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Abstract
Immune-mediated inflammatory diseases (IMIDs) are a diverse group of complex
inflammatory diseases that result from dysregulated immune pathways and can
involve any system of the human body. Inflammatory bowel disease (IBD) is one
such disease involving the gastrointestinal (GI) system. With high prevalence in the
West and increasing incidence in newly industrialized countries, IBD poses a signifi-
cant burden on health care. IMIDs of the GI system other than IBD can have similar
clinical features, causing diagnostic and therapeutic challenges. Although these disor-
ders share a common pathophysiology, the defects can occur anywhere in the com-
plex network of cytokines, inflammatory mediators, and innate and adaptive systems,
leading to unregulated inflammation. Precise knowledge about them will help deter-
mine the possible targeted therapy. Thus, it is essential to distinguish these disorders
from IBD. This review describes various IMIDs of the GI tract that mimic IBD.

Introduction
Immune-mediated inflammatory diseases (IMIDs) encompass a
group of complex immune-mediated diseases characterized by
dysregulation of immune pathways and can involve any system
of the human body. IMIDs involving the gastrointestinal
(GI) tract are a group of disorders that share similar pathophysi-
ology and can have similar clinical manifestations, sometimes
causing significant clinical confusion. These disorders include
inflammatory bowel disease (IBD), coeliac disease, GI vasculitis,
eosinophilic gastroenteritis, certain monogenic disorders, sarcoid-
osis, immune checkpoint inhibitor-induced colitis (ICI colitis),
and microscopic colitis. IBD is commonest among them, causing
a significant burden on the healthcare system. IBD comprises
two major phenotypes: Crohn’s disease (CD) and ulcerative coli-
tis (UC). Even though our understanding of etiopathogenesis has
improved, it is not very clear yet, and it was hypothesized that it
occurs as a result of intricate interactions among environmental
factors, such as the gut microbiome, in a genetically susceptible
individual.1 Intestinal homeostasis is maintained by the gut
microbiome, and intestinal epithelial integrity as well as immune
tolerance by gut immunity, which prevents abnormal activation
of immune cells despite exposure to millions of foreign antigens
daily.2 In addition, various immune checkpoints and barriers are
in place throughout the GI tract, which prevent abnormal
immune activation. A breach in any of these barriers triggers the
innate and adaptive immune system, resulting3 in abnormal
sustained immune response, thus causing intestinal damage.
IMIDs of the GI tract result from defects in specific immune

pathways and mimic IBD. With increasing knowledge and avail-
ability of sophisticated technologies, our understanding of the
pathogenesis of intestinal IMIDs has improved remarkably. In
this review, we describe various IMIDs of the GI tract which are
similar to IBD and their pathogenesis (Table 1).

Monogenic disorders presenting as IBD
Increasing availability and declining cost of next-generation
sequencing methods have made it possible to recognize Mende-
lian disorders that mimic IBD.4 Conventional adult-onset IBD is
considered a polygenic disorder with a possible link to
240 genetic loci belonging to approximately 300 genes. How-
ever, their penetrance is low.5 In comparison, more than 50 differ-
ent sets of genes have been reported that present with features
similar to adult-onset IBD with Mendelian inheritance.6 Even
though some of the genes implicated in monogenic IBD variants
have incomplete penetrance, it is still higher than the penetrance
of genes implicated in conventional adult-onset IBD, such as
NOD2, ATG16L1, IRGM, IL23R, CARD9, RNF186, and so on.7

These Mendelian disorders constitute a small fraction of IBD
cases and present during early childhood,8 and as the age of pre-
sentation increases, the incidence of these monogenic variants
decreases. These Mendelian disorders can be classified into dif-
ferent functional groups based on the pathways involved, includ-
ing disorders of epithelial barrier integrity, disorders of immune
dysregulation, autoinflammatory disorders, disorders of immuno-
deficiency, and innate immune defects including phagocyte kill-
ing. As mutations involved in these disorders can affect more
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than one pathway, specific differentiation of a disorder into one
of these groups is not accurate, and many of these disorders can
have features of immunodeficiency.

