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grown, researchers have begun exploring how the gut mi-
crobiome may impact on other systemic conditions. Consid-
ering the role of microbes especially on regulatory T cells, it 
was plausible that the gut microbiome may have a role in 
other chronic immune-mediated inflammatory diseases. In 
this review, studies of the gut microbiome in other chronic 
immune-mediated inflammatory diseases are discussed in-
cluding how the information can inform our understanding 
of the gut microbiome in IBD.  © 2017 S. Karger AG, Basel 

 Since the description of the normal human gut micro-
biome in healthy individuals using broad-range poly-
merase chain reaction, there has been great advancement 
in the techniques used to conduct microbiome research 
and applications of this research across health, gastroin-
testinal diseases, and nongastrointestinal diseases  [1] . 
The seminal study by Eckburg et al.  [1]  reported that the 
mucosal microbiome was quite similar within an indi-
vidual in different segments of the colon from the cecum 
to the rectum but was quite different than the fecal micro-
biome from the same individual. The mucosal microbi-

 Keywords 

 Animal models · Chronic immune-mediated inflammatory 
diseases · Dysbiosis  · Gut microbiome · Inflammatory 
bowel disease 

 Abstract 

  Background:  Since the description of the normal human gut 
microbiome in healthy individuals using broad-range poly-
merase chain reaction, there has been great advancement in 
the techniques used to conduct microbiome research and 
applications of this research across health, gastrointestinal 
diseases, and nongastrointestinal diseases.  Summary and 

Key Messages:  In inflammatory bowel disease (IBD), studies 
have reported gut dysbiosis meaning that the microbial 
composition, diversity, and richness are altered. Persons 
with IBD harbor on average 25% fewer microbial genes than 
healthy persons. Reduced diversity has been reported in 
both the fecal and mucosal microbiome of IBD. Crohn dis-
ease and ulcerative colitis are systemic diseases with immu-
nological alterations in both intestinal and circulating com-
partments. As knowledge about the impact of the gut micro-
biome on the intestinal and systemic immune response has 
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ome, which is in intimate contact with the gut epithelium, 
may play a more active role in orchestrating the intestinal 
immune response ( Fig.  1 ). The luminal microbiome 
(which ultimately ends up in the stool) reflects the shed 
debris plus remnants of food metabolism and hence is 
comprised of a different microbial content than the mu-
cosal microbiota. Some bacterial species present in the 
intestinal lumen may not access the mucus layer and epi-
thelial crypts  [2] . These luminal (fecal) microbes might be 
more essential for energy and metabolic interactions. 
While some fecal microbes may be similar to those pre-
dominantly residing at the mucosal interface, it is not 
clear to what extent the fecal microbiome, while conve-
niently accessible, reflects the key findings of the mucosal 
microbiome.

  Studies of both gut mucosal biopsies and stool have 
rapidly proliferated, exploring changes in various gastro-
intestinal diseases including inflammatory bowel disease 
(IBD). IBD includes Crohn disease (CD) and ulcerative 
colitis (UC), i.e., diseases thought to emerge primarily be-
cause of changes in the gut microbiome that drive aber-
rant intestinal immune responses which ultimately lead 
to the clinical manifestations of these diseases. Some 
common themes have emerged from studies in IBD; how-
ever, by no means has a definitive uniform pattern been 
defined for the varied phenotypes of either CD or UC  [3] . 
Typically, studies have reported gut dysbiosis meaning 
that the microbial composition, diversity, and richness 
are altered in IBD. Persons with IBD harbor on average 
25% fewer microbial genes than healthy persons  [4] . Re-
duced diversity has been reported in both the fecal and 
mucosal microbiome of IBD. Firmicutes, one of the two 
predominant phyla in the healthy human gut, are typi-
cally reduced 5- to 10-fold and different studies have re-

ported a reduction of particular species such as  Faecali-
bacterium prausnitzii . Moreover, ileal and colonic CD 
have distinct microbiota patterns. In a study of mucosal 
biopsies from persons with CD and UC in different states 
of disease activity and from healthy controls, shifts in mi-
crobe abundance were evident comparing the inflamed 
mucosa between CD and UC. However, these shifts were 
more dramatic in the noninflamed mucosa between CD 
and UC  [5] . It is problematic to discern whether micro-
biota changes reported in IBD are a cause or effect; thus, 
finding changes in the noninflamed mucosa may be par-
ticularly informative. 

