.82 52.27 0.0000008 0.0000634

Propionibacterium_acnes 0.4811 48.1 1 -0.2835 40.79 13.64 0.0879160 0.0001042

Bacteroides_galacturonicus 0.2503 5.63 27.4 0.2835 21.71 47.73 0.1275500 0.0001412

Bacteroides_vulgatus 19.5 1490 2700 0.2743 95.39 97.73 0.2913500 0.0002901

Veillonella_parvula 0.1288 14.2 1.66 -0.2709 40.79 17.05 0.2970900 0.0002901

Eubacterium_oxidoreducens 0.13 8.14 8.74 0.2547 15.79 39.77 0.9030300 0.0008328

Parabacteroides_merdae 0.4628 19.2 51.5 0.2512 47.37 68.18 0.0001086 0.0009489

Roseburia_intestinalis 0.1555 6.69 15 0.2516 29.61 54.55 0.0001384 0.0011490

Roseburia_inulinivorans 0.5343 30.8 55.7 0.3524 50.66 84.09 0.0006136 0.0014550

Eubacterium_rectale 1.029 34.6 124 0.3837 56.58 86.36 0.0000341 0.0018845

Clostridium_lavalense 0.1031 2.51 10.6 0.2344 9.21 27.27 0.0003498 0.0026394

Clostridiales 0.0465 0.454 5.25 0.2316 2.63 14.77 0.0003422 0.0026394

Pseudobutyrivibrio_ruminis 0.5408 26.6 55 0.3751 44.74 81.82 0.0000866 0.0035919

Clostridium_lactatifermentans 0.2643 31.8 2.31 -0.2217 22.37 5.68 0.0005996 0.0039812

Blautia_obeum 0.1948 8.91 21.1 0.2247 53.29 75.00 0.0005703 0.0039812

Roseburia 0.08567 6.09 6.27 0.2234 36.84 57.95 0.0005940 0.0039812

Blautia_luti 0.1903 8.01 19.8 0.2214 40.13 63.64 0.0007177 0.0045824

Clostridium_maritimum 0.09097 1.65 9.98 0.3703 11.84 43.18 0.0001465 0.0048653

Fusobacterium 1.899 232 4.68 -0.3628 62.50 27.27 0.0001806 0.0049951

Bacteroides_uniformis 1.756 112 186 0.2224 75.66 87.50 0.0008716 0.0053589

Roseburia_hominis 0.06478 1.91 6.83 0.2139 23.68 44.32 0.0011118 0.0065916

Clostridium_butyricum 0.1409 17.8 0 -0.2099 11.18 0.00 0.0011839 0.0067768

Bacteroides_caccae 0.4242 20.2 38.2 0.2087 30.26 51.14 0.0014071 0.0077860

Epulopiscium 1.434 184 0.92 -0.2055 19.08 4.55 0.0014596 0.0078160

Haemophilus_parainfluenzae 1.968 220 30.4 -0.2005 58.55 39.77 0.0015899 0.0082477

Subdoligranulum_variabile 0.3036 24.5 24.8 0.2034 58.55 82.95 0.0019150 0.0096328

Gastranaerophilales 0.1233 0 15 0.1917 0.00 5.68 0.0030807 0.0150410

Coprococcus_comes 0.2891 19.8 24.7 0.1888 38.82 62.50 0.0037585 0.0178260

Enterobacter_cloacae 1.648 169 43.9 -0.1841 30.92 15.91 0.0042495 0.0190660

Eubacterium_hallii 0.1396 11.4 13.8 0.1855 56.58 84.09 0.0041359 0.0190660

Blautia_faecis 0.1753 13.5 14.9 0.1854 40.79 68.18 0.0046063 0.0196620

Haemophilus_parahaemolyticus 0.1321 15.9 0.761 -0.1833 20.39 6.82 0.0046195 0.0196620

Bacteroides_cellulosilyticus 0.1297 5.91 11.6 0.1822 16.45 31.82 0.0052378 0.0217370

Veillonella_atypica 0.2945 34.8 0.568 -0.3117 46.71 21.59 0.0146710 0.0221400

Barnesiella_intestinihominis 0.443 26 36.8 0.3425 28.95 68.18 0.0013958 0.0289640

Streptococcus_mitis 0.04266 4.88 0.284 -0.1721 17.76 5.68 0.0077776 0.0314900

Prevotella_melaninogenica 0.3737 45.4 0.0114 -0.1699 9.87 1.14 0.0083619 0.0330490

Streptococcus_parasanguinis 0.08453 9.42 0.0682 -0.1669 15.13 4.55 0.0095912 0.0361850

Coprococcus_eutactus 0.06475 0.763 7.39 0.1681 7.24 18.18 0.0095912 0.0361850

Clostridium_ramosum 0.1005 3.97 8.76 -0.1672 24.34 10.23 0.0100860 0.0372060

Sutterella_wadsworthensis 1.957 217 113 -0.1606 69.08 62.50 0.0116510 0.0411970

Clostridium_symbiosum 0.5865 60.3 17 -0.1611 51.32 39.77 0.0116640 0.0411970

Phascolarctobacterium_faecium 0.3549 13.1 38.1 0.1609 32.89 45.45 0.0136390 0.0462050

Bifidobacterium_adolescentis 0.01192 0.224 1.31 0.1588 7.89 18.18 0.0135320 0.0462050

Odoribacter_splanchnicus 0.3252 26.9 21.3 0.1539 44.08 59.09 0.0199280 0.0652180

Ruminococcus_obeum 0.1444 13.9 13.8 0.1529 61.18 86.36 0.0204250 0.0652180

Clostridium_difficile 0.06388 8.06 0 -0.1502 5.92 0.00 0.0204300 0.0652180

Gemella_haemolysans 0.04386 4.78 0.409 -0.1503 23.68 12.50 0.0218250 0.0683590

Granulicatella_adiacens 0.07355 8.21 0.375 -0.1481 26.32 14.77 0.0238740 0.0726240

Blautia_coccoides 0.05639 7.02 0.261 -0.1476 20.39 10.23 0.0240620 0.0726240

Escherichia_coli 2.263 278 20.3 -0.1433 35.53 23.86 0.0259250 0.0744700

Clostridium_xylanolyticum 1.09 52.2 124 0.1437 59.21 75.00 0.0255210 0.0744700

Ruminococcus_lactaris 0.5051 43.9 23 0.1445 17.11 30.68 0.0260190 0.0744700

Bacteroides_xylanisolvens 0.5924 55.4 32.3 0.1452 44.74 63.64 0.0274400 0.0772040

Clostridium_paraputrificum 0.0873 8.61 2.64 -0.1414 21.05 10.23 0.0295570 0.0817740

Fusicatenibacter_saccharivorans 0.3357 26.5 33.5 0.1406 63.82 80.68 0.0343150 0.0933810

Enterobacter_aerogenes 0.05348 6.54 0.0227 -0.1358 7.24 1.14 0.0362060 0.0969380

Ruminococcus_gnavus 1.443 129 172 0.1408 88.16 100.00 0.0416610 0.1097700

Akkermansia_muciniphila 0.1956 7.12 17.4 0.1299 9.21 18.18 0.0451590 0.1171300

Christensenellaceae_R_7 0.2782 6.34 30.1 0.3229 28.29 60.23 0.0099879 0.1842200

Eubacterium_eligens 0.4485 11.2 51.2 0.3165 42.11 76.14 0.0125530 0.2083700

Roseburia_faecis 0.1081 3.26 10.7 0.2999 6.58 29.55 0.0366720 0.5072900

Ruminococcus_callidus 0.1155 5.11 10 0.3005 15.13 43.18 0.0428870 0.5476300

Bacteroides_dorei 7.419 382 732 0.0886 69.74 79.55 >0.05 >0.05

Faecalibacterium_prausnitzii 6.888 961 889 0.0198 94.74 98.86 >0.05 >0.05

Bacteroides_fragilis 5.301 437 327 0.1056 62.50 79.55 >0.05 >0.05

Prevotella_copri 5.017 307 396 0.0149 51.97 54.55 >0.05 >0.05

Ruminococcus_faecis 2.794 275 206 -0.0264 71.71 77.27 >0.05 >0.05

Bacteroides_massiliensis 2.375 146 197 0.0965 42.11 52.27 >0.05 >0.05

Bacteroides_thetaiotaomicron 1.75 137 139 0.0051 64.47 72.73 >0.05 >0.05

Bacteroides_ovatus 1.544 142 91.3 0.0352 75.00 77.27 >0.05 >0.05

Faecalibacterium 1.175 80.6 78.1 -0.0319 18.42 15.91 >0.05 >0.05

Clostridium_nexile 0.9402 91.8 33.4 0.0560 42.76 56.82 >0.05 >0.05

Bacteroides_stercoris 0.9079 45.9 77.8 0.0121 32.24 31.82 >0.05 >0.05

Blautia_wexlerae 0.8278 96.1 72 0.0564 77.63 94.32 >0.05 >0.05

Parabacteroides_distasonis 0.8168 41.2 86.8 0.1233 63.82 78.41 >0.05 >0.05

Lachnospiraceae 0.7571 91.8 36 -0.0684 78.95 88.64 >0.05 >0.05

Anaerostipes_hadrus 0.7343 37.5 73.3 0.0092 68.42 72.73 >0.05 >0.05

Bacteroides_coprocola 0.7177 3.51 86.2 0.0587 5.26 7.95 >0.05 >0.05

Parasutterella_excrementihominis 0.6948 66 34.3 0.0806 46.05 57.95 >0.05 >0.05

Bacteroides_faecis 0.6743 37 53.4 0.0893 21.71 29.55 >0.05 >0.05

Clostridium_bolteae 0.6003 60 44.9 -0.0339 75.00 90.91 >0.05 >0.05

Ralstonia_pseudosolanacearum 0.5727 46.3 23.2 -0.0820 11.84 6.82 >0.05 >0.05

Ruminococcus_torques 0.4615 48.7 21.1 -0.0660 51.32 54.55 >0.05 >0.05

SIMPER Mean abundance EXCEL calculated frequency Mann Whitney U test



Terrahaemophilus_aromaticivorans 0.4474 47 10.6 -0.1114 42.76 35.23 >0.05 >0.05

Clostridium_hathewayi 0.4079 26.3 40 0.0685 73.03 88.64 >0.05 >0.05

Cetobacterium_somerae 0.3894 50.4 0.0227 -0.0515 2.63 1.14 >0.05 >0.05

Shigella_boydii 0.376 45.7 3.6 -0.0627 10.53 6.82 >0.05 >0.05

Dorea 0.36 31.1 32 0.0989 57.89 89.77 >0.05 >0.05

Megamonas_funiformis 0.3581 5.43 40.9 0.0057 17.76 17.05 >0.05 >0.05

Oscillibacter_ruminantium 0.3176 25.3 22.5 0.0968 51.32 70.45 >0.05 >0.05

Bacteroides_plebeius 0.2818 16.8 18.1 -0.0032 5.92 5.68 >0.05 >0.05

Clostridium_clostridioforme 0.2772 24 11.8 -0.0727 19.08 13.64 >0.05 >0.05

Prevotella_bryantii 0.2701 17.8 16 -0.0914 9.87 4.55 >0.05 >0.05

Clostridium_bartlettii 0.2334 25.8 6.83 0.0829 52.63 64.77 >0.05 >0.05

Eubacterium 0.2154 25.3 6.09 0.0496 50.00 71.59 >0.05 >0.05

Pseudomonas_putida 0.2114 27.1 0 -0.1218 3.95 0.00 >0.05 >0.05

Citrobacter_braakii 0.1979 25 1.32 0.0298 3.29 4.55 >0.05 >0.05

Bacteroides_eggerthii 0.1904 2.7 21.6 -0.0290 7.24 5.68 >0.05 >0.05

Pantoea_agglomerans 0.1866 21.9 0 -0.0698 1.32 0.00 >0.05 >0.05

Clostridium_propionicum 0.1835 20.9 4.02 -0.0615 34.21 34.09 >0.05 >0.05

Abiotrophia_para_adiacens 0.1812 20.5 0.852 -0.1055 30.26 22.73 >0.05 >0.05

Clostridium_asparagiforme 0.1769 18.5 10.5 0.0728 50.66 68.18 >0.05 >0.05

Bacteroides_finegoldii 0.1748 5.3 17.5 0.0709 9.21 13.64 >0.05 >0.05

Brachyspira_aalborgi 0.1743 21.8 0.0909 -0.1152 5.92 1.14 >0.05 >0.05

Dorea_formicigenerans 0.1541 16.9 11.6 0.0454 59.87 77.27 >0.05 >0.05

Erysipelotrichaceae 0.1535 14.3 9.94 -0.0409 59.21 65.91 >0.05 >0.05

Megamonas_rupellensis 0.1509 0 18.8 0.1205 0.00 2.27 >0.05 >0.05

Clostridium_perfringens 0.1472 19.3 0.0455 -0.0968 6.58 2.27 >0.05 >0.05

Flavonifractor_plautii 0.1346 15 4.41 -0.0725 54.61 50.00 >0.05 >0.05

Eubacterium_fissicatena 0.128 13.6 2.94 -0.0268 19.08 18.18 >0.05 >0.05

Noviherbaspirillum_psychrotolerans 0.1113 10.5 0 -0.0856 1.97 0.00 >0.05 >0.05

Parabacteroides_johnsonii 0.1104 11.1 2.68 0.0263 4.61 5.68 >0.05 >0.05

Haemophilus_haemolyticus 0.1063 12.9 0.455 -0.1119 15.13 7.95 >0.05 >0.05

Prevotella_timonensis 0.0985 10.3 0.0114 -0.0941 4.61 1.14 >0.05 >0.05

Ruminiclostridium_9 0.0933 3.84 8.49 0.1103 15.13 23.86 >0.05 >0.05

Bacteroides_salyersiae 0.09014 7.09 4.75 0.0080 8.55 9.09 >0.05 >0.05

Hespellia_porcina 0.08907 5.91 5.88 0.0996 17.76 26.14 >0.05 >0.05

TM7 0.0856 8.74 1.18 -0.1144 23.68 14.77 >0.05 >0.05

Sutterella 0.08229 7.59 2.76 -0.0551 8.55 5.68 >0.05 >0.05

Anaerotruncus_colihominis 0.07917 8.63 1.34 0.1077 12.50 20.45 >0.05 >0.05

Dielma 0.07812 8.98 1.19 0.0172 13.82 14.77 >0.05 >0.05

Enterococcus_faecalis 0.0727 9.4 0.148 -0.0599 4.61 2.27 >0.05 >0.05

Eubacterium_siraeum 0.072 3.65 5.74 0.1016 13.82 21.59 >0.05 >0.05

Coprococcus_catus 0.06273 3.84 4.94 0.0449 23.68 28.41 >0.05 >0.05

Gemella_sanguinis 0.06248 5.33 0.33 -0.0764 13.82 9.09 >0.05 >0.05

Actinomyces_odontolyticus 0.06165 6.24 0.102 -0.0692 6.58 3.41 >0.05 >0.05

Bacteroides_intestinalis 0.05453 2.32 4.56 0.0553 7.24 10.23 >0.05 >0.05

Coprococcus 0.05281 4.42 3.17 0.0743 26.97 36.36 >0.05 >0.05

Phascolarctobacterium_succinatutens 0.05194 3.94 2.81 0.0071 10.53 11.36 >0.05 >0.05

Rothia_mucilaginosa 0.04977 5.26 0.17 -0.1104 18.42 11.36 >0.05 >0.05

Neisseria_flavescens 0.04554 4.52 0.0909 -0.1015 8.55 3.41 >0.05 >0.05

Veillonella_denticariosi 0.04392 4.96 0.42 -0.1138 25.66 18.18 >0.05 >0.05

Butyrivibrio_fibrisolvens 0.04362 5.18 0.341 -0.0483 7.89 5.68 >0.05 >0.05

Streptococcus_salivarius 0.04336 4.56 0.341 -0.0009 11.84 12.50 >0.05 >0.05

Desulfovibrio_piger 0.04153 0.651 4.57 0.0241 6.58 7.95 >0.05 >0.05

Oscillibacter_valericigenes 0.03977 2.11 3.33 0.0444 21.71 26.14 >0.05 >0.05

Haemophilus_paraphrohaemolyticus 0.03752 4.39 0.0341 -0.0504 2.63 1.14 >0.05 >0.05

Subdoligranulum 0.03723 2.43 2.67 0.0546 23.68 29.55 >0.05 >0.05

Veillonella_tobetsuensis 0.03681 4.24 0 -0.0698 1.32 0.00 >0.05 >0.05

Eubacterium_ramulus 0.0358 2.72 2.2 0.0682 18.42 26.14 >0.05 >0.05

Subdoligranumum 0.03465 2.45 2.07 -0.0153 9.87 9.09 >0.05 >0.05

Bifidobacterium_longum 0.03378 2.64 1.94 0.0430 31.58 37.50 >0.05 >0.05

Clostridium_aldenense 0.03074 3.14 1.18 -0.0635 29.61 25.00 >0.05 >0.05

Blautia_glucerasea 0.02505 0.974 2.28 0.1033 9.87 17.05 >0.05 >0.05

Oribacterium_sinus 0.02476 2.67 0.159 -0.0308 10.53 9.09 >0.05 >0.05

Coprobacter_fastidiosus 0.02425 2.33 0.841 0.0847 9.87 15.91 >0.05 >0.05

Ruminococcaceae 0.02202 1.57 1.45 0.0162 25.66 28.41 >0.05 >0.05

Klebsiella_pneumoniae 0.01706 1.47 0.659 0.0379 3.95 5.68 >0.05 >0.05

Clostridium_innocuum 0.01497 1.44 0.523 -0.0146 12.50 11.36 >0.05 >0.05

Bacteroides_clarus 0.01354 1.29 0.455 0.1006 3.95 9.09 >0.05 >0.05

Sutterella_stercoricanis 0.01005 0.322 0.943 0.0371 1.32 2.27 >0.05 >0.05

Bifidobacterium_bifidum 0.009638 0.23 1 0.1256 7.24 14.77 >0.05 >0.05

Clostridium_metallolevans 0.006003 0.0592 0.693 0.0455 1.97 3.41 >0.05 >0.05

Morganella_morganii 0.005846 0.546 0.136 -0.0078 1.32 1.14 >0.05 >0.05

Bifidobacterium_pseudocatenulatum 0.004677 0.23 0.386 0.0064 11.18 11.36 >0.05 >0.05

Lactobacillus_gasseri 0.003877 0.00658 0.432 0.0258 0.66 1.14 >0.05 >0.05

Shigella_sonnei 0.003115 0 0.398 0.1205 0.00 2.27 >0.05 >0.05

Lactobacillus_acidophilus 0.00238 0.237 0.0682 0.0096 1.97 2.27 >0.05 >0.05

Ruminococcus_bromii 0.002257 0 0.284 0.1205 0.00 2.27 >0.05 >0.05

Pseudoflavonifractor_capillosus 0.001641 0.0592 0.148 0.0044 3.29 3.41 >0.05 >0.05

Lactobacillus_oris 0.00151 0 0.17 0.0850 0.00 1.14 >0.05 >0.05

PAST3 statistical package was used to calculate the contribution in % for the individual bacterial taxa (most are classified at the species level) and for the 

calculation of the SIMPER (SIMilarity of PERcent test) mean abundance. PAST3 was also used for calculation of the Spearman correlation coefficient to identify 

the trend of association for individual bacteria in the different groups. We also calculated the frequency of each bacteria in the two groups. The combination of 

the SIMPER reported mean abundance and the EXCEL calculated frequency informs us whether a large SIMPER test mean abundance is driven by few samples 

with large number of sequence reads or by many samples with lower number of sequence reads. For example, Bacteroides vulgatus  was detected in similar 

numbers of CDFD (95.39%)  and control (97.73%) samples.  But the SIMPER mean abundance was much higher in the controls (2700) compare to the CDFD 

patient group (1490). This highlights that the CDFD patients had similar number of biopsies with Bacteroies vulgatus  sequence reads but with lower abundances 

of sequence reads. The Mann Whitney test, a nonparametric test which does not require the assumpton of normal distributions, was used to test for statistical 

assocation of individual bacteria. CDFD = Crohn's disease at first diagnosis, FDR = false discovery rate corrected P value
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Supplementary Table 4.4: 

SIMPER test for individual OTP taxa contribution and mean abundance, Spearman’s rho 
correlation coefficient analysis with P value, and EXCEL calculated frequency for CD first 
diagnosis samples and non-IBD controls separated by four heat map clusters.



SIMPER
Contrib. %  red  turquoise orange yellowgreen red turquoise orange yellowgreen red turquoise orange yellowgreen p.value FDR

