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Genome wide associated studies have associated Crohn's disease susceptibility with host polymorphisms in bacterial sensor genes, suggesting a role for the gut microbiota in its pathogenesis. Indeed, microbial alterations or imbalances are found in IBD patients, however these previous studies have predominately focused on fecal samples of patients with established chronic disease. The current study is a large multicentre study of pediatric patients with new-onset disease prior to commencement of treatment. Changes in microbiota community structure important to disease pathogenesis are likely to be more evident in new-onset and treatment-naive paediatric than adult populations. The study also largely focussed on mucosa-associated microbiota samples, which may be more relevant to disease pathogenesis and diagnosis than fecal samples.
The study population was 447 children and adolescents from 3 to 17 years of age with newly diagnosed Crohn’s disease (CD). Prior to commencement of treatment colonscopic biopsies were taken from the rectum and terminal ileum and submitted for 16S rRNA sequencing on the Illumina MiSeq platform with 175 bp paired-end reads. A subset of 233 subjects also provided a fecal sample. A control population of 221 subjects with non-inflammatory gastrointestinal disease was also sampled. After appropriate filtering 45.5 million sequences were retained making this the most comprehensive analysis of gut microbiota in treatment- naïve CD patients to date.
The authors used a multivariate analysis algorithm named MaAsLin, which is not yet published in full but is summarized in the Supplemental Information and in an earlier study (Genome Biol. 2012; 13:R79). This algorithm aims to model the association of each taxon (at any level) with clinical covariates ("metadata" of any data type such as binary, categorical or continuous e.g.: diagnosis=CD/not CD; Pediatric Crohn Disease Activity Index (PCDAI); age; gender etc) such that each modelled association is corrected for the influence of other metadata. This showed that there were positive correlations between a diagnosis of CD and the abundances of Pasteurellaceae (Haemophilus sp), Veillonellaceae, Neisseriaceae and Fusobacteriaceae. Of interest Fusoacterium has recently been shown to be associated with progression of colorectal cancer and to be a biomarker for IBD (Inflamm Bowel Dis 2011;17:1971-78, Genome Res 2012;22:292-98). Several genera were negatively associated with CD including Bacteroides, Faecalibacterium, Roseburia, Blautia, Ruminococcus and Coprococcus, Erysipelotrichaceae and Bifidobacteriaceae. Faecalibacterium prausnitzii is a well-recognized anti-inflammatory organism in CD (PNAS 2008;105:16731-16736). 
These correlations were only found in the mucosal biopsies and were not clearly identified in the faecal samples. This implies that the dysbiosis associated with CD is more marked in mucosa-associated bacterial communities than in communities from the intestinal lumen.
The authors used a novel method (CCREPE which was developed in the Huttenhower lab but is not yet published but builds on their earlier work, PLoS Comput. Biol. 2012; 8(7): e1002606) to assess which pairs of genera were correlated or anti-correlated among all pairs of samples. For a given genus pair, this involves a relatively straightforward count of the number of sample pairs in which their abundance follows the same trend from one sample to the other, i.e. "co-occur" (up, up or down, down) or are "co-excluded" (down, up or up, down). The co-exclusion criteria are slightly more complex as it imposes a requirement that the genera must also switch in terms of most/least abundant. These "N-dimensional checkerboard scores", a variation of classical checkerboard scores, are then assessed for statistical significance among all genus pairs and sample pairs. The results of this network inference appear to be broadly in line with the correlations found by the other methods, although similarities and differences were not specifically addressed. Interestingly Fusobacterium was absent from (although Fusobacteriaceae was present in) the positively or negatively correlated taxa list  resulting from the multivariate analysis; but the network analysis showed it to be positively correlated with CD-associated genera such as Veillonella, Haemophilus, but also with two CD-decreased groups, Bilophila and Dialister.
