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ORIGINAL ARTICLE

Faecal microbiota signatures of IBD and their relation to diagnosis, disease
phenotype, inflammation, treatment escalation and anti-TNF response in a
European Multicentre Study (IBD-Character)
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Biology (EpiGen), Division of Medicine, Akershus University Hospital, Lørenskog, Norway; gHealth Services Research Unit, Akershus University
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ABSTRACT
Method: We examined faecal samples, using the GA-mapTM Dysbiosis Test, to associate gut microbiota
composition with Crohn’s disease (CD) and ulcerative colitis (UC) and to identify markers for future
biomarker identification. We conducted a prospective case-control study (EU-ref. no. 305676) in an
inception cohort of 324 individuals (64CD, 84 UC, 116 symptomatic non-IBD controls and 44 healthy
controls) across five European centres and examined 54 predetermined bacterial markers. We catego-
rized patients according to the Montreal Classification and calculated the dysbiosis index (DI). Non-
parametric tests were used to compare groups and the Bonferroni correction to adjust for multiple
comparisons.
Results: The fluorescent signals (FSSs) for Firmicutes and Eubacterium hallii were lower in inflammatory
bowel disease (IBD) vs. symptomatic controls (p<.05). FSS for Firmicutes, Lachnospiraceae, Eubacterium
hallii and Ruminococcus albus/bromii were lower, whereas the signal for Bacteroides Fragilis was higher
in UC vs. symptomatic controls (p<.05). FSS was higher for Bifidobacterium spp., Eubacterium hallii,
Actinobacteria and Firmicutes among patients with ulcerative proctitis, compared to extensive colitis
(p<.05). In CD, we observed no association with disease location. The DI correlated with faecal-calpro-
tectin in both CD and in UC (p<.001). In terms of treatment escalation and anti-TNF response, differen-
ces were observed for some bacterial markers, but none of these associations were statistically
significant.
Conclusion: Our data reveal that the GA-mapTM Dysbiosis Test holds the potential to characterize the
faecal microbiota composition and to assess the degree of dysbiosis in new-onset IBD. On the other
hand, our results cannot demonstrate any proven diagnostic or predictive value of this method to sup-
port clinical decision making.
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Introduction

Inflammatory bowel disease (IBD), comprising the predomin-
ant forms Crohn’s disease (CD) and ulcerative colitis (UC), is a
complex disease, characterized by a chronic inflammation in
the gastrointestinal tract. The inflammation seems to arise
due to a dysregulated immune response to gut microbiota
in genetically susceptible individuals [1,2]. However, the com-
plex interactions between gut microbiota and the host are

still poorly understood and the precise pathophysiology of
IBD is yet to be determined.

Clinically, IBD represents a heterogeneous disorder with a
wide variety of clinical presentations and manifestations at
diagnosis. The subsequent disease course may vary from an
indolent disease to a severe course, refractory to medical
treatment and with need of repeated surgery. Patients with
an aggressive course are at increased risk of disease compli-
cations and morbidity [3]. As a result of the clinical
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heterogeneity, efforts have been made to identity prognostic
biomarkers of future disease course. Most previous studies
have defined the severity of the disease course, based on
the need of surgery or advanced therapies, such as biological
agents during follow-up [4]. Both in CD and in UC clinical
factors as age, disease location and behavior, have been
demonstrated to predict clinical outcome [3,5–7]. More
recently, studies utilising -omic technologies have identified
molecular markers of prognostic potential [8–10].

To tailor treatment in IBD, there has been a great focus
on the identification of predictors of response to specific
treatments such as anti-TNF. A number of clinical variables,
including age, body mass index, smoking and concurrent use
of immunomodulators, have been identified as potential pre-
dictive biomarkers of anti-TNF response [11–13]. However,
previous data are inconsistent, and few clinical variables are
used as predictors of individual therapies in clinical practice.
To guide clinical decision-making, objective tools to categor-
ize patients, predict disease course and treatment response,
are needed [14]. The gut microbiota is of great interest in
this respect, since its composition is believed to play a cen-
tral role in the initiation and propagation of the gastrointes-
tinal inflammation [15,16]. Driven by technology
improvements and the establishment of next-generation
sequencing platforms, significant progress has also been
achieved with respect to our possibility to characterize the
microbiota. Features of gut microbiota composition, includ-
ing the degree of dysbiosis, have been associated with vari-
ous subtypes of IBD, including phenotypes of CD [17].
However, the extent to which the clinical heterogeneity of
IBD is explained by differences in gut microbiota compos-
ition is largely unknown, since most previous studies have
examined prevalent patients with long-standing disease,
where results may be explained by differences in previous
treatments and disease history. Attempts to identify predict-
ive biomarkers of disease course and response to individual
therapies based on microbiota signatures have shown
diverging results [18–20]. In the present study, we assessed
the faecal microbiota composition and dysbiosis by the GA-
mapTM Dysbiosis Test, a kit designed to separate patient
groups and healthy individuals based on their bacterial pro-
file of the faecal microbiota [21].

