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Attributes of intestinal microbiota composition and their
correlation with clinical primary non-response to anti-I'NF-o
agents in inflammatory bowel disease patients
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Marfat Alatawy'?, Hadba Al-Amrah’, Dikhnah Alshehri>,Ahmad Bahieldin'’, Sherif Edris'?®

ABSTRACT

The largest microbial aggregation in the human body exists in the gastrointestinal tract. The microbiota in the host gastrointestinal tract com-
prises a diverse ecosystem, and the intestinal microbiota plays a key role in maintaining gut homeostasis. This study aims to examine whether
the gut microbiota influence unresponsiveness to anti-TNF-o treatments in primary non-responder patients and consequently identify the
responsible microbes as biomarkers of unresponsiveness. Stool samples were collected from a cohort of patients with an established diagnosis
of IBD, either ulcerative colitis or Crohn’s disease, following completion of the induction phase of anti-TNF therapy. 16S rRNA sequencing anal-
ysis was used to examine the pattern of microbiota communities in fecal samples. The quality and quantity of fecal microbiota were compared
in responder and primary non-responder IBD patients following anti-TNF-o therapy. As per our hypothesis, a difference in gut microbiome
composition between the two patient subgroups was observed. A decreased abundance of short-chain fatty acid (SCFA)-producing bacteria,
including Anaerostipes, Coprococcus, Lachnospira, Roseburia, and Ruminococcus, was detected in non-responsive patients, which was the hall-
mark of dysbiosis. Biomarkers of dysbiosis that was identified as predictors of clinical non-response included Klebsiella, Eubacteriaceae, RE32,
Bifidobacterivum animalis, and Muribaculaceae previously known as S24-7. Signature biomarkers showed dramatic alteration in the composi-
tion of gut microbiota in patients who demonstrated primary non-response to anti-TNF-atagents. Dysbiosis, with features including a dropped
biodiversity, augmentation in opportunistic pathogenic microbiota, and a lack of SCFA-producing bacteria, is a prominent feature of the micro-

biome of primary non-responders to anti-TNF-o therapy.
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INTRODUCTION

Ulcerative colitis (UC) and Crohn’s disease (CD) are the
primary subtypes of inflammatory bowel disease (IBD), found
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in individuals with genetic susceptibility subject to particular
environmental conditions [1]. IBD is a chronic and relaps-
ing inflammatory condition of the gastrointestinal tract that
occurs following immune system dysregulation [2]. Common
clinical symptoms of IBD are abdominal pain, diarrhea, weight
loss, and bloody stools [3,4].

One hundred trillion different microorganisms live in the
human gut, including bacteria, viruses, fungi, and protozoa
[5]. According to various molecular studies in a number of dif-
ferent cultures with various genetic profiles, more than 1000
species of microbiota colonize the gastrointestinal ecosys-
tem, including Firmicutes, Bacteroidetes, Proteobacteria, and
Actinobacteria [2,6].

The intestinal microbiota performs a vital role in the deg-
radation of indigestible carbohydrates to produce short-chain
fatty acids (SCFAs) and is important for vitamins synthesis
(Vitamin K, Vitamin B12, and folic acid), amino acids synthe-
sis, and regulation of fat metabolism. All these processes are
necessary for the preservation of intestinal barrier functions
[7]. The phyla Firmicutes and Bacteroidetes use the indigest-
ible carbohydrates to produce SCFAs with the cooperation of
bacteria specialized in the process of oligosaccharide fermen-
tation, such as Bifidobacteria [8). SFCAs — acetate, propionate,
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and butyrate — are the fundamental and essential end products
of carbohydrate fermentation in the colon. Microbiota present
in colonic epithelial cells consume butyrate to produce energy,
while acetate and propionate remain in the intestinal cell [9].

Dysfunction in the composition and abundance of gut micro-
biota is associated with IBD severity. A significant decrease in the
diversity of commensal bacteria, such as Bacteroides, Lactobacillus,
Ruminococcus, Faecalibacterium, and Bifidobacterium, has also
been observed in IBD patients. Low diversity of Roseburia spp. is
associated with a high risk of IBD pathology [10].