A number of studies have identified antibiotic usage as a risk factor for the development of CD (Gut 2011 60:49-54). 13% of patients were on antibiotics at the time of sample collection. Comparison of the microbiome with and without antibiotic exposure suggested that in some samples antibiotics amplified the dysbiosis which was most marked for Bacteroidales, Clostridiales and Erysipelotrichaceae. The authors emphasise these results do not show causation for these genera in CD but show that antibiotics increases the exposure of the intestinal mucosa to dysbiosis. 
The authors then proceeded to analyze the functional consequences of this dysbiosis. Shotgun sequencing for metagenomics, although highly accurate, was not possible because of high fractions of host-derived nucleotides in intestinal mucosal samples. As an alternative the authors used the PICRUSt algorithm (Nature Biotechnology 2013 31:814-822) to predict functional changes. This approach uses pre-collated catalogues of gene families in sequenced reference genomes to infer which families are likely to be present/absent in a taxon identified by a marker gene, even when the assigned taxon lacks a reference genome sequence or is not at the species/strain level. A loss of basic biosynthesis and switch to aerobic and aerotolerant taxa was found. 
To gain further insights into the relationship between dysbiosis and disease severity the authors calculated the Microbial Dysbiosis Index (MD Index) defined as the log of total abundance of organisms increased in CD divided by the log of the total abundance of organisms decreased in CD. This MD index showed a strong positive correlation with disease severity (Paediatric Crohn’s Disease Activity Index). Deep ulceration identified at the diagnostic colonoscopy was correlated with Pasteurellaceae, Veillonellaceae and Rothia mucilaginosa. 
To profile the microbiota at a finer taxonomic resolution than the family/genus level shotgun sequencing using the Illumina HiSeq2000 platform was undertaken on fecal samples. The dominant species with increased abundance in CD were Escherichia coli, Fusobacterium nucleatum, Haemophilus parainfluenzae (Pasteurellaceae), Veillonella parvula, Eikenella corrodens (Neisseriaceae) and Gamella moribillium. The dominant species that were decreased in abundance were Bacteroides vulgatus, Bifidobacterium bifidum, Bifidobacterium caccae, Bifidobacterium longum, Bifidobacterium adolescentis, Bifidobacterium dentis, Blautia hanserii, Ruminococcus gnavus, Clostridium nexile, Faecalibacterium prausnitzii, Ruminococcus torques, Clostridium bolteae, Eubacterium  reactale, Roseburia intestinalis and Coprococcus comes. By comparison of reference genomes of these species, differential Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways were generated in order to predict some of the biochemical consequences of this dysbiosis. This analysis suggested that glycerophospholipid and lipopolysaccharide metabolism was increased. These pathways are known to contribute to inflammation (J Gastroenterology 1999;34:46-53). Phosphoacetate hydrolase, a zinc-dependent enzyme and source of hydrogen and carbon, was also increased. The authors speculated that this might contribute to Zinc deficiency common in newly diagnosed IBD patients. The pathways predicted to be decreased in CD were bile acid and amino acid biosynthetic pathways. The authors concluded that collectively these predicted biochemical changes would give the microbiome greater access to complex carbohydrates and are indicative of an anaerobic lifestyle. 
The authors then asked if any of the three samples types analyzed could correctly identify the CD or non-CD status of each subject, and thus provide a diagnosis tool. To achieve this they employed sparse logistic regression using L1 penalisation, separately for each sample type, using genus-level abundances. Receiver-operating characteristic (ROC) analysis showed that ileal microbiome profiles performed best (area under the curve (AUC) 0.85) followed by rectal microbiome (0.78). Using these, diagnosis has similar accuracy for ileal, ileal colonic and colonic disease. Indeed variation between biopsy sites was less than between biopsy and fecal sampling. Fecal samples performed less well (AUC 0.66) with greater variability. The authors also examined whether the composition of the microbiota could predict whether the disease would increase or decrease in severity 6 months after diagnosis. The authors used a different technique (random forests classifier), which predicted whether or not the later PCDAI score would be ≥ 10, and their model performed with a modest 67% accuracy but was superior to a model based on clinical features (53%). The most influential features for predicting future PCDAI were age of onset and levels of Enterobacteriaceae (negative correlation) while PCDAI at diagnosis, Fusobacterium and Haemophilus correlated with increased future severity.