We examined newly diagnosed IBD patients and healthy
controls, and the primary aim was to identify faecal micro-
biota signatures associated with IBD and their phenotypes.
The secondary aim was to identify faecal microbiota signa-
tures associated with future disease course and treat-
ment response.

Materials and methods

Study design

This is a prospective, multi-centre case-control study, where
patients with newly confirmed IBD, symptomatic controls
without IBD (non-IBD) and healthy controls, without any his-
tory of chronic gastrointestinal disease, were recruited across
five European gastrointestinal clinics, as part of the
‘Inflammatory Bowel Disease CHARACTERization by a multi-

modal integrated biomarker study’ (IBD-Character, reference
no. 305676) [22].

Study population

Patients, 18–70 years of age, referred to the gastroentero-
logical unit at five European hospitals, between May 2012
and September 2015, for suspected IBD, were invited to take
part in the study. Presence of gastrointestinal symptoms,
such as diarrhoea, abdominal pain and blood or mucus in
stool for >2 weeks, indicative of IBD, was an inclusion criter-
ion. Exclusion criteria were antibiotic use within 30 days prior
to baseline, gastrointestinal infections and other gastrointes-
tinal inflammatory diseases. The diagnosis of IBD was estab-
lished according to internationally accepted criteria,
following thorough clinical, microbiological, endoscopic,
histological and radiological evaluation [23]. We used the
Montreal classification to categorize the phenotypes of CD,
UC and IBD-U [24,25]. To assess clinical activity, the Harvey-
Bradshaw Index (HBI) was used for CD and the simple clinical
colitis activity index (SCCAI), as well as the partial Mayo score
for UC. Individuals with gastrointestinal symptoms, with no
endoscopic or histological signs of inflammation at inclusion,
and no discernible evidence of IBD during follow-up, were
classified as symptomatic non-IBD controls. To exclude other
inflammatory or infectious disease in the symptomatic non-
IBD patients, further investigations were done on clinical
indication. In non-IBD cases with persisting symptoms
1–2 months after inclusion, a follow-up f-calprotectin was
assessed. MRI and capsule-endoscopy were performed on
selected cases with high f-calprotectin. Upper endoscopy
was performed on clinical indication to exclude IBD and
other organic disease.

Treatment-naivety within the IBD cohort was defined as
no exposure to any IBD related medical therapies such as
5-ASA, corticosteroids, immunomodulators and biologics. In
addition, we included healthy controls, without any history
of chronic gastrointestinal symptoms (Table 1). Healthy con-
trols were not matched for age or sex, and they were
recruited from the two Swedish centers.

Clinical course of IBD

Clinical outcome data were collected from the medical
records for patients with IBD. We classified the disease
course as mild or severe based on the need of treatment
escalation (Table 2). A severe disease course was defined as
treatment escalation to a biologic agent, cyclosporine or sur-
gery, introduced for a disease flare or disease refractory to
primary treatment.

Predicting remission from anti-TNF therapy

For descriptive purposes, we also evaluated response to anti-
TNF treatment, among patients with IBD who were treated
with an anti-TNF agent during follow-up. Remission was
assessed at 14 weeks after initiation of anti-TNF treatment
(Supplementary Figure 1). For CD, remission was defined as
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HBI �3 points, CRP �3mg/l and no concomitant corticoster-
oid use [12,26,27]. For UC, remission was defined as partial
Mayo score �1, no concomitant steroid use and at least one
of the following criteria: (I) faecal calprotectin (f-calprotectin)
<250mg/kg, (II) CRP �3mg/l and (III) an endoscopic Mayo
subscore �1 [19,27].

Faecal calprotectin

f-Calprotectin was extracted and analysed with ELISA in a
single batch at the end of recruitment, according to the
manufacturer’s protocol (B€UHLMANN fCALTM, Sch€onenbuch,
Switzerland) [28].