Disorders of epithelial integrity. Intestinal epithelium
not only acts as a physical barrier but also helps in maintaining
immune tolerance. IBD-like phenotype can be observed in disor-
ders of epithelial barrier defects as seen in dystrophic
epidermolysis bullosa, Kindler syndrome, familial diarrhea due
to activating dominant guanylate cyclase C mutation (GUCY2C),
X-linked ectodermal dysplasia and immunodeficiency, and
ADAM-17 deficiency.9 Most of these syndromes primarily pre-
sent with skin manifestations during early childhood.10 For
example, hypomorphic mutations in the IKBKG gene encoding
nuclear factor κB (NFκB) essential modulator protein (NEMO)
lead to intestinal inflammation in X-linked ectodermal dyspla-
sia.11 Disorders of collagen VII defects can also present with
CD-like phenotype, indicating the role of collagen in maintaining
epithelial barrier integrity. Other disorders involving the regula-
tion of epithelial polarity such as Tetratricopeptide Repeat
Domain 7A (TTC7A) are also associated with severe combined
immunodeficiency (SCID)-like presentation and intestinal inflam-
mation presenting in early life.12 Other examples include congen-
ital sodium diarrhea (CSD) and congenital tufting enteropathy
caused by the epithelial adhesion genes EPCAM and SPINT2,
respectively. Mutations in SLC9A3 and GUCY2C also lead to
congenital sodium diarrhea.13 These patients are predisposed to
the development of IBD in later life.14

Another group of disorders that are predominantly
reported from Asian countries such as China, Japan, and Korea
includes chronic nonspecific multiple small intestinal ulcers
(CNSU) or cryptogenic multifocal ulcerous stenosing enteritis
(CMUSE).15,16 These disorders involve defects in the prostaglan-
din pathway. Variants of the SLCO2A1 gene have been shown to
be associated with circumferential ulcers in the ileum and
protein-losing enteropathy, resulting in a condition known as
chronic enteropathy associated with SLCO2A1 (CEAS).17,18 The
SLCO2A1 gene is involved in the transport of PGE2 into the
cytoplasm and its subsequent destruction. Mutations in this gene
lead to excess PGE2 levels and inflammation. The exact patho-
physiology of this condition is not yet established, but elevated
PGE2 may disrupt the integrity of the epithelial barrier and then
predispose to inflammation. Another variant of SLCO2A1 is also
associated with similar presentation and with primary hypertro-
phic osteoarthropathy (PHO).19 CEAS is more frequently
observed in females than males, whereas PHO-associated enter-
opathy is more common in males. A similar condition associated
with mutations in PLA2G4A involved in prostaglandin metabo-
lism also gives rise to similar enteropathy presenting with small
intestinal ulcers.20

Disorders of immune dysregulation. Interleukin 10, an
anti-inflammatory cytokine, and its receptor defects are associ-
ated with very early onset IBD-like phenotype with a predisposi-
tion to perianal and rectovaginal fistulae and presentation during
the first year of life. Defects in the autoimmune regulator gene
(AIRE), which is responsible for central tolerance, result in auto-
immune polyendocrinopathy candidiasis with ectodermal dystro-
phy (APECED). It is a multisystem autoimmune disease that

manifests by severe, intractable diarrhea and failure to thrive in
the first decade of life. Histopathological examination
shows small intestinal villous atrophy.21 Diseases associated with
JAK–STAT dysfunction and STAT3 and STAT1 gain of function
are also associated with lymphoproliferation and IBD-like
presentation.22

Autoinflammatory syndromes. Disorders of excessive
inflammatory macrophage activation, such as phospholipase Cγ2
defects or familial Mediterranean fever, X-linked lympho-
proliferative syndrome types 1 and 2 or familial hemophagocytic
lymphohistiocytosis (HLH) type 5, Hermansky–Pudlak syndrome
(types 1, 4 and 6), and mevalonate kinase deficiency, can present
with IBD-like features.23 Mutations in X-linked inactivator of
apoptosis (XIAP) result in a rare, severe form of primary immu-
nodeficiency disorder (X-linked lymphoproliferative syndrome 2)
characterized by HLH, which is associated with severe fistulizing
perianal colonic phenotype at an early age.