Lastly the authors combined their pediatric new-onset dataset with a number of adult datasets including both CD and Ulcerative colitis (UC). Organisms increased in CD were also increased in UC however organisms decreased in CD were not associated with UC. This analysis also highlighted the importance of sample collection methodology and treatment effects during sampling. 


COMMENT
This study indicates that Enterobacteriaceae are increased in Crohn’s, and the scores presented in the data tables (supplementary files) indicate that in the mucosal samples this is the strongest positive correlation with CD, with the Lachnospiraceae negatively correlated to the same degree. However when presented as a fold-change relative to the control state (as in the main manuscript), other taxa are more negatively associated, while several other families are as much increased in CD as Enterobacteriaceae. The concept that CD may be due to an infectious microbe has been under investigation for a number of years and within Enterobacteriaceae one strain of E.coli has been the subject of intense investigation. There is a high prevalence of Adherent-Invasive E.coli (AIEC) associated with ileal mucosa in CD (Gastroenterology 2004;127:412-21). This strain invades ileal mucosa using epithelial CEACAM6 as a receptor and survives in macrophages stimulating production of proinflammatory cytokines (J Exp Med 2009;206:2179-89). AIEC can down regulate autophagy in intestinal epithelial by increasing levels of the microRNAs miR30C and miR130A (Gastroenterology 2014;146:508-519).
An interesting general result is that while the authors' new MD index was shown to correlate with the numeric disease index (PCDAI), the multivariate analysis of mucosal samples showed that relatively few individual taxa were found to be correlated (either positively or negatively) with PCDAI; even though the binary diagnosis (CD versus not CD) was the variable correlated to the most taxa. It is also notable that the Enterobacteriaceae, positively correlated with current PCDAI (and diagnosis=CD) in the multivariate analysis, was found to be negatively correlated with future PCDAI in the outcome prediction exercise (this family also appears to be decreased in the data on taxa derived from the shotgun metagenomic analysis of fecal-samples). Taken together, this indicates that the binary diagnosis is more useful than PCDAI in terms of analysis of individual taxonomic groups.
It is interesting that a number of bifidobacterial species were found to be negatively correlated with CD, although this correlation was only in intestinal mucosal samples and not fecal samples. This confirms previous studies that have also indicated that the bifidobacterial family may be reduced in CD patients and may correlate with increased inflammation (Inflamm Bowel Dis. 2011; 10:2027-37). Certain components of the microbiota have been shown to exert health benefits on their host with bifidobacteria being used in numerous studies to promote health in a variety of ways. Importantly, high levels of bifidobacteria in the infant gut have been associated with the timely development and maturation of mucosal immunity (PLoS One. 2012; 7(5): e36957). Recently, several groups have begun to unravel the mechanisms behind the bifidobacterial-host interaction, including the exopolysaccharide capsule which has been shown to be immunomodulatory (PNAS. 2012; 109(6): 2108). The authors also showed that Faecalibacterium prausnitzii, another ‘health-promoting’ member of the microbiota is reduced in CD patients. Again previous studies have also found that this bacterium is significantly reduced in CD patients and functional studies have indicated that this microbe has anti-inflammatory properties, including increasing IL-10 levels in vitro and in vivo (Cur. Opin. Micro. 2013; 16(3): 255-61). These bacteria are also linked to health via their metabolite production, including butyrate which is produced by bacterial fermentation of dietary fibre. Butyrate plays an important physiological role in maintaining the health and integrity of the colonic mucosa as well as impacting on immune modulation (Ann N Y Acad Sci 2012; 1258: 52–59). While bifidobacteria do not themselves produce butyrate, they can also break down complex polysaccharides and these metabolites can in turn be used by butyrate producing bacteria, such as F. prausnitzi, so called cross-feeding (Int J Food Microbiol. 2011; 149(1):73-80). However, the authors did not find a direct correlation between bifidobacteria and F. prausnitzi in their metagenomic study, and subsequent metabolic bioinformatics analysis, although this may be due to the fact that they did not analyse intestinal biopsies, which were associated with the greatest differences in these bacterial populations. Importantly, it appears that negative correlations in bacterial groups (determined via CCREPE), including Faecalibacterium and bifidobacteria, is more robust for correlating to CD diagnosis/severity than positive correlations in bacterial populations, indicating that these immune regulatory, cross-feeding microbes play a significant role in modulating CD.  