A precise definition of primary nonresponse in IBD patients
has not been established, nevertheless, an accepted definition
with respect to the employment of anti-TNF therapy is a failure
to fulfill clinical remission following the induction of a remedy
period with documentation of adequate drug levels [11]. The
role of the intestinal microbial composition in primary non-re-
sponders is not well understood. Several studies have shown no
significant dissimilarity in the gut microbiome profile pre- and
post-treatment with anti-TNF antagonists [12].

This study aims to determine whether the composition
of gut microbiota has an effect on initial unresponsiveness
to anti-TNF-o treatments in IBD patients. Accordingly, this
study sets out to identify responsible microbiota and posits
the utilization of the microbiota pattern as a biomarker to
indicate unresponsiveness.

MATERIALS AND METHODS

Twenty Saudi Arabian IBD patients were recruited for
this study from the outpatient Gastroenterology Department
at King Abdulaziz University Hospital, in Jeddah, Kingdom
of Saudi Arabia. The inclusion criteria were male or female
patients that were 20—45 years old with a confirmed diagnosis
of IBD, established through clinical, endoscopic, and histolog-
ical criteria. Case record forms were obtained from patients,
which included demographic and clinical data regarding gen-
der, age, marital status, family history, diagnosis reports, envi-
ronmental exposures (e.g., smoking), body mass index, and
various laboratory parameters. The study was designed for
patients treated with anti-TNF-ot antagonists only (infliximab
and adalimumab). The study mainly compared IBD patients
that demonstrated no response (primary non-responders)
to anti-TNF agents (n = 10) and patients that were judged to
be responders to anti-TNF-ou antagonists (n = 10). Primary
non-response was defined as failure to demonstrate clini-
cal remission following completion of the induction period
anti-TNF therapy, that is, adalimumab or infliximab, without
TDM. Similarly, response was defined as demonstration of
clinical response or clinical remission at the end of induction.

The exclusion criteria were patients with contraindica-
tions to anti-TNF-o antagonists, including active tuberculosis,
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sepsis, or other severe opportunistic infections. Participants
that were treated with medication, such as antibiotics, cor-
ticosteroids, mesalamine, and immunosuppressants, within
3 months before fecal collection were also excluded, as were
pregnant or breastfeeding women and those that failed to sub-
mit stool samples as described at each phase of the study.

Sample collection and genomic DNA extraction

The fecal samples were collected, following comple-
tion of the induction phase of anti-TNF therapy, using the
iISWAB-Microbiome Collection Kit and stored frozen at
-20°C within 24 hours of collection. Genomic DNA of the gut
microbes was extracted from the 200 uL fecal sample using
PureLink™ Microbiome DNA Purification Kit (Invitrogen by
Thermo Fisher Scientific, USA), following the instructions
set out in the International Human Microbiome Standards
project:

http://www.human-microbiome.org/

Polymerase chain reaction (PCR) DNA
amplification and library preparation

Isolated genomic DNA of 20 stool samples was amplified
for the target V3-V4 hypervariable regions of 16S rRNA, an
intestinal bacteria DNA, using the universal primer set, Primer
341 Forward (5-CCTACGGGNGGCWGCAG-3") and Primer
806 Reverse (5-GACTACHVGGGTATCTAATCC-3'). The
total PCR comprised 25 uL, as follows: 7.5 uL. H20, 12.5 pL.
DreamTaq PCR Master Mix, 3 uL. DNA genome, and 1 pL
forward/reverse primers. The thermal cycling condition of
the PCR was carried out using an initial denaturation step at
95°C for 5 minutes followed by 40 cycles at 95°C for 30 sec-
onds (denaturation), 56°C for 30 seconds (annealing), 72°C for
30 seconds (extension), and a final extension step at 72°C for
10 minutes, and a 4°C hold. A 5 uL of sX DNA Loading Buffer
Blue was added to the PCR product.