Bacteroides_vulgatus 19.8 284 71.3 1110 4300 87.7 96.2 98.6 100 -0.5194 -0.3821 -0.1122 0.8180 1.08E-35 1.79E-33
Faecalibacterium_prausnitzii 7.068 476 756 1560 765 87.7 100 100 97.6 -0.3783 -0.0706 0.5079 -0.1041 3.92E-17 3.25E-15
Bacteroides_dorei 7.746 99.6 3360 222 161 64.9 100 75.0 69.4 -0.2383 0.5410 0.0327 -0.1708 5.32E-16 2.94E-14
Bacteroides_uniformis 1.583 86.6 261 113 159 52.6 84.6 94.4 84.7 -0.4493 0.1562 0.1765 0.1292 1.27E-09 5.25E-08
Bacteroides_thetaiotaomicron 1.727 32.7 411 103 153 42.1 69.2 87.5 67.1 -0.3688 0.1208 0.2210 0.0378 1.90E-09 6.31E-08
Ruminococcus_obeum 0.1401 5.54 7.85 24.7 12.1 38.6 57.7 83.3 84.7 -0.3457 -0.1113 0.3042 0.0884 2.59E-09 7.16E-08
Oscillibacter_ruminantium 0.2966 12.8 3.69 42 23.2 28.1 50.0 79.2 63.5 -0.2777 -0.1306 0.2964 0.0481 1.42E-08 3.37E-07
Eubacterium_rectale 0.7908 14.8 55.2 118 63.1 36.8 61.5 86.1 74.1 -0.3707 -0.0837 0.3185 0.0790 1.73E-08 3.60E-07
Propionibacterium_acnes 0.5913 122 0.346 4.15 1.38 61.4 19.2 22.2 21.2 0.4137 -0.1052 -0.1279 -0.1772 2.19E-08 4.04E-07
Odoribacter_splanchnicus 0.3167 2.65 32 24.4 38 14.0 53.8 65.3 58.8 -0.3821 0.0303 0.2203 0.1093 1.40E-07 2.32E-06
Parabacteroides_distasonis 0.6851 67.5 74.3 57.1 47.1 36.8 88.5 84.7 71.8 -0.3286 0.1642 0.1651 0.0274 2.65E-07 3.99E-06
Clostridium_bolteae 0.5715 40.4 28.8 73.1 55.9 50.9 73.1 97.2 89.4 -0.3473 -0.0653 0.2867 0.0767 3.09E-07 4.27E-06
Veillonella_atypica 0.346 71.9 0.577 12.3 4.08 64.9 26.9 37.5 22.4 0.3764 -0.1128 -0.0331 -0.2299 6.50E-07 8.30E-06
Parabacteroides_merdae 0.38 11.7 57 30.3 36.7 22.8 53.8 72.2 62.4 -0.3705 0.0203 0.1622 0.1610 1.13E-06 1.34E-05
Epulopiscium 1.784 492 0.192 0.222 0.224 33.3 7.7 9.7 5.9 0.3402 -0.0643 -0.0884 -0.1763 1.42E-06 1.44E-05
Subdoligranulum_variabile 0.2835 14.8 9.54 40.5 22.4 38.6 65.4 87.5 70.6 -0.3021 -0.0643 0.2807 0.0416 1.47E-06 1.44E-05
Clostridium_butyricum 0.174 44.9 0 0.0278 1.73 22.8 0.0 1.4 3.5 0.3438 -0.0962 -0.1456 -0.1039 1.33E-06 1.44E-05
Bacteroides_xylanisolvens 0.5825 45.4 13.5 28.6 73.7 26.3 38.5 69.4 57.6 -0.2516 -0.0923 0.1862 0.1054 2.19E-06 2.02E-05
Sutterella_wadsworthensis 1.899 54.2 71.6 283 208 43.9 57.7 77.8 75.3 -0.3159 -0.1172 0.2402 0.1271 2.57E-06 2.13E-05
Blautia_obeum 0.1586 5.96 9.23 22.5 11.9 28.1 53.8 77.8 71.8 -0.3442 -0.0619 0.2626 0.0949 2.45E-06 2.13E-05
Coprococcus_catus 0.05471 0.158 0.769 6.94 5.76 1.8 7.7 41.7 32.9 -0.2988 -0.1394 0.2521 0.1149 2.74E-06 2.17E-05
Eubacterium_eligens 0.3458 49.7 15.6 25 13.8 31.6 38.5 73.6 58.8 -0.2330 -0.0911 0.2803 -0.0020 7.87E-06 5.94E-05
Clostridium_xylanolyticum 0.8691 24.3 83.1 88.9 105 36.8 65.4 72.2 77.6 -0.2972 0.0270 0.0844 0.1660 1.20E-05 8.66E-05
Bacteroides_massiliensis 2.244 6.42 236 376 70.8 31.6 42.3 56.9 47.1 -0.2283 -0.0341 0.2608 -0.0246 0.00002 0.00011
Barnesiella_intestinihominis 0.3823 30.5 7.54 22 43.1 19.3 26.9 50.0 58.8 -0.2309 -0.1265 0.0573 0.2327 0.00002 0.00012
Phascolarctobacterium_faecium 0.2825 8.44 31.5 21.1 29.7 14.0 34.6 51.4 42.4 -0.2745 -0.0033 0.1436 0.1088 0.00002 0.00012
Clostridium_propionicum 0.1952 3.37 6.08 30.6 11.4 8.8 26.9 51.4 38.8 -0.2946 -0.0620 0.2754 0.0385 0.00002 0.00012
Dorea 0.3271 23 12.4 35.7 39.2 42.1 61.5 81.9 80.0 -0.2480 -0.1198 0.1964 0.1103 0.00002 0.00012
Roseburia 0.08035 8.47 1.62 9.07 3.53 22.8 42.3 59.7 47.1 -0.2157 -0.0509 0.1989 0.0344 0.00002 0.00013
Prevotella_copri 4.77 16.5 289 958 48.4 42.1 42.3 72.2 47.1 -0.1808 -0.0695 0.3699 -0.1484 0.00002 0.00013
Eubacterium_hallii 0.1299 9.32 9.62 18.2 10.1 38.6 57.7 81.9 75.3 -0.2252 -0.0940 0.2609 0.0114 0.00003 0.00016
Blautia_luti 0.1672 1.7 36.8 15.5 9.22 22.8 34.6 62.5 58.8 -0.2981 -0.0821 0.2093 0.1180 0.00003 0.00017
Eubacterium 0.2454 47.4 7.23 11.3 8.07 35.1 50.0 73.6 62.4 -0.2188 -0.0713 0.2405 0.0106 0.00004 0.00018
Bacteroides_fragilis 5.567 1190 432 90.6 114 73.7 80.8 59.7 69.4 0.1328 0.0669 -0.1461 -0.0217 0.00005 0.00027
Ruminococcus_torques 0.4696 19.8 39.3 47.8 43.3 22.8 50.0 72.2 56.5 -0.3012 -0.0297 0.2205 0.0760 0.00006 0.00029
Roseburia_inulinivorans 0.4614 19.3 58.1 52.1 37.9 36.8 76.9 72.2 68.2 -0.2922 0.1034 0.1434 0.0554 0.00007 0.00032
Granulicatella_adiacens 0.08847 19.2 0.192 1.76 0.612 42.1 11.5 18.1 15.3 0.2823 -0.0964 -0.0671 -0.1242 0.00010 0.00043
Ruminococcus_lactaris 0.544 82.1 65.7 21.8 8.72 12.3 50.0 19.4 22.4 -0.1197 0.2422 -0.0346 -0.0177 0.00011 0.00047
Pseudobutyrivibrio_ruminis 0.4551 20 23.3 70.1 24.7 36.8 53.8 70.8 63.5 -0.2553 -0.0549 0.2496 0.0236 0.00012 0.00051
Dorea_formicigenerans 0.1522 14.1 8 17.5 15.6 45.6 57.7 77.8 72.9 -0.1968 -0.1003 0.1497 0.0969 0.00014 0.00058
Blautia_faecis 0.1629 10.5 8.27 20.2 12.8 29.8 38.5 63.9 57.6 -0.2384 -0.0743 0.2315 0.0387 0.00018 0.00073
Blautia_wexlerae 0.856 50.2 143 122 65.3 59.6 84.6 93.1 91.8 -0.2478 0.0428 0.2078 -0.0064 0.00019 0.00074
Eubacterium_fissicatena 0.1437 0.158 28.3 1.92 17 7.0 26.9 15.3 27.1 -0.1807 0.0925 -0.0697 0.1674 0.00030 0.00115
Terrahaemophilus_aromaticivorans 0.5157 71.5 68.7 22.2 7.29 31.6 65.4 44.4 34.1 -0.0461 0.2243 0.0262 -0.1298 0.00032 0.00119
Fusobacterium 2.064 239 36 108 158 70.2 26.9 47.2 44.7 0.2549 -0.1694 -0.0426 -0.0759 0.00037 0.00136
Phascolarctobacterium_succinatutens 0.05116 0.193 0 11 0.541 3.5 0.0 25.0 7.1 -0.1348 -0.1212 0.3085 -0.0968 0.00039 0.00140
Rothia_mucilaginosa 0.0608 13.1 0.385 0.472 0.306 33.3 11.5 9.7 10.6 0.2869 -0.0468 -0.1133 -0.1163 0.00043 0.00153
Lachnospiraceae 0.7789 93 21.2 75.5 68.7 61.4 80.8 88.9 91.8 -0.1676 -0.1303 0.2008 0.0414 0.00053 0.00179
Coprococcus_comes 0.2711 7.51 35.8 35.9 14.7 28.1 42.3 55.6 55.3 -0.2339 0.0071 0.1275 0.0813 0.00053 0.00179
Bacteroides_galacturonicus 0.1874 10.8 6.12 27 6.46 15.8 30.8 45.8 29.4 -0.1897 -0.0115 0.2336 -0.0476 0.00063 0.00208
Cetobacterium_somerae 0.4854 135 0 0 0 8.8 0.0 0.0 0.0 0.2613 -0.0508 -0.0955 -0.1080 0.00067 0.00219
Roseburia_hominis 0.04904 0.649 1.58 6.86 3.76 8.8 26.9 44.4 36.5 -0.2651 -0.0352 0.1980 0.0691 0.00081 0.00260
Enterobacter_cloacae 1.862 480 2.85 10.7 16.5 42.1 19.2 19.4 21.2 0.2447 -0.0626 -0.1016 -0.0797 0.00085 0.00268
Eubacterium_oxidoreducens 0.1198 3.53 1.38 21.8 2.38 10.5 7.7 36.1 29.4 -0.1809 -0.1324 0.1939 0.0612 0.00159 0.00481
Coprococcus 0.05089 2.3 3.5 4.36 4.88 12.3 42.3 31.9 37.6 -0.2108 0.0755 0.0204 0.1190 0.00159 0.00481
Bacteroides_caccae 0.3487 11.4 11.7 26.9 41.7 22.8 30.8 51.4 38.8 -0.1711 -0.0828 0.1726 0.0407 0.00208 0.00618
Bacteroides_intestinalis 0.04398 0.0702 0 6.14 3.61 1.8 0.0 19.4 5.9 -0.1343 -0.1050 0.2624 -0.0638 0.00216 0.00629
Clostridium_hathewayi 0.3533 42.6 12.8 38.2 23.6 50.9 76.9 91.7 87.1 -0.2085 -0.0656 0.2119 0.0251 0.00227 0.00651
Erysipelotrichaceae 0.1469 15.2 4.5 15.1 11.6 40.4 46.2 77.8 67.1 -0.1070 -0.1455 0.1886 0.0091 0.00256 0.00721
Oscillibacter_valericigenes 0.03375 1.86 0.654 3.42 2.87 7.0 7.7 34.7 29.4 -0.2017 -0.1260 0.1746 0.0940 0.00312 0.00864
Haemophilus_parainfluenzae 2.263 478 9.42 57.7 52.4 64.9 61.5 43.1 47.1 0.1917 0.0332 -0.1213 -0.0759 0.00389 0.01060
Fusicatenibacter_saccharivorans 0.3087 29.6 30.1 33 25 50.9 69.2 83.3 71.8 -0.1849 0.0201 0.1603 -0.0022 0.00534 0.01430
Flavonifractor_plautii 0.1554 13.1 33.3 7.29 6.16 31.6 57.7 65.3 55.3 -0.1566 0.0589 0.1064 -0.0009 0.00621 0.01610
Clostridium_maritimum 0.06506 3.53 0.308 6.85 5.02 14.0 15.4 31.9 24.7 -0.1117 -0.0800 0.1305 0.0263 0.00612 0.01610
Neisseria_flavescens 0.05611 11.5 0 0.333 0.188 14.0 0.0 1.4 8.2 0.1700 -0.0931 -0.1364 0.0400 0.00644 0.01644
Eubacterium_ramulus 0.03429 0.614 3.04 3.6 2.76 10.5 15.4 29.2 23.5 -0.1511 -0.0574 0.1490 0.0289 0.00703 0.01768
Roseburia_faecis 0.08688 0.0175 15.3 5.97 7.15 1.8 30.8 18.1 16.5 -0.2101 0.1536 0.0573 0.0323 0.00783 0.01940
Clostridium_clostridioforme 0.2893 58.3 8.12 2.38 11.6 15.8 38.5 8.3 18.8 -0.0142 0.1938 -0.1466 0.0272 0.00833 0.02033
Clostridium_nexile 0.9735 29.1 93.3 91.1 73.6 31.6 50.0 59.7 48.2 -0.1506 0.0373 0.1374 -0.0219 0.00987 0.02376
Ruminococcus_gnavus 1.308 125 152 177 128 73.7 96.2 97.2 100.0 -0.2114 0.0403 0.1004 0.0657 0.01125 0.02667
Veillonella_parvula 0.1418 17.7 1.65 11.8 4.73 49.1 26.9 30.6 23.5 0.2152 -0.0571 -0.0092 -0.1456 0.01466 0.03427
Eubacterium_siraeum 0.06223 0.509 4.08 8.18 3.95 7.0 15.4 27.8 14.1 -0.1463 -0.0137 0.1962 -0.0489 0.01588 0.03661
Morganella_morganii 0.006653 1.67 0 0 0 5.3 0.0 0.0 0.0 0.2016 -0.0392 -0.0737 -0.0833 0.01713 0.03896
Christensenellaceae_R_7 0.2109 15.3 12.8 26.1 6.18 24.6 42.3 44.4 45.9 -0.1425 0.0057 0.0918 0.0351 0.01779 0.03937
Blautia_glucerasea 0.01967 0.105 0.962 0.653 3.19 7.0 19.2 8.3 17.6 -0.1004 0.0670 -0.0802 0.1226 0.01758 0.03937
Streptococcus_mitis 0.04978 7.79 0.192 3.75 0.553 24.6 11.5 11.1 8.2 0.1904 -0.0293 -0.0420 -0.1102 0.01845 0.04030
Streptococcus_parasanguinis 0.1045 24.2 0.0385 0.25 0.482 21.1 3.8 9.7 8.2 0.1872 -0.0845 -0.0384 -0.0749 0.01920 0.04085
Hespellia_porcina 0.08932 2.98 21.6 1.61 6.68 10.5 30.8 12.5 31.8 -0.1304 0.0956 -0.1351 0.1834 0.01911 0.04085
Ruminiclostridium_9 0.08335 2.42 20.9 2.92 5.16 8.8 30.8 20.8 18.8 -0.1292 0.1197 0.0286 0.0098 0.01945 0.04086
Clostridium_paraputrificum 0.1067 4.02 36.8 2.99 1.64 29.8 11.5 12.5 14.1 0.1866 -0.0381 -0.0812 -0.0635 0.02073 0.04302
Clostridium_asparagiforme 0.1909 11.3 35.3 17.3 10.9 36.8 46.2 65.3 67.1 -0.1930 -0.0239 0.1107 0.0812 0.02100 0.04304
Ruminococcaceae 0.02133 0.86 3.23 1.74 1.27 17.5 50.0 22.2 29.4 -0.1116 0.1912 -0.0666 0.0388 0.02161 0.04374
Ruminococcus_callidus 0.09763 0.982 2.62 18.6 2.26 12.3 11.5 30.6 34.1 -0.1769 -0.0997 0.1134 0.1135 0.02434 0.04869
Anaerotruncus_colihominis 0.09178 19.9 0.192 3.11 0.776 8.8 7.7 20.8 17.6 -0.0930 -0.0782 0.1016 0.0362 0.02988 0.05905
Gemella_sanguinis 0.07566 12.8 0.0385 0.611 0.776 19.3 3.8 5.6 15.3 0.1283 -0.0908 -0.1303 0.0697 0.03181 0.06212
Akkermansia_muciniphila 0.1616 20.9 0.462 17.8 1.55 5.3 7.7 20.8 11.8 -0.1125 -0.0554 0.1690 -0.0258 0.03288 0.06347
Escherichia_coli 2.675 636 15.9 68.5 28.4 31.6 11.5 37.5 31.8 0.0426 -0.1387 0.0708 -0.0156 0.03915 0.07470
TM7 0.09777 14.8 0.231 6.38 1.47 33.3 19.2 19.4 12.9 0.1941 -0.0291 -0.0185 -0.1360 0.04001 0.07548
Bacteroides_ovatus 1.616 235 190 66.7 77 57.9 65.4 83.3 84.7 -0.2000 0.0348 0.0262 0.1303 0.04488 0.08370
Parabacteroides_johnsonii 0.1177 0 1.12 24.4 1.64 0.0 11.5 5.6 5.9 -0.1280 0.1012 0.0202 0.0288 0.04705 0.08678
Clostridium_ramosum 0.08652 14 8.65 1.24 3.12 24.6 26.9 15.3 16.5 0.0748 0.0713 -0.0789 -0.0373 0.04863 0.08871
Ruminococcus_faecis 2.67 228 167 292 254 70.2 50.0 84.7 74.1 -0.1103 -0.1669 0.1975 0.0173 >0.05 >0.08
Faecalibacterium 1.134 76.1 184 48.8 76.4 15.8 34.6 15.3 15.3 -0.0255 0.1648 -0.0476 -0.0388 >0.05 >0.08

Supplementary Table 4. SIMPER test, SPEARMAN correction coefficient analysis, EXCEL frequency calculation, and Kruskal Wallis testy for the four HEAPMAP clusters

Taxon SIPMER mean abundance EXCEL frequency Spearman correlation coefficient Kruskal Wallis test



Bacteroides_stercoris 0.7436 12 4.23 39.1 120 21.1 19.2 38.9 37.6 -0.1485 -0.1210 0.0785 0.1355 >0.05 >0.08
Parasutterella_excrementihominis 0.7304 119 47.3 44.3 21.9 49.1 46.2 58.3 45.9 0.0404 0.0071 0.0735 -0.1109 >0.05 >0.08
Clostridium_symbiosum 0.6434 87.3 57.5 18.2 33.9 43.9 57.7 44.4 48.2 -0.0061 0.1024 -0.0526 -0.0107 >0.05 >0.08
Bacteroides_faecis 0.6128 36.2 81.5 46.5 32.8 17.5 23.1 37.5 18.8 -0.0911 -0.0131 0.2056 -0.1075 >0.05 >0.08
Anaerostipes_hadrus 0.6068 32.1 29.6 97.2 29.9 59.6 69.2 79.2 69.4 -0.0318 -0.0371 0.1546 -0.0957 >0.05 >0.08
Ralstonia_pseudosolanacearum 0.5744 59.2 1.65 28.2 42.8 8.8 3.8 13.9 9.4 -0.0170 -0.0723 0.0823 -0.0168 >0.05 >0.08
Bacteroides_coprocola 0.4793 0 4.85 91.5 16.5 0.0 11.5 6.9 8.2 -0.1440 0.0722 0.0253 0.0569 >0.05 >0.08
Shigella_boydii 0.4415 44.9 22.3 57.1 0.0471 14.0 15.4 9.7 3.5 0.0970 0.0808 0.0121 -0.1504 >0.05 >0.08
Prevotella_melaninogenica 0.4289 24.5 0.0385 54.9 18.2 7.0 3.8 5.6 8.2 0.0075 -0.0414 -0.0258 0.0449 >0.05 >0.08
Clostridium_disporicum 0.3697 4.11 3.23 66.8 15.5 17.5 34.6 36.1 25.9 -0.1227 0.0299 0.1295 -0.0344 >0.05 >0.08
Pseudomonas_putida 0.3128 0 157 0.306 0.0235 0.0 3.8 4.2 2.4 -0.0894 0.0318 0.0696 -0.0079 >0.05 >0.08
Clostridium_lactatifermentans 0.2996 45.9 2.12 23 8.42 14.0 11.5 19.4 16.5 -0.0312 -0.0481 0.0627 -0.0011 >0.05 >0.08
Bacteroides_plebeius 0.2701 18.4 48.3 2.5 19.6 7.0 11.5 5.6 3.5 0.0268 0.0869 -0.0094 -0.0714 >0.05 >0.08
Clostridium_bartlettii 0.2631 50.1 5.73 17.1 3.35 57.9 65.4 62.5 49.4 0.0743 0.0230 0.0996 -0.1765 >0.05 >0.08
Megamonas_funiformis 0.2558 7.61 1.31 47.2 6.55 8.8 15.4 26.4 16.5 -0.1196 -0.0323 0.1616 -0.0274 >0.05 >0.08
Prevotella_bryantii 0.2539 1.84 0.0385 55.5 0.0824 10.5 3.8 13.9 2.4 0.0491 -0.0546 0.1514 -0.1533 >0.05 >0.08
Turicibacter_sanguinis 0.2502 13 3.73 38 6.81 15.8 23.1 20.8 27.1 -0.0803 0.0093 -0.0142 0.0790 >0.05 >0.08
Pantoea_agglomerans 0.2326 58.3 0 0 0 3.5 0.0 0.0 0.0 0.1643 -0.0320 -0.0600 -0.0679 >0.05 >0.08
Abiotrophia_para_adiacens 0.2201 50.7 0.231 2.32 1.44 49.1 11.5 22.2 22.4 0.2788 -0.1308 -0.0827 -0.0839 >0.05 >0.08
Citrobacter_braakii 0.2103 0 0.615 3.75 42.7 0.0 7.7 2.8 5.9 -0.1101 0.0697 -0.0341 0.0854 >0.05 >0.08
Brachyspira_aalborgi 0.1996 1.14 0 37.4 6.64 8.8 0.0 2.8 3.5 0.1270 -0.0727 -0.0436 -0.0240 >0.05 >0.08
Clostridium_perfringens 0.1818 47.4 0.0769 2.13 0.859 7.0 3.8 4.2 4.7 0.0537 -0.0197 -0.0248 -0.0112 >0.05 >0.08
Haemophilus_parahaemolyticus 0.1525 14.3 3.08 21 0.906 17.5 19.2 20.8 8.2 0.0423 0.0340 0.0935 -0.1493 >0.05 >0.08
Noviherbaspirillum_psychrotolerans 0.1388 28.1 0 0.0139 0.0235 1.8 0.0 1.4 1.2 0.0261 -0.0392 0.0075 -0.0049 >0.05 >0.08
Roseburia_intestinalis 0.1347 6.56 17.7 15.4 4.66 22.8 42.3 44.4 43.5 -0.1828 0.0033 0.1212 0.0444 >0.05 >0.08
Bacteroides_finegoldii 0.1296 0.193 0.538 7.43 21 7.0 7.7 16.7 9.4 -0.0770 -0.0398 0.1243 -0.0247 >0.05 >0.08
Haemophilus_haemolyticus 0.1292 30.8 1.58 1.14 1.4 15.8 23.1 6.9 11.8 0.0606 0.1086 -0.1050 -0.0240 >0.05 >0.08
Bacteroides_eggerthii 0.1288 0 2.27 4.9 22.3 0.0 11.5 11.1 5.9 -0.1490 0.0665 0.1172 -0.0228 >0.05 >0.08
Prevotella_timonensis 0.1228 27.3 0 0.0139 0.0706 7.0 0.0 1.4 3.5 0.1177 -0.0647 -0.0720 0.0063 >0.05 >0.08
Bacteroides_cellulosilyticus 0.1107 5.11 15.7 2.79 12 8.8 34.6 20.8 28.2 -0.1643 0.1181 -0.0379 0.1058 >0.05 >0.08
Megamonas_rupellensis 0.09912 0 0 23 0 0.0 0.0 2.8 0.0 -0.0512 -0.0320 0.1400 -0.0679 >0.05 >0.08
Enterococcus_faecalis 0.08954 23.9 0 0.903 0.153 8.8 0.0 2.8 2.4 0.1479 -0.0688 -0.0331 -0.0552 >0.05 >0.08
Dielma 0.08674 1.32 1 18.3 0.647 14.0 15.4 13.9 14.1 -0.0024 0.0211 -0.0052 -0.0065 >0.05 >0.08
Bacteroides_salyersiae 0.08497 4.21 3.5 2.92 11.2 5.3 7.7 11.1 9.4 -0.0659 -0.0140 0.0478 0.0219 >0.05 >0.08
Clostridium_lavalense 0.08404 1.47 20.8 0.736 7.53 7.0 30.8 13.9 18.8 -0.1310 0.1546 -0.0429 0.0572 >0.05 >0.08
Sutterella 0.08316 0.211 0.0385 13.7 4.67 5.3 3.8 11.1 7.1 -0.0515 -0.0515 0.0948 -0.0116 >0.05 >0.08
Gastranaerophilales 0.08119 0 0.692 17.9 0.0824 0.0 3.8 4.2 1.2 -0.0814 0.0430 0.0960 -0.0475 >0.05 >0.08
Actinomyces_odontolyticus 0.07641 16 0.5 0.347 0.0706 8.8 11.5 4.2 2.4 0.0858 0.0940 -0.0375 -0.1015 >0.05 >0.08
Clostridium_difficile 0.07539 4.72 0.346 13.1 0.0824 3.5 7.7 4.2 2.4 -0.0049 0.0711 0.0144 -0.0556 >0.05 >0.08
Enterobacter_aerogenes 0.06925 6.46 15.4 2.94 0.188 8.8 7.7 2.8 3.5 0.0956 0.0471 -0.0662 -0.0523 >0.05 >0.08
Blautia_coccoides 0.06452 5.89 1.73 7.53 1.96 22.8 15.4 13.9 15.3 0.0940 -0.0094 -0.0508 -0.0289 >0.05 >0.08
Streptococcus_salivarius 0.05235 11.4 0.346 0.528 0.318 17.5 7.7 15.3 7.1 0.1077 -0.0460 0.0538 -0.1175 >0.05 >0.08
Gemella_haemolysans 0.0508 9.02 0.423 2.44 0.718 26.3 11.5 20.8 16.5 0.1145 -0.0757 0.0164 -0.0684 >0.05 >0.08
Veillonella_denticariosi 0.05032 7.25 0.462 4.44 0.541 31.6 23.1 26.4 14.1 0.1377 -0.0179 0.0549 -0.1635 >0.05 >0.08
Butyrivibrio_fibrisolvens 0.04918 0.596 0.308 9.85 0.788 3.5 7.7 11.1 5.9 -0.0780 0.0035 0.1089 -0.0372 >0.05 >0.08
Haemophilus_paraphrohaemolyticus 0.04652 11.4 0.115 0 0.212 1.8 3.8 0.0 3.5 -0.0117 0.0430 -0.0955 0.0740 >0.05 >0.08
Coprococcus_eutactus 0.04598 0.667 0.615 9.44 0.376 8.8 7.7 16.7 9.4 -0.0432 -0.0386 0.1238 -0.0551 >0.05 >0.08
Veillonella_tobetsuensis 0.04589 11.3 0 0.0139 0 1.8 0.0 1.4 0.0 0.0570 -0.0320 0.0396 -0.0679 >0.05 >0.08
Subdoligranulum 0.03413 3.33 1.77 2 2.65 17.5 19.2 37.5 23.5 -0.0990 -0.0571 0.1542 -0.0226 >0.05 >0.08
Bifidobacterium_longum 0.03373 2.7 2.54 2.76 1.81 29.8 34.6 51.4 21.2 -0.0418 0.0007 0.2390 -0.1923 >0.05 >0.08
Clostridium_aldenense 0.03264 3.79 2.23 2.61 1.4 24.6 42.3 26.4 27.1 0.0039 0.1081 -0.0438 -0.0317 >0.05 >0.08
Subdoligranumum 0.03201 0.912 0.154 4.68 1.89 5.3 3.8 16.7 8.2 -0.0847 -0.0697 0.1604 -0.0330 >0.05 >0.08
Clostridiales 0.03185 0.14 0.154 5.63 1.34 1.8 3.8 12.5 7.1 -0.1158 -0.0450 0.1393 -0.0011 >0.05 >0.08
Desulfovibrio_piger 0.0314 6.26 0 1.81 0.165 3.5 0.0 11.1 8.2 -0.0771 -0.0962 0.1083 0.0273 >0.05 >0.08
Oribacterium_sinus 0.02836 1.3 0.0385 4.17 0.529 12.3 3.8 6.9 12.9 0.0471 -0.0747 -0.0650 0.0690 >0.05 >0.08
Coprobacter_fastidiosus 0.02412 1.28 0.0385 0.722 3.55 7.0 3.8 15.3 15.3 -0.0840 -0.0920 0.0582 0.0787 >0.05 >0.08
Klebsiella_pneumoniae 0.01798 3.09 0.115 1.26 0.141 5.3 7.7 4.2 3.5 0.0213 0.0489 -0.0120 -0.0392 >0.05 >0.08
Clostridium_innocuum 0.01675 3.04 1.77 0.222 0.353 12.3 23.1 8.3 11.8 0.0064 0.1226 -0.0791 -0.0096 >0.05 >0.08
Bacteroides_clarus 0.01374 0.351 0 2.08 0.776 5.3 0.0 8.3 5.9 -0.0141 -0.0867 0.0711 0.0008 >0.05 >0.08
Bifidobacterium_adolescentis 0.009457 0.228 2.23 0.611 0.4 5.3 19.2 12.5 12.9 -0.1125 0.0887 0.0148 0.0282 >0.05 >0.08
Sutterella_stercoricanis 0.008657 0.86 1.38 0.653 0 3.5 3.8 1.4 0.0 0.0790 0.0598 -0.0133 -0.0964 >0.05 >0.08
Bifidobacterium_bifidum 0.007902 0.123 1.73 0.736 0.212 5.3 11.5 15.3 8.2 -0.0901 0.0216 0.1174 -0.0463 >0.05 >0.08
Clostridium_metallolevans 0.004083 0.0175 0.308 0.0694 0.659 1.8 7.7 2.8 1.2 -0.0277 0.1156 0.0116 -0.0616 >0.05 >0.08
Bifidobacterium_pseudocatenulatum 0.004079 0.333 0.192 0.5 0.106 15.8 7.7 15.3 5.9 0.0776 -0.0388 0.0871 -0.1273 >0.05 >0.08
Lactobacillus_gasseri 0.002741 0.667 0 0 0.0118 1.8 0.0 0.0 1.2 0.0570 -0.0320 -0.0600 0.0276 >0.05 >0.08
Lactobacillus_acidophilus 0.002638 0.667 0 0.0278 0.0235 5.3 0.0 1.4 1.2 0.1260 -0.0508 -0.0326 -0.0478 >0.05 >0.08
Shigella_sonnei 0.002586 0 1.31 0 0.0118 0.0 3.8 0.0 1.2 -0.0512 0.1161 -0.0600 0.0276 >0.05 >0.08
Pseudoflavonifractor_capillosus 0.001397 0 0.231 0.181 0.0353 0.0 7.7 4.2 3.5 -0.1036 0.0865 0.0317 0.0057 >0.05 >0.08
Ruminococcus_bromii 0.001395 0.0351 0 0 0.271 1.8 0.0 0.0 1.2 0.0561 -0.0320 -0.0600 0.0284 >0.05 >0.08
Lactobacillus_oris 0.00106 0.263 0 0 0 1.8 0.0 0.0 0.0 0.1159 -0.0225 -0.0423 -0.0479 >0.05 >0.08
PAST3 statistical package was used to calculate the contribution in % for the individual bacterial taxa (most are classified at the species level) and for the calculation of the 
SIMPER (SIMilarity of PERcent test) mean abundance. PAST3 was also used for calculation of the Spearman correlation coefficient value to identiy the trend of association for 
individual bateria in the four differnt heatmap clusters. We also calculated the frequency of each bacteria in the heatmap clusters using EXCEL. The combination of the SIMPER 
reported mean abundance and the EXCEL calculated frequency informs us whether a large SIMPER mean abundance is driven by few samples with large number of sequence 
reads or by many samples with lower number of sequence reads. For example, Bacteroides vulgatus was detected in similar numbers in the four heatmap clusters (red cluster = 
87.7%, turquoise cluster = 96.2%, organe cluster = 98.6%, yellowgreen cluster = 100%).  But the SIMPER mean abundance was much higher in the yellowgreen heatmap cluster 
(4300) compare to the other three heatmap clusters (red  = 284, turquoise = 71.3, and orange = 1110). The Kruskal Wallis test, a nonparametric test which does not require the 
assumption of normal distribution, was used to test for statistical association of individual bacteria within the four heatmap cluster. FDR = false discovery rate corrected P value
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Supplementary Table 5. SIMPER test, SPEARMAN correlation coefficient 

analysis, EXCEL frequency calculation, and Kruskal Wallis test for patients with 

CD in relapse and patients with CD in remission 

 



