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ABSTRACT

Gut microbiota is vital for human health. Shifts in the microbial diversity can affect bacterial function, and dysbiosis is associated with
a variety of gastrointestinal disorders, including celiac disease (CD) and irritable bowel syndrome (IBS). The distinction between IBS and
non-celiac gluten sensitivity (NCGS) is unclear, and it is conceivable that the gut microbiota profile of these patients may overlap. To our
knowledge, no existing literature has evaluated the microbial characteristics in CD, IBS, and NCGS. Hence, this systematic review aims
to compare the gut microbiota profile in these three diagnoses. A literature search was conducted in PubMed (Medline) until April 2019.
Studies investigating bacterial diversity in the gut of patients with CD, IBS, and NCGS were eligible. Inclusion criteria were observational
studies and randomized controlled trials reporting bacterial profile at baseline. Ninety-one articles were identified, of which 13 trials were
eligible for inclusion. Overall, the bacterial composition of the gut microbiota of patients with CD and those with IBS shared the many
similarities. The microbial richness was correspondingly reduced in these patient-groups compared with healthy controls, but this was
not reported for NCGS. Our findings suggest that the bacterial profiles of patients with IBS and CD share certain disease-specific trends.
Fewer similarities were observed between the bacterial profiles of patients with IBS and NCGS. Notably, the data are limited; thus, no solid

conclusions can be made on the basis of these findings alone. The suggested trends can be a valuable basis for further research.
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INTRODUCTION

Microbiota is defined as “the community of microorgan-
isms that lives on the surface and inside the human host”
(1). Microorganisms associated with the human host are
bacteria, archaea, viruses, and fungi (2). Bacteria along
the gastrointestinal (Gl) tract are shown to be critical for
human health (3, 4), and shifts in microbial diversity can
affect bacterial function (4, 5). Dysbiosis refers to a dis-
turbance in both the quantity and composition of the gut
microbiota (6) and is associated with a variety of Gl-dis-
orders, including celiac disease (CD) and irritable bowel
syndrome (IBS) (7, 8).

CD is a chronic immune-mediated response to the in-
gestion of gluten in genetically susceptible individuals
(6). Ingestion of gluten by patients affected by CD induc-
es an inflammatory response causing villous atrophy in
the small intestine (9). IBS is a multifactorial functional
gastrointestinal disorder (FGID) affecting approximately
10%-20% of the world's population, characterized by

abdominal pain, bloating, and change in the frequency
and consistency of stool (10, 11). Subgroups of IBS are
characterized by different bowel patterns and are divided
into diarrhea-predominant IBS (IBS-D), constipation pre-
dominant IBS (IBS-C), and mixed bowel habits (IBS-M)
(11,12).

Non-celiac gluten sensitivity (NCGS) is still an unclear
diagnosis, characterized by symptoms related to the in-
gestion of gluten-containing food in patients who are not
affected by either CD or wheat allergy (13). NCGS and IBS
share many common features, and current evidence sug-
gests that NCGS might be characterized as a subgroup of
IBS (14). Patients with NCGS and IBS suffer from similar
symptoms, including classical symptoms such as abdom-
inal pain, bloating, and alterations in bowel habits, as well
as a broad range of extra-intestinal complaints (13). There
are no reliable diagnostic tests or biomarkers to confirm
NCGS and IBS (15). Patients with CD experience many of
the same symptoms as patients with NCGS and IBS, but
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this group of patients can be diagnosed according to pos-
itive serology and duodenal biopsies (14). Currently, the
distinction between NCGS and IBS has been based on
the trigger of symptoms, namely gluten and fermentable
oligosaccharides, disaccharides, monosaccharides, and
polyols (FODMAPs). However, recent studies have ques-
tioned gluten as the main trigger of symptoms in NCGS,
and suggested fructans and amylase-trypsin inhibitors
(ATls) in wheat as possible symptom triggers (16-18).
As the distinction between the diagnoses is unclear, it is
conceivable that gut microbiota of these patients may
overlap.