16S bioinformatics sequence analysis

Raw reads were refined using the Illumina MiSeq platform
[13]. Paired end reads were generated using FLASH (v1.2.11)
[14]. The reads sequenced with tags were clustered to oper-
ational taxonomic units (OTUs) at 97% sequence similarity
using the USEARCH software (v7.0.1090) [15]. OTU repre-
sentative sequences were classified according to the databases
of 16S rDNA, with the Ribosomal Database Project Classifier
(v.2.2) and Greengenes database [16], using 0.6 Cl as a cutoff.
A representative OTU phylogenetic tree was generated using
the QIIME software (v1.80) (https://qiime2.org). A pre-filter-
ing of selected OTUs was done according to the richness and
evenness; at the initial analysis, richness and evenness were
checked in all samples and OTUs that did not represent the
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richness and evenness in all samples were excluded from the
study. The microbial alpha diversity indices were computed
with the Mothur software (v1.31.2), and the microbiota beta
diversity distance was generated by QIIME (v1.80). All unclas-

sified bacteria features were discarded.

Ethical statement

This study was approved by the Research Committee, Unit
of Biomedical Ethics, Faculty of Medicine at King Abdulaziz
University, Jeddah, Saudi Arabia (Ref. No. 372-19). Informed
consent was obtained from all patients.
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FIGURE 1. The taxonomic composition distribution of relative abundance (A) at the phylum level, (B) the genus level among the
samples of both groups; (P) refers to primary non-responders and (R) to responders. (C) is a phylogenetic tree showing the evolu-
tionary distance in biological taxa.

Bosn ] Basic Med Sci. 2022;22(3):412-426

414

www.bjbms.org



Alatawi et al.: Microbiota and anti-TNF-a response in IBD patients

TABLE 1. Clinical and demographic characteristics of IBD patient responders and non-responders to anti-TNF-o. therapy.

Patients studied

Clinical characteristics Responders (R) Primary non-responders (P) P value®
N=10 N=10
Number (%) or mean+SD Number (%) or mean+SD
Mean age (years) + SD 19.546.8 20.48:6.1 0.74
Gender 1.0
Males 3 (30%) 4 (40%)
Females 7 (70%) 6 (60%)
Smoking habit
Never smoked 10 (100%) 10 (100%) 1.0
Ex-smoker 0(0.0%) 0(0.0%)
Current smoker 0(0.0%) 0(0.0%)
IBD subtypes
Crohns Disease (CD) 5 (50%) 7 (70%) 0.65
Ulcerative colitis (UC) 5 (50%) 3(30%)
Disease location (CD)
L1. Ileal 3 (60%) 0 (0%) 0.04**
L3. Ileocolonic 2 (40%) 7 (100%)
Disease behaviour (CD)
B1. Non-stricturing, non-penetrating 3 (60%) 3 (42.85%) 0.28
B2. Stricturing 0(0.0%) 3(42.85)
B3. Penetrating 2 (40%) 1(14.3%)
Perianal disease (CD) 2 (40%) 2 (28.6%) 0.59
Disease Extension (UC)
El. Ulcerative proctitis 0(0.0%) 1(33.3%) 0.027*
E2. Left sided colitis 0(0.0%) 0(0.0%)
E3. Extensive colitis 5 (100%) 2 (66.7%)
Extraintestinal manifestations 7 (70%) 3(30%) 0.18
Haemoglobin (g/dl) 11.3+17 8.1+4.5 0.05
Baseline CRP (mg/L) 32+43 42+61.9 0.67
Albumin (g/L) 34.6+5.5 26+12.5 0.06
Biological
Infliximab 6 (60%) 5 (50%) 1.0
Adalimumab 4 (40%) 5 (50%) 0.35

Statistical analysis

An unpaired parametric f-test was incorporated using
the Prism 9.0 software (GraphPad Software, Inc., San Diego,
CA) and R (v3.1.1) to compare quantitative variables between
groups and to identify taxa that had statistically significant
differences. The resulting P value was modified using the
Benjamini-Hochberg false discovery rate correction for-
mula (function “padjust” in the stats package of R, v3.1.1).
PERMANOVA was used to test significance among values.
The linear discriminant analysis effect size (LEfSe) method was
incorporated to reveal metagenomic biomarkers. The Pearson
correlation coefficient was performed with a two-tailed test
and a 95% CI in GraphPad Prism 9.0. Any differences between

groups considered to be significant had p < 0.05.