Supplementary Table 5. SIMPER test, SPEARMAN correlation coefficient analysis, EXCEL frequency calculation, and Kruskal Wallis test for CD relapse and CD remission 

Contrib. % CDFD RL RM CON CDFD RL RM CON CDFD RL RM CON p value FDR value
Fusobacterium 1.357 232 0.95 4.48 4.68 0.4168 -0.2155 -0.1334 -0.1873 62.5 25.9 20.8 27.3 6.81E-13 1.1509E-10
Turicibacter_sanguinis 0.209 0.671 0.388 1.24 46 -0.2542 -0.1239 0.0137 0.4021 8.6 11.1 20.8 45.5 2.06E-12 1.7407E-10
Eubacterium_rectale 0.874 34.6 74.5 13.2 124 -0.2089 -0.0193 -0.1323 0.3340 56.6 70.4 54.2 86.4 3.24E-09 1.583E-07
Clostridium_disporicum 0.505 2.63 47.2 8.72 68.6 -0.3060 0.0193 0.0451 0.3034 13.8 30.9 33.3 52.3 4.18E-09 1.583E-07
Hespellia_porcina 0.158 5.91 13.4 37.8 5.88 -0.2570 0.3027 0.1064 -0.0637 17.8 56.8 45.8 26.1 5.21E-09 1.583E-07
Clostridium_maritimum 0.061 1.65 2.19 0.2 9.98 -0.1952 -0.0760 -0.0858 0.3463 11.8 14.8 8.3 43.2 5.62E-09 1.583E-07
Pseudoflavonifractor_capillosus 0.215 0.0592 9.13 114 0.148 -0.1535 0.0916 0.3130 -0.0969 3.3 12.3 37.5 3.4 7.18E-09 1.7335E-07
Barnesiella_intestinihominis 0.452 26 52.3 1.76 36.8 -0.2538 0.1553 -0.1617 0.2325 28.9 54.3 16.7 68.2 8.54E-09 1.8041E-07
Pseudobutyrivibrio_ruminis 0.452 26.6 19.5 56.8 55 -0.2829 -0.0039 0.0764 0.2814 44.7 65.4 75.0 81.8 3.86E-08 7.2482E-07
Bacteroides_galacturonicus 0.160 5.63 3.34 2.56 27.4 -0.0967 -0.1112 -0.1406 0.3004 21.7 17.3 4.2 47.7 1.58E-07 2.6702E-06
Roseburia_inulinivorans 0.686 30.8 92.9 37.4 55.7 -0.2636 0.0934 -0.0686 0.2494 50.7 71.6 45.8 84.1 3.62E-07 5.5616E-06
Veillonella_atypica 0.316 34.8 22.8 11.9 0.568 0.2917 -0.0831 -0.1121 -0.1860 46.7 24.7 12.5 21.6 0.00000079 1.1126E-05
Lactobacillus_casei 0.107 0.00658 0.05 66.6 0 -0.0869 0.0166 0.2862 -0.0842 0.7 2.5 16.7 0.0 0.00000171 0.00002223
Eubacterium_eligens 0.290 11.2 9.69 3 51.2 -0.1944 0.0090 -0.0979 0.2698 42.1 59.3 45.8 76.1 0.00000328 3.9594E-05
Eubacterium_fissicatena 0.636 13.6 103 108 2.94 -0.1454 0.2085 0.1517 -0.1257 19.1 42.0 45.8 18.2 0.00000608 0.0000676
Paenibacillus_alvei 0.063 0 0 39.6 0 -0.0678 -0.0423 0.2793 -0.0447 0.0 0.0 8.3 0.0 0.0000064 0.0000676
Bacteroides_vulgatus 18.090 1490 2360 1150 2700 -0.2030 0.1110 -0.1296 0.1989 95.4 98.8 95.8 97.7 0.000015 0.00014912
Christensenellaceae_R_7 0.245 6.34 21.5 4.84 30.1 -0.1961 -0.0242 -0.0285 0.2635 28.3 33.3 33.3 60.2 0.0000174 0.00016337
Blautia_luti 0.222 8.01 27.7 3.24 19.8 -0.1074 0.0361 -0.1834 0.1942 40.1 44.4 12.5 63.6 0.000042 0.00037358
Ruminococcus_callidus 0.082 5.11 2.09 3.72 10 -0.2042 -0.0321 0.0498 0.2348 15.1 24.7 33.3 43.2 0.0000482 0.00040729
Bifidobacterium_gallinarum 0.058 0 3.98 26 0 -0.1181 0.0828 0.2258 -0.0778 0.0 3.7 12.5 0.0 0.0000548 0.00043402
Roseburia_faecis 0.078 3.26 3.55 1 10.7 -0.2366 0.0817 -0.0099 0.1958 6.6 23.5 16.7 29.5 0.0000565 0.00043402
Eubacterium_hallii 0.122 11.4 10.5 2.08 13.8 -0.0749 0.0074 -0.1883 0.1879 56.6 69.1 41.7 84.1 0.0000821 0.00060326
Lactobacillus_gasseri 0.165 0.00658 23.6 41 0.432 -0.1371 0.1198 0.1955 -0.0745 0.7 7.4 16.7 1.1 0.00011 0.00077458
Faecalibacterium_prausnitzii 7.388 961 834 524 889 0.0953 -0.0885 -0.2126 0.1017 94.7 91.4 75.0 98.9 0.000115 0.0007774
Propionibacterium_acnes 0.353 48.1 1.91 4.08 1 0.2132 -0.0210 -0.0237 -0.2086 40.8 29.6 25.0 13.6 0.000125 0.0008125
Clostridium_xylanolyticum 0.848 52.2 34.2 62.7 124 0.0218 -0.1705 -0.0916 0.1944 59.2 43.2 37.5 75.0 0.000162 0.001014
Proteus_penneri 0.051 0 0.1 31.5 0.0114 -0.1181 0.0303 0.2274 -0.0277 0.0 2.5 12.5 1.1 0.000199 0.00120111
Shigella_sonnei 0.114 0 0.0875 74.9 0.398 -0.1181 -0.0218 0.2274 0.0230 0.0 1.2 12.5 2.3 0.000217 0.00126459
Eubacterium_oxidoreducens 0.135 8.14 10.8 8.64 8.74 -0.1778 -0.0505 0.1056 0.1900 15.8 21.0 41.7 39.8 0.000233 0.00131257
Veillonella_parvula 0.735 14.2 126 82.2 1.66 0.2166 -0.0355 -0.0479 -0.1842 40.8 25.9 20.8 17.0 0.000305 0.00166274
Eubacterium 0.167 25.3 4.13 2.72 6.09 0.0674 -0.1067 -0.1785 0.1312 50.0 46.9 16.7 71.6 0.000371 0.00195934
Roseburia 0.065 6.09 2.14 2.48 6.27 -0.0786 -0.0989 -0.0661 0.2243 36.8 32.1 29.2 58.0 0.000411 0.00210482
Enterococcus_casseliflavus 0.185 0 2.04 110 0 -0.0831 0.0213 0.2205 -0.0548 0.0 1.2 8.3 0.0 0.000487 0.00241429
Roseburia_intestinalis 0.182 6.69 7.21 44.5 15 -0.1691 -0.0521 0.0964 0.1871 29.6 33.3 50.0 54.5 0.0005 0.00241429
Clostridium_clostridioforme 0.222 24 8.39 5.28 11.8 -0.0824 0.1775 0.1000 -0.1371 19.1 39.5 37.5 13.6 0.000526 0.00246928
Enterococcus_cecorum 0.048 0 7.63 10.3 0.0227 -0.1367 0.0972 0.1847 -0.0466 0.0 4.9 12.5 1.1 0.000541 0.00247105
Clostridium_asparagiforme 0.158 18.5 9.49 5.16 10.5 0.0525 -0.1053 -0.1659 0.1394 50.7 40.7 16.7 68.2 0.000612 0.00272179
Lachnospiraceae 0.760 91.8 68.7 12.2 36 0.1507 -0.1207 -0.1654 0.0422 78.9 72.8 50.0 88.6 0.000646 0.00279933
Parabacteroides_merdae 0.374 19.2 20 35.5 51.5 -0.1762 -0.0286 0.0593 0.1939 47.4 56.8 58.3 68.2 0.000743 0.00313918
Akkermansia_muciniphila 0.185 7.12 16.3 3.72 17.4 -0.1359 -0.0184 0.1958 0.0585 9.2 13.6 41.7 18.2 0.000823 0.00339237
Blautia_obeum 0.195 8.91 21.4 9.32 21.1 -0.1722 0.0901 -0.0800 0.1552 53.3 67.9 41.7 75.0 0.001181 0.00475212
Bacteroides_clarus 0.035 1.29 3.21 8.76 0.455 -0.1038 -0.0404 0.1974 0.0422 3.9 4.9 25.0 9.1 0.001429 0.0056163
Bacteroides_eggerthii 0.194 2.7 1.35 55.4 21.6 -0.0377 -0.0229 0.2090 -0.0567 7.2 7.4 29.2 5.7 0.001576 0.00605327
Clostridium_symbiosum 0.490 60.3 23.4 10 17 0.0300 0.1606 -0.0251 -0.1756 51.3 63.0 45.8 39.8 0.001732 0.00650462
Prevotella_melaninogenica 0.371 45.4 0 58.9 0.0114 0.2024 -0.1261 -0.0078 -0.1034 9.9 0.0 4.2 1.1 0.001932 0.007098
Gastranaerophilales 0.067 0 0 0 15 -0.1076 -0.0672 -0.0332 0.2072 0.0 0.0 0.0 5.7 0.002021 0.007267
TM7 0.065 8.74 1.23 0 1.18 0.1832 -0.1128 -0.1198 -0.0291 23.7 8.6 0.0 14.8 0.00213 0.00749938
Bacteroides_cellulosilyticus 0.107 5.91 6.95 1.76 11.6 -0.0608 -0.1295 0.0042 0.1927 16.4 8.6 20.8 31.8 0.002285 0.00788092
Haemophilus_parainfluenzae 1.614 220 59.4 29.7 30.4 0.1166 0.0828 -0.0849 -0.1637 58.6 54.3 37.5 39.8 0.002973 0.01004874
Clostridium_butyricum 0.100 17.8 0.0875 0.12 0 0.1891 -0.0556 -0.0213 -0.1489 11.2 3.7 4.2 0.0 0.003668 0.01215475
Coprococcus_eutactus 0.060 0.763 4.33 4.28 7.39 -0.0652 -0.1261 0.0325 0.1779 7.2 2.5 12.5 18.2 0.003806 0.0123695
Ruminococcus_faecis 2.240 275 104 48.2 206 0.1247 -0.1237 -0.1266 0.0521 71.7 65.4 66.7 77.3 0.004667 0.01488157
Clostridium_lactatifermentans 0.263 31.8 16.8 13.6 2.31 0.1094 0.0682 -0.0045 -0.1883 22.4 22.2 16.7 5.7 0.005506 0.01723174
Clostridium_lavalense 0.262 2.51 42.2 16.2 10.6 -0.1592 -0.0022 0.0125 0.1762 9.2 14.8 16.7 27.3 0.005784 0.01777265
Epulopiscium 1.228 184 54.3 0.16 0.92 0.1541 0.0206 -0.0737 -0.1525 19.1 14.8 4.2 4.5 0.006002 0.01811318
Clostridiales 0.049 0.454 0.762 13.6 5.25 -0.1675 0.0206 0.0140 0.1626 2.6 8.6 8.3 14.8 0.006216 0.01842989
Megamonas_funiformis 0.274 5.43 19.3 0.16 40.9 -0.0897 0.1884 -0.0542 -0.0495 17.8 35.8 16.7 17.0 0.006332 0.01845014
Ruminococcus_obeum 0.142 13.9 14.1 7.36 13.8 -0.0618 -0.0026 -0.1338 0.1510 61.2 69.1 37.5 86.4 0.006867 0.01966988
Blautia_glucerasea 0.031 0.974 2.42 4.88 2.28 -0.1476 0.0724 0.1429 0.0144 9.9 21.0 33.3 17.0 0.007232 0.02037013
Subdoligranulum_variabile 0.306 24.5 28.6 12.1 24.8 -0.1025 -0.0402 -0.0500 0.1850 58.6 64.2 54.2 83.0 0.007714 0.02137157
Morganella_morganii 0.181 0.546 6.65 94.5 0.136 -0.0733 0.0383 0.1730 -0.0548 1.3 3.7 12.5 1.1 0.008082 0.02176613
Bacteroides_uniformis 2.314 112 223 458 186 -0.1827 0.0462 0.0493 0.1343 75.7 85.2 70.8 87.5 0.008114 0.02176613
Clostridium_difficile 0.045 8.06 0 0 0 0.1844 -0.0906 -0.0447 -0.0958 5.9 0.0 0.0 0.0 0.008496 0.02243475
Roseburia_hominis 0.048 1.91 2.67 0.96 6.83 -0.1258 -0.0156 -0.0376 0.1803 23.7 28.4 25.0 44.3 0.008934 0.0232284
Bacteroides_caccae 0.417 20.2 42.1 2.96 38.2 -0.1207 -0.0130 -0.0452 0.1765 30.3 34.6 33.3 51.1 0.010233 0.02620268
Haemophilus_parahaemolyticus 0.109 15.9 4.16 0.04 0.761 0.1594 -0.0087 -0.0818 -0.1254 20.4 13.6 4.2 6.8 0.011567 0.02917646
Klebsiella_pneumoniae 0.420 1.47 70.7 66.8 0.659 -0.1049 0.0651 0.1520 -0.0325 3.9 9.9 20.8 5.7 0.011879 0.02952281
Subdoligranulum 0.027 2.43 0.287 1.28 2.67 0.0563 -0.1638 -0.0261 0.1104 23.7 9.9 16.7 29.5 0.012331 0.03020201
Sutterella_wadsworthensis 1.701 217 91.4 140 113 0.1738 -0.0986 -0.0358 -0.0811 69.1 58.0 54.2 62.5 0.013234 0.03195066
Ruminiclostridium_9 0.076 3.84 3.2 6.16 8.49 -0.1257 0.0123 0.1478 0.0449 15.1 22.2 41.7 23.9 0.01433 0.03410944
Coprococcus_comes 0.249 19.8 15.9 10.7 24.7 -0.0983 -0.0457 -0.0309 0.1745 38.8 45.7 41.7 62.5 0.015269 0.03583974
Dorea 0.305 31.1 24.7 6.88 32 -0.0319 0.0149 -0.1486 0.1086 57.9 74.1 54.2 89.8 0.016526 0.03825882
Streptococcus_mitis 0.031 4.88 0.188 0.32 0.284 0.1680 -0.0638 -0.0306 -0.1113 17.8 8.6 8.3 5.7 0.018626 0.04253776
Clostridium_ramosum 0.077 3.97 2 6.44 8.76 0.1369 -0.0751 0.0589 -0.1173 24.3 13.6 25.0 10.2 0.019905 0.0448526
Brachyspira_aalborgi 0.526 21.8 0.35 269 0.0909 0.0286 -0.0093 0.1431 -0.1071 5.9 4.9 16.7 1.1 0.021278 0.04731555
Erysipelotrichaceae 0.121 14.3 3.24 8.96 9.94 0.1177 -0.1456 -0.0460 0.0344 59.2 49.4 41.7 65.9 0.023449 0.05146599
Enterobacter_cloacae 1.532 169 45.2 171 43.9 0.1223 -0.0244 0.0467 -0.1428 30.9 23.5 33.3 15.9 0.028869 0.0625495
Gemella_sanguinis 0.053 5.33 0.0625 4.8 0.33 0.1418 -0.1303 -0.0450 -0.0086 13.8 2.5 4.2 9.1 0.029908 0.06398041
Bifidobacterium_bifidum 0.040 0.23 5.63 7.64 1 -0.1521 0.0970 0.0732 0.0362 7.2 18.5 20.8 14.8 0.031732 0.06703385
Odoribacter_splanchnicus 0.344 26.9 33.5 22.3 21.3 -0.1575 0.0709 0.0599 0.0754 44.1 56.8 62.5 59.1 0.035351 0.07375702
Lactobacillus_oris 0.078 0 10.5 21.4 0.17 -0.1181 0.1353 0.0520 -0.0274 0.0 4.9 4.2 1.1 0.035807 0.07379735
Ruminococcaceae 0.062 1.57 7.05 13.2 1.45 -0.0907 0.1557 -0.0056 -0.0448 25.7 44.4 33.3 28.4 0.039653 0.08073924
Granulicatella_adiacens 0.072 8.21 1.94 7 0.375 0.1445 -0.0298 -0.0786 -0.0897 26.3 18.5 8.3 14.8 0.040958 0.0824036
Flavonifractor_plautii 0.145 15 11.8 12.8 4.41 -0.0322 0.1051 0.0800 -0.1123 54.6 66.7 70.8 50.0 0.041647 0.08280404
Clostridium_hathewayi 0.346 26.3 24.3 15.1 40 0.0264 -0.0898 -0.0921 0.1110 73.0 70.4 79.2 88.6 0.044993 0.08841648
Lactobacillus_acidophilus 0.048 0.237 8.95 5.48 0.0682 -0.0740 0.0461 0.1359 -0.0399 2.0 4.9 12.5 2.3 0.047757 0.09276934
Fusicatenibacter_saccharivorans 0.325 26.5 27.8 23.6 33.5 -0.0483 -0.0500 -0.0692 0.1441 63.8 67.9 58.3 80.7 0.049117 0.09358612
Blautia_faecis 0.166 13.5 14.6 11.1 14.9 -0.1234 0.0159 -0.0205 0.1371 40.8 48.1 41.7 68.2 0.049285 0.09358612

Kruskal - Wallis test
Taxa (species) name

SIMPER Mean abundance Spearman correlation coefficient EXCEL calculated frequency