GA-mapTM Dysbiosis Test

Faecal samples were collected in screw-capped plastic con-
tainers within two days prior to inclusion, kept at room tem-
perature for �2 days before being brought to the clinical
centre and stored in –20 �C, until shipment on dry ice to
Genetic Analysis. Bacterial DNA was extracted and processed
through 16S PCR [29]. The test measures relative bacterial
abundance based on the fluorescent signal (FSS) strength of
54 predetermined bacterial DNA markers targeting variable
regions of V3 to V9 of the bacterial 16S rRNA gene
(Supplementary Figure 2), giving a dysbiosis index (DI); range
1–5. The index gives information on the degree of deviation
of the gut microbiota composition in the test sample com-
pared to a healthy population [21,29]. The bacterial markers

Table 1. Demographic data, smoking status, clinical indices, biochemical and faecal markers, and phenotypes according to the Montreal classification.

CD UC IBDU Non-IBD HC

n 68 84 12 116 44

Demographic data
Median age at diagnosis (range) 29 (18–78) 33 (18–77) 35 (25–56) 29 (18–65) 26 (21–32)
Male, n (%) 39 (57) 41 (49) 5 (42) 45 (39) 21 (48)
Smoking current/former/non (% current) 21/18/46c (31.3) 7/32/77 (8.3) 0/8/12 (0) 30/21/85c (26.1) 3/9/41 (6.8)

Clinical indices
HBI (median, range) 6 (0–19)
SCCAI (median, range) 7 (0–15)

Biochemical parameters
CRP, mg/l (median, range) 4.3 (0.3–263) 3.7 (0.3–300) 1.1 (0.3–130) 1.8 (0.3–80) 1.5 (0.3–130)
Faecal calprotectin mg/kg (median, range) 888 (32–>6000) 1617 (32–>6000) 1465 (41–>6000) 70 (7–2647) 43 (7–312)

Montreal classification
Age at diagnosis CD
A1< 17 years 0 (0)
A2 17–40 years 53 (77.9)
A3> 40 years 15 (22.1)

Location/extension
L1 ileala/E1 proctitisb 25 (36.8) 25 (29.8) 1 (8.3)
L2 colonica/E2 left-sided colitisb 20 (29.4) 23 (27.4) 4 (33.3)
L3 ileocolonica/E3 extensive colitisb 23 (33.8) 36 (42.9) 7 (58.3)

Behaviour CDc

B1 non-stricturing, non-penetrating 56 (83.6)
B2 stricturing 2 (3.0)
B3 penetrating 5 (7.5)
B1p perianal modifier 2 (3.0)
B3p perianal modifier 2 (3.0)

All data for Montreal classification presented with number of cases (n) and percentage (%).
aCD.
bUC.
cMissing data for one patient.

Table 2. Escalation to anti TNF or cyA and/or surgery.

CD Escalation (n¼ 21) Non-escalation (n¼ 47)

Median (range) age at diagnosis, years 27 (18–66) 30 (20–78)
Location
L1 ileal, n (%) 5 (24) 15 (32)
L2 colonic, n (%) 6 (29) 19 (41)
L3 ileocolonic, n (%) 10 (47) 13 (27)

Median (range) CRP, mg/L 12.0 (0.34–263) 3.1 (0.3–78)
Median (range) f-calprotectin, mg/g 1524.5 (160 to >6000) 600.0 (32 to >6000)
UC Escalation (n¼ 20) Non-escalation (n¼ 64)
Median (range) age at diagnosis, years 29 (18–60) 36 (18–77)
Extension UC
Proctitis (E1), n (%) 0 (0) 25 (40)
Left-sided colitis (E2), n (%) 5 (25) 17 (27)
Extensive colitis (E3), n (%) 15 (75) 21 (33)

Median (range) CRP, mg/L 12.0 (0.43–300) 2.3 (0.30–204.0)
Median (range) f-calprotectin, mg/g 4425 (58 to >6000) 1384 (32 to >6000)

Baseline characteristics at inclusion in CD and UC.

SCANDINAVIAN JOURNAL OF GASTROENTEROLOGY 3

https://doi.org/10.1080/00365521.2020.1803396


were selected based on previous literature, and 165 healthy
individuals were used to develop a dysbiosis model and DI
score output. The representation of pathobionts is correlated
to increasing DI, whereas bacteria affiliated with anti-inflam-
matory properties decrease the DI. The method was further
validated, when 330 samples were analysed and demon-
strated dysbiosis in 70% of treatment naïve IBD, 80% of IBD
in remission, 73% in IBS and only 16% among healthy indi-
viduals [21]. All samples were analysed in a single batch and
lab-technicians were blinded for clinical data.