Availability of data and material

The datasets (raw data), which supported the find-
ings of the study, were deposited in the National Centre
for Biotechnology Information (NCBI) with the unique
BioProject ID: PRINA673078 (https://dataview.ncbi.nlm.nih.
gov/object/PRINA673078).

Bosn ] Basic Med Sci. 2022;22(3):412-426

415

RESULTS

Baseline characteristics

The study cohort included 20 patients with IBD (14 CD
and 6 UC). The median age was 28 years (range, 20—45 years).
Females constituted 65% (n = 13) of the cohort. The anti-TNF
alpha treatment comprised infliximab in 11 patients (65%) and
adalimumab in 9 patients (45%). Details of the study group are

shown in Table 1.

Comparison of relative abundance of microbial
community structure

The OTUs median number was statistically estimated
to be 146 for primary non-responder patients (P) and 158 for
responders (R). The expressed sequence tags were clustered
into OTU with a 97% threshold Figure S1. The taxonomic com-
position distribution was used to identify the intestinal micro-
biota of IBD patients at phylum and genus levels [Figure 1A and
BJ. The largest number at the genera level was the Firmicutes
phylum (57 genera), followed by Proteobacteria (18 genera),
then Actinobacteria (18 genera), and then Bacteroidetes (11

genera) [Figure 1C]J.
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At the phylum level, the fecal microbiota of primary
non-responders were characterized by the increased relative
abundance of Proteobacteria and Actinobacteria [Figure 2A]
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compared to responders [Figure 2B]. Interestingly, the popula-
tions of Firmicutes did not manifest obvious changes between
the two primary subgroups of IBD patients (UC and CD)
[Figure 2B]. The ratio of Bacteroidetes was lower in primary
non-responders compared with responders. The Pearson cor-
relation coefficient showed a strong positive correlation in
gut microbiota composition between responder and non-re-
sponder IBD patients [Figure 2C]. Furthermore, an inde-
pendent t-test showed no statistically significant difterence
between the relative abundance of predominant phyla of gut
microbiota in response to anti-TNF-o treatment between the
two IBD patient groups [Figures 3 and S1].

At the family level [Figure S2], the relative abundance of
the Clostridiaceae family was stable in the two subgroups of
patients. However, there was a remarkable increase in sev-
eral families, including Corynebacteriaceae, Eubacteriaceae,
Desulfovibrionaceae, Lachnospiraceae, Streptococcaceae, and
Muribaculaceae — previously known as S24-7 — in non-re-
sponders. Furthermore, the diversity of Lactobacillaceae,
Mogibacteriaceae,

Ruminococcaceae, Alcaligenaceae,

Peptostreptococcaceae, Veillonellaceae, Prevotellaceae, and
Bacteroidaceae decreased in non-responders in comparison
with responders.

At the genus level [Figure 1B] and species level
[Figure S3], a rise and fall in the relative abundance of intes-
tinal genera and species appeared to directly affect patient
ability to respond to the drug. Several SCFA-producing
bacteria were omitted in unresponsive patients (primary
non-responders). These included Anaerostipes, Coprococcus,
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Lachnospira, Roseburia, and Ruminococcus. By contrast,
some SCFA-producing bacteria showed an increase in
relative abundance in primary non-responders, such as
Blautia, Faecalibacterium, Lachnobacterium, Odoribacter,
Oscillospira, and  Pseudoramibacter —eubacterium. An
increased diversity of several pathogenetic gut microbi-
ota was observed in primary non-responders, including
Enterococcus, Fusobacterium (adherent-invasive bacteria),
Clostridium, Streptococcus,  Staphylococcus,  Actinomyces,
Corynebacterium, Rothia, Rhodococcus, Atopobium, Listeria,
Peptostreptococcus, Clostridium, Campylobacter, Flexispira,
Morganella, Actinobacillus, ~ Selenomonas, Haemophilus,
Acinetobacter, and Klebsiella. Furthermore, a great abun-
dance of opportunistic pathogens such as Muribaculaceae,
Proteus, Odoribacter, Alistipes, Veillonella, and Pseudomonas
was recorded in fecal samples of primary non-responders.
An independent £-test showed a statistically significant asso-
ciation (p < 0.05) for six genera and seven species [Figure 4].
These results suggest that primary non-responders to anti-
TNF-a treatment possess a type of unstable gut microbiota