Most studies conducted on CD and gut microbiota have
confirmed decreased Bifidobacteria and Lactobacilli (8,
19, 20) and increased Gram-negative bacteria compared
to with healthy controls (8, 20). Several studies have in-
vestigated the composition and diversity of gut micro-
biota in IBS patients (7, 21). Although the findings are
inconsistent, it is suggested an increase in firmicutes to
bacteroidetes ratio decreased Lactobacilli and Bifidobac-
teria (7, 21) and increased Streptococci and Ruminococ-
cus species when compared with healthy individuals (7).
In addition, patients with IBS are often characterized by a
reduction in bacterial diversity. Differences between IBS
subtypes have also been detected (7, 21). As NCGS is a
fairly new diagnosis, few studies have investigated gut
microbiota in this patient group.

To our knowledge, no previous publications have com-
pared the gut microbiota profile in patients with CD,
NCGS, and IBS. Hence, this systematic review aims to
compare the gut microbiota profile in these three Gl-dis-
orders, focusing on bacterial composition at phylum level.

MAIN POINTS

Dysbiosis is associated with a variety of gastrointestinal
disorders, including celiac disease (CD) and irritable bowel
syndrome (IBS).

The distinction between IBS and non-celiac gluten sensi-
tivity (NCGS) is unclear, and it is conceivable that the gut
microbiota profile of these patients may overlap.

We aimed to compare the gut microbiota profile in CD, IBS
and NCGS by reviewing the existing literature.

Our findings suggest that the gut microbiota profiles of
patients with IBS and CD share certain disease-specific
trends differing from those of healthy controls, seen as
overall reduced microbial richness.

Few similarities were observed between the gut microbiota
profiles of patients with IBS and NCGS.

MATERIALS AND METHODS

The checklist and flowchart of the PRISMA (Preferred
Reporting for Systematic Reviews and Meta-Analyses)
guidelines were followed for this systematic review (22).

Search strategy and criteria for inclusion

A literature search was conducted in PubMed (Medline)
until April 5th, 2019. Three individual searches were con-
ducted, one for each diagnosis. The search terms includ-
ed "Celiac disease AND (healthy subjects OR healthy
controls OR non-celiac controls) AND microbiota,”
"Non-celiac gluten sensitivity AND (healthy subjects OR
healthy controls) AND microbiota” and “Irritable bowel
syndrome AND (healthy subjects OR healthy controls)
AND microbiota.”

The criteria for inclusion were observational studies and ran-
domized controlled trials (RCTs) reporting on the gut bac-
teria profile at baseline. Studies on human individuals that
were published within the last five years were included for
detailed review. Only patients with IBS fulfilling the Rome IlI
diagnostic criteria, and studies including patients with IBS
from all three subgroups (IBS-C, IBS-D, and IBS-M) were
selected. Studies including participants with post-infec-
tious IBS were excluded, along with studies including par-
ticipants with other chronic gastrointestinal (Gl) disorders.

RESULTS

A total of 78 articles were identified, of which 13 trials
were included in the systematic review. Figure 1 illus-
trates the process. Study characteristics and main find-
ings of the 13 studies are summarized in Table 1. Figure 2
illustrates fairly consistent similarities and differences of
bacterial strains between the three disorders.

Gut microbiota profile in patients with celiac disease
Five studies reporting on the gut microbiota of patients
with CD were included in this review, of which one was
an RCT and four were observational studies. Four of the
studies compared patients with CD with healthy controls
(HCs), whereas one of the studies compared symptom-
atic and asymptomatic CD patients. One study included
children, whereas the remaining four were conducted in
adults.

Golfetto et al. (23) compared the concentration of fecal
Bifidobacteria of patients with CD on a gluten-free diet
(GFD) (n=14) and HCs (n=42). The samples of patients
with CD showed a significant decrease in Bifidobacteria
compared with HCs. Wacklin et al. (24) investigated duo-
denal microbiota composition in treated CD patients with
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Figure 1. PRISMA-modified flow diagram depicting the literature search in PubMed (Medline) for this systematic review.

(n=18) and without (n=18) persistent symptoms. At phy-  reduced microbial richness compared with asymptomatic
lum level, the symptomatic patients had a significant de-  patients. Nistal et al. (25) compared the duodenal micro-
crease in bacteroidetes and firmicutes, and anincrease in  biota composition in patients with untreated CD (n=9)
proteobacteria. Furthermore, symptomatic patients had  with HCs (n=9) and reported that bacteria from the up-
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Table 1. Characteristics and main findings of studies reporting on gut microbiota profile in patients with CD, NCGS, and IBS.

