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Evaluation of changes in intestinal
microbiota in Crohn’s disease
patients after anti-TNF alpha
treatment
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Intestinal dysbiosis is key in the onset and development of Crohn'’s disease (CD). We evaluated the
microbiota changes in CD patients before and after a six-month anti-TNF treatment, comparing
these changes with the microbiota of healthy subjects. This prospective multicenter observational
study involved 27 CD patients initiating anti-TNF treatment and 16 healthy individuals. Inflammatory
activity was determined at baseline, 3 and 6 months, classifying patients into responders and non-
responders. Fecal microbiota was analyzed by massive genomic sequencing thought 16S rRNA
amplicon sequencing before and after six months of anti-TNF treatment. The CD cohort showed a
decrease in genera of the class Clostridia, short-chain fatty acid producers, and an increase in the
phylum Proteobacteria (p <0.01) versus the healthy cohort. After anti-TNF treatment, the phylum
Proteobacteria also increased in non-responders versus responders (13/27) (p < 0.005), with the class
Clostridia increasing. In addition, alpha diversity increased in responders versus non-responders
(p<0.01), tending towards eubiosis. An association was found (p <0.001) in the F.prausnitzii/E.coli
ratio between responders and non-responders. The F/E ratio was the most accurate biomarker of
anti-TNF response (area under the curve 0.87). Thus, anti-TNF treatment allows partial restoration of
intestinal microbiota in responders and the F.prausnitzii/E.coli ratio can provide a reliable indicator of
response to anti-TNF in CD.

The microbiome consists of a highly complex structure involving thousands of microorganisms belonging to
very different taxonomic classifications and consequently millions of relationships between them, making its
study a great challenge'. As a result of advances in massive sequencing technologies, information on the bacte-
rial genome can be obtained quickly and efficiently through the sequencing of regions of the prokaryotic 16S
ribosomal RNA gene subunit?.
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Figure 1. Alpha and beta diversity plots. (A) Box-plot corresponding to the Shannon index (alpha diversity).
(B) Box-plot corresponding to the Chaol index (alpha diversity). (C) Principal coordinates analysis
corresponding to the Bray-Curtis dissimilarity index (beta diversity). Statistical analysis using the Kruskal—
Wallis test with Benjamini-Hochberg correction for multiple comparisons (false discovery rate). Asterisks refer
to the corrected p-value, where *p-value <0.05, **p-value <0.01 and ***p-value <0.001.

The role of intestinal bacterial microbiota has been described as key in the pathophysiology of Crohn’s
Disease (CD). Studies report a decrease in biodiversity and the number of phyla Bacteroidetes and Firmicutes,
such as Faecalibacterium prausnitzii (short-chain fatty acid (SCFA)-producing bacteria), as well as an increase
in Proteobacteria phyla such as Escherichia coli species, characteristic of patients with this disease compared to
healthy individuals®=>.

Anti-TNF therapy is nowadays one of the therapeutic pillars in the management of CD, but this treatment
can only treat the consequences of the disease, not its possible cause. Approximately one quarter of patients will
be primary non-responders to anti-TNF agents and one third of responders will experience loss of response
over the years®. To improve the efficacy of these drugs it is essential to study why these patients do not have an
optimal response. It has been described that anti-TNF treatment implies greater susceptibility to bacterial infec-
tion, caused by a loss of response capacity of the immune system’-'°.

Monitoring inflammatory activity and prognosis in patients with CD has traditionally been limited to the
control of clinical symptoms together with laboratory and imaging techniques, though not without numerous
limitations and drawbacks. In this regard, several studies have shown that the greater abundance of SCFA-
producing species can predict the effectiveness of infliximab (anti-TNF drug)''2, while other studies have
associated this greater abundance of SCFA with a sustained response to infliximab'® and a decrease in abundance
of Escherichia coli after treatment with this drug'®. Finally, one study has identified certain specific microbial
profiles that correlate with disease recurrence after achieving remission with infliximab®.

Therefore, in this study we hypothesized that changes in the composition of the intestinal microbiota in
CD patients who respond to anti-TNF drugs tend towards a microbiota similar to healthy controls versus non-
responders. We also establish the relationship between Faecalibacterium prausnitzii/Escherichia coli as a bio-
marker of response to this treatment'>""7.
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Figure 2. Bar charts showing mean values of ASV abundances at the phylum level in the four different
groups studied: healthy individuals (control), Crohn’s disease patients pre-treatment (t0) and patients post-
treatment (t1; in turn, classified into responders and non-responders).. “Other” refers to all phyla with an
initial representation less than 2% of abundaces, including Euryarchaeota, Actinobacteria, Cyanobacteria,
Elusimicrobia, Epsilonbacteraeota, Fusobacteria, Lentisphaerae, Patescibacteria, Tenericutes and
Verrucomicrobia.
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Figure 3. Bar charts showing mean values of ASV abundances at the family level in the four different groups
studied: healthy individuals (control), Crohn’s disease patients pre-treatment (t0) and patients post-treatment
(t1; in turn, classified into responders and non-responders). “Other” refers to all families with an initial
representation less than 2% of abundance.