Bacteroides_finegoldii 0.326 5.3 44.3 36.1 17.5 -0.0743 0.1109 -0.0988 0.0344 9.2 17.3 0.0 13.6 0.053037 0.09815042
Rothia_mucilaginosa 0.100 5.26 0.825 33.3 0.17 0.1432 -0.0801 -0.0691 -0.0448 18.4 8.6 4.2 11.4 0.053374 0.09815042
Clostridium_perfringens 0.143 19.3 9.82 0 0.0455 0.0181 0.1186 -0.0696 -0.0954 6.6 11.1 0.0 2.3 0.053431 0.09815042
Clostridium_aldenense 0.041 3.14 4.36 3.96 1.18 -0.0378 0.0949 0.0867 -0.0998 29.6 39.5 41.7 25.0 0.05451 0.09846048
Enterobacter_aerogenes 0.039 6.54 0.05 0.72 0.0227 0.1440 -0.0797 0.0017 -0.0874 7.2 1.2 4.2 1.1 0.054765 0.09846048
Clostridium_bolteae 0.556 60 51.9 12.2 44.9 0.0776 -0.0218 -0.1413 0.0153 75.0 77.8 62.5 90.9 0.05682 0.10107979
Bacteroides_faecis 0.552 37 29.1 22.2 53.4 -0.0063 -0.0352 -0.1143 0.1082 21.7 18.5 4.2 29.5 0.057459 0.10115178
Terrahaemophilus_aromaticivorans 0.345 47 4.55 13.3 10.6 0.1389 -0.0872 -0.0485 -0.0451 42.8 32.1 29.2 35.2 0.065114 0.11152976
Gemella_haemolysans 0.050 4.78 1.18 7.92 0.409 0.1447 -0.0521 -0.0376 -0.0922 23.7 14.8 12.5 12.5 0.065309 0.11152976
Streptococcus_parasanguinis 0.078 9.42 1.46 6.88 0.0682 0.0888 0.0101 0.0470 -0.1384 15.1 12.3 16.7 4.5 0.065334 0.11152976
Bifidobacterium_pseudocatenulatum 0.064 0.23 12.3 6.16 0.386 -0.0544 0.0087 0.1407 -0.0286 11.2 13.6 29.2 11.4 0.06815 0.11408504
Abiotrophia_para_adiacens 0.155 20.5 2.13 10.5 0.852 0.1327 -0.1070 -0.0098 -0.0414 30.3 17.3 25.0 22.7 0.068181 0.11408504
Oribacterium_sinus 0.039 2.67 0.138 11.5 0.159 0.0825 -0.1382 0.0420 0.0159 10.5 1.2 12.5 9.1 0.072696 0.11999164
Blautia_coccoides 0.061 7.02 4.63 2.8 0.261 0.1018 -0.0453 0.0663 -0.1106 20.4 12.3 25.0 10.2 0.073131 0.11999164
Bacteroides_xylanisolvens 0.595 55.4 41.9 54.1 32.3 -0.1094 -0.0223 0.0773 0.1011 44.7 51.9 58.3 63.6 0.075602 0.12285325
Pseudomonas_putida 0.150 27.1 0 0.12 0 0.1205 -0.0797 0.0419 -0.0842 3.9 0.0 4.2 0.0 0.076961 0.12387056
Clostridium_propionicum 0.185 20.9 15.3 7.8 4.02 -0.0267 0.0938 0.0700 -0.1016 34.2 48.1 54.2 34.1 0.08072 0.12869509
Dielma 0.069 8.98 3.55 0.56 1.19 -0.0934 0.1282 0.0383 -0.0406 13.8 27.2 25.0 14.8 0.082987 0.13041793
Phascolarctobacterium_faecium 0.373 13.1 35.9 36.6 38.1 -0.1256 0.0103 0.0417 0.1087 32.9 35.8 41.7 45.5 0.083344 0.13041793
Bifidobacterium_adolescentis 0.041 0.224 0.887 19.1 1.31 -0.1007 -0.0005 -0.0203 0.1271 7.9 11.1 8.3 18.2 0.095142 0.14751374
Ruminococcus_gnavus 1.466 129 137 197 172 -0.0549 -0.0753 0.0050 0.1328 88.2 88.9 91.7 100.0 0.09627 0.14790573
Clostridium_innocuum 0.042 1.44 7.6 0.84 0.523 -0.0639 0.0719 0.1040 -0.0578 12.5 19.8 29.2 11.4 0.099532 0.15153971
Ruminococcus_bromii 0.040 0 9.05 0 0.284 -0.1076 0.1052 -0.0332 0.0397 0.0 3.7 0.0 2.3 0.116868 0.17538012
Clostridium_paraputrificum 0.123 8.61 15.8 1.64 2.64 0.1123 -0.0488 0.0318 -0.0990 21.1 12.3 20.8 10.2 0.117266 0.17538012
Megamonas_rupellensis 0.083 0 0.35 0 18.8 -0.1076 0.1035 -0.0332 0.0413 0.0 3.7 0.0 2.3 0.119833 0.17764717
Eubacterium_siraeum 0.048 3.65 0.5 1.48 5.74 -0.0464 -0.0817 0.0606 0.0969 13.8 11.1 25.0 21.6 0.122609 0.17876849
Bacteroides_salyersiae 0.059 7.09 0.125 0 4.75 0.0687 -0.0946 -0.0730 0.0564 8.6 2.5 0.0 9.1 0.122705 0.17876849
Parasutterella_excrementihominis 1.011 66 136 25.8 34.3 -0.0666 0.0758 -0.0878 0.0533 46.1 56.8 45.8 58.0 0.125053 0.18063211
Desulfovibrio_piger 0.031 0.651 1.45 1.68 4.57 -0.0673 0.0267 0.1182 -0.0183 6.6 9.9 20.8 8.0 0.126707 0.18147019
Bacteroides_massiliensis 2.659 146 128 538 197 -0.0979 0.0001 0.1031 0.0513 42.1 49.4 66.7 52.3 0.135244 0.19206921
Clostridium_nexile 0.677 91.8 9.47 6.4 33.4 0.0272 -0.1100 -0.0215 0.0886 42.8 34.6 37.5 56.8 0.140111 0.19732299
Eubacterium_ramulus 0.033 2.72 2.24 0.76 2.2 0.0139 -0.0926 -0.0438 0.0998 18.4 11.1 12.5 26.1 0.143811 0.20085999
Faecalibacterium 0.992 80.6 65.7 0 78.1 0.0671 -0.0121 -0.1172 0.0037 18.4 14.8 0.0 15.9 0.149922 0.20653027
Ruminococcus_lactaris 0.394 43.9 12.9 10.4 23 -0.1075 0.0297 -0.0176 0.1038 17.1 25.9 20.8 30.7 0.150897 0.20653027
Bacteroides_stercoris 0.906 45.9 93.2 0.52 77.8 0.0125 0.0350 -0.1215 0.0226 32.2 33.3 12.5 31.8 0.151537 0.20653027
Neisseria_flavescens 0.058 4.52 0.025 14.2 0.0909 0.1202 -0.0760 -0.0137 -0.0550 8.6 2.5 4.2 3.4 0.161682 0.21669893
Bacteroides_thetaiotaomicron 1.462 137 83.5 86.4 139 0.0463 -0.1194 0.0309 0.0453 64.5 55.6 62.5 72.7 0.162305 0.21669893
Coprococcus 0.045 4.42 2.6 0.96 3.17 0.0078 -0.0838 -0.0488 0.1011 27.0 19.8 20.8 36.4 0.16296 0.21669893
Escherichia_coli 3.197 278 411 23.7 20.3 0.0931 0.0164 -0.0167 -0.1123 35.5 33.3 29.2 23.9 0.164127 0.21669893
Haemophilus_haemolyticus 0.081 12.9 1.31 0.48 0.455 0.1205 -0.0617 -0.0243 -0.0630 15.1 7.4 8.3 8.0 0.1718 0.22507132
Veillonella_denticariosi 0.063 4.96 0.637 16.3 0.42 0.1168 -0.0541 -0.0303 -0.0628 25.7 18.5 16.7 18.2 0.209851 0.2728063
Clostridium_metallolevans 0.288 0.0592 69.3 1.72 0.693 -0.0849 0.1065 0.0064 -0.0106 2.0 7.4 4.2 3.4 0.221744 0.28606669
Bifidobacterium_longum 0.109 2.64 18.1 8.72 1.94 -0.0436 0.0782 -0.0861 0.0239 31.6 39.5 16.7 37.5 0.230971 0.29571287
Parabacteroides_distasonis 0.695 41.2 47.5 75.7 86.8 -0.1076 0.0247 0.0379 0.0765 63.8 70.4 66.7 78.4 0.234269 0.29768016
Shigella_boydii 0.269 45.7 1.61 0 3.6 0.0414 0.0542 -0.0873 -0.0488 10.5 12.3 0.0 6.8 0.2437 0.30549066
Prevotella_bryantii 0.276 17.8 25.8 3.36 16 0.0051 0.0771 0.0270 -0.0966 9.9 13.6 12.5 4.5 0.244031 0.30549066
Ruminococcus_torques 0.430 48.7 33.9 7.36 21.1 0.0773 -0.0117 -0.0914 -0.0233 51.3 53.1 41.7 54.5 0.251903 0.31094643
Enterococcus_faecalis 0.080 9.4 7.17 0.2 0.148 -0.0237 0.0862 0.0370 -0.0784 4.6 8.6 8.3 2.3 0.252069 0.31094643
Phascolarctobacterium_succinatutens 0.081 3.94 8.97 8.96 2.81 -0.0650 0.0737 0.0653 -0.0358 10.5 17.3 20.8 11.4 0.271894 0.33268805
Anaerotruncus_colihominis 0.067 8.63 2.52 1.48 1.34 -0.0443 -0.0486 -0.0123 0.1049 12.5 11.1 12.5 20.5 0.273631 0.33268805
Noviherbaspirillum_psychrotolerans 0.079 10.5 0 0 0 0.1055 -0.0519 -0.0256 -0.0548 2.0 0.0 0.0 0.0 0.280255 0.33830782
Streptococcus_salivarius 0.041 4.56 2.39 0 0.341 0.0451 -0.0275 -0.0931 0.0298 11.8 8.6 0.0 12.5 0.308053 0.36922665
Bacteroides_fragilis 4.973 437 149 778 327 -0.0618 -0.0409 0.0458 0.0834 62.5 63.0 75.0 79.5 0.315752 0.37578935
Sutterella 0.806 7.59 182 5.72 2.76 -0.0193 0.0804 0.0300 -0.0736 8.6 13.6 12.5 5.7 0.324639 0.38366427
Prevotella_timonensis 0.071 10.3 0.2 0 0.0114 0.0909 -0.0141 -0.0472 -0.0623 4.6 2.5 0.0 1.1 0.33956 0.39851139
Coprobacter_fastidiosus 0.029 2.33 3.23 0.04 0.841 -0.0318 -0.0123 -0.0629 0.0850 9.9 9.9 4.2 15.9 0.343127 0.39992043
Oscillibacter_valericigenes 0.032 2.11 1.94 0.44 3.33 0.0150 -0.0470 -0.0654 0.0668 21.7 18.5 12.5 26.1 0.36158 0.41854123
Actinomyces_odontolyticus 0.050 6.24 1.45 0 0.102 0.0821 -0.0232 -0.0603 -0.0357 6.6 3.7 0.0 3.4 0.403177 0.46351641
Bacteroides_dorei 7.740 382 679 895 732 -0.0815 0.0093 0.0542 0.0522 69.7 69.1 79.2 79.5 0.409777 0.46792103
Oscillibacter_ruminantium 0.316 25.3 29.3 12.8 22.5 -0.0499 -0.0098 -0.0305 0.0842 51.3 53.1 50.0 70.5 0.462368 0.52443082
Veillonella_tobetsuensis 0.026 4.24 0 0 0 0.0860 -0.0423 -0.0209 -0.0447 1.3 0.0 0.0 0.0 0.466883 0.52602151
Blautia_wexlerae 0.844 96.1 83.4 85.3 72 -0.0228 -0.0618 0.0411 0.0621 77.6 86.4 83.3 94.3 0.475387 0.53205565
Bacteroides_ovatus 1.568 142 124 147 91.3 -0.0605 0.0289 0.0649 0.0029 75.0 76.5 75.0 77.3 0.484526 0.53871641
Parabacteroides_johnsonii 0.075 11.1 0.075 0 2.68 0.0240 -0.0464 -0.0562 0.0506 4.6 2.5 0.0 5.7 0.502745 0.55310847
Clostridium_bartlettii 0.225 25.8 11.4 18.9 6.83 -0.0326 -0.0329 -0.0220 0.0819 52.6 49.4 54.2 64.8 0.504016 0.55310847
Citrobacter_braakii 0.146 25 1.93 0 1.32 -0.0325 0.0587 -0.0562 0.0128 3.3 6.2 0.0 4.5 0.539768 0.58500975
Butyrivibrio_fibrisolvens 0.032 5.18 0.0375 0.56 0.341 0.0734 -0.0589 -0.0218 -0.0136 7.9 3.7 4.2 5.7 0.540009 0.58500975
Ralstonia_pseudosolanacearum 0.450 46.3 3.41 38.3 23.2 0.0642 -0.0300 0.0254 -0.0588 11.8 8.6 12.5 6.8 0.545821 0.5875398
Haemophilus_paraphrohaemolyticus 0.035 4.39 2.1 0 0.0341 0.0180 0.0518 -0.0421 -0.0462 2.6 3.7 0.0 1.1 0.595637 0.6371054
Sutterella_stercoricanis 0.120 0.322 28.1 0.04 0.943 -0.0600 0.0529 0.0320 -0.0018 1.3 3.7 4.2 2.3 0.623522 0.66273722
Pantoea_agglomerans 0.133 21.9 0.025 0 0 0.0430 0.0213 -0.0256 -0.0548 1.3 1.2 0.0 0.0 0.692542 0.73149749
Dorea_formicigenerans 0.140 16.9 12 8.92 11.6 -0.0217 0.0147 -0.0554 0.0428 59.9 72.8 66.7 77.3 0.697641 0.73230639
Bacteroides_intestinalis 0.035 2.32 0.637 0.16 4.56 -0.0300 0.0091 -0.0411 0.0492 7.2 8.6 4.2 10.2 0.711097 0.74182341
Bacteroides_coprocola 0.397 3.51 0.9 0.08 86.2 -0.0224 -0.0219 -0.0209 0.0590 5.3 4.9 4.2 8.0 0.740391 0.76764466
Cetobacterium_somerae 0.276 50.4 0.0375 0 0.0227 0.0394 0.0160 -0.0393 -0.0375 2.6 2.5 0.0 1.1 0.748914 0.77174674
Prevotella_copri 5.181 307 406 423 396 0.0147 -0.0509 0.0023 0.0314 52.0 45.7 54.2 54.5 0.796779 0.81609485
Coprococcus_catus 0.060 3.84 4.8 2.84 4.94 -0.0468 0.0245 0.0120 0.0224 23.7 28.4 29.2 28.4 0.856557 0.87203695
Anaerostipes_hadrus 0.573 37.5 32.9 36.6 73.3 -0.0216 0.0147 0.0315 -0.0081 68.4 77.8 75.0 72.7 0.902421 0.91322844
Subdoligranumum 0.049 2.45 4.6 5.76 2.07 0.0004 0.0233 -0.0091 -0.0178 9.9 11.1 8.3 9.1 0.969734 0.975469
Bacteroides_plebeius 0.250 16.8 18.8 0.04 18.1 0.0152 -0.0129 -0.0181 0.0058 5.9 4.9 4.2 5.7 0.975469 0.975469
PAST3 statistical package was used to calculate the contribution in % for the individual bacterial taxa (most are classified at the species level) and for the calculation of the SIMPER 
(SIMilarity of PERcent test) mean abundance.  PAST3 was also used for calculation of the  Spearman correlation coefficient value to identify the trend of association for individual 
bacteria within the four patient groups.  We also calculated the frequency of each bacterial taxa in the four groups. The combination of the SIMPER reported mean abundance and 
the EXCEL calculated frequency informs us whether a large SIMPER test mean abundance is driven by few samples (biopsies) with large number of sequence reads or by many 
samples with lower number of sequence reads. For example, Ruminococcus_faecis was detected in similar numbers of CDFD (71.7%) patients, RL (65.4%) patients, RM (66.7%) 
patients and control subjects (77.3%). But the SIMPER mean abundance was quite different. It was highest in the CDFD patients (275) and controls (206), lower in the RL patients 
(104) and lowest in the remission patient (48.2). This highlights that the RL and RM patients had similar number of biopsies with Ruminococcus faecis sequence reads but with 
much lower number of sequence reads. The Kruskal Wallis test, a nonparametric test which does not require the assumption of normal distribution, was used to test for statistical 
association of individual bacteria within the four heatmap cluster. FDR = false discovery rate corrected P value,  CDFD = Crohn's disease at first diagnosis, RL = Crohn' disease at 
subsequent relapse, RM = Crohn's disease at subsequent remission, CON = non-inflammatory bowel disease controls
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5.1: Abstract  

 

Background 

Crohn’s Disease (CD) is a chronic relapsing condition possibly caused by a 

dysbiotic microbiome. About 30-60% of patients with CD have antibodies to 

Saccharomyces cerevisiae (ASCA), but any association with gut microbiota is 

unexplored. We hypothesized that anti-Saccharomyces cerevisiae antibody 

(ASCA) positivity would predict a signature microbial status and clinical 

phenotype.   

 

Methods 

Ileocolonic mucosal biopsies were obtained from children with CD, and non-IBD 

controls.  Comparison was made between ASCA status, microbial diversity and 

clinical characteristics. 

 

Results 

ASCA was highly specific but poorly sensitive for the diagnosis of CD. In patients 

with CD, ASCA positivity was more likely to be present in patients older than 10 

years and associated with increased likelihood of ileocolonic disease distribution 

and long-term risk of surgery. Microbial alpha and beta diversity were similar in 

patients with CD with or without ASCA, but significantly less when compared to 

non-IBD controls. 14 bacterial species were statistically associated with ASCA 

positive patients with CD and 14 species with ASCA negative patients (p < 0.05). 

After controlling for a false discovery rate, Ruminococcus torques and Yersinia 

enterolitica 61 were still statistically associated with CD ASCA positive patients 
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(p = 0.0178), whilst Enterobacter cloacae and F prausnitzii were statistically 

associated with CD ASCA negative patients (p = 0.0178 and 0.0342, 

respectively).  

Conclusion 

We identified differences in the gut microbiome between patients with CD 

depending on the presence of ASCA.  

Keywords Crohn’s disease, ASCA, Microbiome 

5.2:  Introduction  

Crohn’s disease (CD) is a chronic relapsing condition primarily affecting the gut 

with a wide spectrum of severity. The etiology of CD is currently unclear but it is 

believed to develop as an immunological reaction in a genetically primed gut in 

combination with gastrointestinal microbial dysbiosis.(147) Recent advances in 

molecular techniques have revealed a microbial dysbiosis comprising an 

increased abundance of certain taxa belonging to Fusobacteriaceae, 

Veillonellaceae and Proteobacteria families and depletion of Ruminococcaceae 

and Bacteroidaceae.(76, 101) 

Anti-Saccharomyces cerevisiae antibody (ASCA) is an antibody to mannan, a cell 

wall glycoprotein present in yeast.  Early studies demonstrated an association of 

ASCA with CD.(104) This was subsequently supported by further studies in both 

adults and children, which showed a high degree of specificity for the diagnosis 

of CD but poor sensitivity.(105, 106) The mechanism of the development of ASCA 

antibodies is unclear. It has been suggested that it reflects a loss of tolerance to 

yeast in CD resulting in formation of serum antibodies.(118) An inflamed, more 
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permeable gut wall has also been suggested to contribute to the development of 

these antibodies.  

ASCA positivity rates vary, ranging from 30 to 60% in patients with CD, compared 

to only 5% in the general population.(107) ASCA is also identified in 20-30% of 

healthy relatives of patients with CD.(119) 

Studies in adults have suggested that ASCA titers might be related to disease 

severity, with patients exhibiting a high ASCA titer more likely to run a complicated 

disease course.(108) It has also been reported that ASCA positivity in adult 

individuals without disease can predict future development of CD.(117) 

The suggestion that ASCA titers may predict a more severe disease phenotype 

in CD is intriguing. There is limited understanding of the mechanisms of 

appearance and disappearance of these antibodies, alterations over time and 

ability to predict a severe disease course – especially in children with IBD.  

The reason for variable positive rates of ASCA is also unclear. There is some 

evidence to suggest that disease location, severity and age of the patient can 

influence ASCA positivity.(114) It is possible that variations in microbiome 

between patients may influence development of ASCA, however, any such 

variations in microbiome are yet to been identified.  

In this study, we sought to characterize the specificity and sensitivity of ASCA for 

the diagnosis of CD in children, define its durability over time after first diagnosis, 

and any correlation with age at presentation, disease severity or location, or 

surgical intervention. We also aimed to determine any variation in microbiome 

between ASCA positive patients with CD and ASCA negative patients with CD.  
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5.3: Materials And Methods 

5.3.1: Patients 

ASCA was measured in patients being investigated for possible inflammatory 

bowel disease (IBD) and in control patients without IBD. ASCA was also 

measured at intervals after first diagnosis of CD in some patients depending on 

their clinical condition at the discretion of the treating physician. Diagnosis of CD 

was based on standard clinical, endoscopic and histopathological criteria. 

Disease phenotype was based on the pediatric modification of the Montreal 

classification (Table 5.1).(120) Data on age, sex, clinical phenotype and medical 

history were collected for all patients. None of the patients with CD had received 

any IBD specific medication before initial diagnosis, or antibiotics in the three 

months before diagnosis.   

 

Table 5.1: Patient Characteristics Based on the Pediatric Modification of the Montreal 
Classification 
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5.3.2: ASCA analysis 

ASCA IgG titers were measured as a part of the initial diagnostic work up of 

patients with suspected IBD. ASCA IgG analyses were performed using the 

QUANTA LiteTM ASCA (S. cerevisiae) IgG 708865 kit from Inova Diagnostics 

(San Diego, California) according to the manufacturer’s instructions. A titer of 25 

IU was required for the sample to be labelled as “ASCA positive “. 

5.3.3: Statistical Analysis for ASCA titers 

Statistical analysis was performed using Graphpad (GraphPad Prism 6.0e 

Macintosh version by Software MacKiev 1994-2014 GraphPad Software, Inc. La 

Jolla, CA, USA). Two-tail p values are reported. The significance of difference 

between proportions was analyzed using Chi-squared tests. 

5.3.4: ASCA and Microbiome 

Gut biopsies for microbial analysis were obtained at the time of first diagnostic 

endoscopy in patients with suspected CD from both inflamed and non-inflamed 

regions of the colon and ileum. Patients whose histopathological examination 

revealed no evidence of CD were included as non-IBD controls. Biopsies were 

placed in RNAlater solution at -70°C for future analysis.   

DNA extraction, PCR and MISeq sequencing, bioinformatics for bacterial 16s 

rRNA gene analyses and alpha and beta diversity analyses were performed as 

outlined in the methods section. 
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Heatmap analysis was performed using the R package “Heatplus” (Author 

Alexander Ploner, available from https://github.com/alexploner/Heatplus). For the 

heatmap we used the Bray-Curtis clustering and Ward.D method. The heatmap 

shown in Figure 2 a was generated from the top 60 OTP species. The top 60 OTP 

species represent taxa with a minimum relative abundance of 10% in at least 10 

samples. The “cuth” parameter was set to generate five clusters. The “cuth” sets 

the height at which to cut through the dendrogram to define groups of similar 

features/samples.  

5.4: Results 

5.4.1: ASCA 

Measurements of ASCA antibodies were available for 135 patients with CD and 

102 controls without CD (Table 5.2). In this population of children, the sensitivity 

of ASCA for the diagnosis of CD was 53% and specificity 95%. The negative 

predictive value of ASCA for the diagnosis of CD was 60%. 

 CD  Non-CD  

Patients 135 102 

Male: Female 76:59 66: 36 

Age at diagnosis - Mean (SD) years 11.5 (3.6) 12.2 (3.6) 

ASCA Positive n (%) 71 (53%) 2 (1.96%) 

Table 5.2: Study patients – demographic information 
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ASCA positivity was compared to four parameters including age at first diagnosis, 

disease location, surgical intervention and complicated disease course in the 

pediatric population. 

5.4.1.1: ASCA positivity and age at first diagnosis of CD 

Thirteen of 36 patients with CD diagnosed before the age of 10 years were ASCA 

positive, compared to 58 out of 99 older children diagnosed with CD who were 

ASCA positive.  Children first diagnosed with CD at 10 years or older were 

significantly more likely to be ASCA positive than younger children (Odds ratio 

(OR) 2.50, 95%CI 1.14-5.51; p= 0.02). 

5.4.1.2: ASCA positivity and disease location 

Of the CD cohort 19 patients had only colonic disease, 113 had ileocolonic 

disease and three had only extraintestinal involvement (oro-facial granulomatosis 

(OFG) n=2, or genital n=1).  Patients with ileocolonic disease were significantly 

more likely to be ASCA positive (66/113) compared to those with only colonic 

disease (6/19), (OR 3.04, 95% CI 1.08-8.58; p=0.01).  Patients with extra-

intestinal disease were excluded from analysis. 

5.4.1.3: Analysis in relation to age and disease location 

A comparison of ASCA positivity with both disease location and age at diagnosis 

of the patients with CD was also undertaken, given the possibility that age at 

diagnosis might influence disease location.  Of those patients with ileal or 

ileocolonic disease at diagnosis 62% (50/80) of patients aged 10 years or older 

were ASCA positive compared to 48% (16/33) of those younger than 10 years of 

age (OR 1.89, 95% CI 0.82-4.32, p=0.13). 
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Of those with colonic involvement at diagnosis, 43% (6/14) older than 10 years 

were ASCA positive compared with 0/5 patients less than 10 years (p=0.13). We 

found no statistically significant evidence that age under the age of 10 years at 

diagnosis reduced the likelihood of ASCA positivity except through the reduced 

risk of small bowel involvement.   

5.4.1.4: ASCA positivity and colectomy 

Seventeen patients with CD who underwent colectomy were included in the 

study.  Patients with CD undergoing colectomy were more likely to be ASCA 

positive at diagnosis (13/17, 76%), when compared to those who did not undergo 

colectomy (58/118, 49%); (OR 3.36, 95% CI 1.04-10.91, p=0.02). 

5.4.1.5: ASCA positivity and complicated disease course 

Patients with CD were classified as having either complicated (n=44) or 

uncomplicated (n=91) disease based on the Paris modification of the Montreal 

classification (120). Patients with CD and complicated disease were no more 

likely to be ASCA positive (25/44) than those with uncomplicated disease (46/91, 

50.5%); (OR 1.29, 95% CI 0.62- 2.66, p=0.58). 

5.4.1.6: ASCA titers over time 

At least two serial ASCA measurements were available in 45 patients with CD. 

The subsequent measurements had been performed up to 60 months after 

diagnosis at a mean interval of 24.2 months (SD 19.6). The timing of subsequent 

testing was mostly related to an annual elective review rather than any clinical 

event such as a relapse. The mean overall ASCA titer at diagnosis was 30.5 (SD 

31.8), and at second measurement 29.3 (SD 29.9). Thus, no significant changes 

in ASCA titer were observed with time after diagnosis (p=0.52). 
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Twenty patients in this group (20/45) were ASCA positive at initial diagnosis. 

There was no significant reduction in mean ASCA titer with time in this group 

either overall (initial titer 58.3 (SD 29.4) vs 53.8 (SD 28.1), p=0.17), or when 

analyzed by time since diagnosis in one-year blocks. 

5.4.1.7: ASCA and OFG 

Eleven patients in this cohort had OFG. Seven had a positive ASCA result. Nine 

of these 11 patients also had gastrointestinal involvement with CD. Patients with 

no evidence of luminal CD were excluded from the analysis. There was no 

significant difference in the proportion with gastrointestinal involvement between 

those who were ASCA positive (6/7) compared to those who were ASCA negative 

(3/4). 

5.4.2: ASCA and microbiome 

Both gut microbiome data and ASCA status were available for 163 biopsies taken 

from 77 patients with CD, and from 16 non-IBD controls (Table 5.3). 75 biopsies 

were available from CD ASCA positive patients (n = 38), 62 biopsies were 

available from CD ASCA negative patients (n = 39), and 26 biopsies were 

available from non-IBD controls.  
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Males Females Mean 
Age 
(yrs) 

Biopsies Ileum 
Inflamed 

Ileum 
Uninflamed 

Colon 
inflamed 

Colon 
uninflamed 

CD ASCA 
Positive 

20 18 12.3 75 16 17 28 14 

ASCA 
Negative 

19 20 10.2 62 13 18 21 10 

Controls ASCA 
Negative 

9 7 12.4 26 0 16 0 10 

Table 5.3: Histological evidence of any significant inflammation in biopsies based on 
ASCA status in CD and control patients 

 

No significant differences in microbiome have been demonstrated between 

biopsies from colon and ileum, or between inflamed and uninflamed regions of 

the gut either in previous studies or in our own study of CD and the 

microbiome.(Chapter 4)(101, 148) For the purposes of this analysis the difference 

in microbiome was evaluated between biopsies from ASCA positive and ASCA 

negative patients irrespective of gut location or disease condition.  

5.4.2.1: ASCA associated species 

The Mann-Whitney U-test was used to identify species statistically associated 

with ASCA positivity and negativity in patients with CD. Using uncorrected 

statistical testing, 14 species were associated with ASCA positivity and a further 

14 species were associated with ASCA negativity. The direction of association 

(i.e. either with ASCA negative status or ASCA positive status) was shown using 

Spearman’s rho correlation coefficient presentation (Figure 5.1).  After correction 

for false discovery rates, two species in each group remained statistically 

associated with ASCA positivity, and two species with ASCA negativity. 

Ruminococcus torques and bacterium Yersinia enterolitica 61 were the false 

discovery rate passed species in the ASCA positive group. These were detected 

in 57% and 58% of ASCA positive samples compared to 30% and 27% in the 
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ASCA negative samples respectively. The SIMPER test calculated mean 

abundance was much higher in the ASCA positive group (67.8% and 39.2% for 

both species) compared to the ASCA negative group (7.5% and 8.4% for both 

species) (Table next to Figure 5.1).  

 

Figure 5.1: A Mann-Whitney U test was conducted to identify all species statistically 
associated with CD ASCA positive and CD ASCA negative samples. Only species with 
a p-value below 0.05 are shown. Any species that passed a false discovery rate 
corrected p-value are highlighted in grey in the Mann-Whitney U test column. For easier 
visualization, the statistically associated species are presented in a bar chart showing 
the Spearman’s rho correlation coefficient value on the X-axis.  

 

The SIMPER test from the PAST3 statistical package was used to calculate the 

contribution and the mean abundance of the individual species between the two 

patient groups. We also calculated the frequency of the species in EXCEL. A 
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combination analysis between mean abundance and frequency is useful to 

elucidate whether a particular species present in many samples is present a high 

abundance or neglectable low/very low abundance across the samples. 

Enterobacter cloacae and F prausnitzii were the false discovery rate passed 

species in the ASCA negative group. They were detected in 48% and 25% of 

ASCA negative samples compared to 18% and 5% in the ASCA positive samples 

respectively. The SIMPER test calculated mean abundance was 246 and 79.3 in 

the ASCA negative group for both species compared to 111 and 0.69 in the ASCA 

positive group for both species (Table next to Figure 5.1). The very low mean 

abundance of 0.69 for F prausnitzii and their frequency of 5.2% in ASCA positive 

samples indicated that F prausnitzii was hardly present at all in ASCA positive 

patients.  

We also conducted a hierarchical clustering and heatmap presentation of the 

clusters with the CD ASCA positive samples, CD ASCA negative samples, and 

with the control samples (Figure 5.2 a). The parameters (cuth parameter in the 

heatplus R package) was set as such that it clustered all samples into five groups 

(1 to 5 in Figure 5.2 a). Our aim was to identify whether any of the five clusters 

were statistically associated with the three sample groups. We then conducted a 

Person standardized residuals test and calculated the critical Z value with an 

uncorrected P value and with a Bonferroni corrected P value in order to identify 

any statistical association between the heatmap clusters and the three patient 

groups. A critical Z value below or above the standardized residuals test value 

denotes whether any of the heatmap clusters is associated with the sample 

groups (Figure 5.2 b). 
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Figure 5.2: Hierarchical clusters present in the heatmap were analyzed for an 
association of the different heatmap clusters with the CD ASCA groups and with the non-
IBD control group.  

 

Figure 5.2a: A total of 163 samples (77 CD ASCA positive, 63 CD ASCA negative, and 
23 non-IBD controls ASCA negative) were used for heat map generation. The top 62 
species with a minimum abundance of 10% in at least 10 samples are shown on the heat 
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map for easier presentation. The dendrogram (tree left hand side) was colored according 
to five clusters. The same five clusters were used for the Pearson standardized residuals 
test (Figure 5.2 b) and for the Spearman’s rho correlation coefficient analysis (Figure 
5.2 c). 

 

Figure 5.2b: The critical Z value was calculated with uncorrected P value and with 
Bonferroni corrected P value (0.05/15). A standardized residuals test value below or 
above the critical Z value denotes a statistically significant association (positive or 
negative) of the different group with the heat map clusters. The critical Z value with 
uncorrected P value is -(+) 1.959964 and with Bonferroni corrected Z value is -(+) 
2.935199). 

Abbreviations: CD = Crohn's disease, Con = non-IBD controls, neg = negative, 
pos = positive, ASCA = Anti-Saccharomyces cerevisiae antibody. 

Figure 5.2c: Spearman’s rho correlation coefficient analysis was carried out to identify 
bacterial species associated with the different heat map clusters, denoted as cluster 1 to 
5 in the bar chart. Only species with a Spearman’s rho correlation coefficient value above 
2.5 in the individual heat map cluster are shown. They represent the most abundant 
species present in the heatmap. 