Disorders of immunodeficiency. There are approxi-
mately 350 primary immunodeficiency disorders (PIDDs) with
distinct molecular etiologies; among them, approximately one-
third have GI manifestations,22 which could be GI infections,
IBD-like inflammation, or the development of GI malignancies.
Even though these PIDDs are predisposed to infections due to
defective microbial killing, they may also be associated with
hyper-inflammatory responses manifesting as IBD. In addition,
most of these disorders are associated with the involvement of
other systems, and GI manifestations occur during the disease
course.24

1. B-cell disorders: Immunodeficiency disorders involving B-cell
defects such as common variable immunodeficiency (CVID),
hyper-IgM syndrome, and agammaglobulinemia can have
bowel involvement similar to IBD. However, pure immuno-
globulin deficiency or B-cell defects will not predispose to
intestinal inflammation. For example, despite BTK-associated
agammaglobulinemia being associated with a severe lack of
immunoglobulins, it is less frequently associated with colitis
than CVID subsets with less severe immunoglobulin
deficiency.24

2. T-cell disorders: Regulatory Treg cells (T-cells) are most
important for maintaining immunotolerance in the intestines.
Various genes affect Treg cell function, defects of which pre-
dispose to uncontrolled inflammation presenting as IBD-like
phenotype. The most important genes are FOXP3, CTLA4,
LRBA, IL2Rα, BACH2, and TGFB1.25 All these genes affect
Treg cell function either directly or indirectly. Immune dys-
regulation, polyendocrinopathy, enteropathy, X-linked (IPEX)
syndrome is prototype disorder in this category, which results
from mutations in the FOXP3 gene.26 IPEX is characterized
by multisystem autoimmune manifestations with reduced Treg
cells. The typical presentation is severe, intractable diarrhea in
infancy. The haploinsufficiency of the CTLA4 gene causes a
syndrome named CHAI (CTLA-4 haploinsufficiency with
autoimmune infiltration) characterized by lymphadenopathy,
splenomegaly, hypogammaglobulinemia, lymphocytic infiltra-
tion of multiple nonlymphoid organs (especially the intes-
tines), and autoimmunity.27 CTLA4 is an inhibitory receptor
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expressed on effector T-cells and Treg cells and mediates
peripheral immunotolerance. Mutations in another protein
closely associated with CTLA-4 known as LRBA (lipopoly-
saccharide-responsive vesicle trafficking, beige-like anchor
protein) cause LATAIE (LRBA deficiency with autoanti-
bodies, Treg defects, autoimmune infiltration, and enteropa-
thy).28 LRBA binds with the CTLA-4 and protects it from
destruction. BACH2 is a transcriptional regulatory protein
required for Treg cell development. Mutations of BACH2
gene cause a syndrome known as BACH2-related immunode-
ficiency and autoimmunity (BRIDA), which presents with
IBD-like phenotype and predisposes to infections.2 Mutation
in TGF β1 also resembles FOXP3 deficiency in the first few
months of life. Wiskott–Aldrich syndrome (WAS) is a rare
X-linked primary immunodeficiency characterized by the triad
of eczema, thrombocytopenia, and susceptibility to infections
due to combined immunodeficiency.29 Patients with WAS
exhibit a spectrum of autoimmune manifestations such as
hemolytic anemia, vasculitis, inflammatory arthritis, neutrope-
nia, and IBD.

3. Neutrophil disorders: Neutrophils play an essential role in
protecting intestinal epithelial integrity from invading patho-
gens.30 Chronic granulomatous disease (CGD) is a prototype
of these disorders, and others include glycogen storage dis-
ease type 1b, congenital neutropenia, and leucocyte adhesion
deficiency-1. Defects in genes such as WAS, LRBA, BTK,
CD40LG, or FOXP3 can also have underlying neutrophilic
functional defects, but primarily they are regulatory T-cell dis-
orders. CGD is characterized by impaired NADPH oxidase
(PHOX) complex generation leading to defective microbicidal
respiratory burst.31 Clinical presentation includes skin lesions,
susceptibility to bacterial and fungal infections, and inflamma-
tory GI manifestations usually presenting after the first decade
of life.32 The most common CGD mutation occurs in the
CYBB gene with X-linked inheritance; other mutations involv-
ing CYBA, NCF1, NCF2, and NCF4 are associated with less
severe phenotypes. X-linked CGD is more likely to present as
an IBD phenotype.33,34