structure.
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Alpha and beta diversity

The alpha diversity was measured in observed species
(S, (p = 0.79118), using the Chao1 estimator (p = 0.63053),
ACE (p = 0.57874), Shannon diversity (p = 0.79594), and
Simpson diversity (p = 0.63053) indices [Figure S4 and Table
S1]. In general, in terms of alpha diversity, there was no signifi-
cant difference in relative abundance between responders and
primary non-responders [Figure 5 and Table S2].

The beta diversity analysis was estimated using the Bray—
Curtis dissimilarity, for unweighted and weighted UniFrac
distances Figure Ss. These tools showed that the composition
of intestinal microbiota of primary non-responders overall
shifted toward dysbiosis compared with responders. Principal
coordinate analysis and 2D-weighted UniFrac showed a sig-
nificant overlap between the gut microbiota structure of
responders and primary non-responders [Figure 6A and
BJ. The weighted UniFrac heat map was used to determine
the intestinal microbiota profile distances in IBD patients,
between responders and non-responders. The microbial com-
munity composition of primary non-responders showed the

proportion of change (disorder) compared with responders
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[Figure 6C]. The weighted UniFrac phylogenetic tree indi-
cated that the community shared a lot of evolutionary history
at the phylum level. However, at the genus and species level,
the microbial community tends to diverge. Overall, half of the
phylogenetic tree of unresponsive individuals were unique to

responders, with a distance of 0.5 (fraction) [Figure 6D].

LEfSe analysis

The LEfSe analysis suggests that Klebsiella sp. and
Bifidobacterium animalis robustly correlated with primary
non-response [Figure 7A]. Furthermore, Eubacteriaceae,
Streptococcaceae (RF32), and Muribaculaceae (S24-7) fam-
ilies are characterized by non-responsiveness to anti-TNF-o
agents [Figure7A and B]. Response to anti-TNF-a agents was
distinguished by the presence of Bacteroides caccae, hence,
the Bacteroidetes phylum can be considered as a biomarker

for response.
DISCUSSION

This study examined the microbiota pattern of IBD patients
that did not respond to anti-TNF-a therapies compared to
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those of demonstrated response [4,17]. The gut microbiota were
compared to assess the nature of the dysbiosis and identify the
microbes that could potentially be responsible for dysbiosis, and
consequently to alack of response. The present study depended
on next-generation sequencing technologies, especially for the
16S rRNA gene sequencing, which permits describing the gut
microbiota architecture. The 16S rRNA gene sequencing is a
taxonomic genomic marker that is specialized for examination
of a particular part of the microbiota, the bacteria, and archaea,
regardless of other microorganisms, such as virobiota, myco-
biota, and eukaryota [18]. The overall vision of the study is to
identify microbiota structures that could be used as a prognos-
tic indicator for clinical non-response to anti-TNF-ot therapy in
Saudi Arabian patients with IBD. According to the previous lit-
erature, it has been shown that high concentrations of Klebsiella,
S24-7, Eubacteriaceae, and Bifidobacterium animalis are associ-
ated with clinical nonresponse to anti-TNF-o treatment, while
low concentrations of B. caccae can be used as a biomarker for
response. Patients that demonstrated nonresponse to treat-
ment had a characteristic reduction of SCFA-producing bac-
teria or a shift toward an inflammation-producing bacterium
[19]. Furthermore, a greater number of opportunistic patho-
gens such as Muribaculaceae, Proteus, Odoribacter;, Alistipes,
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Veillonella, and Pseudomonas were recorded in fecal samples of
primary non-responders.