  As noted, CD and UC are systemic diseases with im-
munological alterations in both intestinal and circulating 
compartments. While CD is associated with greater 
changes in Th1 pathways and mediators and UC is asso-
ciated with greater Th2 changes, the Th17 pathway has 
proved to have an important role, particularly in CD. In-
testinal regulatory T cells can be stimulated by the inter-
face of certain microbes at the intestinal mucosa. The im-
portance of the gut microbiota in the development of 
both the intestinal mucosal and systemic immune sys-
tems can be readily appreciated from studies of germ-free 
animals. Germ-free animals contain abnormal numbers 
of several immune cell types and immune cell products, 
and they have deficits in local and systemic lymphoid 
structures  [6, 7] . Secreted levels of IgA and IgG are re-
duced and there are notable changes in circulating cyto-
kine levels  [7, 8] . Germ-free animals are devoid of mi-
crobes but there is evidence that different microbes can 
induce different immunological responses. The introduc-
tion of germ-free mice with  Bacteroides fragilis,  for ex-
ample, induces proliferation of CD4+ T cells  [9] . Other 
species of the Bacteroidetes phylum are similarly thought 
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  Fig. 1.  Contributing factors in the develop-
ment of immune-mediated inflammatory 
disease. 
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to be important for the differentiation of Th17 cells  [10] . 
In addition,  Lactobacilli  species have been shown to dif-
ferentially regulate dendritic cells  [11] .

  As knowledge about the impact of the gut microbiome 
on the intestinal and systemic immune response has 
grown, researchers have begun exploring how the gut mi-
crobiome may impact on other systemic conditions. Con-
sidering the role of microbes especially on regulatory T 
cells, it was plausible that the gut microbiome may have a 
role in other chronic immune-mediated inflammatory 
diseases. There are a number of lines of evidence as to why 
there is rationale to consider common etiological themes 
for various chronic immune-mediated inflammatory dis-
eases. First, there is epidemiological co-occurrence of 
these diseases. While they have been widely prevalent in 
developed countries over the past century, they have also 
been simultaneously emerging in developing countries. 
Second, there are some environmental factors that seem 
to similarly adversely affect these diseases such as smok-
ing and a lack of vitamin D. Many of these diseases also 
share comorbidities. While rheumatoid arthritis (RA) is 
not typically comorbid with IBD, persons with IBD quite 
commonly get inflammatory arthropathies. Persons with 
IBD, however, are statistically more likely to get multiple 
sclerosis (MS) than the general population  [12] . Fourth,  
 some of these immune-mediated inflammatory diseases 
(like IBD and RA) share responses to biological agents 
that may have specific immunological effects. Yet, in oth-
er instances, there may be paradoxical effects such as the 
possibility that antibodies to tumor necrosis factor (TNF) 
could induce psoriasis even though they can be very ef-
fective at treating psoriasis, and they could also induce 
demyelinating disease (but have no proven benefit in 
treating MS). Finally, these immune-mediated inflamma-
tory diseases have considerable overlap of genetic suscep-
tibility loci.   Overlap can comprise a shared locus for 
which the same single nucleotide polymorphism confers 
an increased risk for more than one disease or a shared 
locus for which the same polymorphism increases the risk 
for one disease but is protective of another, or finally a 
shared locus for which different polymorphisms are im-
plicated  [13] . It is not just that the genotype drives the 
immune response (many of the genetic single nucleotide 
polymorphisms common to immune-mediated inflam-
matory diseases are immune response loci) but the geno-
type can also impact on the gut microbiome. In a large 
study of 416 twin pairs, the greatest similarities in the gut 
microbiome were found in monozygotic compared to di-
zygotic twins (both twin types share a household and diet 
 [14] ).

  Multiple Sclerosis 

 Activated T cells migrate to, adhere to and penetrate 
through the blood-brain barrier. In the central nervous 
system, T cells are reactivated by antigens presented on 
major histocompatibility complex sites predominantly by 
microglial cells. The reactivated T cells secrete pro-in-
flammatory cytokines, such as interferon-γ or interleu-
kin-2 (IL-2  [15] ). While an immunoinflammatory re-
sponse is undeniably occurring in the central nervous sys-
tem of persons with MS, the ongoing mystery is 
identifying the primary antigenic trigger that activates the 
initial T cell response. There is evidence that this may oc-
cur at the level of the gut microbiome. In this context, 
research investigating the gut microbiota is in fact framed 
by our understanding of MS immunopathogenesis.