 

The analysis revealed that a set of CD ASCA negative samples were statistically 

associated with cluster two and a set of control samples were positively 

associated with cluster three. Spearman’s rho correlation coefficient analysis was 

conducted to show the trend of an association between heatmap clusters and 

their species (Figure 5.2 c). Cluster one was dominated by Bacteroides vulgatus; 

cluster two was dominated by several species with Epulopiscium, 

Propionibacterium acnes, and Clostridium butyricum being the most abundant 

species in this cluster. Cluster three was dominated by Prevotella copri and 

Megamonas funiformis, among other species. Cluster four was the most diverse 

cluster and was dominated by F prausnitzii. Cluster five was the second 

Bacteroides cluster with Bacteroides fragilis being the most abundant species in 

this cluster. Please note: Figure 5.2 c only shows species with a Spearman’s rho 

correlation coefficient value above 2.5 for the individual clusters. These species 

were the dominant species shown in the heatmap (Figure 5.2 a).  
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5.4.2.2: Alpha and beta diversity analysis 

Alpha diversity compares bacterial diversity within samples and beta diversity 

compares bacterial diversity between samples. Alpha diversity analysis revealed 

that the species diversity in the CD ASCA positive and negative groups was not 

statistically different (Figure 5.3 a and 5.3 b).  However, not unexpectedly alpha 

diversity was higher in the control group compared to the patient groups using 

the qstat diversity index. There was also no significant difference in the number 

of OTP species between CD ASCA positive and CD ASCA negative groups. Both 

CD groups had significantly fewer OTP species when compared to the control 

group (Figure 5.3 d).  

There were no significant differences in beta diversity between CD ASCA positive 

and CD ASCA negative groups (PERMANOVA test p > 0.05).  Bacterial beta 

diversity was statistically different between the CD ASCA positive group and non-

IBD control group (PERMANOVA Bonferroni p-value = 0.0273, F.Model = 2.334) 

and between the CD ASCA negative group and the non-IBD control group 

(PERMANOVA Bonferroni p-value = 0.0009, F.Model = 2.786). 
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Figure 5.3: Alpha diversity analysis for Crohn’s disease (CD) ASCA positive patients, 
CD ASCA negative patients, and non-IBD controls (CON) ASCA negative patients.  

 

Figure 5.3a: The Shannon diversity index was not statistically different between the three 
groups. The non-parametric Kruskal-Wallis test with Dunn's multiple comparison test 
was used because the data were not normally distributed as tested by the D'Agostino & 
Pearson omnibus normality test and by the Shapiro-Wilk normality test in GraphPad. 

 

Figure 5.3b: Parametric one-way ANOVA test with Tukey's multiple comparison test was 
used for the qstat diversity index analysis.  All three data sets were normally distributed 
using D'Agostino & Pearson omnibus normality test and Shapiro-Wilk normality test. The 
non-parametric Kruskal-Wallis test produced the same result. The qstat diversity index 
was statistically higher in the non-IBD control group compared to the patients with CD 
groups.  

 

Figure 5.3c: Both the parametric one-way ANOVA and the non-parametric Kruskal-
Wallis test identified no significant differences between the three groups for the Chao 
community richness test.  

 

Figure 5.3d: The number of observed species was statistically higher in the non-IBD 
control group compared to the patient groups. Data were normally distributed using 
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D'Agostino & Pearson omnibus normality test and Shapiro-Wilk normality test. The 
parametric one-way ANOVA test with Tukey's multiple comparison test was used.  

 

Figure 5.4: Relative abundance of top 20 species correlated with Shannon entropy for 
diversity in CD ASCA positive and ASCA negative samples 
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Figure 4. Relative abundance of top 20 speceis (min 1 % abundance) correlated with 
Shannon entropy for diversity for CD ASCA positive and CD ASCA negative samples



 

143 

5.5: Discussion 

Variation in ASCA positivity is an intriguing feature of CD. There is currently poor 

understanding of its cause and implications for clinical management. In this study 

we sought to investigate the causes of the microbiological links with ASCA 

positivity in pediatric CD, and possible clinical implications. In our study, 

55% of patients with CD were found to be ASCA positive. The presence of these 

antibodies had a high positive predictive value for the diagnosis of CD in this 

pediatric population, but relatively poor sensitivity and negative predictive value. 

These serological rates are very similar to those previously reported for both 

adults and children.(107, 149) 

Age of patients, disease location and genetic make-up of an individual have been 

reported to influence rates of ASCA positivity.(108) We found that children 

younger than 10 years of age at diagnosis were twice as likely to be ASCA 

negative as compared to those aged 10 years or more. It is possible that the lower 

incidence of ASCA positivity in younger children could be due to a shorter 

duration of disease.  However, this is unlikely as very little change in ASCA 

positivity or even titer was observed longitudinally in our study (longitudinal 

analysis between 2-180 months after first diagnosis of CD).  

Another reason for the lower rates of ASCA positivity in younger children could 

be disease location, as a lower rate of small bowel disease has previously been 

observed in younger children when compared to older children.(114) As the 

presence of ASCA has been related to small bowel involvement, the lower rate 

of small bowel involvement in younger children might explain the lower ASCA 

positivity rates.  We found that ASCA positivity was less likely in those with 
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isolated colonic involvement as compared to those with ileal or ileo-colonic 

disease. Younger children in our study were also more likely to have isolated 

colonic involvement.  Unfortunately, the relatively small number of younger 

children meant that our study was likely to be underpowered to confirm whether 

the diagnosis of CD whilst under the age of 10 years reduced the likelihood of 

ASCA positivity independent of disease location. Patients with ileal or ileocolonic 

disease, irrespective of age, were three times more likely to be ASCA positive 

when compared to patients with colonic involvement alone.  

In this study we observed that patients with CD undergoing colectomy were more 

likely to be ASCA positive. Two other pediatric studies have examined the 

correlation between ASCA positivity and need for surgery. Amre et al. noted that 

surgical procedures were more likely in those who were ASCA positive in their 

study of 139 patients with CD.(111) Gupta et al. in a multicenter pediatric study 

found a three-fold increase in need for surgery in patients who were ASCA 

positive.(112) Thus ASCA positivity does seem to suggest an increase in the 

ultimate likelihood of surgery in CD.(109, 110, 113, 115) 

Clinical disease activity scores do not reflect long-term natural history of the 

condition hence we collected information on phenotype based on the pediatric 

modification of the Montreal classification as well as progression to surgery as 

proxies for the assessment of disease complexity. To our knowledge there are 

no pediatric studies that have evaluated the correlation of ASCA with severity 

based on this classification. Canani et al. observed significantly higher ASCA 

titers in children with severe CD based on their Pediatic Crohn’s Disease Activity 

Indices (PCDAI) as compared to those in remission.(116) However, neither 
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Bartunkova et al. nor Dubinsky et al. found any evidence of a correlation between 

ASCA and disease severity in children with CD.(110, 150)  

By contrast, adult studies have consistently reported an association of ASCA 

positivity with stricturing and penetrating disease. Ryan et al. reported a 

significant association of ASCA IgG with stricturing and penetrating disease in 

adults 9-10 years from diagnosis.(108)    

While the correlation between presence of ASCA and CD is clear, the role if any 

of ASCA in the pathogenesis of CD is still unclear.  Clearly there are other factors, 

perhaps genetic, that may influence ASCA positivity rates, either through cause 

or effect.  Twenty to thirty percent of unaffected siblings of ASCA positive patients 

have been found to be ASCA positive.(119)  However, genetic make-up alone 

cannot explain the predisposition to develop severe disease. It is well known that 

gut microbiota contribute to various gut functions, immune response and 

maintenance of mucosal barrier function.(151)  A difference in microbiome 

between ASCA positive and ASCA negative patients could account for this 

variation and also the predisposition towards severe phenotype.  

We identified several species strongly associated with the presence of ASCA in 

patients with CD.  Ruminococcus torques was the most commonly associated 

taxa. R. torques together with R. gnavus are mucolytic bacteria and have been 

identified more frequently in patients with CD.(152)  Reductions in the depth of 

the mucus layer have been correlated with severe disease. It is possible that 

degradation of human secretory mucin (MUC2) could allow the adhesion and 

invasion of opportunistic bacteria. A relative abundance of mucolytic bacteria 

could impair the integrity of the intestinal mucus layer, leading to an increased 
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mucosal permeability and sensitization to luminal microbial antigens. The second 

species statistically associated with ASCA positivity in CD was Yersina 

enterolitica. Yersinia enterocolitica is a gram-negative bacillus often implicated in 

acute gastrointestinal infections. These are believed to be self-limiting; however 

there have been some suggestions that an infection with Yersinia could act as a 

trigger of autoimmune conditions in genetically susceptible individuals.(153, 154) 

Studies have suggested that enteric pathogens might cause long lasting 

reprogramming of immune cells leading to the development of chronic 

inflammatory conditions via a phenomenon termed immunological scarring.(154, 

155) 

The higher concentration of Yersinia enterocolitica in ASCA positive patients is 

interesting. Immune reprogramming in genetically susceptible individuals 

following an episode of acute gastroenteritis with Yersinia enterocolitica is a 

possibility which requires further consideration. Further work including animal 

studies are needed to determine the role of microbial pathogens in immune 

reprogramming and any subsequent development of chronic inflammatory 

conditions. ASCA negative patients could represent a cohort of patients with CD 

who have developed CD due to genetic or immunological factors but have a 

microbial composition that helps maintain a relatively intact mucosal barrier, 

enhancing the production of anti-inflammatory cytokines and resulting in a 

relatively less severe phenotype.  We observed that samples from CD ASCA 

negative patients were associated with a typical CD microbiome cluster (cluster 

2 in Figure 5.2 a and 5.2 c), which was not statistically associated with CD ASCA 

positive patients.  This is an interesting observation and could possibly be a 

contributing factor to variations in ASCA serology in patients with CD. 
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We also identified F prausnitzii in 25% of ASCA negative samples as compared 

to 5% of ASCA positive samples. F prausnitzii has been reported to be protective 

against CD in adult patients.(86) There are conflicting data for any protective 

effect of F prausnitzii in pediatric patients.(99, 102) Our own large single center 

study found no significant evidence that F prausnitzii was positively associated 

with CD.(148) On the other hand, the association of F prausnitzii with CD ASCA 

negativity suggested a possible protective effect against ASCA positivity amongst 

other species including Enterobacter cloacae.  

5.6: Conclusion 

This large, single center study of a pediatric cohort of patients with Crohn’s 

Disease sought to explore the factors underlying variable ASCA positivity rates 

and variation in the microbiome. To our knowledge this is the first study 

demonstrating a significant difference in the microbiome in ASCA positive and 

ASCA negative patients with CD. This may be a significant first step towards 

understanding the interplay of microbiota with immune factors leading to the 

observed phenotype of CD.  Further studies evaluating the role of the gut 

microbiome in relation to human immune responses could provide a clearer 

understanding of CD, improving our understanding and management of this 

debilitating condition. 
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Pediatric Crohn’s Disease is a debilitating chronic condition primarily affecting the 

human gastrointestinal tract with numerous extra gastrointestinal manifestations. 

In the pediatric population, not only does it affect the general well-being of the 

child but it also has long-term implications for the child’s growth, development 

and susceptibility to malignancy.(156) Since its description there has been an 

interest in the role of gut microbiome in the etiopathogenesis of CD. It has long 

been known that the human intestine harbors nearly 1011 organisms/g of 

tissue.(77) These are mostly believed to be commensals and a number of these 

organisms have a role in a number of physiological functions of human gut 

including bile flow and synthesis of Vitamin B12.  

Keighley et al. published one of the earliest studies describing dysbiosis in CD in 

1978.(78) They found an increased concentration of E coli, Bacteroides fragilis 

and Veillonella in CD as compared to controls. Recent literature suggests that 

immune activation along with microbiome dysbiosis in a genetically primed gut 

can trigger chronic inflammation.(76) Despite extensive research, the role and 

behavior of the gut microbiome in pediatric CD is not well understood.  

Microbiome analysis is fraught with multiple issues which make any study difficult 

to conduct and analyze. The gut microbiome is dynamic and its composition 

within the gut is also variable depending on diet, age and genetic composition of 

the individual besides the type of sample analyzed - mucosa or fecal. Therefore, 

longitudinal analyses, and the choice of sample site - stool versus gut wall 

mucosa, are both clearly important. While stool samples are easier to collect and 

larger studies can be planned, stool associated microbiome (SAM) may not 

reflect dysbiosis as accurately as mucosa associated microbiome (MAM).(129) 

Pediatric studies on MAM in CD are limited and inconsistent. The last decade has 
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seen rapid progress from low-resolution conventional culture techniques to the 

current high-resolution next-gen sequencing. The most commonly applied 

methodology is PCR amplification and sequencing of the bacterial 16S ribosomal 

RNA (rRNA) gene.(130)  

In this study we sought to investigate the variation of mucosal-associated 

microbiome in pediatric patients with Crohn’s Disease (CD) longitudinally, and to 

compare the variation in microbiome between patients with CD and those without 

IBD. We also evaluated the microbiome variation between patients with CD who 

were either ASCA positive or ASCA negative. This is the largest, single center 

pediatric study to evaluate longitudinal variations in gut microbiome in patients 

with CD and also the first study to evaluate microbiome differences between 

patients with CD who were either ASCA positive or ASCA. 

6.1: CD and microbiome 

In our study, we used oligotyping (OTP) together with ARB/SILVA platform 

analysis to annotate OTPs down to species level. A total of 23 OTP taxa, mostly 

classified at the species level, were observed to be different between newly 

diagnosed patients with CD compared to non-IBD controls. Fusobacterium, 

species belonging to the genus Veillonella, Clostridium, Epulopiscium, 

Propionibacterium acnes and Haemophilus parainfluenzae, were significantly 

associated with newly diagnosed CD. In our analysis, we combined all 

Fusobacterium OTPs (n = 12) into Fusobacterium to get the most signal of this 

frequently reported pathogenic gut bacterium. Indeed, Fusobacterium was the 

strongest associated taxa in newly diagnosed patients with CD and was detected 

in over 60% of all samples. This observation is consistent with those from other 
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studies. Gevers et al. observed a positive correlation of CD with abundance of 

Veillonellaceae, Neisseriaceae and Fusobactereaceae in their multicenter study 

of 447 patients with CD.(101)  

Fusobacterium is a genus of anaerobic, gram negative, non–spore-forming bacilli 

which are believed to be a part of normal oral cavity flora. However, these are 

increasingly being isolated from inflamed colonic environments in not only 

patients with IBD but also those with colorectal cancer.(157) Studies have 

demonstrated the role of Fusobacterium in the production of proinflammatory 

cytokines. Tang et al. observed a higher concentration of IL-8, IL-1 beta and TNF-

alpha in Caco-2 cells infected with Fusobacterium.(158) The authors suggested 

that Fusobacterium impairs autophagic flux, thereby enhancing the production of 

proinflammatory cytokines via reactive oxygen species (ROS) in Caco-2 cells.  

Veillonella are gram negative, anaerobic cocci and are part of the normal gut 

flora.(159) These are known to inhabit the small intestine, predominantly 

coexisting with Streptococcus strains. Studies have demonstrated that 

cohabitation of Veillonella with Streptococcus results in an enhanced production 

of certain cytokines including IL-6, 8, 10, TNF-alpha and suppressed production 

of 12p70.(160) 

This interesting observation indicates the dynamic role of differing microbial 

combinations on immunomodulation.  

Gut microbiota play an important role in gut physiology, primarily in the synthesis 

of short chain fatty acids from proteins, peptides and sugars.(138) Besides being 

an energy source for colonic epithelial cells, short chain fatty acids and especially 
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butyrate are known to improve gut barrier integrity and prevent development of 

metabolic disorders.(140) Studies have also demonstrated that butyrate has anti-

inflammatory properties through inhibition of NF-kappaB transcription factor 

activation, upregulation of PPAR-gamma and inhibition of interferon 

gamma.(161-163) 

F prausnitzii in pediatric CD 

 F prausnitzii belongs to phylum Firmicutes and family Ruminococcaceae.(139) It 

accounts for approximately 5% of the fecal microbiota in healthy adults and is 

also described as the main butyrate producer in gut.(164-166) Studies are 

suggestive of several other anti-inflammatory properties associated with F 

prausnitzii. These include capability to induce tolerogenic cytokines e.g. cytokine 

IL-10.(76) F prausnitzii cells or their cell-free supernatant have been 

demonstrated to reduce low-grade, chronic, chemical induced inflammation in 

murine models.(167, 168) Other studies have demonstrated an enhancement of 

intestinal mucosal barrier with F prausnitzii supernatant via expression of certain 

tight junction proteins.(169) 

Adult microbiome studies have consistently demonstrated decreased abundance 

of F prausnitzii in newly diagnosed patients with CD and also during 

recurrence.(76, 86) However, pediatric data on F prausnitzii is conflicting. 

There are at least two pediatric mucosal studies that have demonstrated a 

paradoxical abundance of F prausnitzii in patients with CD.(99, 102) Assa et al. 

demonstrated an increased abundance of several OTUs associated with F 

prausnitzii in their study comprising 10 pediatric patients with CD as compared to 
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healthy controls.(102) Hansen et al. reported a predominance of F prausnitzii in 

their study on mucosal microbiome in 11 pediatric patients with CD.(99) 

In our study we observed 45 OTPs that corresponded to F prausnitzii. It was 

detected in 95% of all samples from patients with CD at first diagnosis (CDFD) 

and in 99% of all samples in non-IBD control patients with a very similar mean 

abundance of 961, and 889, respectively. 

In their study on 447 pediatric patients with CD, Gevers et al. observed a 

depletion of F prausnitzii in patients with CD.(101)  

This difference in the relative abundance of F prausnitzii between adult and 

pediatric studies and also between pediatric studies is intriguing. There are many 

possible explanations to this observation. It is possible that F prausnitzii is not as 

metabolically significant in pediatric colon as compared to adult colon. 

Alternatively, it could be related to differences in strains of F prausnitzii colonizing 

different populations. Studies have suggested that the F prausnitzii species 

comprises at least 2 phylogroups which have 97% of 16s rRNA gene similarity. 

More recently Zhang et al. characterized the functionality of intestinal microbiome 

from aspirates obtained from the mucosal luminal interface of 25 patients with CD 

and 25 with UC. They observed a relative abundance of F prausnitzii in both CD 

and UC samples. Further strain-resolved analyses suggested a predominance of 

L2-6 strain in pediatric CD samples as opposed to strain A2-165 that is known to 

be more adept in butyrate production.(170, 171) It is well accepted that 

differences in enzyme production, anti-inflammatory and immunomodulatory 

properties of microbiome can be strain-dependent.(170)  It is possible that the 

observed differences in abundance of F prausnitzii in different populations of CD 
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are related to strain-dependent immunomodulatory properties. Further studies 

investigating strain-dependent immunomodulatory properties of F prausnitzii and 

also any functional differences between pediatric and adult microbiome will help 

in a better understanding of these observations. 

Dysbiosis and Gut Location 

Generalized dysbiosis independent of gut location has been previously 

demonstrated in a number of studies. Haberman et al. demonstrated the similarity 

in microbiome shift in biopsies from patients with CD with and without overt ileal 

involvement.(141) The Permanova test in our study did not point towards 

microbiome differences between gut locations. This was true for patients with CD 

and non-IBD controls for which the microbiome composition was very similar 

between different gut locations. 

Dysbiosis and biopsy status 

There are only a few adult studies that have explored the microbiome difference 

between inflamed and uninflamed gut biopsies. Walker et al. did not observe any 

differences in microbiome between inflamed and uninflamed gut wall in their 

study of 6 adult patients with CD.(172) However, there are no previous pediatric 

studies investigating differences in microbiome between inflamed and uninflamed 

biopsies. A difference in microbiome between inflamed and uninflamed biopsies 

would be expected due to the influence of inflammation on microbiome.  

In our study, the Permanova test did not identify significant differences between 

inflamed and uninflamed gut wall. In addition, alpha diversity analysis did not find 

significant differences between inflamed and non-inflamed biopsies from patients 
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with CD using both the Shannon diversity and qstat statistics. The Qstat statistic 

revealed a significant difference between non-IBD controls and CD inflamed or 

CD non-inflamed biopsies but this is most likely a reflection of lower bacterial 

diversity and community richness in biopsies from patients with CD in general. It 

is possible that the any variation of microbiome due to inflammation was not 

significant as that compared to generalized dysbiosis related to CD.  

6.2 Microbiome differences between patients in patients with CD in 

remission (CDRM) and patients with CD in relapse (CDRL) 

The gut microbiome is dynamic and influenced by a number of factors including 

diet, lifestyle and genetic predisposition.(143) Hence it is reasonable to believe 

that it should vary during the course of disease with clinical states of remission or 

relapse. The microbiome in patients with CD in remission would be expected to 

become similar to non-IBD controls and the microbiome in patients in relapse 

would be expected to be similar those with newly diagnosed CD. In our study, we 

conducted a detailed analysis to test this hypothesis. We observed a significant 

variation in microbiome between newly diagnosed patients with CD and those in 

relapse as well as remission. The Permanova test was highly significant between 

these three groups plus non-IBD controls. The Qstat statistic further revealed that 

the diversity of the interquartile range of OTP taxa abundance was highest in the 

non-IBD controls compared to any of the three CD groups (CDFD, CDRL, and 

CDRM). No significant differences in alpha diversity were observed between the 

three CD groups. 

In our study, we found 14 OTP taxa that were significantly associated with CD 

relapse and 22 OTP taxa that were significantly associated with CDRM. Between 
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the two patient groups only three OTP taxa (Hespellia porcina, Eubacteria 

fissicatena, and Lactobacillus gasseri had a positive co-occurrence in both 

groups. Hespellia porcina was the most associated species in CDRL samples. 

Hespellia species have previously been isolated from swine manure storage 

pits.(144) Further taxonomic analysis of Hespellia porcina showed that it was very 

closely located to Clostridium oroticum in the ARB bacterial taxonomic tree, which 

is a member of Clostridium cluster XIVa. Clostridium oroticum has been reported 

from human feces and was recently re-classified to Faecalicatena orotica.(145, 

146)  

Unexpectedly, only one (Clostridium symbiosum) of the 14 CDRL associated 

OTP taxa had a positive co-occurrence with the CDFD samples. Two of the 14 

CDRL associated OTP taxa had a positive co-occurrence with non-IBD control 

samples. These were Bacteroides vulgatus and Barnsiella intestinihominis which 

were detected at similar mean abundance and frequency in both groups. A similar 

surprising result was observed when comparing CDRM samples with non-IBD 

control samples. Only two out of 22 CDRM associated OTP taxa had a positive 

co-occurrence with the non-IBD control samples. The remission group microbiota 

were dominated by Pseudoflavinofractor capillosus, Lactobacillus casei and 

Lactobacillus gasserei.  Pseudoflavinofractor capillosus is a gram-negative 

bacillus, normal commensal of the human gastrointestinal tract. Lactobacillus 

casei belongs to phylum Firmicutes. It is well known as a beneficial gut 

bacterium.(136) A number of strains of Lactobacillus casei are used in probiotic 

preparations. Lactobacillus gasseri is another member of phylum Firmicutes with 

several strains being used in probiotic preparations.(137) 
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Our data suggests that there is not a single taxon that can be implicated in 

relapse. Rather, we suggest that the microbiome observed at relapse is the 

outcome of a combination of ongoing inflammation and treatment. This could also 

be the explanation of the microbiome variation observed between CDRL and 

CDFD groups. Similarly, the microbiome variation between CDRM patients and 

non-IBD controls is also suggestive of adaptation of the microbiome to drug 

therapy. However, CDRL and CDRM patients have had similar drug regimens. 

The difference has been in their response to medications resulting in relapse or 

remission. One might have expected that the influence of medications would have 

resulted in a similar microbiome in the two groups. However, the significantly 

different microbiome between CDRL and CDRM groups also suggests that it is 

not only medications but also other factors including the clinical status, 

immunogenicity and individual predisposition driving the microbiome 

composition. This is an interesting observation that might have significant clinical 

ramifications. As the role of microbiome in the pathogenesis of CD becomes 

clearer, more effective treatment modalities can be designed. 

6.3: ASCA and microbiome 

In this part of the study we sought to evaluate differences in the microbiome 

between CD ASCA positive and CD ASCA negative patients.  We also 

investigated the relationship of ASCA status to several clinical parameters 

including disease location, age at diagnosis, surgical intervention and phenotype 

of disease.  

ASCA is an antibody to mannan, a cell wall glycoprotein present in yeast. Early 

studies demonstrated an association of ASCA with CD.(104) This was 
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subsequently supported by further studies in both adults and children showing a 

high degree of specificity for the diagnosis of CD but poor sensitivity.(105, 106)  

The mechanism of the development of ASCA antibodies is unclear. It has been 

suggested that it reflects a loss of tolerance to yeast in CD resulting in formation 

of serum antibodies.(118) An inflamed, more permeable gut wall has also been 

suggested to contribute to the development of these antibodies.  

ASCA positivity rates vary, ranging from 30 to 60% in patients with CD, compared 

to only 5% in the general population.(107) ASCA is also identified in 20-30% of 

healthy relatives of patients with CD.(119)  

We found that 55% of patients with CD were ASCA positive. The presence of 

these antibodies had a high positive predictive value for the diagnosis of CD in 

this pediatric population, but a relatively poor sensitivity and negative predictive 

value. These serological rates are very similar to those previously reported for 

both adults and children.(107, 149) 

ASCA in relation to age and disease location 

Age, disease location and the genetic make-up of an individual are believed to 

influence ASCA positive rates.(114) However, there are limited data in the 

pediatric setting regarding ASCA serology and age, disease location and disease 

severity. We found that children younger than 10 years of age at diagnosis were 

twice as likely to be ASCA negative as those aged 10 years or more. It is possible 

that the lower incidence of ASCA positivity in younger children could be due to a 

shorter duration of disease. However, this is unlikely as very little change in ASCA 

positivity or even titer was observed in our study (longitudinal analysis between 
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2-180 months). Another explanation could be the disease location, as a lower 

rate of small bowel disease has been reported in younger children when 

compared to older children.(114) Since the presence of ASCA has been related 

to small bowel involvement, the lower rate of small bowel involvement in younger 

children might explain the lower ASCA positive rates.   

Further data analysis on the basis of age and disease location was performed to 

explore this. ASCA positivity was higher in those with ileal or ileocecal 

involvement as compared to colonic disease, and in older children. It was not 

clear whether differing ASCA positivity rates in these two groups might be related 

to differences in location of disease. The relatively small numbers of younger 

children who had presented with isolated colonic disease complicated statistical 

interpretation in our study. We observed that patients with ileal or ileocolonic 

disease, irrespective of age, were three times more likely to be ASCA positive 

when compared to patients with colonic involvement alone.  