First author, year
Diagnosis of publication Study design Participants (n)

Method of
Specimen detection

Main findings

CD Golfetto (23) Case-control tCD (14)
2014 Control (42)
Wacklin (24) Cohort tCD w/ symptoms
2014 (18)

tCD asymptomatic
(18)

Nistal (25) Case-control uCD (9)
2016 Control (9)
Quagliarello (26) RCT CD (40)
2016 Control (16)
Herran (27) Case-control tCD (14)
2017 uCD (5)

Control (23)

NCGS Garcia-Mazcorro RCT NCGS (12)
(28) 2018 CD (6)
Control (12)

Dieterich (29) RCT NCGS (19)

2018 Control (10)
IBS Halmos (30) RCT IBS (27)

2014 Control (6)

Fecal sample Microscopic
analysis

Duodenal 16s rRNA
biopsy sequencing
PCR

Duodenal 16s rRNA
biopsy sequencing
PCR

Fecal sample 16s rRNA
sequencing
gPCR

Duodenal 16s rDNA

biopsy sequencing
PCR-DGGE
Fecal sample 16s rDNA
Duodenal sequencing
biopsy PCR

Fecal sample 16s rRNA
sequencing
Fluorometric
quantitation

Fecal sample gPCR

| Bifidobacteria (Actinobacteria)
inCD

In symptomatic patients:

| Bacteroidetes, Firmicutes, and
microbial richness

1 Proteobacteria

Firmicutes and Proteobacteria are the
dominant phyla in both CD and HC.
No significant differences in bacterial
profile

| microbial richness in CD

1 Bacteroidetes/Firmicutes ratio and
| Firmicutes, Actinobacteria, and
microbial richness in CD

Lower taxonomic levels:

| Lactobacillus (Firmicutes)

1 B. fragilis (Bacteroidetes)

No significant differences in compo-
sition or abundance of bacteria with
gluten-hydrolyzing capacity

Fecal samples

Firmicutes (85%) Bacteroidetes (1%)
inall

1 Ruminococcaceae (Firmicutes) in
NCGS

Duodenal biopsies

| Bacteroidetes and Fusobacteria in
CD

1 Saccharibacteria in NCGS

Lower taxonomic levels:

1 Actinobacillus (Proteobacteria)
and Finegoldia (Firmicutes) in NCGS
1 Sphingobacteria (Bacteroidetes)
inHC

1 Ruminococcaceae, Peptostrepto-
coccaceae (Firmicutes), and

| Porphyromonadaceae (Bacteroide-
tes) in NCGS

No significant differences in total
bacteria count or abundance of bac-
terial groups
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Table 1. Characteristics and main findings of studies reporting on gut microbiota profile in patients with CD, NCGS, and IBS. (Continue)

First author, year
Diagnosis of publication

Study design Participants (n)

Method of

Specimen detection

Main findings

Chung (31)
2015

Pozuelo (32)
2015

Rangel (33)
2015

Shukla (34)
2015

Tap (35)
2016

Case-control |IBS (28)
Control (19)

Case-control IBS (113)
Control (66)

Case-control IBS (35)
Control (16)

Case-control |IBS (47)
Control (30)

Case-control IBS (110)
Control (39)

Fecal sample 16s rRNA
Jejunal biopsy sequencing
PCR

Fecal sample 16s rRNA
sequencing
PCR

Fecal sample 16s rRNA
Colonic biopsysequencing

Fecal sample 16s rRNA
sequencingq
PCR

Fecal sample 16s rRNA
Colonic sequencing
biopsy gPCR

Fecal samples

1 Firmicutes/Bacteroidetes ratio in
IBS-D

1 Veillonellaceae (Firmicutes) in
IBS-D

Jejunal biopsies

1 Firmicutes/Actinobacteria ratio in
IBS-M

1 Prevotellaceae (Bacteroidetes) in
IBS

| Mycobacteriaceae (Actinobacteria)
and Neisseriaceae (Proteobacteria)
in IBS

1 Bacteroidetes and Tenericutes in
IBS

| Firmicutes and microbial richness
in IBS

Lower taxonomic levels:

| Lachnobacterium (Firmicutes) in
IBS

| Strains within Firmicutes in IBS-D
and IBS-M

Fecal samples

1 Actinobacteria and Proteobacteria
and

| Bacteroidetes in IBS

Lower taxonomic levels:

1 Bacilli and altered composition of
species within Clostridia (Firmicutes)
Colonic biopsies

| Clostridiales (Firmicutes) in IBS

1 Gram-negative bacteria in IBS
Lower taxonomic levels:

| Bifidobacteria (Actinobacteria)

1 species within Firmicutes and
Proteobacteria

| Lactobacillus (Firmicutes) and

1 Bacteroides species (Bacteroidetes)
in IBS-D than IBS-C

No significant differences between
fecal and mucosal microbiota in IBS
orHC

1 Bacteroides (Bacteroidetes) in
IBS-D and IBS-M

| Prevotella (Bacteroidetes) and
microbial richness in IBS

CD: celiac disease; IBS: irritable bowel syndrome; IBS-C: constipation-predominant IBS; IBS-D: diarrhea-predominant IBS; IBS-M: mixed type IBS; NCGS:
non-celiac gluten sensitivity; PCR: polymerase chain reaction; PCR-DGGE: PCR denaturing gradient gel electrophoresis; RCT: randomized controlled trial; tCD:
treated celiac disease; uCD: untreated celiac disease; qPCR: quantitative PCRNotes: The arrow marks represent increase and decrease.
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| Firmicutes
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A IRRITABLE BOWEL
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Gram negative bacteria:
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Tenericutes
Proteobacteria

Figure 2. Overview of bacterial strains identified in celiac disease, non-
celiac gluten sensitivity, and irritable bowel syndrome.

Domain

Kingdom

Phylum

Class

Order

Family

Figure 3. Overview of the taxonomic hierarchy of bacteria.
Comparison of results in the current review were categorized at
phylum level.

per small intestine mainly belong to the phyla firmicutes
and proteobacteria. No significant differences were ob-
served between the two groups of participants, but the
microbial composition was specific in each adult. How-
ever, the microbial richness was lower in patients with CD
compared with the HCs.

Quagliarello et al. (26) conducted an RCT on the effect
of Bifidobacterium breve on the intestinal microbiota of
children with CD (n=40) and of HCs (n=16). Fecal sam-
ples at baseline revealed that patients with CD had a

Bacteroides

Lactobacillus
Several strains
within Firmicutes

IBS-D

Gram-negative
bacteria: /
Bacteroidetes /
Tenericutes /

Proteobacteria

Firmicutes /
Bacterial richness //
/

= m———) s -

Akkermansia
Several strains within
Firmicutes

Bacteroides

a— —)

IBS-C

Figure 4. Overview of bacterial strains identified within subgroups of
irritable bowel syndrome.

significant decrease in firmicutes and actinobacteria, as
well as a higher proportion of bacteroidetes with respect
to firmicutes. At lower taxonomic levels, Lactobacillus
was significantly reduced in patients with CD, whereas
Bacteroides fragilis was increased. In addition, the mi-
crobial richness was significantly decreased in patients
with CD.

Herran et al. (27) aimed to characterize whether duo-
denal microbiota possibly implicated gluten hydrolysis.
Bacteria with gluten-hydrolyzing capacity were isolated
from all groups enrolled in the study, that is, treated CD
(n=14), untreated CD (n=5), first-degree relatives of pa-
tients with CD (n=16), and HCs (n=7). Most of the strains
were within the phylums firmicutes (88%)—mainly from
the genus Lactobacillus (68%)—actinobacteria (8%),
proteobacteria (3%), and bacteroidetes (1%). No signif-
icant differences were observed between the groups of
participants, but the microbial composition was charac-
teristic in each adult. However, some bacterial groups,
Pseudomonas aeruginosa, Stenotrophomonas maltophil-
ia, and Streptococcus anginosus, were only isolated from
patients with CD—both treated and untreated.

Gut microbiota profile in non-celiac gluten sensitivity
Two recent RCTs have reported on the gut microbiota
profile in patients with NCGS. Both studies compared
adult patients with HCs.
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Garcia-Mazcorro et al. (28) examined the gut microbiota
of patients with NCGS (n = 12) and CD (n = 6) and HCs (n
= 12). At baseline, duodenal biopsies were obtained from
all participants, whereas only 14 participants (7 NCGS
patients; 3 CD patients; 4 HC) provided a fecal sample. At
phylum level, the fecal samples showed a high abundance
of firmicutes (~85%) and a deficiency of bacteroidetes
(~1%), regardless of disease status. At family level, rumi-
nococcaceae was significantly increased in patients with
NCGS patients compared with those with CD and HCs.
The duodenal microbiota showed significant alterations
at phylum level;, decreased bacteroidetes and fusobac-
teria in patients with CD, and increased saccharibacteria
in patients with NCGS. Alterations were also observed at
genus level; increased Actinobacillus and Finegoldia in
patients with NCGS, and increased Sphingobacterium in
HCs.