Statistical analyses

Continuous variables, representing clinical characteristics,
are presented as median and range, and categorical data
are presented as frequencies. Only markers with a detect-
able level in �10% of the samples were included in the
analyses. The DI was calculated based on the GA-mapVR

algorithm [21]. Normalized signal levels of each bacterial
marker were used for univariable comparisons. To account
for multiple comparisons, p values were adjusted using
Bonferroni’s correction approach with adjusted p value
reported. Principal component analyses (PCAs) plots of log-
transformed data were performed and score-plots were
visually inspected to identify possible differences between
groups. Analysis of similarities was calculated based on the
two first PCA axis with 1000 permutations and p value
describing the differences between groups reported. To
compare differences between groups univariably, we used
the Kruskal–Wallis rank sum test and the Wilcoxon rank
sum test. In the comparison between single bacterial
markers, all results with a Bonferroni adjusted p value were
reported together with a non-adjusted p value <.05. A
heatmap was visualising hierarchical cluster analysis based
on Euclidian distance, here each bacterial marker was nor-
malized by extracting the median of the normal population,
scaling the variance to 1 and truncating extreme values to
�2 and 2. In the heatmap, blue indicates lower signal than
the median of the normal population while red indicates
higher signal. Statistical analyses and data processing were
performed in R version 3.6.3 (R Foundation for Statistical
Computing, Vienna, Austria) [30].

Ethics

The study was conducted with informed consent and ethical
approval, in accordance with the Helsinki declaration. The
study has approval by Committees for Medical Research
Ethics in all countries.

Results

Altogether, 432 individuals provided a faecal sample at inclu-
sion. We excluded unfit samples (Supplementary Figure 3).
Clinical demographics of the final study cohort (N¼ 324) are
shown in Table 1. Among the 164 IBD patients, 117 were
treatment-naive and 47 were exposed to IBD-related medical
therapies (topical or systemic 5-ASA, N¼ 20; topical or

systemic corticosteroids, N¼ 37; azathioprine (AZA), N¼ 3;
anti-TNF N¼ 1) during the last six months before inclusion.
The mean duration from diagnosis to inclusion in the study
was 16 days.

Microbial composition among IBD patients,
symptomatic controls and healthy controls

We compared the microbial composition of samples from
IBD patients, symptomatic non-IBD controls and healthy con-
trols. Samples from IBD patients grouped closer to samples
from symptomatic non-IBD controls than to samples from
healthy controls. Further, samples from the healthy controls
were more similar to each other, grouped closer together,
than samples from the IBD and non-IBD samples, respect-
ively. Anosim p value was non-significant (Figure 1(A)). The
gut microbiota composition of treatment-naive IBD patients
was compared to the composition of IBD patients who had
been exposed to IBD-related drugs. No significant difference
was observed between the two groups (Supplementary
Figure 4) and the samples from treated and treatment-naive
IBD patients were, therefore, analysed together as
one group.

When comparing the five diagnostic groups, the FSS for
the markers detecting Lachnospiraceae, Mycoplasma hominis,
Eubacterium hallii, Clostridia, Firmicutes and Ruminococcus
albus/bromii significantly differed between CD, UC, IBD-U,
symptomatic controls and healthy controls (adjusted p value
<.05). The FSSs for Firmicutes and Eubacterium hallii were
significantly lower (adjusted p value <.05) in samples from
patients with IBD compared to symptomatic non-IBD con-
trols. Further, there were significantly lower FSSs (adjusted p
value <.05) for Lachnospiraceae and for Clostridia in UC com-
pared to CD (Figure 1(B)).

When comparing samples from patients with UC and
healthy controls, the FSSs for Mycoplasma hominis,
Eubacterium hallii, Firmicutes and Ruminococcus albus/R. bro-
mii were lower (adjusted p value <.05) in UC samples, while
the signals for Shigella spp., Escherichia spp. and
Streptococcus spp. 2 were higher (adjusted p value <.05)
(Supplementary Figure 5(A)). Correspondingly, the FSSs for
Mycoplasma hominis, Eubacterium hallii and Faecalibacterium
prausnitzii were lower (adjusted p value <.05) and the signal
for Ruminococcus gnavus was higher (adjusted p value <.05)
when samples from CD patients were compared to those
from healthy controls (Supplementary Figure 5(B)).

When comparing samples from patients with UC and
symptomatic non-IBD controls, the FSSs for the markers
detecting Firmicutes, Lachnospiraceae, Eubacterium hallii and
Ruminococcus albus/bromii were lower (adjusted p value
<.05) in UC, whereas the signal for Bacteroides fragilis was
higher (adjusted p value¼.04) (Supplementary Figure 6(A)).
No significant differences were observed between the
patients with CD and symptomatic non-IBD controls with
respect to FSSs (Supplementary Figure 6(B)).
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Microbial composition in different phenotypes of UC
and CD

In order to examine if there is an association between micro-
bial composition and phenotypes of UC, samples from
patients with extensive colitis (E3), left-sided colitis (E2), proc-
titis (E1) and healthy controls were compared. The microbial
compositions of patients with extensive and left-sided colitis
were more similar, and differed from the composition of
patients with proctitis and healthy controls (p¼.001) (Figure
2(A)). The FSS for Bifidobacterium spp., Eubacterium hallii,
Actinobacteria and Firmicutes was significantly lower in

patients with extensive/left-sided colitis compared to patients
with proctitis (adjusted p value <.05) (Figure 2(B)).