  There is a growing body of research exploring the in-
teractions between the host, the brain, and the microbi-
ome. Increased gut permeability may enable microbes or 
microbial metabolites to enter the bloodstream (reviewed 
in Tremlett et al.  [16] ). Further, gut microbes produce 
neuromodulating metabolites (e.g., short chain fatty ac-
ids) and can induce the production of neurotransmitters 
such as serotonin and neuromodulating hormones such 
as peptide YY. Interaction between the central nervous 
system and the gut may be bidirectional and enteric in-
nervation by the vagus nerve, which has anti-inflamma-
tory effects, may play a key role. In addition, stress has 
been shown to alter the gut microbiome, directly or indi-
rectly, through intestinal immune responses  [17] . In turn, 
the gut microbiome may mediate depression and anxiety, 
a nascent field of study  [18, 19] .

  In the   relapsing/remitting experimental autoimmune 
encephalomyelitis (EAE) mouse model, Ochoa-Repáraz 
et al.  [20]  showed that animals that received oral antibiot-
ics or antibiotics present in drinking water had signifi-
cantly reduced clinical activity scores for 3 weeks after 
initiation compared to animals that received no antibiot-
ics or that received intraperitoneal antibiotics. This was 
accompanied by a reduction in interferon-γ and TNF 
production by lymphocytes and an increase in IL-10 and 
IL-13. It was also accompanied by a reduction in 
interferon-γ-producing and IL-17-producing T lympho-
cytes with an increase in IL-10- and IL-13-producing T 
lymphocytes.

  Berer et al.  [21]  studied relapsing/remitting EAE in a 
germ-free mouse model. EAE was evident within 10 
weeks in the specific pathogen-free mice but never 
emerged in germ-free mice; with microbial reconstitu-
tion of germ-free mice, EAE emerged. The differential 
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roles of T and B cells in this relapsing/remitting EAE 
mouse model were also studied. The model involved in-
jection of   myelin oligodendrocyte glycoprotein in 
Freund’s adjuvant into mice and transgenic CD4+ T cells 
infiltrated the central nervous system. Activation of my-
elin oligodendrocyte glycoprotein-specific T cells in the 
gut-associated lymphoid tissue was necessary (but not 
sufficient) for the emergence of relapsing/remitting EAE. 
Full relapsing/remitting EAE required recruitment of 
myelin oligodendrocyte glycoprotein-reactive B cells. In 
germ-free mice, there was a deficit of Th17 cells in Peyer’s 
patches and in the lamina propria in addition to a deficit 
of myelin oligodendrocyte glycoprotein antibodies, all of 
which was reversed with gut microbiota reconstitution.

  A number of studies have reported on the gut micro-
biome in adult MS  [22–24] . In one stool microbiota study 
 [23] , untreated persons with MS had a significantly in-
creased relative abundance of the archaeal phylum Eu-
ryarchaeota (particularly,  Methanobrevibacter , which is a 
predominant colonic Archaeal genus) and bacteria Ver-
rucomicrobia  (Akkermansia)  compared to healthy con-
trols. A reduced abundance of Bacteroidetes   ( Prevotella 
 and  Butyricimonas ) and Actinobacteria ( Collinsella  and  
Slackia ) was also reported. Increased  Methanobrevibacter  
and  Akkermansia  had negative correlations with some 
known anti-inflammatory cytokines in autoimmune de-
myelination such as TNFP1 and other key T cell and 
monocyte pathways often implicated in MS pathogenesis.  
 Tremlett et al.  [25]  similarly identified an enrichment of 
 Methanobrevibacter  among early pediatric MS patients, 
whereas others have reported a depleted abundance of 
Archaea  [26] . The potential inflammatory role of Euryar-
chaeota has previously been recognized. Considering 
their known ability to cause human dendritic cell activa-
tion (particularly  Methanosphaera stadtmanae  and  Meth-
anobrevibacter smithii   [27] ) and the increased abundance 
of  M .  stadtmanae  often reported in IBD, further investi-
gation is warranted. Further, others have also reported 
increased abundances of  Akkermansia   [28] . Interestingly, 
while a link might exist in MS and a pro-inflammatory T 
cell response, reduced  Akkermansia muciniphila  has been 
reported in IBD  [29] .