There are some reported data in literature looking at the relationship of age and 

disease location to ASCA positivity in children. Markowitz et al. noted that less 

than 20% of patients younger than 8 years of age at diagnosis were ASCA 

positive in a multicenter study involving 705 patients.(114) Ileal disease was less 

frequent in younger children in their study. They found however, that the reduction 

in ASCA positivity in younger children was independent of the distribution of 

disease.(114) 
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ASCA and surgical intervention 

In this study we observed that patients with CD undergoing colectomy were more 

likely to be ASCA positive. Two other pediatric studies have examined the 

correlation between ASCA positivity and need for surgery. Amre et al. conducted 

a retrospective study of a cohort of 139 patients with CD, determining the time 

taken to develop the first complication following diagnosis.(111) They noted that 

25.9% patients underwent surgery within 3 years of diagnosis and surgical 

procedures were more likely in those who were ASCA positive. Gupta et al., in a 

multicenter pediatric study found a three-fold increase in need for surgery in 

patients who were ASCA positive.(112) Thus ASCA positivity does seem to have 

a correlation with the likelihood of surgery in CD.  

ASCA and disease severity 

We did not analyze any disease activity scores in our patients during this study, 

particularly given their inability to reflect long term natural history and the long-

term relapsing, remitting nature of the condition. However, we did collect 

information on phenotype on the basis of the Paris modification of the Montreal 

classification and progression to surgery as proxies for complex severe disease. 

To our knowledge there are no pediatric studies that have evaluated the 

correlation of ASCA with severity based on this classification.  Canani et al. 

observed significantly higher ASCA titers in children with severe CD based on 

Pediatric Crohn’s Disease Activity Index (PCDAI) as compared to those in 

remission.(116) 
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Bartunkova et al. did not find any correlation between ASCA and severity in their 

cohort of 21 patients with CD also based on PCDAI.(150) Similarly, Dubinsky et 

al. also did not find a correlation of ASCA to disease behavior.(110) 

Adult studies by contrast have consistently reported an association of ASCA 

positivity with stricturing and penetrating disease. Ryan et al. reported a 

significant association of ASCA IgG with stricturing and penetrating disease in 

adults 9-10 years from diagnosis.(108) This variance from adult data could be 

related to shorter duration of disease and hence lower disease burden. It could 

also be related to the fact that the pediatric gut is still immature and does not 

respond to environmental antigens in a similar manner to that of adults. 

While the correlation between presence of ASCA and CD is clear, its role if any 

in the pathogenesis of CD is still unclear. Clearly there are other factors, perhaps 

genetic, that may influence ASCA positivity rates. Twenty to thirty percent of 

unaffected siblings of ASCA positive patients have been found to be ASCA 

positive.(119) 

ASCA and microbiome 

However, genetic make-up alone cannot explain the predisposition to develop 

severe disease. A difference in microbiome between ASCA positive and ASCA 

negative patients could account for this variation and also the predisposition 

towards severe phenotype. It is well known that gut microbiota contribute to 

various gut functions, immune response and maintenance of mucosal 

barrier.(151)  
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We identified several species strongly associated with the presence of ASCA in 

patients with CD. Ruminococcus torques was the most commonly associated 

taxa. Ruminococcus torques and Ruminococcus gnavus are mucolytic bacteria 

that have been identified more frequently in patients with CD by other 

authors.(152) This group also reported that a reduction in mucus layer correlated 

with an increase in disease severity. It is possible that degradation of human 

secretory mucin (MUC2) could allow the adhesion and invasion of opportunistic 

bacteria. A relative abundance of mucolytic bacteria could impair the integrity of 

the intestinal mucus layer, leading to an increased mucosal permeability and 

sensitization to luminal microbial antigens. 

ASCA negative patients could represent a cohort of patients with CD who have 

developed CD due to genetic or immunological factors but have a microbial 

composition that helps maintain a relatively intact mucosal barrier, enhancing the 

production of anti-inflammatory cytokines, resulting in a relatively less severe 

phenotype. We observed that samples from CD ASCA negative patients were 

associated with a typical CD microbiome cluster. This could explain that on 

average between 30 and 60% of patients with CD are ASCA positive.  
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Chapter 7: Conclusion 
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To our knowledge this is the largest, single-center pediatric study to date, 

describing the microbiome variation between treatment naïve pediatric patients 

with CD and non-IBD patients. This is also the first study to describe longitudinal 

variations in the microbiome of patients with CD correlating with their clinical 

status of remission or relapse, and differences in microbiome composition 

between patients with CD who were either ASCA positive or ASCA negative. We 

observed significant differences in bacterial diversity, abundance and 

composition between treatment naïve patients with CD and non-IBD controls. 

Fusobacterium, species belonging to the genus Veillonella, Clostridium, 

Epulopiscium, Propionibacterium acnes and Haemophilus parainfluenzae were 

observed to be abundant in patients with CD at diagnosis. However, no 

differences in microbiome composition were observed between different gut 

locations or between inflamed or uninflamed gut-wall. We also observed the 

microbiome composition to be significantly different in treatment naïve patients 

with CD as compared to patients during relapse and also from those during 

remission. Fourteen OTP taxa were significantly associated with CD relapse and 

22 OTP taxa were significantly associated with CDRM. Fifty-five percent of our 

patients with CD were observed to be ASCA positive. We found that pediatric 

patients with CD younger than 10 years at diagnosis were half as likely to be 

ASCA positive as those who were 10 years or older at diagnosis. We also 

observed that patients with ileocolonic disease were more likely to be ASCA 

positive. ASCA positivity rates were higher in patients who subsequently 

underwent surgery related to complications of CD. We also found some typical 

microbiome clusters associated with patients with CD who were either ASCA 

positive or ASCA negative. 
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This is a significant first step towards understanding the interplay of microbiota 

with immune factors leading to the observed phenotype of CD. However, in this 

study we have focused primarily on the human gut bacteriome. The human gut is 

also home to multiple species of viruses and fungi which are as yet poorly 

characterized. Their impact if any on the development of inflammatory bowel 

disease similarly remains unclear. Knowledge of these interactions and their 

influence on gut physiology is vital to understand the variations during disease 

and debility. Further studies exploring gut virome and mycobiome and their 

mutual interactions will aid in a better understanding of human gut physiology.  
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This paper reviews the literature on the history, efficacy, and putative mechanism of action of enteral nutrition for inflammatory
bowel disease in both paediatric and adult patients. It also analyses the reasoning behind the low popularity of exclusive enteral
nutrition in clinical practice despite the benefits and safety profile.

1. Introduction

Inflammatory bowel disease (IBD) comprising Crohn’s Dis-
ease (CD) and ulcerative colitis (UC) represents a major
health care problem. It affects over 60,000Australians, with a
direct healthcare cost exceeding AUD$2.7 billion per year [1].
The Australian Crohn’s and Colitis Association predicts that
by 2020 the number of people affected with CD and UC will
increase by 20–25%. IBD is more prevalent in westernised
regions including Europe, Australia, and North America
although a rising trend has been noticed in Asia, Africa, and
South America [2].

IBD causes chronic, destructive inflammation of the
gastrointestinal tract [3, 4]. It is a lifelong condition, charac-
terised by frequent disease relapses and remissions. Although
genetics, the environment, and microbiota all play a part, the
exact cause of CD or UC remains unknown and cures are
unavailable [4] Therapy is designed to induce prolonged
remission, which can often be achieved by a combination
of corticosteroids and immunosuppressants. Corticosteroids
constitute a first line of treatment to manage the acute pre-
sentation and relapses [5]. Various immunomodulators inclu-
ding Azathioprine, Methotrexate, and thioguanine analogues
are frequently used for maintenance therapy [5]. More rece-
ntly biologic agents such as infliximab are being used in
patients with both steroid refractory and dependant luminal

disease and fistulising and extraintestinal CD [6]. Infliximab
is an antitumour necrosis factor alpha (TNF!) chimeric
antibody and acts by inhibiting the action of TNF! [6, 7].

Unfortunately most of these treatment options, though
effective, come at a significant cost to the patient in terms
of adverse effects. Corticosteroids are limited in their use
by risk of infection, osteoporosis, hypertension, growth reta-
rdation, poormucosal healing, and early relapses on cessation
of therapy [8]. This is especially problematic in paediatric
patients who may experience significant growth retardation
and osteoporosis with steroid therapy [9–12]. Prolonged
immune suppression with immunomodulators is also con-
cerning owing to the risk of opportunistic infections besides
problems with hematologic disorders [13]. Biologic agents are
limited by loss of efficacy over time due to the development
of antibodies, as well as a risk of local reactions, anaphylaxis,
and vasculitis [6]. Moreover the reported risk of lymphomas
especially in young adult males on concomitant Azathioprine
and infliximab, albeit low, further limits their use [14, 15].

Exclusive enteral nutrition (EEN) is a nutritional therapy
used for the treatment of Crohn’s Disease [16]. In general
terms, it is used for induction of remission and is achieved by
a period of 6–8 weeks of exclusive liquid feeding with either
elemental or polymeric formulae. The patients are not allo-
wed to have any other dietary items except plain water and
some beverages.

http://dx.doi.org/10.1155/2013/482108
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EEN offers little risk but appears to be relatively under-
used compared to other modalities, except in paediatric
practice. The purpose of our review was to examine the
history of its introduction to current practice, relative efficacy,
and possible mechanisms of action. In order to carry out
this review, we conducted a PubMed search using key words
“enteral nutrition” and “inflammatory bowel disease” which
revealed 732 publications. Of these 100 were found to be
relevant with 50 providing useful information which were
used in this report.

2. History of EEN

Nutritional therapy for CD has been employed ever since
the condition was first described in 1932 [17]. The earliest
reports of the use of nutritional therapy indicate that it was
used primarily as a means to improve nutrition in debilitated
patients unfit for surgical management. This nutritional
therapy was in the form of a high protein, high carbohydrate,
low residue diet with additional iron and supplements for
specific nutritional deficiencies [18–20]. Specific beneficial
outcomes from nutritional therapy were viewed as being
due to improvement in nutritional status and the possibility
that nutritional therapy might have a direct therapeutic
value was not considered. Corticosteroids became pivotal
to pharmacological management with a high protein, high
carbohydrate diet used as an adjunct to provide gut rest and
improve the nutritional status [20, 21].

The possible efficacy of a nutritional-based therapy for
direct treatment of CD was first reported by surgeons in the
1970s when Votik et al. [22] treated 13 patients with elemental
formula 17 times over a period of 22 days. All but one of
the patients tolerated the formula and demonstrated not only
weight gain but there appeared to be an improvement in
inflammatory indices.

Logan et al. [23] subsequently found evidence of dimin-
ished gut lymphocyte and protein loss when enteral feeds
were used in patients with extensive small bowel disease.
A subsequent controlled trial by O’Morain [24] suggested
clinically equivalent or even superior efficacy of elemental
feeds over steroids for adults with relapses of CD. A sub-
sequent meta-analysis of a mixture of 8 trials involving 413
patients published up to 1993 suggested that enteral feeds
were significantly inferior on an intention to treat basis
compared to corticosteroids in producing a clinical remission
(pooled odds ratio 0.35; 95% confidence intervals, 0.23–0.53)
[25] Clinical response to enteral feeds ranged from 53 to
80% by 3–6 weeks. A large part of this difference related
to feed intolerance, with tolerance improving to 87–100% in
those studies where feeds were administered by nasogastric
tube. However, even allowing for this the clinical response
to corticosteroids was consistently better in all studies than
enteral feeds. Additional potential benefits not included in
this meta-analysis included effect on general nutritional
status, mucosal healing, and bone health [26].

Further studies compared enteral feeds with each other
or other modalities. A randomized trial involving 36 mostly
adults compared total parenteral nutrition with an elemental
diet, in the absence of additional pharmacologic therapy [27].

Both had similar efficacy which was measured as a fall in
the Crohn’s disease activity index (CDAI) to less than 150.
However, the elemental diet was found to be cheaper, simpler,
and safer. In the same publication, Jones et al. also reported
their clinical experience with 77 patients from 16 to 65 yrs of
agewho tried tomaintain remissionwith a personal exclusion
diet.These patients excluded specific dietary elements based
on symptoms and used elemental diet as a supplement. 26
patients from this group remained in remission for 2 yrs
and 18 for at least 3 yrs. Three patients reported that their
erythema nodosum could be controlled with diet, while two
had a similar experience with their Crohn’s colitis.

Navarro et al. [28] studied the efficacy of continuous exc-
lusive enteral nutrition on 17 paediatric patients. These
patients were administered a mixed formulation comprising
peptides, mono-and oligosaccharides, and medium chain
triglycerides through a nasogastric tube infused by a peri-
staltic pump. After 2 weeks they were commenced on a
commercial formula Pregestimil (Mead Johnson). After 4
months of exclusive nutrition, small meals were progressively
introduced providing 50% of the caloric intake. Fibres were
completely excluded. Exclusive constant rate elemental nutri-
tion (CREN) was maintained effectively from 2 to 7 months
and CREN supplemented by oral nutrition was continued for
12 to 22 months. They found that EEN was well tolerated,
safe, and effective in inducing remission in active CD based
on clinical (symptom disappearance, growth improvement;
onset of puberty) and lab criteria (serum albumin, iron, and
haemoglobin). They also observed that it was beneficial in
reducing steroid dependence in one of the patients in the
study group who had steroid dependence.

More recently, Rubio et al (2011) observed that fraction-
ated oral feeds are as efficacious as continuous enteral feeds in
their retrospective review of 106 paediatric CD patients [29].
They observed no significant difference in compliance rates in
the two groups and also in PCDAI and other lab parameters.

Morin et al (1982) reported their clinical experience with
EEN in the form of continuous elemental nutrition in four
children with moderate to severe CD poorly controlled with
steroids [30]. These children received continuous EEN with
no other form of treatment for 6 weeks. All patients had a
complete remission of symptoms, improved nutritional sta-
tus, and significant height and weight gain [30].

Zoli et al. (1997) demonstrated that elemental diet was as
efficacious as steroids in inducing remission in a randomized
controlled trial in a cohort of adult patients with active CD
[31].They also hypothesised that it is probably more effective
in enhancing the nutritional status of the patients through
restoration of intestinal permeability [32].

The efficacy of EEN on steroid resistance and dependence
was also evaluated in 18 adult CD patients by Quintrec et
al. [32]. Clinical remission and steroid withdrawal was noted
in eleven patients. The authors concluded that EEN though
efficacious in steroid dependent and steroid resistant CD did
not prevent disease relapse.

Despite positive reports of the benefits of EEN with ele-
mental formulae, patient acceptance remained poor and clin-
icians were reluctant to use it as a first line treatment option,
in part because of its poor palatability.
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Studies were conducted to investigate the possible use of
more palatable polymeric formulae to improve nutritional
status in patients with CD. Cosnes et al. [33] evaluated
polymeric against elemental formula. Forty five adult patients
with CD were divided into 3 cohorts. One group received
EEN in the form of an elemental formula; the second group
exclusively received a polymeric formula, while the third
group received the same polymeric formula in addition to
oral feeds. Interestingly, the nutritional result was the same
irrespective of whether elemental or polymeric feeds were
used. This study did not compare the efficacy of polymeric
and elemental formulae on CD activity.

In a double blind randomised control trial Royall et al.
[34] compared the success inducing clinical remission of
amino acid based formulae with peptide based formulae in
adults over 21 days with continuous nasojejunal feeds. They
randomised 40 patients with active CD into 2 groups: one
received Vivonex-TEN (Nestle Nutrition), an elemental for-
mula,while the second group received peptide based formula,
Peptamen (Nestle Nutrition). The two formulae differed in
their fat content: three percent in the amino based formula
versus 33 percent in the peptide based formula. Patients rece-
ived no other pharmacotherapeutic agents, although 17 con-
tinued to receive low dose prednisolone. Remission was
defined as a fall in CDAI to less than 150. They found that
the rate of clinical remission in the two groups did not differ
significantly (84% in amino acid group and 75% in peptide
group).

Rigaud et al. [35] also found that elemental and poly-
meric formulae achieved similar remission rates (67–73%)
in patients with active CD unresponsive to steroids and/or
complicated by malnutrition.They conducted a prospective,
randomized control trial on 30 adult patients with active CD.
The patients were randomised into two groups: one group
received elemental enteral nutrition and the second group
received polymeric enteral nutrition. Similar remission rates
with significant improvement in nutritional status was noted
in both the groups indicating that polymeric enteral feeds are
as efficacious as elemental enteral feeds in inducing remission
in active CD.

Ludvigsson et al. [36] conducted a multicentre rando-
mised control trial to compare the relative efficacy of elemen-
tal to polymeric formulae in children.Thirty-three paediatric
patients with active CD were randomised to receive either
elemental formula (E028E; Nutricia) or polymeric formula
(Nutrison Standard;Nutricia). Remissionwas defined as a fall
in paediatric Crohn’s disease index (PCDAI) to less than 10 or
a 40% decrease in PCDAI. Remission rates in the two groups
were not significantly different (69% versus 82% at 6 weeks).
However the patients in the polymeric formula group were
found to have a better weight gain as compared to the group
on elemental formula.

3. Current Practice of EEN

There is a wide variability in the formulations and clinical
practice used in EEN. A recent survey by Whitten et al.
[37] demonstrated the existence of at least 23 different
formulations for EEN. There are also differences in duration

of EEN (4–6weeks versus 6–8weeks), type of EEN (elemental
versus polymeric), and method of reintroduction of feeds.

Current practice to induce remission in paediatric CD
often necessitates EEN as a polymeric or elemental formula
over a period of 6–8 weeks either orally or by a nasogastric
tube [38]. Most of these are polymeric formulae (90%) but
some gastroenterology units prefer to use elemental or semi-
elemental formulae although these were reported to be
less palatable than the more popular polymeric formulae.
Polymeric formulae are reported to cost less and taste better.
The choice of formula is probably also dictated by clinician
experience, funding, and local availability [38]. There are
no controlled trials that have studied the appropriate length
of treatment, but current practice appears to be based on
most studies reporting the occurrence of clinical remission
within this period [35, 36, 38]. Small amounts of water or
beverages are allowed in this period. At the end of the 6–8
week period of EEN a low residue diet is slowly introduced.
There is a paucity of data on the best method and foods
while reintroducing feeds. Nearly 50% of the international
gastroenterology units surveyed by Whitten et al. preferred
to reintroduce feeds with low residue food [37]. Some centres
prefer to introduce one simple meal every 3-4 days, while
some others prefer slow introduction of individual foods [37].
The volume of the enteral formula is reduced proportionately
to the oral intake. In our own centre (Royal Children’s
Hospital,Melbourne) patients are recommended to start with
white bread, pasta, and rice and avoid wholemeal products.

A Cochrane meta-analysis on comparison of elemental
formulae based on fat content (low fat <20 g/1000 kCal versus>20 g/1000 kCal) did not demonstrate a significant difference
in efficacy of enteral nutrition; however a nonsignificant
trend favouring very low fat and very low long triglyceride
concentration was identified [39].

There is also variability in the approach to concurrent use
of other drugs with EEN.Most units reported concurrent use
of amino salicylic acid formulations, while some others repo-
rted the use of immunosuppressants or infliximab [40, 41].

4. EEN versus Corticosteroids

Corticosteroids are considered the first line treatment for
active CD.They have been shown to induce remission inmost
patients when administered for a period of 4–6 weeks [42].
There have been several studies demonstrating equivalent
efficacy of EEN in inducing remission in active CD.

Ruuska et al. [43] conducted a randomised control trial
comparing the efficacy of whole protein based formula with
corticosteroids in 19 children over a period of 11 weeks. The
children treated with EEN had a longer relapse free duration
and better nutritional status when compared to children in
the corticosteroid group. This study also demonstrated the
effectiveness of EEN in the treatment of children suffering
from a relapse.

However, in contrast a German meta-analysis reported
similar efficacy of EEN and corticosteroids in inducing remi-
ssion. Schwab et al. [26] reviewed 38 publications which
included 571 patients who received nutritional therapy.
Remission rates with elemental diet were found to be similar
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to polymeric formula and also to corticosteroids. However,
they also noted that nutritional therapy was associated with
high cost and poor patient acceptance.

A recent study by Soo et al. (2013) [44] on paediatric
patients with active CD demonstrated that EEN is not only
as efficacious as corticosteroids in inducing remission but
also improved the bone mineral density of the patients.They
did a retrospective chart review of 105 children with active
CD. Thirty-six had received EEN and 69 had received corti-
costeroids as first line treatment. They noted a similar remi-
ssion and relapse rate in the two groups but better bone
mineral density in EEN group.

The most recent Cochrane meta-analysis [39] comparing
efficacy of steroids to EEN in inducing remission which
included six trials (192patients receivedEENand 160 received
steroids) yielded a pooled odds ratio of 0.33 (95% confidence
interval 0.21%–0.53%) favouring corticosteroid therapy.

However, a recent working group established by the
NorthAmerican Society for PediatricGastroenterology,Hep-
atology, and Nutrition has reevaluated past meta-analyses
of enteral feeds compared to corticosteroids and identified
some problems with their interpretation [38]. The exclusion
of several paediatric trials for methodological reasons may
have unbalanced the findings. These omitted studies had all
either favoured EEN over corticosteroids for clinical efficacy
or found that they were similar.

A meta-analysis of paediatric trials by Heuschkel et
al. (2000) found that corticosteroids and EEN are equally
efficacious in inducing remission in paediatric patients with
active CD. They included five paediatric studies comprising
147 children [45, 46]. Better compliance with elemental
and semielemental formulae in children was reported when
compared to adults who had up to 40% drop out rate with
elemental and semielemental formulae due to intolerance.

Another meta-analysis by Dziechciarz et al. [47] found
that the remission rate with EEN was similar to corticos-
teroids in paediatric patients with active CD when results
from 4 RCTs comprising 144 patients were pooled.

5. EEN and Relapse

A number of studies have reported a 60–70% relapse rate
in patients treated with EEN within the first 12 months of
diagnosis [48, 49]. Gorard et al. [48] conducted a randomized
trial on 42 patients with active CD and confirmed a similar
rate of remission in the patients receiving corticosteroids and
those receiving EEN. However, they noted a higher rate of
relapse at the endof twelvemonths in the patients treatedwith
EEN when compared to those treated with corticosteroids.
Recently Grogan et al. [50] published their data on a double
blind RCT trial of enteral nutrition with two years followup.
They compared the efficacy of polymeric enteral formula
to elemental enteral formula and followed up their patients
for two years. Children with only large bowel disease were
excluded from the study. The patients received EEN for six
weeks followed by introduction of normal diet according to
the institute protocol.They found no significant difference in
remission rates in elemental and polymeric groups. However
they found a 68% relapse rate amongst their patients in both

groups. Interestinglymost of the patients (82%) chose to have
EEN as treatment of their first relapse.

However, some studies have shown that if enteral nutri-
tion is continued as a supplement to normal diet after an
initial period of EEN prolonged remission can be achieved.

Wilchanski et al. [51] conducted a retrospective study to
determine whether supplementary enteral nutrition after an
initial period of exclusive enteral nutrition might prolong
remission. They divided 65 patients who had gone into
remission with an initial course of EEN for 4–6 weeks
into two groups: one comprising patients who had chosen
to continue supplementary feeding at night in addition to
normal diet during the day and the second group comprising
those who had declined any kind of supplementary enteral
nutrition. Higher relapse rates at 6 and 12months after initial
treatment were found in the control cohort when compared
to patients who continued supplementary enteral nutrition.

Esaki et al. [52] also noted that remission can be pro-
longed by supplementary enteral nutrition. They conducted
a retrospective, single centre study on an adult cohort of
patients with CD. Patients who had gone into remission
following total par enteral nutrition (TPN) were divided into
two groups on the basis of calories received from enteral
nutrition. Those who received more than 1200 kcal from
enteral nutrition comprised the enteral nutrition group, while
those who received less than 1200 kcal from enteral nutrition
comprised the nonenteral nutrition group. They found a
significantly higher rate of recurrence in the non-EN group
as compared to the EN group. They also noted that patients
with penetrating CD and previous history of surgery were at
a significantly greater risk of recurrence in the EN group.

6. EEN and Disease Location

Conflicting data regarding efficacy of EEN in relation to
disease location have been reported. Some studies have
shown a poor response in patients with colonic CD, while
others have found remission with EEN to be independent of
disease phenotype. Afzal et al. (2005) enrolled 65 paediatric
patients and divided them into three groups based on disease
distribution [53].The first group comprised patients who had
only ileal or small bowel disease, the second group had ileo-
colonic disease and the third group had only colonic disease.
All patients received polymeric enteric formula for 8 weeks.
Response was evaluated as a fall in PCDAI to less than 20.
They noted a significant improvement in all the three groups
following treatment; however the clinical remission rate was
significantly less in the colonic group as compared to the ileal
and ileocolonic groups.

Buchanan et al. [54] reported the outcome of 110 patients
who had received a primary course of exclusive enteral
nutrition with polymeric formula (Modulen IBD; Nestle) for
8 weeks. A number of their patients were on mesalamine
based products but none of them were on azathioprine or
methotrexate. Eighty percent of their patients achieved clin-
ical remission irrespective of the disease location along
with significant improvement in weight and BMI-" scores.
However they did report a significantly poorer response in
patients with isolated terminal ileum involvement.
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Wong et al. [55] reported the outcome of three adoles-
cent patients with significant perianal disease who wereman-
aged with exclusive enteral nutrition for eight weeks and had
significant improvement in symptoms, PCDAI, and muc-
osal healing.They were subsequently managed with a combi-
nation of enteral nutrition andMethotrexate for acute exacer-
bations and sulphasalazine asmaintenance therapywith good
results.

7. Mechanism of Action of EEN

There are various schools of thought on the mechanism of
action of EEN. Research has illustrated that EEN could act
through various mechanisms to promote healing including
via direct effect on mucosa, reduction of proinflammatory
cytokines, alteration of gut microflora, and improvement of
nutrition. We look at the available evidence for all of these
mechanisms.

8. Mucosal Healing

There is emerging evidence that mucosal healing in CD is
associated with an improved long term outcome and reduced
complications and can even help alter the natural course of
the disease [56, 57]. In early days of its use, all the benefits
were attributed to improvement in nutrition in a maln-
ourished patient. However, it soon became obvious that
EEN had a direct anti-inflammatory action as evidenced
by decrease in inflammatory cytokines and mucosal healing
even before the nutritional benefits became apparent [58].
There is reasonable evidence that use of EEN is more
likely to be followed by mucosal healing in a patient, but
the exact mechanism of action is still a matter of debate.
Corticosteroids by comparison have a limited impact on
mucosal healing. A prospective multicentre trial conducted
by Modigliani et al. [59] found that only 29% of patients in
clinical remission also achieved endoscopic remission at the
end of seven week treatment of acute CD with 1mg/kg/day
prednisolone treatment.