Results

Intestinal microbiome in patients with Crohn’s Disease.  Of the 43 subjects included in the study, 27
were CD patients and 16 were healthy controls. Based on the data obtained concerning alpha diversity (Shannon
and Chaol index) and beta diversity (Bray—Curtis index), a statistically significant decrease was found in the

richness and diversity of microbial communities in CD patients compared to the healthy controls (Fig. 1A-C).

In addition, an initial taxonomic analysis at the phylum level indicated a significant increase in Proteobac-
teria, Actinobacteria and Fusobacteria in CD patients compared to healthy individuals (p-value < 0.05) (Fig. 2).
Further taxonomic study at the family level indicated the pre-treatment group was significantly characterized
by a lower representation of Ruminococcaceae and Christensenellaceae (p-value <0.01) and an increase in numer-
ous bacterial families, notably Enterobacteriaceae, Erysipelotrichaceae and Bifidobacteriaceae (p-value <0.05)

(Fig. 3).

Scientific Reports |

(2021) 11:10016 |

https://doi.org/10.1038/s41598-021-88823-2 nature portfolio



www.nature.com/scientificreports/

100 u Bacteroides
Faecalibacterium

M Blautia
Agathobacter

75 Subdoligranulum
Ruminococcus 2

u Fusicatenibacter

= Dorea

50 m Alistipes

I Anaerostipes

= Eubacterium (hallii group)

Relative Abundance (%)

B Ruminococcaceae bacterium UCG-002

Clostridium 1
25
Romboutsia

Bifidobacterium

Parabacteroides

Escherichia-Shigella

Other
Ctrl Pre Post-Success  Post-Failure

Figure 4. Bar charts showing mean values of ASV abundances at the genus level in the four different groups
studied: healthy individuals (control), Crohn’s disease patients pre-treatment (t0) and patients post-treatment
(t1; in turn, classified into responders and non-responders). “Other” refers to all genera with an initial
representation less than 2% of abundance.

At the genus level, the analyses carried out showed statistically significant differences in the concentration of
a high number of bacterial genera. Notable among them was the decrease in Ruminococcus, Agathobacter, Dorea
and Fusicatenibacter in CD, as well as the increase in the genus Blautia, Escherichia/Shigella, Bifidobacterium
and Lachnoclostridium compared to the control group. Finally, at the species level, a lower representation of
Bacteroides plebeius, Alistipes obesi, Gabonia massiliensis and Faecalibacterium prausnitzii was found in the CD
microbiota compared to that of healthy controls (Fig. 4).

Partial restoration of the intestinal microbiome in patients who responded to anti-TNF treat-
ment. The included CD patients were classified as responders (n=13) and non-responders (n=14) after
clinical and analytical evaluation 24 weeks after initiation of anti-TNF therapy, as described above. Biostatisti-
cal studies on alpha and beta diversity showed significant differences between the non-responder group and
the control group, while no significant differences were observed between responders and the control group
(Fig. 1A-C).

In the taxonomic study, the concentration of genera such as Escherichia/Shigella increased significantly, and
concentrations of Faecalibacterium and Agathobacter decreased in the non-responder group compared to healthy
individuals. In the responder group, we highlight the importance of the elevated restoration in bacteria belong-
ing to a determinant class such as Clostridia due to their anti-inflammatory metabolic functions; while those
members of the order Enterobacterales, especially the genus Escherichia/Shigella, did not achieve the desired
decrease in concentration but still showed significant differences between the microbiota of responders and
that of the control group. Finally, the taxonomic level of species presented higher significant representations of
Bacteroides plebeius, Alistipes obesi and Faecalibacterium prausnitzii in healthy individuals with respect to both
groups of patients (Fig. 5A,B).

Differences in genera in responders and non-responders. Biostatistical studies on alpha and beta
diversity indicated significant differences between the non-responders and the responders (Fig. 1A-C). The
intestinal microbiome in patients who did not respond to anti-TNF was notable for the high concentration of
bacteria belonging to the phylum Proteobacteria, specifically the order Enterobacteria and especially the genus
Escherichia/Shigella. However, in the responder group, the phyla Bacteroidetes and Firmicutes had a greater
significant representation; of the latter, those belonging to the class Clostridia predominated, particularly the
genera Faecalibacterium, Romboutsia, Coprococcus, Dorea, Roseburia, Anaerostipes or Lachnospira, all of which
had a log score above 3.5 (Fig. 6).