The bond with our gut microbiota starts at birth; however the acquisition and development of the early life microbiota can be influenced by numerous factors, with antibiotic treatment suggested as among the most significant. Data in this study indicates that antibiotic usage impacts on the bacterial communities observed in the CD cohort, however this is not as ‘clear-cut’ as the authors indicate, as some, but by no means all, microbiota dysbiosis is amplified. While this study links current and on-going antibiotic usage with reduced bacterial diversity, many other studies have indicated that very early stage antibiotic-induced perturbations may lead to permanent microbial changes and subsequently may contribute to various intestinal and immunologic disorders. Previous studies have shown that antibiotic exposure in children, particularly those under 3 months of age, is a significant risk factor for the development and diagnosis of IBD (Am J Gastroenterol. 2010;105:2687–2692 and Gut. 2011; 60:49-54). Of interest, another study has linked previous antibiotic usage 5 years prior to diagnosis with IBD in adults (Am J Gastroenterol. 2011;106:2133–2142). Thus, it would be interesting to determine previous antibiotic usage in this large patient cohort and correlate with microbiota disturbances. However, as stated by the authors while these patient cohort studies have shown an association between antibiotic usage and the increased risk of IBD though a causal relationship remains to be established. In support of causality, studies in mice have correlated antibiotic treatment to immune suppression including diminished mucosal T cells responses, and down-regulation of C-type anti-bacterial lectins (Mucosal Immunol. 2010. 3, 148 (35) and Nature. 2008. 455, 804). 
During early life, establishment of the microbiota coincides with substantial developmental changes in the intestinal epithelium, modulating barrier function and integrity. Maturation of the immune system is driven by the early life gut microbiota. Specifically this includes development of secondary lymphoid follicles, induction of secretory IgA, differentiation of innate immune cells and the shaping of T cell subsets (Science 2012; 336(6086): 1268-1273). While, the precise pathogenesis of CD is still incompletely understood, changes in microbial composition as described in this study, particularly during early life, may lead to a dysregulated immune response where macrophages, neutrophils and T cells represent the main immune drivers of the chronic and damaging inflammation observed in CD patients. 
[bookmark: _GoBack]Overall this study highlights some important changes in microbiota that precede the start of treatment. The details of which bacteria increase or decrease in abundance will have to be confirmed in other patient populations using these study-specific bioinformatic techniques (which are likely to be generally applicable to other datasets in future) and also confirmed using alternative and complementary bioinformatic methods. Such important future studies may allow further delineation of the causal relationships between microbiota changes and the pathogenesis of CD. The study highlights the importance of current antibiotic treatment prior to diagnosis confirming earlier studies showing that antibiotic usage is major risk factor for the development of CD. It also shows that changes in bacteria close to the mucosal surface may be more relevant to pathogenesis of CD rather than fecal stream populations. The study also raises the possibility to use microbiota analysis to determine the risk of developing and indeed the diagnosis of CD. The future challenge will be for translating these important observations on the composition of gut microbiota and their clinical correlations into clinically relevant diagnostic tests and strategies for the prophylaxis and treatment of CD.
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