Dieterich et al. (29) evaluated the influence of a GFD
and a diet low in FODMAPs on the intestinal microbio-
ta of patients with NCGS (n=19) and HCs (n=10). Fecal
samples were collected at baseline while the participants
consumed at least two gluten-containing meals per day.
At phylum level, no significant differences were observed
between patients with NCGS and HCs. However, signif-
icant differences were found when comparing bacterial
families. Supporting the findings by Garcia-Mazcorro et
al,, Dietrich et al. also reported an increase in ruminococ-
caceae. Furthermore, an increase in peptostreptococca-
ceae and a decrease in porphyromonadaceae were re-
ported in patients with NCGS, compared with HCs.

Gut microbiota profile in irritable bowel syndrome

Six studies reporting on the gut microbiota of patients
with IBS were included in this review—one RCT and five
observational studies. All studies compared adults with
IBS with HCs.-

Halmos et al. (30) conducted an RCT investigating how
diets with different FODMAP contents alter the colonic
microenvironment in patients with IBS (n=27) and HCs
(n=6). They reported the absolute and relative abundance
of several bacteria within the phylums of firmicutes, ac-
tinobacteria, and verrucomicrobia. Neither of these, nor
the bacterial count, differed significantly between the
two groups.

Chung et al. (31) investigated differences in gut micro-
biota between subgroups of IBS (n=28) and HCs (n=19).
Jejunal biopsies were obtained from 38 of the partici-
pants (23 cases and 15 controls), and 44 participants

(26 cases and 18 controls) provided a fecal sample. The
ratio of firmicutes to actinobacteria in jejenum of pa-
tients with IBS-M was increased and so was the ratio of
firmicutes to bacteroidetes in fecal samples of patients
with IBS-D. Significant differences were also detected at
family level; patients with IBS had increased prevotella-
ceae and decreased mycobacteriaceae and neisseriaceae
in the jejenum compared with HCs, regardless of the as-
sociated subgroup. Furthermore, patients with IBS-D had
increased veillonellaceae in fecal samples compared with
those with IBS-C and IBS-M and HCs.

Pozuelo et al. (32) compared fecal samples from 113 IBS
patients and 66 HCs. At phylum level, patients with IBS
showed increased bacteroidetes and tenericutes and
decreased firmicutes compared with HCs. At lower tax-
onomic levels, Lachnobacterium was significantly de-
creased in patients with IBS. Overall, patients with IBS
had significantly lower bacterial diversity than HCs, and
within the subgroups, patients with IBS-D had the lowest
diversity. Furthermore, the microbiota of patients with
IBS-D and IBS-M had decreased abundance of several
strains within the phylum of firmicutes. In contrast, the
microbiota of patients with IBS-C did not show signifi-
cant differences compared with the microbiota of HCs at
any taxonomic level.

Rangel et al. (33) investigated the relationship between
fecal and mucosal microbiota in patients with IBS (n=35)
and HCs (n=16). Colonic biopsies were obtained from 45
of the participants (35 cases and 10 controls), and 29
participants (33 cases and 16 controls) provided a fecal
sample. The microbial composition of fecal and mucosal
samples differed significantly within both groups of par-
ticipants, but the separation was much more distinct in
patients with IBS. In mucosal microbiota, only one bac-
terial group within clostridiales differed significantly be-
tween HCs and patients with IBS. Regarding fecal mi-
crobiota, patients with IBS had increased actinobacteria
and proteobacteria and decreased bacteroidetes. Several
species of clostridia were altered in feces of patients with
IBS, whereas groups of bacilli were increased.

Shukla et al. (34) compared fecal microbiota of patients
with IBS (n=47) and HCs (n=30). Three fecal samples
were collected from each of the participants. At phylum
level, the proportion of Gram-negative bacteria was sig-
nificantly higher in patients with IBS compared with HCs.
At lower taxonomic levels, the abundance of Bifidobac-
terium species was significantly decreased, whereas sev-
eral bacteria within firmicutes and proteobacteria were
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decreased in patients with IBS. Across subgroups of IBS,
the microbiota of patients with IBS-D and IBS-M had
the most similarities, including a decrease in Lactobacil-
lus and Bacteroides species, compared with those with
IBS-C.