The intestinal microbiome as a biomarker of therapeutic response through the Faecalibacte-
rium prausnitzii/fEscherichia coli (F/E) ratio. The results obtained make it possible to choose two spe-
cific species, Faecalibacterium prausnitzii and Escherichia coli, as the main representatives of two genera strongly
linked to intestinal eubiosis/dysbiosis in the context of inflammatory activity in CD and therefore the F/E ratio
could be a marker of therapeutic response. The implementation of the ddPCR technique made it possible to
evaluate the F/E ratio, finding statistically significant results between the control and pre-treatment groups, the
controls and non-responders and, above all, between responders and non-responders to the anti-TNF treatment
studied. In addition, it should be noted that there were no significant differences between the control group and
anti-TNF responders (Fig. 7).

Finally, an ROC (receiver operating characteristic) curve analysis was performed®, with an area under the
curve (AUC) value for the F/E ratio equal to 0.874 (95% CI 0.741-1.000; p=0.001), which is superior to other
biomarkers currently used to monitor patients with CD in routine clinical practice, such as calprotectin fecal
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Figure 5. Differences in taxa abundance between (A) non-responders and (B) responders, compared to healthy
individuals. The search for differential taxa was performed using LEfSe (Kruskal-Wallis test between classes,
p-value <0.05; threshold for discriminative taxa, logarithmic LDA score>3.5).
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Figure 6. Differences in taxa abundance between responders and non-responders. Taxa with greater differences
between the microbiota of both groups. The search for differential taxa was performed using LEfSe (Kruskal-
Wallis test between classes, p-value < 0.05; threshold for discriminative taxa, logarithmic LDA score > 3.5).
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Figure 7. F/E ratio results. Statistical analysis using the Kruskal-Wallis test with Benjamini-Hochberg
correction for multiple comparisons (false discovery rate). Asterisks refer to the corrected p-value, where *
p-value <0.05, ** p-value <0.01 and *** p-value <0.001.
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Figure 8. ROC curves for evaluation of the potential of the F/E ratio, calprotectin and HBI as biomarkers of
therapeutic response. The value of the area under the curve (AUC) indicates the ability of each set of parameters
studied as biomarkers of response in anti-TNF treatments.

(FC) with AUC=0.816 (95% CI 0.642-0.989; p =0.005), and Harvey-Bradshaw index with AUC=0.615 (95%
CI 0.400-0.831; p=0.385) (Fig. 8), or other possible indicators such as Microbial Dysbiosis Index (MD-index)
with AUC=0.692 (95% CI 0.349-0.836, p = 0.385), log| Escherichia coli] with AUC=0.602 (95% CI 0.383-0.820;
p=0.369) and log[Faecalibacterium prausnitzii] with AUC=0.824 (95% CI 0.668-0.981; p=0.004).

The cut-off points calculated using the Youden index of maximum sensitivity and specificity have been for
the F/E ratio <0.037 (Youden index = 0.495; sensitivity =0.923 and specificity = 0.429) and for FC=100.5 pg/g
(Youden index =0.709; sensitivity = 0.923 and specificity = 0.786).

Materials and methods
Patient cohorts and clinical evaluation. A total of 43 subjects were evaluated, divided into a cohort of
27 CD patients (15 men), with a mean age of 41.4+17.4 years (Table 1) who required anti-TNF treatment to
control the disease, and a group of 16 healthy individuals (8 men) with a mean age of 29.3+7.2 years, family
members of the CD patients, who shared the same lifestyle, eating habits and similar epidemiological character-
istics, with no significant differences with respect to the main clinical and epidemiological variables analyzed.
The patients were recruited from eight hospitals in the Valencian Community. Treatment with anti-TNF
was initiated under medical prescription according to routine clinical practice and is listed in the data sheet.
Administration of this drug was therefore not promoted by this study. The clinical and demographic variables
are given in Table 1.
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Variables N (%); mean +SD
Men 19 (55.9)
Age (years) 34.6+15.0
Extent of disease

Tleum 15 (44.1)
Tleocolic 14 (41.2)
Colon 4(11.8)
Upper gastrointestinal tract 1(2.9)
Pattern of disease

Inflammatory 20 (58.8)
Stenosing 11 (32.4)
Fistulizing 3(8.8)
Associated perianal disease 7 (20.6)
Smoking habit