In contrast to the difference in microbial composition
across different phenotypes of UC, we did not observe any
difference when samples from patients with ileal (L1), colonic
(L2), ileocolonic (L3) CD and healthy controls were compared.
In fact, the microbial composition of CD patients with various
disease locations largely overlapped (anosim p¼.287). On the
other hand, they significantly differed from the healthy con-
trols (p¼.001) (Figure 2(C)). Numerically higher FSS strength
was observed for some bacterial markers, but none of these

Figure 1. (A) PCA of log transformed and scaled fluorescent signal strength, microbiota composition separating diagnostic groups (IBD, non-IBD and healthy con-
trols). The variation of all samples explained by each axis is given in breaks in the axis label. Ellipsoids are made to include 90% of the data in one group. Anosim
p value (the largest difference between two groups) in upper left corner. (B) Bacterial markers separating the diagnostic groups. Median is plotted as a thick line,
50% of the data visualized as a box from the 25% to the 75% quantile, whiskers indicate min and max, or min and max assuming that the data are normally dis-
tributed, while outliers are marked with circles. Non-adjusted p value is given in the upper left corner. Bonferroni’s adjusted p value is given in upper right corner.
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associations were statistically significant (Supplementary
Figure 7).

Unsupervised cluster analyses

A heatmap with all the 54 bacterial markers demonstrates
the complexity of the gut microbiota without recognizing
distinct clusters regarding diagnosis, phenotype or f-calpro-
tectin (Supplementary Figure 8).

Correlation between dysbiosis index and
inflammatory activity

To examine the correlation between degree of dysbiosis and
inflammatory activity, we correlated the DI with the concen-
tration of f-calprotectin. When all samples from patients (IBD
and symptomatic non-IBD) were analysed, the concentration
of f-calprotectin increased with the degree of DI independ-
ent of diagnosis (Figure 3(A)). The correlation remained sig-
nificant, when stratifying by diagnosis and analysing patients
with UC (Figure 3(B)), CD (Figure 3(C)) and symptomatic non-
IBD (Supplementary Figure 9) separately (log linear regres-
sion, p<.001).

The FSSs for the 54 bacterial markers are all influencing the
DI. Supplementary Figure 10 demonstrates the association

between every single bacterial marker and f-calprotectin. When
focusing on some dominating phylae in the figure, a rise in
Proteobacteria and a fall in Firmicutes associate to increasing f-
calprotectin, even though no strong correlation between single
bacterial markers and f-calprotectin can be found.

Microbial composition as predictor of disease course

Information on medical therapy and surgery during follow-
up was available for 158/164 (96%) patients with IBD.
In total, 41 patients (26%) required treatment escalation
(anti-TNF treatment, N¼ 29; cyclosporine A treatment, N¼ 1
and surgery, N¼ 11).

Among patients who escalated therapy, high symptom
scores were accompanied by endoscopic findings, increased
f-calprotectin levels and/or increased CRP concentrations,
whereas non-escalators had normal levels of clinical and bio-
chemical markers.

We aimed for a minimum of 12 months follow-up after
diagnosis, since most patient who experience treatment
escalation, escalate within 12 months [31]. In our cohort,
95% of the patients had a follow-up period of >12 months.
Of those who escalated, 90% of the patients with UC and
86% of the patients with CD escalated within 1 year
(Supplementary Figure 11). Among patients with UC, 20/84

Figure 2. (A) PCA of log transformed and scaled fluorescent signal strength for microbiota composition separating UC phenotypes. Anosim p value (the largest dif-
ference between two groups) in upper left corner. (B) Bacterial markers separating UC phenotypes [24]. (C) PCA of log transformed and scaled fluorescent signal
strength for microbiota composition separating CD phenotypes. Anosim p value (the largest difference between 2 groups) in upper left corner. Anosim p val-
ue¼.287 for CD phenotypes.
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(24%) experienced treatment escalation, whereas 21/68
(31%) patients with CD experienced treatment escalation. In
UC, concentrations of CRP and f-calprotectin at inclusion
were significantly higher among patients who escalated ther-
apy compared to patients who did not escalate therapy dur-
ing follow-up (p¼.02 and p¼.004, respectively).
Correspondingly, the concentration of CRP at inclusion was
significantly higher among patients with CD who eventually
escalated (p¼.005). The concentration of f-calprotectin at
inclusion was only numerically higher among patients with
CD who escalated (p¼.11). However, the microbial compos-
ition at inclusion largely overlapped between escalators and
non-escalators in both UC (Supplementary Figure 12) and CD
(Supplementary Figure 14). No significant difference was
observed between escalating patients and non-escalating
patients when the FSSs for individual bacterial markers were
compared, even though numerically different signals were
observed for some bacterial markers in both UC and CD
(Supplementary Figures 13 and 15).