Borrelli et al. [60] conducted an open label RCT com-
paring the effect of polymeric formula to corticosteroids
on clinical variables and mucosal healing. No significant
difference in the number of patients going into remission
was found; however, a significantly higher number of patients
achievedmucosal healing (74%)with the polymeric formulae
as compared to corticosteroids (33%).

More recently, Grover et al. [61] conducted an open label
prospective study to evaluate the effect of EEN on mucosal
healing. They offered EEN to 26 newly diagnosed CD chil-
dren and evaluated their BMI" score, PCDAI, lab parameters
of inflammation, and endoscopic assessment before and after
sixweeks of treatment.They found that 84%patients achieved
clinical remission, 76% achieved biochemical remission, 58%
had good early endoscopic remission, and 21% had complete
transmural remission of ileal CD.

Fell et al. [62] [examined mucosal healing and cytokines
in a prospective study of 29 paediatric patients who received
EEN for 8 weeks. They found that 79% achieved complete

macroscopic and histological mucosal healing in the colon
and terminal ileum. Proinflammatory cytokines were down-
regulated with a fall in tumour necrosis factor-! (TNF-!).
Therewas a decline in ileal and colonic interleukin-1#mRNA
together with a fall in interferon $mRNA in the ileum and a
rise in transforming growth factor # 1mRNA.

9. Reduction in Inflammatory Cytokines

TNF-! is implicated in increased intestinal permeability
and diminished tight junction integrity in CD patients [63,
64]. Nahidi et al. [63] demonstrated complete inhibition of
TNF-! with nutrition therapy and biologic agents but only
partial inhibition with corticosteroids.They exposed Caco-2
monolayers to TNF-! in the presence of polymeric formula,
hydrocortisone, and infliximab. TNF-! increased monolayer
permeability and decreased tight junction integrity which
was reversed by the polymeric formula and infliximab.
However, hydrocortisone only partially reversed increased
membrane permeability.

Polymeric enteric formulae have also been shown to dow-
nregulate various inflammatory cytokines including inte-
rleukin-1# interleukin-8, interleukin-$ besides reduction in
serum C-reactive protein (CRP), erythrocyte sedimentation
rate (ESR), and tumour necrosis factor-! (TNF-!) [64, 65].

De Jong et al. [65]demonstrated in an in vitro model
that polymeric formula acted directly on immortalised colo-
nic enterocytes and reduced IL-8 production in response to
proinflammatory cytokines. They also demonstrated that
freeze thawing or boiling did not destroy the anti-infla-
mmatory activity of the polymeric formula.

10. Alteration of Gut Microbiota

Several studies have suggested that alteration of intestinal
microbiota contributes to the development of IBD [66–
68]. According to the “dysbiosis” hypothesis a breakdown
between the balance of good bacteria and harmful bacteria
significantly contributes to the development of IBD [69]. It
has been suggested that EEN produces an anti-inflammatory
action by modifying the gut microbiota.There is a paucity of
data on this aspect; however a few small studies have demon-
strated a significant modification in diversity of Eubacteria,
Bacteroides, Prevotella, and Clostridium coccoides groups
following EEN treatment. Leach et al. [70] investigated
changes in Eubacteria, Bacteroides, Clostridium coccoides,
Clostridium leptum, and Bifidobacterium during and after
EEN in paediatric patients. A significantly greater change
in bacterial composition was found in patients with CD
following EEN when compared to controls. These changes
were maintained for 4 months and were associated with
decreased inflammation.

A study conducted by Tjellstrom et al. [71] evaluated the
effect of EEN onmicroflora in active CD. Faecal samples were
collected from eighteen children with active CD and ana-
lysed for short chain fatty acids as a marker of gut microflora
function. The results were compared to those obtained
from twelve healthy teenagers. They found that 79% of the
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children responded positively to EEN by showing decreased
levels of proinflammatory acetic acid and increased levels of
anti-inflammatory butyric acid similar to levels in healthy
controls.

Variation in gut microbiota was also demonstrated by
Lionetti et al. [72] in their study on enteral nutrition in pae-
diatric patients. Nine children with active CD were managed
with polymeric enteral nutrition and faecal samples were
collected every 2-3 weeks. These were then analysed by
temperature gradient gel electrophoresis (TGGE) for biodi-
versity in bacterial composition and compared to five healthy
controls.They noted that the healthy children showed a host
specific stable bacterial profile. However theCDpatients were
found to have their own specific bacterial profile at the start
of the treatment which varied greatly between subjects and
required time to achieve stability during exclusive and partial
enteral nutrition in each subject. The authors hypothesised
that this variation in gutmicrobiota by enteral nutrition could
be attributed to the prebiotic and low residue properties of
enteral nutrition formulae.

11. Improvement in Nutrition

Exclusive enteral nutrition has been shown to have significant
nutritional benefits besides inducing mucosal healing and
reducing inflammation. Although the conventional pharma-
cological combined therapies for IBD are quite efficacious
and induce prolonged remission, their effect on growth is
controversial. Glucocorticoids have been shown to adversely
impact linear growth by suppression of osteoblastogenesis
and inhibition of chondrocyte proliferation and chondrocyte
synthesis. EEN exerts a beneficial effect on growth by revers-
ing the growth hormone resistance state [73–76].

In a study conducted by Whitten et al. [77] EEN was
found to not only improve inflammatory markers but also
improve serum markers of bone turnover suggesting an
improvement in bone health. Twenty-three newly diagnosed
children with CD were enrolled and administered EEN for
8 weeks. Evaluation of changes in inflammatory markers
and serum markers of bone turnover including C terminal
telopeptides of Type I collagen (CTX) and bone specific
alkaline phosphatase (BAP)was conducted.The patientswere
found to have a significant improvement in inflammatory
markers, fall in CTX levels, and increase in BAP levels
suggesting an improvement in bone health.

There is limited information on the effect of EEN on
micronutrients. Zinc and selenium supplements have been
recommended for patients on long term treatment with
enteral nutrition as most formulae are deficient in them
according to a Japanese study that evaluated serum selenium
and zinc levels in 31 patients on enteral nutrition as mainte-
nance therapy [78–81].

In another study Akobeng et al. [82] found an improve-
ment in selenium levels in patients receiving 4 weeks enteral
nutrition but associated with a significant depletion of vita-
mins C and E despite the formula having apparently adequate
vitamin content.

These two studies were, however, significantly different in
terms of patient profile and the stage of the disease at which

the analyses were performed. It is difficult to draw any all-
encompassing conclusions on the effect of enteral nutrition
on serum micronutrients.

12. EEN Adults

There has been a large difference in the uptake of EEN
between paediatric and adult CD practice [38]. There are
arguments that EEN may be more effective in children with
CD but also that it advantages growth and maturation, issues
that are not indicated in adults. Nevertheless, there is good
evidence that EEN is an effective therapeutic intervention in
adult CD patients.

A few studies have shown similar remission rates as
corticosteroids in newly diagnosed CD independent of the
preexisting nutritional status of the patients. In a randomized
controlled trial, Gonzalez-Huix et al. [49] reported similar
efficacy and no increase in relapse rates in patients treated
with EEN. They conducted a study on 32 patients with
active CD randomized to receive either prednisolone or EEN.
Patients in both the groups achieved remission and also
maintained remission for similar length of time. EEN was
administered nasogastrically in a continuous fashion andwas
also reported to be well tolerated.

Other studies in adult patients have been less supportive
or exposed problems with adherence and tolerance to EEN.
In a randomized control trial conducted by Gorard et al. [48],
22 patients with newly diagnosed CD received EEN and 20
patients received prednisolone. Patients with gastric surgery
and contraindications to steroids or already on steroids due to
any reason were excluded. Forty-one percent of the patients
in EEN group could not tolerate EEN either orally or naso-
gastrically. At the end of the study period both the groups had
similar remission rates, but patients treated with EEN had a
cumulative probability of relapse of 0.67, while those treated
with steroids had a probability of 0.28.

EEN in the form of elemental formula is the primary the-
rapy for active and quiescent CD followed in Japan in
adult patients. Several studies from Japan have indicated
the efficacy of enteral nutrition in the management of CD.
These have dealt with various aspects of management of CD.
Watanabe et al. [83] demonstrated the utility of enteral nutr-
ition in the management of active CD. They divided their
patients into two groups; one group was administered more
than 900 kcal/day of elemental formula and the second
group was administered less than 900 kcal/day of elemental
formula. They found that the group receiving more than
900 kcal/day of formula showed a significant improvement in
the cumulative nonhospitalisation rate.

Yamamoto et al. [84, 85] demonstrated the efficacy of
enteral nutrition in suppressing postoperative recurrence of
CD. They recruited 40 consecutive patients who underwent
ileal resection for CD and divided them into two groups.
One group received enteral nutrition through a nasogastric
tube at night and low fat food in the day time, while patients
in the second group received neither nutritional therapy nor
were advised any food restriction. They were followed for a
period of five years.The cumulative recurrence incidence rate
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requiring infliximab therapy was significantly lower in the
enteral nutrition group.

13. Maintenance of Remission

Elemental nutrition is emerging as a useful option formainte-
nance therapy.Wilchanski et al. [51] had earlier demonstrated
the possible utility of partial EN in the maintenance of remis-
sion. They retrospectively divided a cohort of 65 paediatric
patientswho had received EEN for activeCD into two groups:
one included those who had elected to stay on partial enteral
nutrition and the other comprising those who refused the
supplemental nutrition. They found that relapse rates at 6
months and 12monthswere significantly higher in the control
group as compared to the group that elected to continue the
nutritional supplement.

More recent studies have shown that enteral nutrition
administered alone as 50% caloric requirement or in com-
bination with infliximab could be a suitable, less toxic, and
more acceptable alternative to currently available therapies
like Azathioprine, Methotrexate, and 6-thioguanine. For
example, Takagi et al. (2206) conducted a randomized control
trial to evaluate the usefulness of half enteral nutrition as
maintenance therapy [86].They randomized 51 patients with
CD in remission after treatment of acute phase with steroids,
EEN, infliximab, or surgical intervention into two groups.
One group received 50% of their daily caloric requirement as
elemental diet and the rest as normal diet.The second group
did not receive any maintenance therapy. A significantly
lower relapse rate was noted in the patient group receiving
50% elemental nutrition, prompting the drug and safety
board to recommend the discontinuation of the trial. This
study clearly demonstrated the effectiveness of even 50%
enteral nutrition in preventing relapses, but we cannot draw
any conclusions on the superiority of enteral nutrition over
the currently used therapies as this was not evaluated in this
study.

A Cochrane meta-analysis [87] on the role of enteral
nutrition for maintenance of remission has concluded that
enteral nutrition may be effective for maintenance of remis-
sion in CD either alone or in conjunction with conventional
therapy.

The value of enteral nutrition in improving the dura-
bility of response to biological agents has also been exam-
ined. A prospective clinical trial comparing the efficacy of
maintaining remission with infliximab alone versus enteral
nutrition with infliximab did not find any additional benefit
from supplementary enteral feeding. Yamamoto et al. [85]
prospectively recruited 56 patients who had received clinical
remission with infliximab into two groups for maintenance
therapy. One group comprising 32 patients received enteral
nutrition at night in addition to 5mg/kg infliximab every
8 weeks. The other group received only 5mg/kg infliximab
every eight weeks.There were no significant differences in the
maintenance of clinical remission between the two groups.

However, a subsequent retrospective multicentre study
also conducted in Japan [88] appeared to favour the use of ele-
mental nutrition with infliximab in patients for maintenance
of remission after induction with infliximab. Maintenance

of remission at one year was examined in adult patients
from seven centres who had gone into remission following
infliximab therapy and were on infliximab maintenance
therapy. They found a significantly higher remission rate
in the group receiving infliximab with enteral nutrition as
compared to the group of patients that did not receive enteral
nutrition.

There are no paediatric studies on this aspect of enteral
nutrition. Further studies are required to clarify the role of
enteral nutrition in conjunction with other agents.

14. Poor Acceptability of EEN

Despite robust evidence of the utility of EEN in induction of
remission in CD, it continues to be overlooked as a treatment
option.There is a wide variability in its use worldwide. While
62% of European gastroenterologists use EEN as first line
treatment for the management of active CD in paediatric
CD only 4% of North American gastroenterologists use it
[89]. The reasons for such wide variation are multiple and
often varied. A very common perception amongst people
who do not use it regularly is poor acceptability amongst
their patients. It is believed that the monotony of the same
formula for 4–6 weeks combined with restriction of daily
meals may lead to poor compliance and hence compromise
clinical results. However, most studies in both children and
adults have reported good patient compliance.

There was an issue of palatability with elemental feeds
but that seems to have been improved upon by the use of
polymeric formula with no compromise in clinical outcome.
Moreover various flavouring agents are allowed to make the
formula more palatable.

Use of EEN is also related to the personal experience and
training of clinicians involved in patient care. Clinicians who
have been trained in a setting where EEN is used routinely
are more likely to use it in their own practice as compared to
those who have not.

Another reason for poor acceptability of enteral nutrition
is the lack of a uniform protocol describing its use. There is
still a paucity of data on the optimal duration of treatment,
with variations in duration, 4 weeks or 6 weeks, foods to
be allowed during therapy: only water or water, clear fluids,
and beverages; method of reintroduction of food: low fat
or low fibre or normal family meals; use in maintenance of
remission: 50%supplement at night or none at all and also use
in combination with other agents. As further research sheds
more light on these aspects it is likely that the acceptability
will also improve.

15. Conclusion

Enteral nutrition has come a long way since it was initially
trialled in the 1970s. Multiple studies in multiple forms
have reinforced the fact that given exclusively, polymeric
enteral nutrition is an effective and safe option to induce
remission in acute CD patients, especially children. A full
understanding of the mechanism of action remains at best
sketchy. There are direct anti-inflammatory effects on the
gut epithelium, favourably altering the balance of pro- and



8 Gastroenterology Research and Practice

anti-inflammatory cytokines and probably modifying the
gut microbiota. EEN has also been found to be effective in
postoperative setting. There is some debate regarding the
efficacy of enteral nutrition in relation to disease location but
at the least disease location may not be as critical as was once
thought. A recent area of interest is the role of partial enteral
nutrition in maintaining remission, for which there is some
supportive evidence. Further research will no doubt further
clarify additional roles and functions for enteral nutrition, but
it is now indisputable that enteral nutrition can be safely used
to induce clinical remission with an efficacy approaching
that of steroids minus the adverse effects. The biggest single
barrier to the success of enteral feeds lies in their poor
palatability.
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Abstract: There has been a dramatic increase in the incidence of Crohn’s disease over the last 
two to three decades worldwide, which has affected both the developed world and increasingly 
also the developing world. Crohn’s disease is a disease of youth and can have a profound effect 
on the growing child, both in terms of growth and skeletal health as well psychosocial maturation. 
Environmental risk factors appear to be crucially important, but it is not clear at present whether 
improved hygiene, especially in childhood, influences immunological conditioning, or whether 
there is a direct impact on the gut from a disturbed gut microbiota. Genetic variation appears 
to relate to how the host interacts with its microbiota, determining susceptibility rather than 
causation. The outcome is a sustained immune response, clinically presenting as a relapsing/
remitting disease process. There is no current cure for Crohn’s disease; treatments are designed 
to reduce symptoms and control inflammation, initially by inducing a remission, then trying to 
maintain it. Historical therapies have included 5-aminosalicylic acid-based drugs, corticosteroids, 
and immunomodulators. Two approaches which are gaining increasing interest are the use of 
exclusive enteral nutrition and biologicals. Enteral nutrition is a remarkably effective approach, 
though there is a limited understanding of its mechanism and difficulties in acceptance among 
the medical community. Biologicals are a class of drugs which specifically target molecules 
and pathways central to the inflammatory process; they are also very effective, but patients can 
develop a secondary loss of response as a result of antibodies to the biological agent. Infection 
and the development of secondary malignancies have provided concerns with these very potent 
agents and with combination therapies, but inadequately controlled disease appears to pose a 
bigger threat for many patients than the side effects of medications. A wide range of alternative 
therapies are also being explored, such as the manipulation of gut flora and pathways which might 
influence immune responsiveness. The marked recent increase in Crohn’s disease, especially 
in children, has prompted a large research effort which to date has led to a better knowledge 
of the biology of the disease and more effective treatments. These therapies need to be used 
judiciously to optimize benefit and minimize side effects.
Keywords: inflammatory bowel disease, ulcerative colitis, tumor necrosis factor, biologicals, 
microbiota, enteral nutrition

Introduction

Crohn’s disease and ulcerative colitis are chronic inflammatory conditions affecting 
the gastrointestinal tract which are associated with substantial morbidity. Up until two 
to three decades ago they were relatively rare in children, but in recent years they have 
become increasingly more common. This change in incidence has been associated with 
substantial improvements in therapeutic options, although a cure is not yet available 
for either condition. The lifelong relapsing–remitting nature of these conditions has 
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the potential for impacting growth, development, and qual-
ity of life.

This review will focus particularly on Crohn’s disease, 
with discussion of its changing epidemiology, emerging 
treatment options, and its impact in children.

Epidemiology

Crohn’s disease was first described as a clinical entity by 
Burrill B Crohn and colleagues in the USA in 19321 and 
has traditionally been regarded as a disease of the Western 
world. A rising incidence in both adults and children has been 
observed in recent years,2–5 with some studies suggesting a 
ten-fold to 20-fold increase in children over three decades.2 
Crohn’s disease currently affects about 700,000 people 
in the USA and about a million people in Europe.3,6 The 
annual all-age incidence rate from Australia is now of the 
order of 17 per 100,000 per year.7 However, it is now also 
being increasingly recognized in the more affluent areas of 
Asia, Eastern Europe, and South America.3 The situation 
in the developing world is not clear, as population-based 
data on the incidence and prevalence is generally lacking.3 
This may in part explain the apparently disproportionately 
high incidence further from the equator in more developed 
countries, which are likely to have better population data. 
Not surprisingly, there is evidence that access to medical 
services may influence the reported incidence of inflam-
matory bowel disease (IBD). One study from the Punjab 
in North India was only able to be carried out by utilizing 
a house-to-house search with gastrointestinal endoscopy 
carried out on suspected cases.8

Nevertheless, there is some evidence that environmental 
risk factors are important, especially those present during 
childhood.9 Crohn’s disease occurs more commonly in urban 
versus rural regions.2,10,11 Improved hygiene, especially in 
childhood, is thought to be an important risk factor.10,12 
Migration from areas of low incidence to high incidence 
countries increases risk to that present in the population of 
the adoptive country,13 but age is of pivotal importance. This 
increased risk is only present for those who migrate during 
childhood, not as adults.13 Early life events, the environment, 
or immunological conditioning appear to be crucial deter-
minants in the later development of IBD, emphasizing both 
the importance of childhood studies and the primacy of 
environment over genetic susceptibility.

Crohn’s disease is likely to occur equally among the sexes, 
as reported sex differences are largely inconsistent. Although 
Crohn’s disease can present at almost any age, it is most likely 
to present between the second and fourth decades of life.3

Fifteen percent to 25% of patients with Crohn’s disease  
 present in childhood.3 The incidence of Crohn’s disease  dur-
ing childhood has been reported to range between 2.2 to 6.8 
per 100,000 children aged 0–16 years,5 but there are marked 
variations between different parts of the world. There has been 
a dramatic increase in pediatric Crohn’s disease in Australia 
over the last three to four decades (Figure 1), with the current 
standardized incidence rate being greater than 2.0 per 100,000 
children aged 16 years or younger.2 While the peak age of new 
diagnosis for Crohn’s disease overall is between the second and 
fourth decades, the average age in pediatric practice is about 11 
years2 (Figure 2). A study from Scotland reported a doubling 
of the incidence of pediatric Crohn’s disease over the 15-year 
period to 1995, with an overall averaged standardized incidence 
rate of 2.5 cases per 100,000 population for the period.14 Marked 
increases in pediatric diagnoses have also been confirmed in 
other parts of Europe, such as Sweden, Czechoslovakia, and the 
UK, while elsewhere, such as Canada and the USA, they appear 
to have plateaued after previously documented increases.5

What is clear is that the trend is for an increase in most 
parts of the world, and now particularly in areas that were 
previously of very low incidence. Twenty years ago, IBD was 
almost unknown in the People’s Republic of China. Recently, 
a multicenter, retrospective audit of over a decade of experi-
ence with childhood IBD from 2000–2010 in Shanghai has 
shown a steadily increasing trend in children aged 0–14 
years.15 The peak prevalence was in children aged 10–14 
years. Ng et al16 compared regions within the Asia Pacific 
of newly increased incidence with others of established high 
incidence, such as Australia, for affected adults. While the 
incidence of IBD was still less in Asia than that of Australia, 
the numbers involved were still substantial. Southeast Asia 
had an incidence rate varying from 0.15–1.0 per 100,000 
individuals. The People’s Republic of China had the highest 
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adult incidence rate of IBD in Asia, with 3.4 per 100,000 
individuals. Clinical phenotype was nevertheless similar to 
that seen in the West.

While both ulcerative colitis and Crohn’s disease are 
increasing in incidence, there is some evidence that Crohn’s 
disease is becoming the predominant form of IBD in devel-
oped countries, although there is also evidence of an increase 
in ulcerative colitis as well.13 IBD has a low mortality, and 
as the disease is most diagnosed in the young, this is likely 
to lead to a substantial growth in the global numbers of 
affected individuals.3

Epidemiology and etiology

Any discussion of the epidemiology of Crohn’s disease requires 
a summary of current theories of causation. The exact etiology 
of Crohn’s disease remains unknown. It appears to represent a 
sustained immune response, clinically presenting as a relapsing/
remitting disease process. It is currently believed that Crohn’s 
disease occurs as part of an interplay between environmental 
and immunological factors in a genetically susceptible host. 
Epidemiological studies which have shown a rapid increase in 
incidence and studies that have shown strong environmental 
influences point to the environment as being key. These changes 
have come too quickly to represent any change in the gene pool.13 
Nevertheless, genetic studies have provided intriguing informa-
tion. One of the most interesting conclusions is that genetic sus-
ceptibility for Crohn’s disease is defined by variations in how the 
host interacts with its microbiota.17 These have been recognized 
as alterations in epithelial barrier function, and at the level of 
innate and adaptive immunity to the microbiota.13 It appears to 
be the host’s relationship to its own microbial environment that 
is the key trigger for Crohn’s disease in particular.

The first gene implicated in susceptibility to Crohn’s 
disease was the nucleotide-binding oligomerization domain-

containing protein 2 (NOD2) gene, also called caspase 
recruitment domain-containing protein 15 or inflammatory 
bowel disease protein 1.18 It is located on chromosome 
16, recognizes bacterial muramyl dipeptide, and regulates 
immune response to bacteria.19,20 Loss of function variants 
of the NOD2 gene have been associated with increased 
susceptibility to Crohn’s disease, especially small bowel 
disease.18,21–23 Other loci involved with increased susceptibil-
ity to Crohn’s disease include IBD5,3,6 on chromosomes 5, 
6, and 19, respectively.20,24

Another genetically defined process which can contrib-
ute to susceptibility to Crohn’s disease is that of autophagy. 
Autophagy is a process that mediates degradation of intrac-
ellular proteins via vesicle-mediated delivery to lysosomes. 
Defects in autophagy could potentially alter the immune 
responsiveness to intracellular pathogens. Autophagy is 
believed to be mediated through at least three component 
genes – ATG16L1, IRGM, and NOD2.22 ATG16L1 is essential 
for autophagy, and the coding mutation T300A is associated 
with an increased risk of Crohn’s disease.22

The search for a microbial trigger for Crohn’s disease has 
been carried out along two pathways – either a specific trans-
missible agent, or a dysbiosis involving the gastrointestinal 
microbial milieu. Dysbiosis refers to the breakdown of balance 
between commensal bacteria and harmful bacteria in the gut.25 
The gut microbiota is relatively difficult to characterize, and 
the functional implications of differing populations and their 
interactions are not really understood.26 Recent advances in 
metagenomics have certainly strongly supported the presence of 
a dysbiosis in patients with Crohn’s disease.25 One of the most 
interesting observations, however, is that Crohn’s disease is 
associated with markedly reduced bacterial diversity.27 Whether 
this is a cause or effect of inflammation is unknown.

Although most interest has focused on bacterial popula-
tions, some attention has been provided to other members of 
the gut microbiota, such as viruses.28 There is little evidence 
at present to support them as specific transmissible agents,28 
but an area that is starting to be explored is that of bacte-
rial viruses, or bacteriophages.29 The introduction of next-
generation sequencing has transformed our ability to define 
bacteriophages, which represent the most genetically diverse 
components in the biosphere.30 Bacteriophages themselves 
are extremely numerous, and are reported to be the most 
abundant replicating entities on the planet.31 They are likely to 
impact gut function via their impact on bacterial metabolism, 
interactions, pathogenicity, and diversity.31

The other major thrust of research has been into a specific 
transmissible agent. Although a number have been proposed, 
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Figure 2 Age at diagnosis for children diagnosed with Crohn’s disease  in Victoria, 
Australia.
Notes: Data taken from Phavichitr et al.2 The apparent reduction in numbers of children 
diagnosed at age 16 is likely related to a proportion of these children being identified 
through adult physicians and thus not identified through children’s hospital datasets.
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one which has received the most enduring interest and also 
been the most controversial has been Mycobacterium avium 
subspecies paratuberculosis.32 This has been identified in up 
to half of newly diagnosed children.33 The infection is widely 
disseminated in cattle populations and is the cause of bovine 
bowel disease, which has many similarities to Crohn’s disease 
in humans; there is also evidence that it has been increasing 
in cattle herds.13 The controversial aspect is whether or not it 
might be of etiological importance in human disease.34 The 
economic implications were this to be confirmed would be 
very substantial, but strong circumstantial evidence continues 
to emerge.35,36

The hygiene hypothesis has been an attempt to synthe-
size this complex interplay between genetically defined 
immunological susceptibility factors and the microbiome.10 
This postulates that multiple childhood exposures to enteric 
pathogens and immunological stimuli protect an individual 
from developing Crohn’s disease later in life, while individu-
als raised in a more sanitary environment are more likely to 
develop Crohn’s disease.

