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Highlights:

- What is already known on this subject?

The relationship between the gut microbiota and Crohn’s disease is clearly establish.
- What are the new findings?

A distinct bacterial dysbiosis has been observed in patients with symptomatic Crohn's
disease, independent of mucosal inflammation.

- How might it impact on clinical practice in the foreseeable future?

The treatment of gut dysbiosis in Crohn’s disease patient may improve their symptoms.
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inflammation, Probiotic.

In inflammatory bowel diseases (IBDs), the global composition of the gut microbiota
contains specific pathogens that may be relevant to the etiology and pathogenesis of
the disease. Predominant changes described in the literature regarding the gut
microbiota composition of individuals with Crohn disease (CD), include: alterations in
the proportion of Bacteroidetes and Firmicutes, an increase in the percentage of
Gammaproteobacteria and Enterobacterales (i.e. Escherichia coli in CD with ileal
disease), and a decrease in Clostridiales (i.e. Faecalibacterium prausnitzii) [1,2].
Furthermore, in the paper by Sokol et al., besides bacterial dysbiosis, their study
identified a distinct fungal microbiota during IBD characterized by alterations in
biodiversity and composition that might play a role in IBD pathogenesis [3]. They also
observed a decrease of the alpha diversity in CD, particularly in samples from flaring
patients. However, the disease activity was assessed by physicians based on
symptoms without objective markers of inflammation, such as fecal calprotectin (FC).
A known discrepancy exists between symptoms and mucosal inflammation during CD,
thus making difficult to diagnose a flare only based on symptoms [4]. Of note, irritable
bowel syndrome has also been associated with a reduction of microbial diversity [5].
This remains unclear whether the decrease of bacterial diversity during a flare of CD
is linked to the symptoms or the mucosal inflammation. The aim of the study was then
to compare the gastrointestinal tract microbiota in CD patients during flare of CD and/or
mucosal inflammation.

Stool samples from 125 consecutive adult patients with a confirmed diagnosis of CD
were collected during a one-year period at the referral center Hospital University of
Rennes (France) . The Harvey Bradshaw (HB) index was assessed at each time of a

stool collection. CD patients were grouped for dichotomous analysis with an HB score



of 25 considered as symptomatic CD and those with an HB score <5 as asymptomatic
CD [6]. FC levels are representative of neutrophil migration into the intestinal mucosa
that occurs in the process of intestinal inflammation, and in clinical practice, they are
commonly used as a non-invasive biomarker that significantly correlates with
inflammatory disease activity and response to therapy [7]. The FC level was measured
for each sample using a fully automated chemiluminescent immunoassay (LIAISON
Calprotectin, DiaSorin). The absence of mucosal inflammation was defined with a fecal
calprotectin (FC) value < 50 pg/g. According to the International Human Microbiome
Standards (IHMS), patients were asked to collect fecal samples immediately after
defecation in a sterile container (VWR). Then, the stool samples were stored up to 24
hours at 4°C. When received at the laboratory, all samples were manually
homogenized and weighed into separate aliquots for storage at -80°C until DNA
extraction. The composition of microbial populations was assessed by 16S rRNA gene
sequence-based microbiota analysis. DNA was extracted from fecal specimens with
the automated MagnaPure (Roche Diagnostics GmbH, Mannheim, Germany)
instrument, using the MagNA Pure LC DNA Kit Il (bacteria, fungi) (Roche) according
to the manufacturer’'s recommendations. Primers were designed according to the V3-
V4 regions of the bacterial 16S rRNA (the upstream primer: PCR_341 F is 5'-
CCTACGGGNGGCWGCAG-3', and the downstream primer: PCR_785R is 5'-
GACTACHVGGGTATCTAATCC-3) [8]. The primers were linked to Illlumina
sequencing adapters and were used in PCR amplification; the PCR products were
purified, quantified, and then normalized to form a sequencing library. These libraries
first were underwent quality control and qualified libraries were sequenced by Illumina
MiSeqg-Using paired 250-bp reads as outlined in the lllumina 16S sample preparation

guide [9]. The raw image data files obtained from the Illlumina MiSeq were analyzed