Tap et al. (35) aimed to identify a microbiota signature
associated with severity of IBS. Fecal samples were col-
lected twice for most patients with IBS (n=110) and once
from the HCs (n=39), and colonic biopsies were obtained
from 59 of the participants (39 cases and 20 controls).
No significant differences were observed between fecal
and mucosal microbiota in both HCs and patients with
IBS. Regarding microbial composition, Prevotella was
significantly increased in HCs, whereas Bacteroides was
increased in patients with IBS patients. Further, patients
with IBS-D and IBS-M had a significantly higher abun-
dance of Bacteroides compared with those with IBS-C
and HCs, whereas the abundance of Prevotella gradual-
ly decreased as symptom severity increased. In addition,
the microbial richness significantly decreased in line with
an increase in Bacteroides.

Comparison of gut microbiota profile in CD, IBS, and
NCGS at phylum level
The gut microbiota profile reported in the included trials
are compared at phylum level (depicted in Figure 3), and
tendencies at lower taxonomic levels are disclosed within
the associated phylum.

Actinobacteria

Two studies reported lower abundance of actinobacteria
in CD patients. In fecal samples, Golfetto et al. (23) re-
ported decreased Bifidobacteria, whereas Quagliarello et
al. (26) reported decreased abundance at phylum level.
Four studies reported altered abundance of actinobacte-
ria in patients with IBS, but the findings were not consis-
tent. Shukla et al. (34) reported decreased Bifidobacte-
ria in fecal samples of patients with IBS in line with the
findings of Golfetto et al. (23) on patients with CD (23).
A decrease in Bifidobacteria was also detected at a lower
taxonomic level by Chung et al (31). In contrast, Rangel et
al. (33) reported an increase of actinobacteria in patients
with IBS, whereas Halmos et al. (30) found no significant
differences.

Bacteroidetes

Two studies reported alterations of bacteroidetes in pa-
tients with CD. The results were inconsistent: Quagliarello
et al. (26) reported an increased bacteroidetes/firmicutes
ratio in the feces of patients with CD compared with HCs.

According to Garcia-Mazcorro et al. (28), the abundance
of bacteroidetes in feces was similar in patients with CD
and NCGS and in HCs. However, the duodenal samples
revealed a decrease of bacteroidetes in patients with CD
(28). Both studies on NCGS reported on the abundance
of bacteroidetes. Dietrich et al. (29) reported a decrease
in bacteroidetes in duodenum of patients with NCGS
compared with HCs (29). This contrasted with the finding
by Garcia-Mazcorro et al. (28), which reported no signif-
icant differences between patients with NCGS and CD
and HCs (28). Four of the six studies on IBS reported a
higher abundance of bacteroidetes among patients with
IBS, in feces, jejenum, and in the colonic mucosa (31, 32,
34, 35). However, both Rangel et al. (33) and Tap et al.
(35) reported the oppositeat phylum level and within the
genus Prevotella, respectively.

Firmicutes

Three studies on CD reported on firmicutes. Quagliarello
et al. (26) reported a decrease in firmicutes in feces of
patients with CD compared with HCs, including the ge-
nus Lactobacillus. However, Garcia-Mazcorro et al. (28)
reported that the abundance of firmicutes in fecal sam-
ples did not differ between patients with CD and NCGS
or HCs. This was supported by Nistal et al. (25) which re-
ported no difference of firmicutes in duodenum of pa-
tients with CD and HCs. All though Garcia-Mazcorro et al.
(28) reported a similar abundance of firmicutes in feces
of patients with CD and NCGS and of HCs, they also re-
ported an increase in firmicutes at lower taxonomic levels
in patients with NCGS, both in feces and duodenum. This
finding was supported by the results reported by Diet-
rich et al. (29). Five studies on IBS reported alterations
in firmicutes, and the findings were partly contradictory;
Pozuelo et al. (32) reported a decreased abundance of
firmicutes in feces of patients with IBS compared with
HCs. This was not supported by Shukla et al. (34), who
reported the opposite. Furthermore, various results were
reported at lower taxonomic levels, including altered
composition within clostridia and a decrease in clostridi-
ales (33). However, the study conducted by Halmos et al.
(30) reported no significant differences.