Smoker 17 (50)
Former smoker 2(5.8)
Never smoked 15 (44.1)
Associated extra-intestinal manifestations 6(17.6)
Anti-TNF

IFX 19 (55.9)
ADA 15 (44.1)
Anti-TNF indication

Failure of IS 7 (20.6)
Corticosteroid-dependent 5(14.7)
Flare-up activity 11 (32.4)
Fistulizing disease 2(5.9)
Top-down strategy 7 (20.6)
Treatments before starting anti-TNF

5-ASA 19 (55.9)
Azathioprine 23 (67.6)
Corticosteroids 22 (64.7)
Methotrexate 2(5.9)
Concomitant treatment with anti-TNF

5-ASA 7 (20.6)
Azathioprine 19 (55.9)
Corticosteroids for induction 15 (44.1)
Methotrexate 129
Baseline clinical status (Harvey-Bradshaw Index)
Moderate/severe activity (>8 points) 17 (50)
Baseline endoscopy 23 (67.6)
Moderate/severe activity 20 (87)
Baseline MRI enterography 20 (58.8)
Moderate/severe activity 15 (75)

Table 1. Clinical and demographic variables of the patients (total n=27). IFX infliximab, ADA adalimumab,
IS immunosuppressive drugs, 5-ASA 5-aminosalicylic acid, MRI magnetic resonance imaging.

Excluded from the study were all subjects who had taken antibiotics, probiotics and/or PPIs during the
4 weeks prior to study inclusion; patients with chronic HCV hepatitis and chronic HIV infection; indication for
anti-TNF other than for control of their luminal disease (e.g. enteropathic arthropathy, perianal disease, preven-
tion of recurrence, etc.); patients with previous ileum or colon surgerys and previous anti-TNF treatment in the
24 weeks prior to commencement of the study.

The study patients were prospectively monitored during the first 6 months of anti-TNF treatment. The pres-
ence of inflammatory activity was determined by calculation of the Harvey-Bradshaw index, biological activity
by means of laboratory analytical data including complete blood count, albumin, C-reactive protein and fecal
calprotectin (FC) prior to anti-TNF exposure and at 3 and 6 months after treatment, as well as stool cultures and
parasites in stools to rule out concomitant infection, all during follow-up and whenever clinical changes were
seen in the patient, in accordance with routine clinical practice. Thus, with these data, each patient was classified
as either a responder or a non-responder.
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Stool sample collection. Fecal samples were collected for analysis of intestinal microbiota, prior to expo-
sure to the anti-TNF drug and 6 months after initiation of treatment, and stored in the laboratory of each center
at - 20 °C.

All the subjects were given a 3-day dietary intake questionnaire prior to stool collection. The same 3-day diet
was followed before the 6-month stool collection, in order to minimize dietary bias.

Sequencing and bioinformatics. DNA was obtained from 200 mg of stool using the QIAamp PowerFecal
Pro kit (QIAGEN), through mechanical and enzymatic lysis. The V3 and V4 region of the 16S rRNA subunit?
was then amplified and sequencing was performed following the Library Illumina 15044223 B protocol and
the MiSeq platform (ILLUMINA) 2x300 bp configuration (ADM-Lifesequencing S.L., Valencia). Sequencing
data were processed following the Microbiome bioinformatics protocol with QIIME2 (Quantitative Insights
Into Microbial Ecology) version 2019.4'8. Raw sequences were analyzed using DADA2 (Divisive Amplicon
Denoising Algorithm) and clustered into Amplicon Sequence Variants (ASVs)!*?, (via q2-dada2). All amplicon
sequence variants (ASVs) were aligned with mafft (Katoh et al. 2002) (via q2-alignment) and used to construct
a phylogeny with fasttree2 (Price et al. 2010) (via q2-phylogeny). Alpha-diversity metrics (observed features and
Faith’s Phylogenetic Diversity (Faith 1992)), beta diversity metrics (weighted UniFrac (Lozupone et al. 2007),
unweighted UniFrac (Lozupone et al. 2005), Jaccard distance, and Bray-Curtis dissimilarity), and Principle
Coordinate Analysis (PCoA) were estimated using q2-diversity after samples were rarefied to the minimum fea-
ture count (value of 2311.6) observed across all of them during alpha and beta diversity analyses. Taxonomy was
assigned to ASV's using the q2-feature-classifier (Bokulich et al. 2018a) classify-sklearn naive Bayes taxonomy
classifier at different levels, against the SILVA 16 s IRNA gene reference database (v132, set NR99)*'.