  Treated persons with MS had increases in the bacterial 
genera  Prevotella  and  Sutterella,  suggesting that immune 
therapy may normalize some of the MS-related changes in 
the microbiota. There were no significant differences in 
the microbiota among those treated with interferon com-
pared with those treated with glatiramer acetate. A lower 
abundance of  Butyricimonas,  a group of butyrate-produc-
ing bacteria, in MS patients was also found. 

  Others have also found increased stool  Prevotella  in 
MS  [24] . In a Japanese study, there was no difference in 
stool diversity or richness between persons with MS and 
controls  [22] . However, species belonging to  Bacteroides , 
 Faecalibacterium ,  Prevotella  and  Anaerostipes  were less 
abundant in the gut microbiota of persons with MS than 
in healthy controls. The reduction in  Prevotella  was con-
sistent with data noted above on untreated persons with 
MS; however, in this Japanese study, two thirds of sub-
jects were receiving treatment. Of the 19 reduced species 
in MS samples, 14 belonged to  Clostridia  clusters XIVa 
and IV of which  F. prausnitzii  was reduced.

  Tremlett et al.  [30]  studied the gut microbiota in pedi-
atric patients with relapsing/remitting MS and found that 
relative to controls, MS cases had a significant enrich-
ment in the relative abundance for members of the  Desul-
fovibrionaceae  family and depletion in  Lachnospiraceae  
and  Ruminococcaceae  (all  p  < 0.000005). They further 
showed that microbiota richness correlated positively 
with Th17 for cases but not controls, whereas Bacteroide-
tes inversely correlated with Th17 for cases but not con-
trols. Fusobacteria correlated with regulatory cells in con-
trols but not in cases  [31] . This group also studied the risk 
of relapse in pediatric MS adjusting for age and immune 
drug exposure status  [32] . A shorter time to relapse was 
associated with a significant increase in Firmicutes, a sig-
nificant reduction in Fusobacteria and the absence of the 
Archaea  Euryarchaeota . The authors also reported quite 
different fecal microbiotas in users of distinct immune 
drugs, which is an important reminder for those conduct-
ing studies in humans with chronic immune diseases us-
ing different immune-altering drugs. 

  In a study assessing the interaction of vitamin D sup-
plementation in persons with MS using glatiramer ace-
tate, investigators found changes in the fecal microbiotas 
of persons with MS compared to healthy controls  [33] . 
Vitamin D supplementation increased the abundance of 
 Akkermansia ,  Ruminococcus , and  Fecalibacterium  to 
similar levels seen in healthy controls; however, this was 
only evident in persons on glatiramer acetate, underscor-
ing how different interventions may be additive in their 
beneficial effects on the gut microbiome.

  Hence, from MS data there are conflicting findings be-
tween particular microbes and different (or the same) dis-
eases. For example, MS studies have reported either in-
creases or decreases in  Prevotella  and increases in  Akker-
mansia  and reductions in  Collinsella  reported in MS 
differ from results reported in other chronic immune-
mediated inflammatory diseases (including IBD). In con-
trast, consistent with studies of other chronic immune-
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mediated inflammatory diseases, such as CD, MS data 
often report reductions of  F. prausnitzii . Studies of the 
MS gut microbiome, however, are limited in their sample 
size. Further studies are clearly needed to allow for more 
defined trends to be evaluated. 