In this study, we did not observe a great dissimilarity in
gut microbiota composition between responders and non-re-
sponders. Only moderate differences were found, with lim-
ited statistical significance. Of particular note, the majority
of the findings were consistent with some previous studies
on the gut microbiome in the context of different diseases,
such as spondyloarthritis [12,20]. An increased abundance
of Proteobacteria and Actinobacteria in non-responders was
observed in this cohort. An outgrowth of these phyla has
been associated with gastric bypass, metabolic disruption,
inflammation, and cancer [21]. By contrast, the proportion of
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Bacteroidetes phylum decreased in non-responders compared
with responders. An unexpected result was the detection of an
elevation of Firmicutes phylum biodiversity in non-responders
compared with responders. This finding conflicts with several
studies that demonstrated a reduced concentration of the
Firmicutes phylum in non-responders [18].

At the family level, the non-responders showed a remark-
able decline in the Bacteroidaceae and Lactobacillaceae popu-
lations. Members of the Lactobacillaceae family have an essen-
tial role in the fermentation of kefir, which has been suggested
to be a probiotic that may play a role in the treatment of IBD

[22]. However, an increased abundance of Bifidobacteriaceae,
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Lachnospiraceae, Enterobacteriaceae, and Muribaculaceae
was observed in non-responders compared to responders. A
logical interpretation of the presence of increased populations
of SCFA-producing bacteria including Bifidobacteriaceac,
Lachnospiraceae, and Muribaculaceae in primary non-re-
sponders is a shift toward harboring pro-inflammatory bacte-
ria, thereby promoting inflammation and ultimately leading to
worsening conditions in primary non-responders [19)].

A variation in the diversity of genera within one family — the
Lachnospiraceae family — was detected where intestinal genera
had a varied presence in non-responders. The abundance of
Roseburia and Coprococcus generadecreased while the concen-
tration of Blautia and Clostridium increased. Furthermore, a
variation in abundance was observed in the Ruminococcaceae
family: Where the diversity of Feaclbacterium genus increased
while the diversity of the Ruminococcus genus decreased. This
is consistent with some previous studies [23].

The Enterococcus genus is considered an aggressive genus
that is characteristically highly abundant in the fecal samples of
non-responders. The virulence and bacteriocinogenic features
of the Enterococcus genus have been detected in the human
gut. The Enterococcus genus has been associated with intes-
tinal inflammation and a number of other infections, such as
bloodstream and urinary tract infections, endocarditis, and
peritonitis [24]. The decreased abundance of Escherichia
was observed in primary non-responders compared with
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responders in the present study, which is inconsistent with
several previous IBD studies [25]. Aside from these find-
ings, the Fusobacterium genus increased in non-responsive
patients, which coheres with some previous studies [26].

The concentration of Klebsiella and Proteus increased in
primary non-responders. However, the Bacteroides fragilis
(spp.) population, a human commensal bacterial, decreased
in non-responders. This result corresponds with the previous
studies [27]. A deficiency in several SCFA-producing bacteria
in the fecal samples of non-responders was found, including
the genera Anaerostipes, Coprococcus, Lachnospira, Roseburia,
and Sutterella. This outcome is in line with a number of the
previous studies” [28]. SCFA-producing bacteria contribute
to shaping the architecture of the gut community, organize
transepithelial transport, are important for intestinal motil-
ity, and regulate the microbial homeostasis within the intes-
tine. Moreover, SCFA has important immunomodulatory
and anti-inflammatory characteristics [29]. Despite the fact
that B. animalis and Faecalibacterium prausnitzii are used as
probiotics, an increase in the concentration of these species
was observed in primary non-responders and therefore may
be used as a biomarker (B. animalis) for similar patients. This
increase may be interpreted in rare cases as a result of high con-
sumption of probiotics, associated with a high risk of adverse
reactions between microbiota and their hosts. Consequently,
this phenomenon may be linked with a number of diseases,
such as bacterial infections and sepsis [30].