Proteobacteria

Two studies reported on the abundance of proteobacte-
ria in duodenum of patients with CD, and none of them
found significant differences between patients with CD
and HCs (25, 27). Interestingly, Herrdn et al. (27) reported
that P. aeruginosa were only isolated from patients with
CD—both treated and untreated. Regarding NCGS, Gar-
cia-Mazcorro et al. (28) reported increased proteobacte-
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ria in duodenum of patients with NCGS compared with
those with CD and HCs, within the genus actinobacillus.

Three studies reported on proteobacteria in patients with
IBS, of which two studies reported increased proteobac-
teria in feces of patients with IBS (33, 34). One of these
studies included an increase of P. aeruginosa, in line with
the findings of Herrdn et al. in patients with CD (27, 34).
In contrast, Chung et al. reported a decrease in proteo-
bacteria at family level in jejenum of patients with IBS
(31).

Microbial richness

Regarding microbial diversity and richness, two of the
studies on IBS reported that patients with IBS had a re-
duced microbial diversity compared with HCs (32, 35).
This was also reported in two of the studies comparing
patients with CD with HCs (25, 26). In addition, the co-
hort study following treated patients with CD found that
patients with symptomatic CD had lower microbial diver-
sity than those with asymptomatic CD (24).

Differences within subgroups of IBS

Across subgroups of IBS, the microbiota of patients with
IBS-D and IBS-M had the most similarities. Figure 4 illus-
trates tendencies within each subtype of IBS. Two stud-
ies reported an increase of Bacteroides in patients with
IBS-D and IBS-M compared with patients with IBS-C and
HCs (34, 35). Furthermore, two studies reported lower
abundance of strains within firmicutes in patients with
IBS-D and IBS-M compared with patients with IBS-C (32,
34). The latter finding was not supported by Chung et al,,
who reported an increase in strain within firmicutes in pa-
tients with IBS-D compared with HCs (31). Interestingly,
Pozuelo et al. reported that the microbiota of patients
with IBS-C and HCs did not show significant differences
at any taxonomic level (32).

DISCUSSION

To our knowledge, this is the first systematic review aim-
ing to compare the gut microbiota profile in CD, NCGS,
and IBS. Although the included studies report inconsis-
tent results, several disease-specific and characteristic
trends were identified.

Overall, studies comparing IBS patients to healthy con-
trols suggested higher levels of Gram-negative bacteria,
including bacteroidetes, tenericutes, and proteobacteria
in IBS (32-35). Furthermore, a decrease within species of
firmicutes was reported in three of the included studies
(32-34). Previous research has suggested an increase in

firmicutes to bacteroidetes ratio in patients with IBS (7,
21), but the results of this review suggests the opposite.
However, it is noteworthy that one of the included stud-
ies reported increased firmicutes in patients with IBS-D
and IBS-M corresponds with previous findings (31). Like
the results of previous research, a decrease in Bifidobac-
teria was reported by one of the studies, but not by the
remaining five (34). As for IBS, an increase in proteo-
bacteria was reported in both studies that included pa-
tients with NCGS (28). In contrast, this increase was not
matched by any other Gram-negative bacteria. Further-
more, an increased abundance of strains within firmic-
utes was observed in patients with NCGS, which do not
overlap with the results of IBS (28, 29). Interestingly, both
studies on NCGS reported an increase within the rumino-
coccaceae family of firmicutes (28, 29). Previous research
has reported an increase of ruminococcus, a genus within
the ruminococcaceae family, in patients with IBS. Taken
together, these findings suggest the ruminococcaceae
family as a possible common denominator in NCGS, high-
lighting an interesting direction for future research (7).

When comparing the microbial profile of patients with
CD and IBS, they share the result of a slightly decrease
in firmicutes (26). Surprisingly, microbial richness was
found to be lower in both patients with CD and those
with IBS compared with HCs, but this was not reported in
any studies on NCGS (25, 26, 32, 35). Only two studies in
patients with NCGS were eligible for inclusion; thus, the
comparative basis is somewhat poor. Importantly, some
findings indicate that the gut bacterial profile of the par-
ticipants are unique and independent of disease status
(25, 27). The current findings indicate that the gut mi-
crobiota profile of patients with CD and IBS share some
similarities, however the data are limited.