  Rheumatoid Arthritis 

 Ironically, in one of the earliest animal model studies 
manipulating the gut microbiota, germ-free mice had 
worse adjuvant arthritis than conventional or specific 
pathogen-free mice  [34] . Even in the absence of accom-
panying microbiome studies, O’Dell et al.  [35]  showed 
that oral minocycline was effective in treating RA com-
pared with placebo. More recently, Chen et al.  [36]  have 
shown reduced fecal microbial diversity in persons with 
RA compared to controls, a typical trend observed in 
IBD. Of note, in this study, methotrexate and hydroxy-
chloroquine, two longstanding RA treatments, improved 
gut microbial diversity. Hence, either these drugs have a 
direct or indirect effect on the gut microbiome or alter-
natively by improving the RA course, the gut microbiota 
normalized suggesting that alterations in the gut micro-
biota are effect rather than cause. As noted with MS, fur-
ther research in the gut microbiome and RA is needed to 
account for concurrent immune-modulating therapy. 
Using principle coordinate analysis based on the Bray 
Curtis distance matrix changes in Actinobacteria were 
most striking between RA and controls but a decrease in 
 Faecalibacterium  was also noted. Thus, current findings 
suggest that  Faecalibacterium  plays an important role in 
many diseases and further research should be aimed at 
elucidating the bacteria’s plausible function in immune-
mediated inflammatory diseases. Sokol et al.  [37]  initially 
reported reduced  F. prausnitzii  as potentially important 
in predicting relapse of CD. Evidence of reduction across 
different immune-mediated inflammatory diseases may 
suggest that reduction of this microbe is truly associated 
with enhanced immune activation and inflammatory dis-
ease. IBD studies can be confounded by active gut inflam-
mation but MS, RA, and other immune-mediated inflam-
matory disease studies are not necessarily confounded by 
localized presence of disease. Chen et al.  [36]  recently re-
ported an increase in the abundance of  Eggerthella  and  
Actinomyces  of the Actinobacteria and  Turicibacter  and 
 Streptococcus  of the Firmicutes. Moreover, of the Actino-
bacteria,  Collinsella  abundance correlated with   increased 
gut permeability in Caco-2 cells ,  and   was also correlated 
with high levels of α-aminoadipic acid, asparagine, and 

IL-17A production. Kugasathan et al.  [38]  recently pre-
sented data on a prospective pediatric IBD cohort drawn 
from 28 referral centers across the US. They reported that 
the presence of increased  Collinsella  in stool samples was 
associated with a fistulizing phenotype of CD. At present, 
relatively little is known regarding what role, if any,  Tu-
ricibacter  may have on IBD. One study has reported an 
increase in  Turicibacter  in mice with depleted CD8+ T 
cells  [39] , another suggested its presence might be related 
to TNF expression  [40]  and the bacterium has also been 
isolated from the serum of an acutely ill patient  [41] . 
These findings suggest that the function of this bacterium 
should be further evaluated for its plausible role in dis-
ease.

  A few candidate microorganisms have been associated 
with RA;  Prevotella , for example, has shown interesting 
trends. Scher et al.  [42]  showed elevated levels of  Prevotel-
la copri  in treatment-naïve new-onset RA patients; how-
ever, levels were paradoxically decreased in chronic RA, 
psoriatic arthritis patients and even healthy controls, sug-
gesting that this microbe may play a more important role 
in disease onset (vs. disease perpetuation). Further inves-
tigation revealed that mice colonized with  P. copri  pre-
sented with exacerbated colitis when treated with dextran 
sulfate sodium. The role of  Lactobacillus  has also been 
extensively studied with respect to RA. Liu et al.  [43]  
showed increased  Lactobacillus  and corresponding diver-
sity levels in the RA gut. This proposes that an increase in 
these levels may be involved in disease onset and/or pro-
gression. Other RA data also show an association between 
increased  Lactobacillus  populations and disease  [44] . 
Moreover, increased abundances of both  Lactobacillus 
 and  Bifidobacterium  populations in active IBD have also 
been shown  [45] . This is relevant, as particular  Lactoba-
cillus  strains are utilized as supplementary treatment in 
chronic immune-mediated inflammatory; these micro-
organisms are considered probiotic, with the potential to 
confer a health benefit to the host, and have been evalu-
ated in a clinical context for probiotic treatment of such 
diseases. To date, no  Lactobacillus  treatment studies have 
proven effective in IBD  [46] .