Monogenic IBD variants presenting in adults. The
majority of the monogenic IBD variants manifest in the first decade
of life, but some mutations can present after the second decade but
rarely in adulthood (Table 2). Usually, patients with monogenic
disorders have multisystem involvement along with intestinal
symptoms. Other features apart from young age of onset, refractori-
ness to conventional therapy, growth failure, multisystemic symp-
toms such as skin, hair, endocrine involvement, recurrent
childhood infections, hemophagocytic lymphohistiocytosis, and
similar manifestations in first-degree relatives also favor monogenic
disorders. A subset of patients with congenital sodium diarrhea can
present with IBD-like phenotype in late adolescence or adult-
hood.14 Hermansky–Pudlak syndrome type 1, 4, or 6 can develop
Crohn’s phenotype at any age, including early childhood, but most
often in adolescence or young adulthood. However, they present
with characteristic oculocutaneous albinism and bleeding diathe-
sis.35,36 Rare variants of the XIAP gene can present with intestinal
inflammation without XLP2-like manifestations.37 Mutations in
SLC37A4 cause glycogen storage disorder 1b and present with
hepatosplenomegaly, failure to thrive, and IBD-like phenotype in

the first two decades of life. Congenital neutropenia syndrome cau-
sed by mutations in G6PC3 can also predispose to developing
IBD-like phenotype manifested in adult life.38 In a nationwide
French registry of fourteen patients with congenital neutropenia
syndrome, five had features of IBD, and most of them were diag-
nosed in the second decade of life.39 Similarly, mutations in the
ICOS and LRBA genes can present with CVID-like phenotype in
young adults, and other disorders such as CGD and WAS can also
present after adolescence.40 Mutations in SLCO2A1 and PLA2G4A
involve defects in prostaglandin metabolism and present with small
intestinal ulcerations. Deficiency of CD55 (decay-accelerating fac-
tor) leads to CHAPLE (CD55 deficiency with hyperactivation of
complement, angiopathic thrombosis, and protein-losing enteropa-
thy) syndrome, which is characterized by hyperactivation of
complement, vascular thrombosis, protein-losing enteropathy, and
intestinal ulcers.41

Approach to patients with monogenic disorders and
management. Monogenic IBD phenotypes are rarely encoun-
tered, but they can be challenging when one comes across such
cases. Treating physicians should be vigilant and identify these
cases when risk factors are present. Peripheral blood counts,
immunoglobulin profile, and lymphocyte assays help in identify-
ing common immunodeficiency disorders such as CVID and
lymphocyte disorders. Neutrophil oxidase burst assays can be
carried out if CGD is suspected (Table 3). Targeted gene analysis
can be done to confirm the diagnosis if any one of them is posi-
tive. If first-line investigations are normal and monogenic IBD is
strongly suspected, whole exome or genome sequencing can
identify the underlying genetic defects (Fig. 1). Monogenic disor-
ders are present early in life and are difficult to treat, being some-
times refractory to immunosuppressive drugs including biologics.
Targeting the underlying defective immune pathway might be
beneficial. Some of the monogenic disorders, such as mutations
of IL-10, can be effectively cured by hematopoietic stem cell
transplantation (HSCT). However, HSCT may not be curative in
every case. For example, mutations resulting in epithelial defects
such as TTC7A have a high risk of recurrence even after HSCT.
Patients with mevalonate kinase deficiency, IL-10 mutations or
CGD are associated with excess IL-1b. Hence treatment with IL-
1b receptor antagonists might be beneficial. Similarly, abatacept,
a CTLA-4 fusion protein, has been used in disorders with LRBA
mutation. Replacement of immunoglobulin in immunodeficiency
disorders such as CVID and the use of eculizumab in CHAPEL
syndrome are helpful in treating these disorders.

Coeliac disease
Coeliac disease (CeD), also known as gluten-sensitive enteropa-
thy, is an immune-mediated disease with similar pathogenesis as
that of IBD, but unlike IBD, the environmental and genetic fac-
tors responsible for disease pathogenesis are known. The global
prevalence of CeD based on serology in the general population is
1.4%, with the highest prevalence in Western countries.42 The
prevalence of biopsy-proven CeD is estimated to be lower
(0.7%) than serology-based estimates.42 CeD results from
immune-mediated intestinal injury triggered by dietary ingestion
of gluten protein in genetically predisposed individuals. There is
a clear genetic association between individuals possessing
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HLA-DQ2 and DQ8 and CeD.43 Proline-rich gluten proteins in
wheat, rye, and barley are the key drivers of intestinal inflamma-
tion. Gluten proteins are poorly digested by enterocytes, and
transported across the intestinal epithelium by paracellular mech-
anism to be presented to gluten-specific CD4 cells by antigen-
presenting cells (APC) expressing HLA-DQ2 and DQ8. These
HLA molecules bind more avidly to negatively charged gluten
proteins after modification by the tissue transglutaminase (tTG)

enzyme.44 Although CeD was previously thought to be a child-
hood disease, its onset can occur at any age. CeD is characterized
by diarrhea, symptoms of malabsorption (anemia, vitamin defi-
ciencies, bloating, and steatorrhea), or sometimes predominant
extraintestinal manifestations such as growth failure, bone abnor-
malities, osteoporosis, neurological symptoms, infertility,
and association with other autoimmune diseases (autoimmune
hepatitis, type 1 diabetes, autoimmune thyroiditis).45 CeD is