and transformed into raw sequence reads by base calling, and the results were stored
as FASTQ files, containing sequence information of reads and their corresponding
sequencing qualities. The individual sequence reads obtained were filtered, trimmed
and processed as described by Escudie and al. according to Find Rapidly OTUs with
Galaxy Solution (FROGS) [10]. All reads were classified to the lowest possible
taxonomic rank using FROGS and a reference dataset from the SILVA 16S database
(https:/lwww.arb-silva.de/download/arb-files/). A table of 16S rRNA Operational
Taxonomic Units (OTUs) and an evolutionary tree were then generated while the R
software (version 3.5.1) was used for all analyses. Descriptive statistics and
visualization of the microbiome data were conducted in R using multiple packages,
including ‘phyloseq’, ‘microbiome’, ‘reshape2’,‘ggplot2’, ‘grid’, ‘ape’, ‘scales’,
‘DESeq2’,'vegan’, ‘corrplot’, ‘RCy3’, ‘igraph’ [11]. The Kruskal-Wallis test was applied
to compare global composition of bacterial microbiota differences at the phylum level.
The Chaol and Shannon indices were used to assess alpha diversity. The Bray-Curtis
dissimilarity matrix was used to determined beta diversity and visualized using principal
coordinates analysis (PCoA) according to a variant of PERMANOVA procedure
(“adonis” function in the R “vegan” package). To determine species associated with
patients’ symptoms, the differential abundance of bacterial species between patients
was determined using DESeq2 with p-value adjusted for multiple testing using the
Benjamini-Hochberg method (cut-off = adjusted p <0.05). Positive log-fold change
pointed out an increase in abundance, while negative log-fold change pointed out a
reduction in abundance in the symptomatic patients compared to asymptomatic
patients. To investigate the interactions and differences of OTUs in the two groups of

patients, we computed the Pearson correlations and drew the correlation matrix and



interaction network with Cystoscape (https://cytoscape.org/). We used the False
Discovery rate (FDR) method to adjust p-values for multiple testing.

A total of fecal microbiota from 125 CD patients, including: 25 symptomatic patients
(HB index =5) with a concomitant value of FC = 50ug/g; 17 symptomatic patients (HB
>5) with no mucosal inflammation (FC < 50 ug/g); 59 asymptomatic patients (HB <5)
with a concomitant value of FC =250 ug/g; 24 asymptomatic patients (HB <5) with no
mucosal inflammation (FC <50 ug/g). Details regarding age, female sex, Body Mass
Index (BMI) >25 kg/m2, smoking, disease duration, gastrointestinal surgery, Montreal
A, B, L, fecal calprotectin (ug/g), treatment within 90 days of microbiota analysis (Anti-
TNF, Thiopurine-methotrexate (MTX)) are shown in supplementary Table 1. The
global composition of bacterial microbiota at the phyla level in patients with symptoms
showed lower relative abundance of Firmicutes and Bacteroidetes while the phyla
Proteobacteria and Fusobacteria were more represented, independently of the FC
level (i.e., < or 250 ug/g) (Figure 1). Interestingly, we observed no alteration of the
abundance of phyla for asymptomatic CD patients (HB <4) even with FC value =50
ug/g (p <0.05). The comparison of microbial community structure using alpha diversity
indices showed a lower number of detected species (Chaol) as well as a lower
diversity (Shannon) in symptomatic patients as compared to asymptomatic patients
(p=0.02). Symptomatic and asymptomatic patients also differed according to the
community structures (PERMANOVA, p=0.002) as well as the differential abundance
analysis of the species-level taxonomic assignments regardless the FC level. The
abundance of several taxa was decreased in case of symptoms, particularly within the
phylum Firmicutes. The abundances of genera Escherichia-Shigella, Enterococcus,
Streptococcus, Megasphaera, Fusobacterium, Erysipelatoclostridium, Butyricicoccus,