Microbial composition as predictor of response to future
anti-TNF treatment

Data on response to anti-TNF therapy 14 weeks after initi-
ation of treatment, were available for 24/29 (83%) patients

who were treated with an anti-TNF agent at some time dur-
ing follow-up. Anti-TNF responders experienced a large drop
in CRP, f-calprotectin and symptoms, in compliance with the
definition of anti-TNF-induced remission (Supplementary
Figure 16). Altogether, 3/9 (33%) patients with UC and 5/15
(33%) patients with CD achieved remission 14 weeks after
the initiation of anti-TNF treatment. No significant difference
was found in the overall gut microbiota composition or in
specific bacterial markers between patients who achieved
remission and those who did not achieve remission, even
though numerically different FSS strengths were observed
for some bacterial markers when comparing samples from
remitters and non-remitters (Supplementary Figures 17–20).

Discussion

Using the GA-mapTM Dysbiosis Test and faecal samples
mostly collected prior to initiation of treatment in new-onset
patients, we studied the gut microbiota composition in one
of the largest adult IBD inception cohorts to date.

Numerous studies have reported alterations in the faecal
microbiota of patients with established IBD [17,32–34].
Bacterial taxa as Eubacterium hallii [35,36] and
Faecalibacterium prausnitzii [18,31,37] have demonstrated
properties promoting a healthy gut environment. On the

Figure 3. Log10 f-calprotectin (mg/kg) on vertical axis. Dysbiosis index score (DI) on horizontal axis. Dots are individual samples. (A) All samples. (B) UC samples
and (C) CD samples. Linear regression between log10 f-calprotectin (mg/kg) as outcome and dysbiosis index (DI) score as dependent variable explained 75.6% (A),
87.3% (B) and 83.6% (C) of the variation in the observations (p<.001 for all three regressions).
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other hand, taxa as Ruminococcus gnavus [38] and Shigella
spp. and Escherichia spp. [39,40], have been shown to act as
pathobionts with pro-inflammatory and mucin-degrading
capabilities. In accordance with previous literature [19,21,41],
we observed lower FSSs for Mycoplasma hominis,
Eubacterium hallii, Firmicutes and Ruminococcus albus/R. bro-
mii and higher FSSs for Shigella spp. and Escherichia spp., as
well as Streptococcus spp. 2 in UC compared to healthy con-
trols (Supplementary Figure 5(A)). When comparing CD and
healthy controls, our findings also were in accordance with
previous literature [18,42–44], with lower signals of markers
detecting Mycoplasma hominis, Eubacterium hallii and
Faecalibacterium prausnitzii, and higher signal for
Ruminococcus gnavus in CD (Supplementary Figure 5(B))
already in this early disease state.

To examine the potential diagnostic capacity of the faecal
microbiota, we compared IBD patients with symptomatic
controls. Fluorescent signals for Firmicutes and Eubacterium
hallii were significantly lower in samples from patients with
new-onset IBD compared to symptomatic non-IBD controls
(Figure 1(B)). However, it is doubtful if the assessment of dys-
biosis with this method has diagnostic value applicable for
clinical use, since established methods as f-calprotectin
measurement have shown sovereign capabilities in IBD diag-
nostics [45–47].

In UC, the FSSs for Firmicutes, Lachnospiraceae,
Eubacterium hallii and Ruminococcus albus/bromii were lower,
whereas the signal for Bacteroides fragilis was higher among
patients with UC compared to symptomatic controls
(Supplementary Figure 6(A)). Interestingly, Bacteroides fragilis
holds anti-inflammatory properties [48,49], and an upregula-
tion of Bacteroides fragilis observed in parallel with a downre-
gulation of Ruminococcus in UC, could possibly demonstrate
a response of the host microbiota cross-talk promoting intes-
tinal homeostasis.