Search for and evaluation of potential biomarkers. To identify potential non-invasive biomark-
ers from the characterization of the intestinal microbiome in various stages of CD, LEfSe (Linear Discrimi-
nant Analysis Effect Size) was used®. In addition, the absolute quantification of Faecalibacterium prausnitzii,
Escherichia coli, and the total bacteria species present was studied using the QX200 Droplet Digital PCR system
(ddPCR; Bio-Rad Laboratories), following the ddPCR Multiplex Supermix (BIORAD) kit protocol>*-¢. For
this, the appropriate primers and probes were selected to perform a triplex PCR together with the optimization
of their concentrations and thermal programs®*-2¢. The QuantaSoft program version 1.7.4 was used to export
the recorded amplitude data. The Faecalibacterium prausnitzii/Escherichia coli (F/E) ratio analysis was normal-
ized using the following equation ([log10 (copies/pL F. prausnitzii) - logl0 (copies/uL E. coli)] / [logl0 (copies/
uL ARNr 16S])%

Statistical analysis. The study of ROC curves (AUC values)®, were carried out using the statistical pro-
gram IBM SPSS Statistics 26.0. The statistical analysis to obtain the concentration values required for the cal-
culation of the F/E ratio through the ddPCR technique was performed through an adaptation of ddPCRmulti,
a semi-automatic application based on R version 3.6%. In the ROC curves of each of the possible indicators
associated with the success of treatment with anti-TNFs, the cut-off values for greater sensitivity and specificity
have been calculated using the index Youden (sensitivity + specificity-1). In the bivariate analysis, the Bonferroni
correction for multiple comparisons was made, setting the level of significance at p <0.0125.

Ethical considerations. The study was carried out in strict accordance with the international ethical rec-
ommendations for research and clinical trials in humans contained in the Declaration of Helsinki and was classi-
fied by the Spanish Agency of Medicines and Healthcare Products as a prospective follow-up post-authorization
study on February 12, 2015 (FXC-TNF-2015-01). It was subsequently approved by the Clinical Research Ethics
Committee of Sagunto Hospital on July 22, 2015 (FXC-TNF-2015-01) and endorsed by the local ethics com-
mittees of all the participating centers. Written informed consent was obtained from the patients and the study
participants.

Discussion

This study, in agreement with others, shows that CD is characterized by dysbiosis, i.e. an imbalance in gut bacte-
ria compared to healthy persons, in terms of low alpha and beta biodiversity*~*?, and by a marked reduction in
bacteria belonging to the class Clostridia, mainly SCFA-producing genera, with anti-inflammatory properties.
In contrast, there was an increase in the representation of phylum Proteobacteria, mainly of the genus Escheri-
chia/Shigella (pro-inflammatory). However, a higher relative abundance of the genus Blautia was also found in
patients, while other studies reported its decrease in CD**3,

Regarding the changes observed after anti-TNF treatment, a therapy that has demonstrated a high remission
rate in CD patients, we saw that responders presented a partial restoration of the microbiome characteristic of
healthy individuals, that is, they presented a tendency towards eubiosis, with a significant increase in bacteria
belonging to the class Clostridia, with anti-inflammatory metabolic functions. However, those members of
the order Enterobacterales, especially the genus Escherichia/Shigella (pro-inflammatory), although significantly
reduced in the responders compared to baseline, did not reach significance compared to healthy controls. Accord-
ingly, this is considered a partial restoration'**.

The study of differential microbiota in anti-TNF responders and non-responders enabled us to establish
two bacterial species, Faecalibacterium prausnitzii and Escherichia coli, as those with the most suitable char-
acteristics for use as biomarkers of therapeutic response®>!"', given the high relative abundance of the genus
Escherichia/Shigella in non-responders and a greater representation of the genus Faecalibacterium in responders
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F/E index>0.037 | FC<100.5 ug/g
n (%) N (%)
Anti-TNF responders (n=13) 12 (92.3) 12 (92.3)
Anti-TNF non-responders (n=14) 6(42.9) 3(21.4)
P value test Chi square 0.006 <0.001
Sensitivity 92.3% 92.3%
Specificity 57.1% 78.6%
Positive predictive value 66.7% 80.0%
Negative predictive value 88.9% 91.7%

Table 2. True positives, false positives, sensitivity, specificity and predictive values obtained in the sample
analyzed using the F/E index and FC.

to this therapy. With all this, we calculated the F/E ratio, previously described in another study, as a marker of
dysbiosis'*, through its absolute quantification by ddPCR and found significant differences between respond-
ers and non-responders. In contrast, no significant differences were found between responders and healthy
controls. This is therefore a promising result in the search for rapid methods of analysis, such as biomarkers of
therapeutic response.