The Desulfovibrio genus, which belongs to the
Proteobacteria phylum, is heterogeneous sulfate-reducing
bacteria [31]. An increase in the Desulfovibrio genus has been
associated with an elevated glutathione and riboflavin metab-
olism [32], rising toxins production, and increased bacterial
genes attached with virulence agents. In the present study,
the abundance of the Desulfovibrio genus was increased in
non-responders compared with responders. The high diver-
sity of Desulfovibrio in such patients is consistent with a num-
ber of other studies [33].

The present study is limited by its small sample size and lack
of TDM measurements, which is typically used to document
adequate trough levels and absence of anti-drug antibodies that
are necessary to prove primary nonresponse. Nevertheless,
this is the first study to examine the microbiota of Saudi IBD
patients as potential biomarkers for response to anti-TNF ther-

apy and as such can help pave the way for further larger studies.
CONCLUSION

The fecal microbiota of primary non-responders to anti-
TNF-a therapy demonstrated dysbiosis, in addition to other

features, such as decreased biodiversity, augmentation in
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opportunistic pathogenic microbiota, and a lack of SCFA-

producing bacteria. A decreased abundance of SCFA-producing

bacteria, including Anaerostipes, Coprococcus, Lachnospira,

Roseburia, and Ruminococcus, was detected in unresponsive

patients. Particular fecal microbiota may be used as biomark-

ers to predict clinical response to anti-TNF-o. medication. The

potential biomarkers for primary non-response patients iden-

tified were Klebsiella, Eubacteriaceae, RF32, B. animalis, and

Muribaculaceae.
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SUPPLEMENTAL DATA

TABLE S1. Alpha-diversity of the microbial communities’
composition among 20 stool samples of IBD patients.

i?;:zle S Chao ACE Shannon  Simpson
P50 179 189.615385 197.172058 3.130708 0.082461
P55 209 238333333 237.112972 3210868  0.087035
P62 144 180.111111 166.723312 2.824255 0.122017
P85 217 234.647059 236491825 3.951448 0.032266
P86 52 65.909091 88.939289 1.444394 0.336933
P89 139 155.153846 154.455846 3.149976 0.082109
P90 87 162.6 194.700542 1.903667 0.278859
P93 158 159.615385 160661283 2257466 0.192463
P94 103 153 164.348416 2771191 0.124329
P98 174 179.076923 179.515792 3.093719 0.092629
RO5 83 88.625 90.907826 1.377446 0423137
R15 135 174 190.842577 3.099641 0.086817
R23 149 178.176471 204.229244 2.094365 0.273298
R29 253 282.291667 281.87064 3578733 0.066206
R37 144 165428571 190.0516 1.69127 0.44512
R71 140 163.75 154.611384 3292044 0.062922
R76 169 184.26087 189.711132 2794325 0.107509
R81 227 258 253.684588 3.180217 0.120136
R88 103 127428571 120.984391 2459403 0.165238
R99 185 20047619 205388266  2.804546  0.127786

TABLE S2. Statistical analysis of alpha diversity comparison
results among 20 faecal samples of IBD patients.

Mean SD Mean SD
Alpha ) ®) ®) Pvalue
Soie 146.2 52.96288 158.8 52.07857 0.79118
chao 171.80621 48.18065 182.24373  56.33583 0.63053
ace 178.01213  43.03062 18822816  56.50898 0.57874
Shannon 277377 0.72593 2.6372 0.72148 0.79594
Simpson 0.14311 0.09696 0.18782 0.14322 0.63053
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FIGURE S1. PCA based on OTU abundance. The X-axis shows
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ponent. The percentages in parentheses represent contribu-
tions of principal components to differences among samples.
A colored dot represents each sample: primary non-respond-
ers (P) = blue, and responders (R) = red.
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