Table 2 Monogenic inflammatory bowel disease (IBD) variants that can be present in adults

Type Phenotype Associated features Lab abnormalities

LRBA and ICOS UC/CD Recurrent infections,
hepatosplenomegaly,
lymphadenopathy

Hypogammaglobulinemia

XIAP (XLP2) Crohn’s-like granulomatous colitis
in males

Perianal fistula; HLH;
Splenomegaly; Cholangitis;

Skin abscesses; Arthritis,
EBV and CMV infections;

Hypogammaglobinemia

CGD
CYBB
CYBA
NCF1
NCF2
NCF4

Crohn’s-like colitis Recurrent infections for catalase-
positive organisms;

Perianal fistula; Gastric outlet
obstruction; Eczema

Decreased neutrophil oxidative
burst study;

Elevated IgG

LAD1 (ITGB2) Crohn’s-like with stenosis/
stricturing phenotype

Neutrophilia
Recurrent infections
Delayed separation of umbilical

cord; Poor wound healing;
Folliculitis; Ulcers of skin;
Peridontitis; Gingivitis

Absent
CD11/CD18 complex expression

SLCO2A1 Small-bowel stricturing disease Primary hypertrophic
osteoarthropathy

—

PLA2G4A Small-bowel stricturing disease — —

WAS UC-like colitis in males Thrombocytopenia; Atopic
dermatitis; Autoimmune hemolytic

anemia; Arthritis;
Bacterial/viral infections;
Lymphoreticular malignancy

Microthrombocytopenia;
Variable lymphopenia;
Absent class-switched memory

B-cells; High IgE; Low IgG, IgA,
and IgM

CD 55 (CHAPEL syndrome) Enterocolitis with ulcers in
terminal ileum

Early-onset, protein-losing
enteropathy; Primary intestinal
obstruction; Edema;

Malabsorption; Recurrent
infections; Angiopathic
thromboemboli

Absent CD55 expression on
lymphocytes

G6P3C Crohn’s-like with strictures; Oral
and genital aphthous ulcerations

Cutaneous vascular malformation;
Cardiac defects;
Urogenital developmental defects;

Bleeding tendency

Severe neutropenia; T-cell
lymphopenia; Elevated IgG

SLC37A4 Crohn’s-like colitis with
ulcerations;

Strictures;
Perianal fistula

Hepatosplenomegaly;
Nephrocalcinosis; Folliculitis

Neutropenia and/or neutrophil
dysfunction with predisposition
to infections; Hypoglycemia;

Hyperuricemia;
Hyperlipidemia

SLC9A3 and GUCY2C
(congenital sodium diarrhea)

IBD-like small intestinal
involvement in adults

Elevated liver enzymes and
cholestasis

High stool sodium levels
Low serum sodium levels,

Metabolic acidosis,
Alkaline fecal pH,
Low urinary sodium excretion

CD, Crohn’s disease; HLH, hemophagocytic lymphohistiocytosis; UC, ulcerative colitis.
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diagnosed by the presence of serological markers (IgA tTG, anti-
endomysial antibody, anti-deamidated gliadin peptide antibodies)
along with evidence of villous atrophy of duodenal epithelium
with the exception in children, where more than 10 times eleva-
tion of IgA tTG is sufficient to make a diagnosis.46 Endoscopy
may show scalloped duodenal folds, mosaic pattern, as well as
decreased duodenal fold height and number. However, normal
endoscopy does not rule out CeD. With overlapping features,
CeD can mimic IBD, especially in children. However, observa-
tional studies have shown that these disorders could coexist in
the same patient.