Between patients with CD and symptomatic controls,
however, the microbiota composition largely overlapped,
with non-significant differences among the bacterial markers
(top hits in Supplementary Figure 6(B)). These findings eluci-
date the diagnostic potential of the faecal microbiota, and
this potential to separate IBD from non-IBD in symptomatic
patients seems to be especially strong in UC, and rather
weak in CD. In contrast, earlier studies have found a diagnos-
tic potential also in CD. It has been proposed that a group
of eight microorganisms, including a decreased abundance
of Faecalibacterium, an unknown Peptostreptococcaceae,
Anaerostipes, Methanobrevibacter, an unknown
Christensenellaceae, Collinsella and an increased abundance
of Fusobacterium and Escherichia, could be used to differenti-
ate stool samples of patients with CD from non-CD, i.e.,
healthy controls, patients with anorexia, IBS or UC(42). The
extent to which these findings are causative or a conse-
quence of disease history, various types of treatments and
inflammation is largely unknown, since samples were
obtained from patients with established disease. On the
other hand, another study of treatment-naïve paediatric IBD
has also demonstrated a diagnostic potential related to the
gut microbiota, in CD [50]. Gevers et al. examined faecal

samples and mucosal biopsies obtained from a large incep-
tion cohort of treatment-naïve children with paediatric onset
CD and children with non-inflammatory conditions. The
authors identified a microbiota signature in mucosal biopsies
that correlated strongly with disease status. In contrast to
the discriminative capacity of rectal and ileal biopsies, the
microbiome composition of faecal samples was less shifted
towards a dysbiotic state and, thereby, far less discrimina-
tive [50].

Notably, the faecal microbiota composition of symptom-
atic non-IBD patients shared similarities with the composition
of patients with IBD (Figure 1(A)). Additionally, we found an
association between DI and f-calprotectin in this group
(Supplementary Figure 9). This could possibly indicate that
the gut microbiota plays a role in several gastrointestinal dis-
eases, since symptomatic non-IBD patients were represented
by different gastrointestinal diagnoses, including IBS. This
finding is to some extent supported by previous literature,
where alterations in gut microbiota composition have been
reported among other gastrointestinal diseases such as
IBS [21].

We compared the faecal microbiota of different pheno-
types of UC and CD. In UC, the microbiota was more dysbi-
otic in extensive and left-sided disease compared to disease
limited to the rectum (Figure 2(A)). This difference was
mainly driven by lower FSSs for Bifidobacterium spp.,
Eubacterium hallii, Actinobacteria and Firmicutes in samples
from patients with extensive disease, compared to samples
from patients with proctitis (Figure 2(B)). The extent to which
these findings reflect causative differences or are explained
by possible differences in stool consistency [51] and inflam-
matory activity [19,52,53], can only be speculated on.

Previous studies have reported differences in gut micro-
biota between CD patients with different phenotypes. In
general, a more pronounced dysbiosis has been observed in
patients with ileal CD compared with patients with colonic
disease [54]. Our data indicate that these findings do not
seem to be evident at diagnosis (Figure 2(C) and
Supplementary Figure 7) and suggest that these differences
could be secondary to inflammation or treatment. Notably,
we were not able to examine all dysbiosis-associated taxa,
since our analyses were restricted to 54 pre-defined bacter-
ial markers.

We observed a strong correlation between the degree of
dysbiosis and the inflammatory activity, defined by f-calpro-
tectin levels. This correlation between DI and f-calprotectin
was independent of diagnosis, when samples from symptom-
atic individuals, both IBD and non-IBD, were analysed (Figure
3(A)). The correlation remained significant, when stratifying
by diagnosis and analysing patients with UC (Figure 3(B))
and CD (Figure 3(C)) separately. The FSSs for the 54 bacterial
markers are all influencing the DI. Supplementary figure 10
demonstrates the relation of every single bacterial marker to
f-calprotectin level. When focusing on two well-known phy-
lae among the 54 bacterial markers, Proteobacteria and
Firmicutes, we demonstrate a rise in Proteobacteria and a fall
in Firmicutes as f-calprotectin levels increase. These findings
are consistent with the shown association between DI and f-
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calprotectin, as a rise in Proteobacteria and a fall in
Firmicutes, enhances the DI. However, the correlation
between single markers and f-calprotectin is weaker than the
correlation of all signals together, elucidating the significance
of calculation the DI when applying this method for faecal
microbiota assessment.