Gemella, Prevotella, Solobacterium, Lactobacillus, Akkermansia were significantly



enriched in the microbiota of symptomatic patients (p <0.05) (Figure 1 B). The changes
in Escherichia-Shigella and Streptococcus proportions were particularly remarkable for
all symptomatic patients. We further investigated the existence of correlations at the
genus level according to symptoms (Figure 1 C). Symptomatic patients were more
likely to present a positive correlation between the abundance of Faecalibacterium and
Bacteroides (p=4.510") and Subdoligranulum (p=4.510%); Ruminococcus torques
group and Blautia (p=4.510) and Alistipes and Ruminococcaceae UGC-002 (p=7.710
3) (Figure 1 C1). In asymptomatic patients, a positive correlation was found between
the abundance of Escherichia-Shigella and Lachnoclostridium (p=2.710%);
Streptococcus and Veillonella (p=1.610%); Ruminoclostridium 5 and Ruminoccocus
torques group (p=1.610") and Ruminococcaceae UCG-002 (p=1.510%) (Figure 1 C2).
Similar results were obtained with interaction network generated using Cytoscape
(data not shown) and were not affected by the absence of mucosal inflammation or
not.

To our knowledge, this is the first study assessing the microbiota in patients with flare
and/or FC concentration < or 250 ug/g. These data underlines a distinct bacterial
microbiota dysbiosis in symptomatic patients independently of the FC level. Indeed,
dysbiosis was much more predominant in symptomatic patients than in asymptomatic
patients with mucosal inflammation. The differential abundance of species between
patients allowed us determining species signatures of symptomatic CD. Escherichia-
Shigella, Fusobacterium, Gemella and Streptococcus were overrepresented in
symptomatic patients. Moreover, Ruminococcus 1, Lachnospira, Clostridium sensu
stricto 1 and Ruminococcus 2 were also underrepresented in symptomatic patients.
The proportions of these OTUs were already described as altered in CD [12,13].

However, as those articles focused on healthy controls, they cannot be related to the



presence of symptoms. The presence of Escherichia-Shigella and Streptococcus were
identified in all symptomatic patients. So, these “key microbial signatures” would help
with the diagnosis of symptomatic CD. The interaction network showed that the
interactions and differences of OTUs were different in the two groups of patients. Some
interactions were specific to symptomatic CD and others to asymptomatic CD. In
asymptomatic CD, Escherichia-Shigella and Streptococcus were positively correlated
with Lachnoclostridium and Veillonella, respectively. However, for symptomatic CD,
Escherichia-Shigella and Streptococcus had no correlation with any other OTUs. This
lack of correlation may be related to symptoms in CD patients. Furthermore, the
interaction network results need to be taken into consideration when creating probiotics
combination to treat CD. For instance, the probiotic combination VSL#3 (a probiotic
preparation of eight live freeze-dried bacterial species, including Lactobacillus casei,
L. delbrueckii subsp. bulgaricus, L. acidophilus, L. plantarum, Bifidobacterium longum,
B. infantis, B. breve, and Streptococcus salivarius subsp. thermophilus) and E. coli
Nissle, which do not take under consideration this interaction network, were shown to
reduce active inflammation and sustain remission only in ulcerative colitis (UC) but not
in CD [14,15]. Some limitations regarding this study should be acknowledged. The
patient populations according to being symptomatic or not were broadly comparable.
However, symptomatic patients without mucosal inflammation correspond to patients
with older diseases or history of surgery. In conclusion, this study suggests a possible
association between gut dysbiosis and the presence or absence of Crohn's disease
symptoms, independently of fecal calprotectin levels. These microbial signatures
linked to symptoms may be taken into account when planning to evaluate the efficacy

of probiotics or fecal microbiota transplantation in the treatment of Crohn's disease.
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FIGURE LEGENDS

Figure 1.

A. Global composition of bacterial microbiota at the phyla level. Symptomatic CD was
defined according to the Harvey Bradshaw Index (HB) =5.

B. Significant (p <0.05) log-fold changes in the abundances of bacterial species in
symptomatic patients.

C. Correlation matrix between bacterial groups in symptomatic patients (C1) and
asymptomatic patients (C2). Positives values (green rounds) indicate positive
correlations, and negative values (red rounds) indicate inverse correlations. The
shading of the round indicates the magnitude of the association; darker rounds are
more strongly associated than lighter rounds. The sign of the correlation was

determined using Spearman’s method.
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Figure 1. A
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Figure 1. B
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Figure 1. C1
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Figure 1. C2
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