The results obtained reinforce the importance of the role of the intestinal microbiome, particularly the loss
of capacity in CD patients for inflammation regulation and epithelial repair, highlighting its partial recovery in
responding patients after an increase in the abundance of certain SCFA-producing genera such as Faecalibac-
terium. These fatty acids, produced by the bacterial fermentation of non-digestible carbohydrates, constitute a
source of colonic energy, in addition to their influence on the determination of the intestinal environment, influ-
encing transit, nutrient uptake, pH and microbial balance. Thus, they also present important immunomodulatory
and anti-inflammatory properties, mainly through the control of T-regulatory cell homeostasis. For example, the
secretion of metabolites from Faecalibacterium prausnitzii can block the activation of NF-kB and the production
of IL-8, affecting the inflammatory cascade®***’.

The statistical analyses performed show promising results concerning the potential of the F/E ratio as a bio-
marker of therapeutic response based on the relationship between the intestinal microbiome and CD. Indeed, it
was superior to other biomarkers such as FC and the Harvey-Bradshaw index currently used in monitoring this
disease in routine clinical practice. The use of the F/E ratio, either alone or in combination with other biomarkers,
could be a new therapeutic objective in this disease, although validation studies are needed prior to its introduc-
tion into clinical practice. New clinical studies may provide further evidence of its potential use as a biomarker
with non-invasive anti-TNF response samples in CD, allowing decision-making about therapy to manage CD,
modifying treatments according to whether or not it is possible to achieve a microbiota similar to that of healthy
subjects. In this way, the course of the disease can be changed based on its pathogenesis, i.e. dysbiosis, and not,
as has been done up to now, through its consequences such as the inflammatory cascade using measurements
such as FC or invasive techniques such as endoscopy.

Thus, with the cut-off points obtained, the number of anti-TNF responders coincides with both parameters
(fecal calprotectin and F/E index), whose distribution is presented in Table 2.

Although this cut-off point does not statistically exceed fecal calprotectin, it could be a good predictor of res-
toration of intestinal microbiota associated with a response to anti-TNF treatment. It could even predict response
by determining it before the start of treatment if these values of sensitivity and specificity were maintained when
expanding the sample size in the future. In this way, establish which patients to offer anti-TNF and in whom we
should look for other alternatives.

Among the strengths, in addition to the implications for clinical practice by establishing the F/E ratio as a
novel non-invasive tool in therapeutic decision-making, it should be noted that the healthy individuals included
were family members of the patients, with absolutely similar diets and therefore perfectly comparable. Moreover,
to further minimize dietary bias, at six months the patients consumed the same diet for the 3 days prior to the
first stool collection. This was not done in any of the other studies published to date.

One of the limitations is that as this was an observational, non-interventional study, confounding factors may
have been present between treatment allocation and outcomes, in comparative analyses of response rates. In
addition, patient samples that do not represent real-world clinical practices may have been included, for example,
heterogeneous patients with respect to their previous anti-TNF treatments. Another limitation is the reduced
number of patients included due to the inherent cost of the technique, which prevented the inclusion of the same
number of healthy subjects as patients. Furthermore, although it is a multicenter study, the number of patients
who are incorporated into anti-TNF treatment and who meet all the inclusion and exclusion criteria is limited,
even more so the number of blood relatives living with the patient and with a diet similar to that used as a control.
It should be noted, however, that our sample size for the CD patient group was similar to that published to date in
studies with a similar design®® and that the results allow this number of patients to respond to the objectives set.

Conclusions

CD is characterized by dysbiosis, with reduced class Clostridia bacteria, mainly genera associated with the SCFA
production. Anti-TNF therapy in responding patients partially restores the intestinal microbiome to become
almost similar to the microbiota of healthy individuals. The F/E ratio, as a non-invasive biomarker, allows
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differentiation between responders and non-responders, with good levels of sensitivity and specificity compared
to other biomarkers currently used in clinical practice.