In a meta-analysis of observational studies by Sanchez
et al., there was an increased risk of IBD in CeD and an

increased risk of CeD in IBD.47 Patients with CeD are also at
increased risk of developing microscopic colitis. Management
includes avoidance of gluten-containing food products and nutri-
tional supplementation of deficient nutrients and vitamins. Less
than 5% of patients do not respond despite adherence to a
gluten-free diet, referred to as refractory CeD, which is catego-
rized into type 1 and type 2.48

Vasculitis-related enteropathy
Vasculitis is characterized by inflammation of blood vessels and
can involve any organ system with protean clinical manifestations
depending on the size of the vessels involved. Vasculitis can be
divided into large-, medium-, and small-vessel vasculitis and other
minor groups according to the revised Chapel Hill Consensus,
2012.49 The extent and severity of GI involvement vary depending
on the type of vasculitis, and GI involvement usually occurs along
with the involvement of other systems. Clinical manifestations
vary from mild abdominal pain and diarrhea to acute intestinal
perforation.50–52 The underlying pathophysiology is diffuse ische-
mia of intestines due to inflammation and thickening of mesenteric
vessels or necrotizing inflammation involving small intramural and
submucosal vessels causing ulceration and perforation. It has been
shown that involvement of the GI system is associated with poor
prognosis in patients with systemic vasculitis.53 Large (Takayasu
arteritis and giant-cell arteritis) and medium (polyarteritis
nodosa and Kawasaki disease) vessel vasculitis predominantly pre-
sent with intestinal ischemia due to transmural necrotizing inflam-
mation of mesenteric vessels leading to abdominal pain.
Granulomatosis with polyangiitis (GPA), microscopic polyangiitis,
and eosinophilic granulomatosis with polyangiitis (EGPA) mani-
fest with GI symptoms in 5–30% of cases.54 Clinical symptoms
include abdominal pain, diarrhea, and hematochezia. Endoscopic

Table 3 Laboratory abnormalities in monogenic disorders

Investigation Genetic disorder

Elevated IgE/eosinophilia IPEX, WAS, IKBKG,
DOCK8

Immunoglobulin profile LBRA, CVID,
agammaglobulinemia

Lymphocyte subset analysis CVID,
agammaglobulinemia

DHR test CGD
Flow cytometric analysis of XIAP

expression by NK cells and lymphocytes
XIAP

Flow cytometric analysis of FOXP3
expression by CD4 T-cells

IPEX

CGD, chronic granulomatous disease; CVID, common variable immuno-
deficiency; IPEX, immune dysregulation, polyendocrinopathy, enteropa-
thy, X-linked; WAS, Wiskott–Aldrich syndrome; XIAP, X-linked
inactivator of apoptosis.

Figure 1 Steps in the assessment and investigations of patients with suspected monogenic inflammatory bowel disease (IBD)-like phenotype
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features include deep punched-out ulcers as well as edematous and
erythematous mucosa. Radiological imaging findings are usually
nonspecific, ranging from multifocal or diffuse bowel-wall thick-
ening to mesenteric vascular engorgement.55 Histopathology of
GPA and EGPA typically shows necrotizing granulomas with neu-
trophilic infiltrates and eosinophilic infiltrates in EGPA.56 Without
treatment, mortality is more than 80%, especially with multiorgan
involvement.57 Treatment includes immunosuppression in the form
of glucocorticoids, and in severe cases with multiorgan involve-
ment, higher immunosuppression with cyclophosphamide is
recommended.54

Behcet’s disease (BD) is another multisystem vasculitis
involving all vessels and clinically presents with recurrent oral and
genital ulcers. According to Chapel Hill Classification, 2012,51 it
is classified under variable vessel vasculitis. GI involvement can
be seen in 10–15% of cases. The incidence of BD is highest in
Turkey, with a prevalence of 80–370 cases per 100 000 popula-
tion, followed by Asia and the Middle Eastern countries, including
Israel, Saudi Arabia, and Iran.58 BD commonly presents in the sec-
ond and third decade of life with a variable male-to-female ratio
depending on the geographical location. HLA-B5101 is strongly
associated with BD, and high concordance in twins has been
observed.59 Recent studies have shown an association of mutations
in IL10, IL19, IL23R, and IL12B2 with BD.58 Abdominal pain,
diarrhea with or without bleeding, fatigue, and weight loss are
common manifestations along with recurrent oral and genital
ulcers and ocular involvement, and patients with BD are at high
risk of developing thrombosis. Perianal involvement is extremely
rare. The mucosal ulceration is typically localized to the ileocecal
area with large (>1 cm), deep, punched-out volcano ulcers with a
high risk of perforation.60 Common patterns of involvement are
localized single ulcer (67%) or localized multiple ulcers (27%),
but multi-segmental or diffuse colonic involvement is rare (6%).61