Our findings indicate that alterations in the gut micro-
biota composition are present already at diagnosis, suggest-
ing that changes in the gut microbiota occurred at an early
disease phase, potentially even before diagnosis of adult-
onset IBD and independent of medical therapy. Our data
support previous studies which have examined the inflam-
matory activity in the context of specific taxa, rather than
overall degree of dysbiosis. Even though a recent meta-ana-
lysis indicates that the decrease in Faecalibacterium prausnit-
zii seems to be most pronounced in patients with clinically
active disease, few cross-sectional studies have demonstrated
a correlation between abundance of specific bacterial taxa
and inflammatory activity [19,53]. We have recently reported
an inverse correlation between temporal changes in the rela-
tive abundance of Faecalibacterium prausnitzii and concentra-
tions of f-calprotectin [52]. Importantly, inflammation may
translate into higher oxygen concentrations which may
induce an environment that negatively affects obligate anae-
robes and results in a diminished mucus layer [55].

Finally, we explored the prognostic and predictive poten-
tial of the GA-mapTM Dysbiosis Test to foresee treatment
escalation and response to future anti-TNF treatment. The
identification of prognostic biomarkers has been the aim of
many studies, including our own parallel studies of glyco-
mics, methylation and protein profiling [9,56,57]. Lee et al.
identified expression profiles of T cell exhaustion in CD8 T
cells that predicted treatment escalation in IBD [4], defining
escalation as the need for �2 immunosuppressants and/or
surgery after initial disease remission. We recognise that clin-
ical decisions and timing on treatment escalations may vary
across centres. We used more stringent criteria to define
treatment escalation than previous studies, and included bio-
logical agents, cyclosporin A or surgery in the definition,
rather than introduction of immunosuppression per se.
Immunosuppressant as methotrexate and AZA was mainly
used as co-medication to biologics in this cohort, but there
is a substantial number of patients treated with AZA without
experiencing further treatment escalation. Avoiding immuno-
modulators in the definition, could potentially add limitations
to the study, as the AZA-treated patients also experience a
more aggressive disease course than those treated with 5-
ASA alone (UC), or a short period of GC, with further de-
escalation of therapy. However, the fact that the proportion
of patients experiencing treatment escalation to biologics,
cyA and/or surgery was quite similar between the centres
(22–29%), indicates that patients were treated according to
rather similar principles across the five European centres.

Several bacterial markers showed numerically lower FSSs
among UC patients who escalated therapy compared to
those who remained on their initial treatment during follow-
up (Supplementary Figure 13). This might reflect a less rich
and diverse gut microbiota already at diagnosis of UC among

patients with a poor prognosis. Prognostic clinical variables
such as extensive disease and possibly inflammatory activity
[7] may have influenced our results. An explanation for this
might be that patients with a severe disease course more
often were diagnosed with extensive colitis, and had higher
concentrations of CRP and f-calprotectin compared to those
who experienced an indolent disease course, without need
of treatment escalation (Table 2).

Alterations in microbiota composition have previously
been associated with response to biological agents, including
anti-TNF treatment [19,58,59]. In contrast to these previous
studies, we could not identify any difference in microbial
composition or DI between responders and non-responders.
However, the low number of anti-TNF treated patients lim-
ited our analyses, and the absence of significant differences
may reflect low statistical power.

A major strength of this study is the inclusion of newly
diagnosed patients with a high proportion being treatment-
naïve (69%). Thus, results are less influenced by previous
treatments and inflammation compared to most foregoing
studies. The main benefit of using the GA-mapVR technology
over other applications comes from the standardisation and
consistency of results given, which in turn are indexed
against a normal control population. The lack of clustering
demonstrated in the heatmap (Supplementary Figure 8)
underscores the potential of the DI to characterize the faecal
microbiota and to separate diagnostic groups.

Nevertheless, there are also limitations of a predetermined
primer-based methodology compared to 16S rRNA sequenc-
ing technology. Metagenomics provide a broader character-
ization of the gut microbiota and may unravel the functional
potential of the gut microbiota [60,61]. In contrast to faecal
samples, analyses of mucosal biopsies may also shed light on
the host-microbiota crosstalk. The absence of information on
dietary intake is another limitation of the study, since dietary
factors differ between geographic areas and impact on the
gut microbiota [62,63].

Conclusions

By using the GA-mapTM Dysbiosis Test, we demonstrate that
the microbiota composition of patients with new-onset UC
and CD differed from healthy individuals. UC samples also
differed from symptomatic non-IBD patients. Differences in
microbiota composition were also seen between different
phenotypes of UC, but not in CD. Using the DI, we observed
a correlation between degrees of inflammation and dysbiosis,
irrespectively of disease status. Our data reveal that the GA-
mapTM Dysbiosis Test holds the potential to characterize the
faecal microbiota composition and to assess the degree of
dysbiosis in new-onset IBD. On the other hand, our results
cannot demonstrate any proven diagnostic or predictive
value of this method to support clinical decision making.
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