Received: 12 July 2020; Accepted: 14 April 2021
Published online: 11 May 2021

References
1. Methé, B. A. et al. A framework for human microbiome research. Nature 486, 215-221 (2012).
2. Klindworth, A. et al. Evaluation of general 16S ribosomal RNA gene PCR primers for classical and next-generation sequencing-
based diversity studies. Nucleic Acids Res. 41, 1-11 (2013).
3. Zuo, T. & Ng, S. C. The Gut microbiota in the pathogenesis and therapeutics of inflammatory bowel disease. Front. Microbiol. 9,
2247 (2018).
4. Collins, S. M. A role for the gut microbiota in IBS. Nat. Rev. Gastroenterol. Hepatol. 11, 497-505 (2014).
5. Lopez-Siles, M. et al. Mucosa-associated Faecalibacterium prausnitzii and Escherichia coli co-abundance can distinguish Irritable
Bowel Syndrome and Inflammatory Bowel Disease phenotypes. Int. J. Med. Microbiol. 304, 464-475 (2014).
6. Rajca, S. et al. Alterations in the intestinal microbiome (dysbiosis) as a predictor of relapse after infliximab withdrawal in Crohn’s
disease. Inflamm. Bowel Dis. 20, 978-986 (2014).
7. Qasem, A. et al. TNFa inhibitors exacerbate Mycobacterium paratuberculosis infection in tissue culture: A rationale for poor
response of patients with Crohn’s disease to current approved therapy. BM] Open Gastroenterol. 5, €000216 (2018).
8. Qasem, A. et al. The alternate effects of anti-TNFa therapeutics and their role in mycobacterial granulomatous infection in Crohn’s
disease. Expert Rev. Anti Infect. Ther. 15, 637-643 (2017).
9. Qasem, A. et al. Genetic polymorphisms in tumour necrosis factor receptors (TNFRSF1A/1B) illustrate differential treatment
response to TNFa inhibitors in patients with Crohn’s disease. BMJ Open Gastroenterol. 6(1), €000246 (2019).
10. Cao, B. L. et al. Systematic review and meta-analysis on the association of tuberculosis in Crohn’s disease patients treated with
tumor necrosis factor-a inhibitors (Anti-TNFa). World ]. Gastroenterol. 24, 2764-2775 (2018).
11. Zhou, Y,, et al. Gut microbiota offers universal biomarkers across ethnicity in inflammatory bowel disease diagnosis and infliximab
response prediction. mSystems. 3, 1-14 (2018).
12. Magnusson, M. K. et al. Anti-TNF therapy response in patients with ulcerative colitis is associated with colonic antimicrobial
peptide expression and microbiota composition. J. Crohn’s Colitis. 10, 943-952 (2016).
13. Wang, Y. et al. Characteristics of faecal microbiota in paediatric Crohn’s disease and their dynamic changes during infliximab
therapy. J. Crohn’s Colitis. 1, 1-10 (2017).
14. Busquets, D. et al. Anti-tumour necrosis factor treatment with adalimumab induces changes in the microbiota of Crohn’s Disease.
J. Crohn’s Colitis. 9, 899-906 (2015).
15. Iebba, V. et al. Eubiosis and dysbiosis: The two sides of the microbiota. New Microbiol. 39, 1-12 (2016).
16. Fitzgerald, C. B. et al. Comparative analysis of Faecalibacterium prausnitzii genomes shows a high level of genome plasticity and
warrants separation into new species-level taxa. BMC Genomics 19, 931 (2018).
17. Lopez-Siles, M. et al. Faecalibacterium prausnitzii: From microbiology to diagnostics and prognostics. ISME J. 11, 841-852 (2017).
18. Callahan, B.]. et al. DADA2: High-resolution sample inference from Illumina amplicon data. Nat. Methods. 13, 581-583 (2016).
19. Callahan, B. J., McMurdie, P. ]. & Holmes, S. P. Exact sequence variants should replace operational taxonomic units in marker-gene
data analysis. ISME J. 11, 2639-2643 (2017).
20. Bolyen, E. et al. Reproducible, interactive, scalable and extensible microbiome data science using QIIME 2. Nat. Biotechnol. 37,
852-857 (2019).
21. Quast, C. et al. The SILVA ribosomal RNA gene database project: improved data processing and web-based tools. Nucleic Acids
Res. 41, D590-D596 (2013).
22. Segata, N. et al. Metagenomic biomarker discovery and explanation. Genome Biol. 12, R60 (2011).
23. Dobnik, D., Stebih, D., Blejec, A., Morisset, D. & Zel, J. Multiplex quantification of four DNA targets in one reaction with Bio-Rad
droplet digital PCR system for GMO detection. Sci. Rep. 6, 1-9 (2016).
24. Postel, M., Roosen, A., Laurent-Puig, P, Taly, V. & Wang-Renault, S. E Droplet-based digital PCR and next generation sequencing
for monitoring circulating tumor DNA: a cancer diagnostic perspective. Exp. Rev. Mol. Diagn. 18, 7-17 (2018).
25. Huijsdens, X. W. et al. Quantification of bacteria adherent to gastrointestinal mucosa by real-time PCR. J. Clin. Microbiol. 40,
44234427 (2002).
26. Furet, J. P. et al. Comparative assessment of human and farm animal faecal microbiota using real-time quantitative PCR. FEMS
Microbiol. Ecol. 68, 351-362 (2009).
27. Kuypers, J. & Jerome, K. R. Applications of digital PCR for clinical microbiology. J. Clin. Microbiol. 55, 1621-1628 (2017).
28. Grund, B. & Sabin, C. Analysis of Biomarker Data: logs, odds ratios and ROC curves. Curr. Opin. HIV AIDS. 5, 473-479 (2010).
29. Ren, B. et al. The treatment-naive microbiome in new-onset Crohn’s disease. Cell Host Microbe. 15, 382-392 (2014).
30. Pascal, V. et al. A microbial signature for Crohn’s disease. Gut 66, 813-822 (2017).
31. Manichanh, C. et al. Reduced diversity of faecal microbiota in Crohn’s disease revealed by a metagenomic approach. Gut 55,
205-211 (2006).
32. Hofer, U. Microbiome: Bacterial imbalance in Crohn’s disease. Nat. Rev. Microbiol. 12, 312-313 (2014).
33. Yilmaz, B. et al. Microbial network disturbances in relapsing refractory Crohn’s disease. Nat. Med. 25,701-701 (2019).
34. Ananthakrishnan, A. N. et al. Gut microbiome function predicts response to anti-integrin biologic therapy in inflammatory bowel
diseases. Cell Host Microbe. 21, 603-610 (2017).
35. Shaw, K. A. et al. Dysbiosis, inflammation, and response to treatment: A longitudinal study of pediatric subjects with newly diag-
nosed inflammatory bowel disease. Genome Med. 8, 1-13 (2016).
36. Cao, Y, Shen, J. & Ran, Z. H. Association between Faecalibacterium prausnitzii reduction and inflammatory bowel disease: A
meta-analysis and systematic review of the literature. Gastroenterol. Res. Pract. 2014, 872725 (2014).
37. Galazzo, G. et al. Faecal microbiota dynamics and their relation to disease course in Crohn’s disease. J. Crohn’s Colitis. 13, 1273-2128
(2019).
38. Estevinho, M. M. et al. Features of fecal and colon microbiomes associate with responses to biologic therapies for inflammatory
bowel diseases: A systematic review. Clin. Gastroenterol. Hepatol. 18, 1054-1069 (2020).
Acknowledgements