Histopathology shows nonspecific inflammation with no granu-
loma. Radiological imaging studies show features similar to
CD. Diagnosis is made by either the ICBD (International Criteria
for Behcet’s Disease) criteria or the International Study Group
(ISG) diagnostic criteria.62,63 However, ISG criteria do not include
intestinal symptoms. Medical management constitutes corticoste-
roids, immunomodulators, and anti-TNF agents. In severe cases
with perforation, surgery is recommended. The young age of onset
(<25 years), history of laparotomy, and volcano-shaped ulcers on
colonoscopy predict surgery.64 Other systemic vasculitides such as
IgA vasculitis can also involve the GI system with predominant
duodenal and small intestinal involvement, presenting during
childhood with abdominal pain, intussusception, hemorrhage, and
perforation.65 Kawasaki disease is another medium-vessel vasculi-
tis commonly seen in children, but with uncommon GI involve-
ment, presenting with mesenteric ischemia-like features.

Eosinophilic gastroenteritis
Eosinophilic gastroenteritis is a rare eosinophil-mediated inflam-
matory disorder of unknown etiology, infrequently suspected and
challenging to diagnose, and mimics other GI disorders such as
IBD. Eosinophils are an essential part of the innate immune sys-
tem of the GI tract, and eosinophilic infiltration of the GI mucosa
is commonly seen in many disorders, including parasitic infec-
tions, IBD, hypereosinophilic syndrome, and drug hypersensitivity.

Eosinophilic GI disorders (EGIDs) are a group of disorders that
encompass eosinophilic esophagitis (EoE), eosinophilic gastroen-
teritis (EGE), and eosinophilic colitis (EC).66 Even though pre-
dominant symptoms are localized to one segment of the bowel,
eosinophilic infiltration can be simultaneously seen in other seg-
ments of the intestine, as shown in a case series by de Chambrun
et al., where 80% of patients with EoE had eosinophilic infiltration
of the colon on histopathologic examination.67 The prevalence of
EGE is estimated to be 1 in 100 000 and commonly seen in the
third to fifth decade of life, although it can be present as early as
in infancy and as late as in the eighth decade.68 There is a slight
male preponderance, with a male/female ratio of 3:2. The exact
pathophysiology is not clear, but the role of T-helper (Th)-2 cyto-
kines and eosinophilic mediators such as interleukin (IL)-5 and
eotaxins has been demonstrated.69 Approximately 25–70% of
patients have either a personal or family history of atopy. Periph-
eral eosinophilia (eosinophils >500/microL) is seen in around 70–
80% of cases, and the presence of very high peripheral eosino-
philic counts indicate underlying primary eosinophilic disorder.66

EGE is characterized by eosinophilic infiltration of all layers of
the GI tract, and according to classification by Klein et al., EGE is
divided into three types: mucosal, muscular, and serosal. Clinical
presentation depends on the predominant layer involved.70 Muco-
sal disease is the most common form occurring in approximately
50% of cases and presents with abdominal pain, malabsorption,
and protein-losing enteropathy, whereas muscular disease presents
as intestinal obstruction and serosal disease presents with eosino-
philic ascites and pleural effusion.71,72 The stomach and proximal
intestines are the most common sites of involvement (40–80%).
Endoscopy findings vary from normal mucosa to erythema, friabil-
ity, fine granularity, ulcerations, nodules, and strictures. Histopa-
thology shows infiltration by eosinophils (>30/hpf), but the mere
presence of eosinophils does not confirm the diagnosis of EGE.
Three different clinical courses have been reported from a northern
French cohort, which includes an initial flare followed by remis-
sion (44%), intermittent exacerbations (36%), and a chronic con-
tinuous course (21%).67 The latter is predominantly seen in
mucosal disease (80%). Treatment includes corticosteroids (pred-
nisolone 0.5–1 mg/kg/day) with a good clinical response of about
50–90% with a slow taper over a period of 6–8 weeks.
Budesonide can also be used as an alternate to prednisolone. Aza-
thioprine can be used as a steroid-sparing agent in patients with
the steroid-dependent disease. In refractory cases, biologics like
omalizumab (anti-IgE) or mepolizumab (anti-IL-5), or anti-TNF
agents (infliximab and adalimumab) can be tried.73 A phase II
RCT of antolimab (an anti-siglec-8 antibody) by Dellon et al.
showed promising results, with 95% decrease in eosinophils on
histopathology and significant improvement in symptoms in
patients with EGE and EoE.74 A study by Gonsalves et al. showed
100% histological remission in 15 patients with EGE using an ele-
mental diet formula, indicating the role of food allergens.75