  Psoriasis and Psoriatic Arthritis 

 Increasing evidence suggests that the microbiome 
plays an important role in psoriatic disease, including 
psoriasis and psoriatic arthritis, the latter of which repre-
sents another form of chronic arthritis. Though studies of 
the skin microbiome, mycobiome, and virome in psori-
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atic disease are numerous (reviewed in Yan et al.  [47] ), 
few studies have specifically focused on the gut microbes. 
Scher et al.  [48]  compared the gut community composi-
tion in 16 psoriatic arthritis patients, 15 patients with pso-
riasis of the skin and 17 healthy matched controls. Both 
psoriatic disease cohorts demonstrated reduced diversity 
compared to that observed in healthy controls. The rela-
tive abundance of  Coprococcus  species was reduced in 
both disease groups; the gut of psoriatic arthritis patients 
was characterized by a reduction in  Akkermansia ,  Rumi-
nococcus , and  Pseudobutyrivibrio , which was positively 
correlated with heptanoate and hexanoate (medium 
chain fatty acids). The genus  Akkermansia  was also in-
versely correlated with soluble IgA and short chain fatty 
acids such as acetate and butyrate.  Akkermansia  and  Ru-
minococcus  are consistently reported to be reduced in 
IBD, particularly CD. In CD, it is difficult to discern 
whether changes in specific stool microbes are integral to 
or are secondary to the inflammatory process. Perhaps we 
can learn from other immune-mediated inflammatory 
diseases, like psoriasis, about the relevance of microbes 
like  Akkermansia  and  Ruminococcus  for the systemic im-
mune response. Of note, in the context of the local gut 
immunological response, Scher et al.  [48]  also reported 
the fecal supernatant of psoriatic arthritis patients to 
show an increase in secretory IgA and a corresponding 
decrease in RANKL. More recently, Masallat et al.  [49]  
found a reduction of the Actinobacteria phylum in pso-
riasis patients, which was negatively correlated with dis-
ease severity (PASI score). An increased Firmicutes/Bac-
teroidetes ratio in psoriasis patients was similarly report-

ed, and was positively correlated with disease severity. 
Furthermore,  F. prausnitzii  has also been shown to be de-
pleted in psoriasis as well as in many other chronic im-
munoinflammatory diseases  [50] .

  Conclusions 

 As discussed above, several gut microbiota dysbiosis 
trends are common between many chronic immune-me-
diated inflammatory diseases, but also, findings that are 
not shared between particular diseases are also evident. 
Accordingly, our group led by Gary Van Domselaar has 
recently conducted a study to determine the gut microbi-
ome in several immune-mediated inflammatory diseases 
including 19 CD patients, 19 UC patients, 18 MS patients 
and 21 RA patients relative to 32 healthy controls. The 
goal of this study was to determine if there were microbes 
consistently or uniquely disproportionate among several 
chronic inflammatory diseases. We observed the gut mi-
crobiota of CD to be consistently different in terms of 
richness and diversity compared to other chronic im-
mune-mediated inflammatory diseases and healthy con-
trols, and that the UC, MS and RA microbiota demon-
strated similar diversity and richness. In terms of taxo-
nomic distribution, while several taxa were uniquely 
increased or decreased in each chronic disease, the great-
est number was found in CD. Moreover, we identified 
 Eggerthella  and  Clostridium XIVa  to be increased in all 
disease cohorts, whereas  Coriobacteriaceae  were de-
creased in all diseases relative to healthy controls. It would 
be particularly useful for further studies to include sev-
eral additional chronic immune-mediated inflammatory 
diseases that preferentially affect distinct organ systems 
to elucidate commonalities or distinctions of the gut mi-
crobiome.  Figure 2  shows a list of candidate microorgan-
isms that are highly interesting in the context of immune-
mediated inflammatory diseases.

  Animal models have provided some common themes 
across immune disease research involving the gut micro-
biome. Germ-free animal models of disease have reduced 
or absent development of organ-specific inflammation. 
Reconstitution with specific microbes can lead to wors-
ened organ-specific inflammation. This adds to the ratio-
nale for studying the gut microbiome in human chronic 
immune-mediated inflammatory diseases. There has 
been considerable enthusiasm for the notion that an al-
teration of the gut microbiome is important at directing 
the immune dysregulation of IBD. However, as described 
here, for non-gut immunoinflammatory diseases, there is 

Actinobacteria
Collinsella
Eggerthella

Bacteroidetes
P. copri

Firmicutes
F. prausnitzii
Lactobacillus

Ruminococcus
Turicibacter

Verrucomicrobia
Akkermansia

Euryarchaeota

  Fig. 2.  Microorganisms of interest in chronic immune-mediated 
inflammatory diseases. 
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also increasing evidence for a role of the gut microbiota. 
Gut microbiome studies in these other chronic immune-
mediated inflammatory diseases can inform the research 
and the analysis of studies in IBD. If microbe excess or 
deficiency is important across several chronic immune 
diseases then it adds to the likelihood that the connection 
between those microbes and the intestinal and subse-
quently systemic immune response is important, and 
makes the changes in IBD less likely to be secondary to 
the intestinal inflammation. Further, gut microbial 
changes in IBD that are not evident in other chronic im-
mune-mediated inflammatory diseases are more likely to 
be IBD-specific. 
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