The author’s thank Maria Repice for her help with the English version of the manuscript.

Author contributions
L.S.A participated in the design of the study, recruitment, sample collection and writing of the manuscript,
reviewed the content, and fully approved the final version for submission. JEM.B participated in the design of

Scientific Reports|  (2021) 11:10016 | https://doi.org/10.1038/s41598-021-88823-2 nature portfolio



www.nature.com/scientificreports/

the study, performed the sequencing and bioinformatics analysis of the samples collected, and also participated
in the writing of the manuscript. S.M.V participated in the design of the study related to intestinal microbiota
analysis and contributed to the statistical analysis plan, sequencing and bioinformatics analysis. E.C.C partici-
pated in the design of the study, contributed to the statistical analysis plan and also participated in the writing of
the manuscript, the review of important intellectual content and fully approved the final version for submission.
M.V.G, M.I.C, JM.P.A, M.B.W, JM.H.M and R.G.B contributed to the process of patient inclusion, patient moni-
toring and data recording. J.R.M participated in the design of the study and its coordination. X.C.R conceived
the study and participated in the overall design, contributed to the process of patient inclusion, monitoring and
helped write the manuscript by reviewing important intellectual content and fully approved the final version for
submission. And all authors have read and approved the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to L.S.-A., JJEM.-B. or E.C.-C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:10016 | https://doi.org/10.1038/s41598-021-88823-2 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Evaluation of changes in intestinal microbiota in Crohn’s disease patients after anti-TNF alpha treatment
	Results
	Intestinal microbiome in patients with Crohn’s Disease. 
	Partial restoration of the intestinal microbiome in patients who responded to anti-TNF treatment. 
	Differences in genera in responders and non-responders. 
	The intestinal microbiome as a biomarker of therapeutic response through the Faecalibacterium prausnitziiEscherichia coli (FE) ratio. 

	Materials and methods
	Patient cohorts and clinical evaluation. 
	Stool sample collection. 
	Sequencing and bioinformatics. 
	Search for and evaluation of potential biomarkers. 
	Statistical analysis. 
	Ethical considerations. 

	Discussion
	Conclusions
	References
	Acknowledgements