Current and emerging  

treatment options

In the absence of a deeper understanding of the pathogen-
esis of Crohn’s disease, treatments are for the most part 
directed at influencing inflammation. A cure is not pos-
sible, and therapeutic interventions are designed to relieve 
symptoms, improve the quality of life, and avert long-term 
 complications. Historically, medications have been employed 
either to induce or to maintain a remission. Step-up therapy 
has been the traditional approach, using, for instance, amin-
osalicylates, then topical steroids, then systemic steroids, and 
going to immunosuppression or potent new biological agents 
if necessary.37 Clinical symptoms have by and large driven 
each step. Unfortunately, the natural history of Crohn’s 
disease is marked by recurrent acute flares and progressive 
bowel wall damage.37 This has led to the concept of top-down 
treatment with prevention of structural damage by achieving 
mucosal healing, necessitating more aggressive treatment 
with earlier use of immunosuppressants and biologicals 
together with closer surveillance of mucosal inflammation, 
whether by endoscopy or by indirect fecal markers of gut 
inflammation.

It is widely believed that this top-down approach helps 
to modify the natural course of the disease.38 Studies have 
also shown that early introduction of immunomodulators 
has a steroid-sparing effect and improved maintenance of 
remission.39 Top-down therapy has been associated with 

reduced rates of surgery and hospitalizations, but the concern 
has been for the increased risk of infections associated with 
immunosuppressants together with the cost of agents such as 
biologicals. Under-treatment and over-treatment are both to 
be avoided, and there is increasing interest in tailoring therapy 
to the individual’s needs – personalized medicine.40,41 One 
aspiration is that defining genetic susceptibility patterns may 
help guide treatments on an individual basis.41

5-ASA-based preparations
Preparations of 5-aminosalicylic acid (5-ASA) are frequently 
the first-line management in patients with mild Crohn’s dis-
ease, particularly when it involves the colon. Sulfasalazine 
is a combination of 5-ASA and sulfapyridine which acts 
as a carrier to the colon.42 In the colon, the sulfasalazine is 
broken down into 5-ASA and sulfapyridine by azoreductase 
enzymatic activity from colonic bacteria.43 5-ASA is the 
active moiety. Randomized controlled trials have shown 
sulfasalazine to be better than placebo in inducing remis-
sion in active colonic Crohn’s disease.44–46 However, it does 
not have a steroid-sparing effect. The European Crohn’s and 
Colitis Organization consensus guidelines recommend use of 
sulfasalazine in patients with mildly active colonic Crohn’s 
disease.46,47 It may also be appropriate in patients with associ-
ated arthropathy.47 Effective adult doses range from 4–6 gm 
per day (40–75 mg/kg/day in children).48 The sulfapyridine 
component of sulfasalazine has been implicated in many of 
its side effects, including allergic reactions,49,50 and efforts 
have been directed toward producing an effective 5-ASA-
based drug which lacks sulfapyridine and is formulated 
in such a manner as to maximize delivery to the inflamed 
tissue – either colon or terminal ileum.

Delivery systems include enemas or suppositories, which 
provide the drug to the rectum and left colon; coating with pro-
tective materials that release the drug in a pH-dependent man-
ner to achieve controlled (Pentasa, Ferring Pharmaceuticals, 
Pymble, NSW, Australia) or delayed (Asacol, Warner Chilcott, 
Rockaway, NJ, USA) delivery, and diazo-bonding the drug to 
a second 5-ASA molecule (olsalazine) or to an inert carrier 
(balsalazide). Release profiles of the oral drugs vary depend-
ing on the coating preparation. Mesalamine delayed release 
(Asacol) has a Eudragit–S coating which releases at a pH of 
7 or above, hence delivering the drug to the terminal ileum 
and distally.51 Salofalk (Orphan Australia, Dandenong, VIC, 
Australia), and Mesasal (Aspen  Pharmacare, St Leonards, 
NSW, Australia) have a Eudragit L coating which releases at 
a pH of 6 or above and also delivers the drug to the terminal 
ileum. Controlled-release mesalamine capsules (Pentasa) have 
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ethylcellulose-coated microgranules, releasing approximately 
half the dose in the duodenum, jejunum, and ileum, with 
the other half in the colon. Diazo-bonded preparations have 
release profiles closely resembling that of sulfasalazine.52–54

However, there is conflicting evidence for mesalamine in 
inducing remission, and the role of the 5-ASA-derived drugs 
in Crohn’s disease is still being established. One study has 
shown efficacy.55 A minimum daily dose of 4 gm in adults was 
associated with a 43% remission rate in adults, compared to 
18% for placebo. Moreover, there was some suggestion that 
it conferred additional benefit in patients with ileal disease, 
a benefit over sulfasalazine. However, subsequent trials have 
failed to show clinically significant benefit for Pentasa 4 gm a 
day in inducing remission in patients with mild to moderate 
Crohn’s disease,56 or any clinically significant value in the 
prevention of relapse.57

5-ASA drugs remain frequently used in Crohn’s disease. 
Side effects of sulfasalazine include fever, rash, hemolytic 
anemia, hepatitis, pancreatitis, headache, nausea, malaise, 
and anorexia.49,50 Newer ASA preparations are generally 
considered safer than sulfasalazine, but nevertheless are 
associated with adverse effects. Mesalamine has been 
reported to cause diarrhea, nephrotoxicity at an average rate 
of 0.26% per patient year and pancreatitis seven times more 
frequently than sulfasalazine.49,58,59 It can also rarely but 
dramatically affect the lungs, most likely through an allergic 
reaction, causing eosinophilic pneumonia, bronchiolitis oblit-
erans, pleural effusion, or pulmonary fibrosis.42,50,59,60

Mesalamine has been reported to be safe and effective in 
children and adolescents in the limited data that is available.61 
However, it has not been shown to be effective in maintain-
ing remission in a double-blind, multicenter, randomized, 
placebo-controlled trial.62

A Cochrane meta-analysis on the efficacy of aminosali-
cylates concluded that sulfasalazine has modest efficacy 
compared to placebo but is inferior to steroids in the treatment 
of mild to moderate Crohn’s disease.63 High-dose mesalamine 
was reported to be inferior to budesonide and not more effec-
tive than placebo for inducing remission.63

Corticosteroids
Corticosteroids, usually prednisolone and its equivalents, 
are frequently used as first-line agents to induce remis-
sion in moderate to severe Crohn’s disease.38,64 Systemic 
corticosteroids achieve response rates of up to 90% for 
active disease in most distributions.44 Typically, steroids are 
administered as a pulse and tapered over weeks to months, 
depending on clinical response. There is no evidence that 

any one tapering regimen is better than another.64 Recurrent 
symptoms on tapering or shortly after cessation are termed 
steroid dependency; this is fairly common, occurring in about 
a third of patients.64 Steroid resistance, which can develop 
over time in about 40% of patients, can result from a range 
of molecular mechanisms.64,65

The concern with the use of systemic corticosteroids 
lies in the increased risks for infection, growth, and skeletal 
health,66,67 although their impact on bone health may not be as 
much as was once thought.68,69 Steroid-naïve newly diagnosed 
patients have lower bone density than healthy controls,70 and 
so it would appear that uncontrolled IBD itself is likely to 
have the most important impact on bone health in current 
treatment regimens. Toxicity relates to dose and duration. 
Mood swings, acne, and Cushingoid facies can be very dif-
ficult for the adolescent patient in particular.

Budesonide is a corticosteroid with extensive first-pass 
metabolism (85%) and low systemic bioavailability. Targeted 
delivery to the ileum and the right colon is achieved through 
specific pH and time-dependent formulation. Clinical efficacy 
is nearly the same as prednisolone in adults,71 which is also 
the case for children with Crohn’s disease.72 The potential 
advantage of budesonide with particular relevance to pedi-
atric practice is that it is associated with significantly fewer 
side effects and less adrenal suppression than prednisolone.73 
However, neither drug decreases the risk of relapse during 
maintenance therapy,44,74 and so should not form part of long-
term therapy.

Exclusive enteral nutrition
Exclusive enteral nutrition (EEN) refers to the exclusive 
use of either an elemental or polymeric liquid formula for 
6–8 weeks to induce remission in Crohn’s disease.75 Normal 
diet is slowly reintroduced after the 8-week period.76 Despite 
its low risk and relatively high efficacy, it is relatively under-
used except in pediatric practice in some countries, and in 
Japan in both adults and children.77 Multiple studies have 
shown EEN to be a safe and effective agent for inducing 
remission in active Crohn’s disease without the side effects 
of corticosteroids.75,78–80 There is evidence, for instance, that 
EEN may provide for better skeletal health outcomes com-
pared to steroid-induced remission.81 Mucosal healing rates 
are substantially better than for corticosteroids,75,81,82 although 
there is controversy as to whether clinical response rates are 
equivalent, worse, or better than with steroids.75,77,83

Enteral feeds appear to be effective in maintaining remis-
sion, either alone or alternating with normal feeds, as partial 
EEN or combined with conventional pharmacotherapy.75,84
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Notwithstanding the advantages of EEN, its uptake has 
been extremely limited with wide variability worldwide 
in its use as a first-line therapy, ranging from 62% among 
European pediatric gastroenterologists to only 4% of North 
American gastroenterologists.75,85 Likely reasons include 
lack of experience among treating physicians, perceptions 
of poor acceptability, lack of dietetic support, and difficulty 
in organizing feeds comparing to prescribing conventional 
pharmacotherapy.75 The feeds are of limited palatability, 
monotonous, and may require an enteral tube, and patients 
crave the sensation of eating.76,86

Immunomodulators
Immunomodulators are another group of drugs used in the 
management of moderate to severe Crohn’s disease both for 
induction and in maintenance therapy.87 They were initially 
used in the treatment of steroid-dependent or -resistant Crohn’s 
disease, but now are increasingly used as a primary adjunctive 
therapy in more severe disease, especially in children.88 The 
thiopurines azathioprine and 6-mercaptopurine are the most 
widely used, with increasing use of methotrexate. Azathioprine 
is converted nonenzymatically into 6-mercaptopurine.89

Neither azathioprine nor 6-mercaptopurine are very 
effective as single agents for induction, but when added 
to corticosteroids at first commencement of therapy were 
associated with lower cumulative corticosteroid dose and 
prolonged remission in a double-blind, placebo-controlled 
study in children.39 There is relatively little evidence regard-
ing methotrexate as a similar adjunctive agent in inducing a 
remission, but prevailing guidelines suggest that it is probably 
as effective as thiopurines in this situation.40

Both azathioprine and 6-mercaptopurine effectively 
maintain remission. Studies have shown that there is a clear 
benefit of continuing azathioprine or 6-mercaptopurine for 
at least 18 months to maintain remission.90 Methotrexate is 
also effective for maintenance therapy and tends to be used 
in patients resistant to or intolerant to thiopurines.91 There is 
limited data on the safety and efficacy in children, but avail-
able studies suggest that methotrexate is a safe and effec-
tive alternative to thiopurines in maintaining remission.92,93 
Methotrexate is usually given by a parenteral route, either 
subcutaneous or intramuscular, to patients with Crohn’s 
disease, but there is some evidence that the bioavailability 
of orally administered methotrexate may be only slightly 
less than parenteral and a small dose adjustment may enable 
the drug to be given orally with similar clinical efficacy.94 
Methotrexate has been implicated in hypersensitivity 
pneumonitis (0.3%), nausea, and rash. The risk of hepatic 

fibrosis is thought to be low in patients with IBD treated 
with methotrexate.

The metabolism of thiopurines is moderately complex but 
of importance clinically. The therapeutically active metabolite 
is 6-thioguanine. A rare mutation resulting in impaired activ-
ity of the enzyme thiopurine methyl transferase (TPMT) may 
lead to raised 6-thioguanine levels with consequent toxicity, 
including myelosuppression. TPMT activity or the genotype 
should be measured before commencing full-dose therapy 
with azathioprine or 6-mercaptopurine.95 Thiopurines may 
still be used, but the dose should be reduced to 9%–28%. 
This cohort of patients often experiences clinical response 
despite the relatively lower doses of the drug.89 Variation 
in the metabolism of thiopurines separately also warrants 
measurements of metabolites, which can be used to optimize 
dosing.95 Under- and overdosing can be identified, as well 
as nonadherence and shunting, which may be amenable to 
manipulation by dose adjustment and coadministration of 
allopurinol.96

Biologicals
Although the primary cause of Crohn’s disease remains poorly 
understood, it is recognized to represent a process of unop-
posed inflammation in the gut. A number of endogenously 
produced biologically active molecules mediate this inflam-
mation. Biologics represent a class of drugs which specifically 
target molecules and pathways central to the inflammatory 
process. Infliximab, the first of these to become available, 
is a monoclonal antibody directed against tumor necrosis 
factor-alpha (TNF- ), a major proinflammatory cytokine in 
both Crohn’s disease and ulcerative colitis. TNF-  is released 
from macrophages, monocytes, and T-cell lymphocytes (most 
likely CD4  cells) in response to various stimuli, including 
bacterial endotoxins, viral antigens, and radiation. It is also 
believed to be pivotal in granuloma formation.97

Infliximab has dramatically transformed the treatment 
paradigm in IBD.98 It has been used both to induce remis-
sion and as a maintenance agent. There is long-standing 
experience with it in both adults and children. Adalimumab 
and certolizumab are also monoclonal antibodies directed 
against TNF- , but there is less experience with these agents 
in children and access to both varies from country to country. 
Other agents directed against a range of molecular targets 
are undergoing development and evaluation.

Trial data has established the efficacy of infliximab, 
adalimumab, and certolizumab in inducing response in 
adult patients with moderate to severe luminal disease.99–101 
Similar or better results have been established for infliximab 
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and adalimumab in children.102,103 Short-term response 
rates vary from 50%–80%, with endoscopic healing in a 
substantial proportion. The ACCENT (A Crohn’s Disease 
Clinical Trial Evaluating Infliximab in a New Long-Term 
Treatment Regimen) trial established that a single infusion 
of 5 mg/kg infliximab produced a clinical response in 58% 
of adult patients with moderate to severe Crohn’s disease.104 
Infliximab is also effective in healing fistulizing disease, and 
for extraintestinal complications of Crohn’s disease such as 
pyoderma gangrenosum.105

The biologics are also effective maintenance agents. 
Regular scheduled treatments with either infliximab (every 
8 weeks) or adalimumab (every 2 weeks) are effective in 
maintaining remission in both luminal Crohn’s disease and 
fistulae. The ACCENT trial in adults found that 42% of 
adult patients receiving regular scheduled infliximab every 
8 weeks were still in remission 7 months later.104 Experience 
with duration of efficacy in children has been better, with 
maintenance of remission varying from 56%–93% after 54 
weeks.102,106 Long-term duration of response in children has 
been reported to vary from 67%–72% at 3 years.

Maintenance of clinical response with long-term biologi-
cal therapy in children is accompanied by normal growth, 
progression through puberty, and optimized skeletal health, 
as well as the resolution of symptoms that can have a pro-
found impact on quality of life and psychosexual well-being 
and development.107–110 Loss of response to the biological 
can represent a disaster for any patient, but particularly for 
a growing and maturing child or adolescent. It is believed 
that the most likely cause of secondary loss of response is the 
development of antibodies to the biologic agent. Concomitant 
therapy with an immunosuppressant appears likely to reduce 
the chances of antibody development,111–113 but this practice 
has been complicated by the recognition of the potential 
increased risk of development of malignancy, especially 
hepatosplenic T-cell lymphoma (HSTCL). HSTCL is a rare 
and usually fatal lymphoma reported in association with 
past use of thiopurines, either alone or in combination with 
infliximab or adalimumab.114–116 It has occurred primarily in 
young males. Explaining and balancing the relative risks of 
an extremely rare but fatal complication with that of a much 
more likely serious morbidity can be extremely challenging, 
and invariably management will be individualized depending 
on many factors.117,118

Although biologics are generally well tolerated, they do 
have to be administered parenterally – in the case of inflix-
imab, by infusions every 8 weeks, and for adalimumab, by 
subcutaneous injection every 2 weeks. Potential adverse 

effects usually relate to infusion reactions, opportunistic 
infections, dermatological conditions, or malignancy.98,116

Immediate hypersensitivity reaction to infliximab infu-
sion presenting as hypotension, headache, and pruritus has 
been reported in 15% patients in various studies.119,120 Female 
gender and short duration of immunomodulator use have been 
reported to be risk factors for a reaction.116,121,122 However, 
desensitization by gradual incremental re-exposure to inflix-
imab has been shown to be effective.116,122,123 Approximately 
6% of patients are reported to have delayed hypersensitivity 
reactions presenting as polyarthralgia or fever.124 Delayed 
hypersensitivity reactions are believed to be more common 
in adults with a significant interval between doses, but the 
same has not been reported in children.119,124

Treatment with infliximab is often associated with an 
increase in titer of antinuclear antibodies but the develop-
ment of antidouble-stranded DNA is uncommon.125 Lupus 
is a well-recognized, albeit rare, development, but it usually 
responds well to modification of biologic therapy.126 There 
have also been case reports of psoriasis induced by infliximab 
therapy, with up to 10% of pediatric patients developing 
new-onset psoriasis.127 There is a suspected link between 
polymorphisms in the IL-23R gene and the development of 
psoriasis in this situation.127

Severe infections are also known to occur more frequently 
in patients on anti-TNF-  agents,128 but the risks contributed 
by concurrent presence of moderate to severe Crohn’s disease, 
use of narcotic analgesics, and steroid therapy are propor-
tionately greater. There is also no evidence from the Crohn’s 
Therapy Resource, Evaluation and Assessment Tool registry 
of an increased risk of mortality with infliximab therapy.128 In 
the REACH (A Randomized, multicenter, open-label study 
to Evaluate the safety and efficacy of Anti-TNF-  Chimeric 
monoclonal antibody in pediatric subjects with moderate to 
severe Crohn’s disease) study, nearly 8% of children devel-
oped a serious infection.102 The greatest risks are for oppor-
tunistic infections or reactivation of latent infections.116,129 
It is extremely important to screen the patient for possible 
evidence of latent chronic infections such as tuberculosis and 
hepatitis B or C before embarking on anti-TNF-  therapy, 
but even more important to appropriately manage any infec-
tions that develop in the immunosuppressed patient using 
established guidelines.130

Other therapeutic options
Despite the advances in pharmacotherapy in the last few 
decades, no current drug is either ideal or curative. Other ther-
apeutic options that have been pursued with variable success 
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include antibiotics, probiotics, nutritional supplementation, 
drugs for symptomatic relief (such as antidiarrheals), and of 
course surgery. In the absence of success with mainstream 
medical approaches, many patients pursue alternative medi-
cal therapies.

Emerging trends
We have come a long way in our understanding of Crohn’s 
disease since it was first described in 1932. The last decade 
has been a period of rapid discoveries, especially in the 
field of metagenomics. It has been common knowledge 
that the human gut harbors a large number of commensal 
microorganisms. However, their role in causing or prevent-
ing illnesses has only been a matter of speculation until 
recently. There is now increasing evidence that imbalance 
in the gut microbiota, dysbiosis, could be implicated in the 
pathogenesis of Crohn’s disease. Further research is now 
targeted to try and find the exact mechanism of causation 
of Crohn’s disease. Recent research has also shown that 
bacteriophages may also be implicated in the pathogenesis 
of Crohn’s disease. Expanding our knowledge of the role of 
microbiota will allow better and more personalized manage-
ment of Crohn’s disease.

Advances in microbiological and immunological analyti-
cal techniques have allowed us to target specific proteins at a 
molecular level. Drugs are being trialled that target specific 
inflammatory molecules. ABT 874 (J695), a human immu-
noglobulin (IgG1) monoclonal antibody to interleukin12/23, 
was found to induce clinical remission in patients with active 
Crohn’s disease.131 Since then, ustekinumab, another humanized 
monoclonal antibody against the p40 subunit of interleukins 
12/23, has been found to have clinical efficacy in adults with 
Crohn’s disease.131 There are no reports on its use in pediatric 
population. Similarly, CCX282-B (a chemokine receptor 9 
antagonist), MLN 0002 (an anti- 4 7 antibody), ruMab -7 
(an anti- 7 antibody), CP-690, 550 (an antagonist to janus kinase 
3), AIN476 (an anti-IL-7 antibody), and basiliximab (Simulect®, 
Novartis Pharmaceuticals, Basel, Basel-Stadt, Switzerland; an 
anti-IL-2 receptor [CD25]) antibody are all undergoing trials 
as potential therapies in Crohn’s disease.132 Further longitudinal 
studies are required to establish their safety over prolonged use. 
Further research is now directed towards finding more effective 
and safer modalities of treatment and possibly a cure.

Extracorporeal photopheresis (ECP) has been on the 
horizon for almost a decade and has been successfully 
used for treatment of various T-cell-mediated conditions, 
including advanced T-cell lymphoma, systemic sclerosis, 
graft-versus-host disease, and prevention and treatment 

of solid organ transplant rejection.133 It was first trialled in 
Crohn’s disease in 2001; recently, there has been a renewed 
interest in its use in steroid-dependent Crohn’s disease. It 
involves exposure of autologous peripheral blood mono-
nuclear cells to 8-methoxypsoralen and long wavelength 
ultraviolet-A light followed by reinfusion into the patient. 
Animal studies suggest that the photopheresed cells induce 
an antigen-specific immune response directed to pathogenic 
T-cells while sparing general immunocompetence.134 ECP 
was shown to have a steroid-sparing effect in adults with 
steroid-dependent Crohn’s disease in a prospective, single-
center study in 2001.135 A multicenter prospective trial has 
shown that ECP permitted discontinuation or reduction in 
steroid doses in steroid-dependent adult Crohn’s disease 
patients.134 There is limited pediatric data on the safety and 
efficacy of ECP. Recently, a case of a 12-year-old patient 
with severe, unremitting Crohn’s disease was reported 
who responded favorably to ECP.136 However, prospective 
long-term studies are needed in children to conclusively 
demonstrate its efficacy and safety.

Growth and bone health

Impaired growth is a major concern for families and children 
affected by Crohn’s disease. It has both physical and psycho-
social implications. Children are not infrequently growth-
impaired at diagnosis, but improvements in therapies have 
allowed a better long-term outcome, with most children going 
on to achieve an adult height within the normal range.137–139 
About 20% of children will still fail to achieve normal growth 
expectations; late diagnosis and jejunal disease are predictive 
of long-term growth impairment.139

With optimization of growth in mind, there are three impor-
tant aims to follow in management: 1) control disease activity, 
2) optimize nutrition, and 3) minimize the use of corticosteroids 
(but not at the expense of poor disease control).137,140,141 Disease 
activity has the strongest influence on growth failure, with 
smaller nutritional and iatrogenic components.137 This inhibition 
appears to be mediated through inflammatory cytokines,142 with 
a knock-on impact on pubertal development. Several different 
growth impairment phenotypes have been identified, including 
growth hormone and insulin-like growth factor-1 (IGF1) defi-
ciency states.143 Therapeutic targets can be difficult to identify. 
Interleukin-6 and TNF-  have been implicated in the suppres-
sion of the growth hormone axis by inhibiting hepatocyte IGF1 
production.144,145 Interleukin-1 and TNF-  both inhibit activity 
at the growth plate in long bones in vitro.146

Given the importance of TNF-  in growth retardation, the 
specifically targeted action of anti-TNF-  agents may have 
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a disproportionately beneficial impact on growth compared 
to standard therapies.116 The REACH study found a mean 
improvement in z-score for height of 0.5 (P 0.001) after 54 
week therapy with infliximab.102 The limitation of this finding 
was the failure to control for pubertal  status.147 Subsequent 
studies have provided more compelling evidence of inflix-
imab’s efficacy in growth. Walters et al148 established the 
importance of appropriately early timing of treatment; height 
and height velocities were most improved when (infliximab) 
therapy was initiated before or during early puberty (Tanner 
I–III). The heterogeneity of growth impairment was sup-
ported by a study of 28 children who were retrospectively 
assessed over an 18-month period, during which time all 
received induction therapy with infliximab, with some also 
receiving maintenance therapy.149 Patients who responded 
to infliximab (75%) had a mean improvement in height 
velocity of 4.4 cm/year compared to nonresponders whose 
height velocity remained static. Although many progressed 
into puberty during the study, children who remained pre-
pubertal also had improvements in growth. The implication 
was that growth improved independent of any permissive 
effect infliximab had on pubertal progression. There is also 
evidence that increasing infliximab dosing frequency may 
further improve growth.150

Skeletal health can also be impaired in Crohn’s  disease.66 
Treatment with infliximab can result in dramatic improve-
ments in biomarkers of bone formation,151 as might be 
expected given the known inhibitory effects of TNF-  
on osteoblast differentiation, osteoblast collagen secre-
tion, and induction of osteoblast apoptosis.152,153 A similar 
beneficial effect on growth has also been established for 
adalimumab.109

Psychosocial implications

Crohn’s disease is a lifelong disease with no cure and a 
substantial psychosocial burden. Studies have reported a 
higher lifetime risk of depressive disorders in patients with 
IBD compared to cystic fibrosis patients.154,155 A few other 
studies have shown a higher incidence of depression and 
anxiety-related disorders in patients with IBD compared to 
healthy children but similar to children with other chronic 
illnesses.155–157 Studies of the effect of steroids on mood dis-
orders have shown that patients on steroids had significantly 
more problems with verbal memory, working memory, and 
depression compared to patients not on steroids.155

Crohn’s disease in particular also has a significant impact 
on social functioning in patients, especially those diagnosed 
in adolescence.155,158 Children with IBD have been shown to 

have fewer close friends and participate in fewer organized 
leisure activities as compared to healthy peers.155,159

Families of children with IBD also experience significant 
psychosocial problems. It has been shown that 51% of moth-
ers of children with Crohn’s disease had a lifetime history of 
depression and 10% had a current diagnosis of depression.160 
These rates have been shown to be similar to those in families 
of cystic fibrosis patients.155,160

Studies have also shown that IBD adversely affects 
self-esteem. These patients also had poorer coping skills in 
stressful situations and were more likely to adopt avoidant 
coping styles.155,157,161

Conclusion

Crohn’s disease is at present a lifelong, incurable condition 
with a substantial and ongoing impact on health, normal 
development, and psychosocial functioning. Despite signifi-
cant improvements in our understanding and management of 
Crohn’s disease, many unanswered questions remain. Most 
of these center around its pathogenesis, with tantalizing clues 
that may yet yield a cure. We are still unable to explain the 
increasing incidence and its spread to Asian and African 
nations. The relative importance and roles of environment, 
genetics, and dysbiosis are unknown. Can we prevent Crohn’s 
disease by modifying our lifestyle or dietary habits? This 
remains to be answered.

Therapeutic interventions are at present limited to medi-
cations that inhibit the persistent inflammation without a real 
understanding of the trigger. The nature of symptoms and the 
disease process has a profound impact on the growing child 
and adolescent, but in general, better therapeutic control of 
the disease provides a much better outcome than unfettered 
inflammation.
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