When interpreting the gut microbiota composition, diet is
an important factor. For CD, the only treatment is a strict,
life-long GFD (36). A strict GFD is assumed to be neces-
sary for the intestinal microbiota to completely normal-
ize and regain a healthy composition (8). However, it may
seem like a GFD allows only a partial recovery of the gut
microbiota in CD patients (8). Wacklin et al. have reported
significant differences in duodenal microbiota composi-
tion between symptomatic and asymptomatic patients
with CD. Gut microbiota analysis revealed a significant
dysbiosis in the symptomatic patients, which suggests
the bacterial dysbiosis does not fully recover in all patients
with CD but might still remain after a period of GFD (8,
24). A contradictory theory is that the avoidance of glu-
ten may contribute to further disruption of the intestinal
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microbiota (37). In summary, there is a need for studies
following the same patients’ pre- and post-GFD to eval-
uate the effect of gluten on the gut microbiota in pres-
ence of CD (8, 38). Further, it is hypothesized that NCGS
is a dysbiosis-induced disorder. Specific alterations in bu-
tyrate-producing bacteria are suggested as a co-causal
mechanism for the development of NCGS (37). To date,
no specific guidelines are available for the treatment of
NCGS. A GFD is most often used for symptom relief (15,
39-41). Since a GFD possibly affect microbiota richness
and composition, the avoidance of gluten may contribute
to further disruption of the intestinal microbiota in NCGS
patients (37). A similar theory applies for IBS, where a
low-FODMAP diet is the recommended treatment, and
changes in FODMAP intake has been reported to affect
the diversity of the gut microbiota (42).

Several issues may explain the lack of consistent findings
in the current review. Firstly, the role of gut microbiota in
health and disease is fairly undiscovered, and the qual-
ity and number of existing articles within the field are
limited. Advances in methods of detection over the last
years have had a major impact on the field, which make
delimitation on year of publication highly relevant (1).
Hence, we included only publications from the last five
years. Although the results implicate certain similarities
in bacterial composition and abundance, the validity of
these implications can be discussed. Secondly, the in-
cluded studies have big differences in design and meth-
odology. The number of participants vary from 18 to 179,
which arguably causes differences in the strength of the
results. Also, the age of the participants may influence
the results. The studies on NCGS and IBS only included
adult participants, while one of the five studies on CD was
conducted in children. In addition, the review included
both observational studies and RCTs. The observational
studies do not report on dietary habits. As research have
shown similarities in microbiota among subjects of similar
age or with common diets (3), such potential confound-
ing factors should be considered. Moreover, methods for
assessment of food intake could be a useful tool when
investigating gut microbiota.

The included studies analyzed biopsies from the small in-
testine and colon, as well as fecal samples. When compar-
ing samples from different regions of the gut in healthy
individuals, the sites are colonized with different bacterial
groups (43). Four of the studies included compared fe-
cal samples and biopsies; while one of them reported no
differences between fecal or colonic mucosal microbiota
(35), the remaining three reported significant alterations

(28, 31, 33). Type of sample material was not specified
within the criteria of inclusion for this review. However,
this should be an area of comparison in future reviews.
Furthermore, the included publications only reported the
bacterial proportion of the gut microbiota. As most re-
search performed to date have been focusing mainly on
bacteria, the roles of viruses, fungi, and archaea are less
known (3). It is possible that important interactions be-
tween the different components of the microbiota are
somehow missed by such a sharpening of the microbial
environment (3, 8, 43).

CONCLUSION

Taken together, the results from the included studies sug-
gest that the bacterial profile of patients with IBS and CD
share certain disease-specific trends. Fewer similarities
were reported on the bacterial profile of patients with IBS
and those with NCGS. The validity of these implications
can be discussed because of certain conflicting findings
and limited sources of data. Thus, no solid conclusions
can be drawn on the basis of these findings alone. How-
ever, to our knowledge, no previous publications have
compared the gut microbiota profile of patients with CD,
NCGS, and IBS. Thus, this review represents an important
basis for future research. Future studies should aim to in-
vestigate all components of the gut microbiota including
bacteria, viruses, fungi, and archaea in order to identify
microbial patterns. Considering the potential overlap be-
tween NCGS and IBS, an important area of focus should
also be to further investigate the existence of NCGS, and
potentially establish validated diagnostic biomarkers for
the distinction between NCGS and IBS.
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