Microscopic colitis
Microscopic colitis (MC) is an inflammatory disease of the large
intestine characterized by chronic watery diarrhea, with normal
or near-normal endoscopic pictures and typical histopathological
findings. MC is frequently missed or confused with diarrhea-
predominant irritable bowel syndrome (IBS), and the symptoms
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can result in severe impairment in the quality of life. A nation-
wide cohort study in Sweden found that patients with MC were
at increased risk of death with a 10-year absolute risk difference
of 3.4% compared with the population without MC, which may
be to be due to a higher burden of comorbidities.76 The incidence
increases with age, with a peak incidence in sixth and seventh
decades of life.77 The etiopathogenesis is unclear but similar to
IBD, and the role of gut microbiota and defect in epithelial integ-
rity in genetically predisposed individuals have been proposed.78

A recent study demonstrated dysbiosis with an abundance of
Haemophilus parainfluenzae, Veillonella parvula, and other
Veillonella unclassified species and a low abundance of Alistipes
putredinis compared with healthy controls.78 However, the causal
relationship is not known. The major subtypes include collage-
nous colitis (CC) and lymphocytic colitis (LC). Histopathological
changes can be patchy or diffuse, with major changes seen in the
right colon rather than the left colon. CC is characterized by a
collagenous band of size >10 μm in the lamina propria associated
with increased intraepithelial lymphocytes (IELs) (<20/100 colo-
nocytes), whereas LC is characterized by a collagenous band of
size <10 μm and IELs >20/100 colonocytes. With these histo-
pathological findings, MC can mimic early changes of CD or
UC. However, endoscopic findings can differentiate both condi-
tions. A retrospective study showed that combined biopsies from
ascending and descending colon are sufficient to diagnose MC in
100% cases.79 It has been shown that symptoms correlate with
cellularity rather than collagen band thickness.80 Smoking, the
use of drugs such as proton pump inhibitors (PPIs), nonsteroidal
anti-inflammatory agents (NSAIDs), and selective serotonin reup-
take inhibitors (SSRIs), and infection with Clostridium concious
have been shown to predispose MC. Other disorders such as bile
salt diarrhea, celiac disease, and IBS can coexist with MC.81,82

Kane et al. developed and validated a scoring system based on
parameters such as age ≥50 years, use of proton pump inhibitors
or nonsteroidal anti-inflammatory drugs, female sex, absence of
abdominal pain, and weight loss. The score ranged from �8 to
+38, and a score ≥8 identified patients with MC with >90% sen-
sitivity. However, the specificity was less, and they showed that
this score could identify potential patients, thereby reducing the
need for unnecessary colonoscopies and biopsies.83 Various ran-
domized trials and meta-analyses showed approximately 80%
clinical response with budesonide after induction, but predniso-
lone has not been shown to be effective.84 Budesonide is also
effective for maintaining remission. However, relapse rates are
high on withdrawing.85 Thiopurines, anti-TNFs, and
vedolizumab are recommended only if there is no response to
budesonide.86

Immune checkpoint inhibitor-induced
colitis
Immune checkpoint inhibitors (ICIs) target immune checkpoints
such as cytotoxic T-lymphocyte associated protein-4 (CTLA-4)
and programmed death receptor/ligand (PD/L). CTLA-4 is an
inhibitory receptor that competes with CD28 in attachment to
CD80/86 on antigen-presenting cells, thereby negatively regulat-
ing effector T-cells, and playing an essential role in peripheral
tolerance. Antibodies to CTLA-4 block its interaction with
CD80/86, leading to the activation of the CD28-mediated

co-stimulatory pathway, boosting anti-tumor T-cell response.87

PD receptors are located on various cells, including effector
T-cells, and they inhibit signals downstream to T-cell receptor
(TCR). CTLA-4 regulates T-cells in lymph nodes, whereas PD-
L1 regulates T-cells located in peripheral tissues.88 Anti-CTLA-4
(ipilimumab), anti-PD-1 (nivolumab, pembrolizumab), and anti-
PD-L1 (atezolizumab, avelumab, and durvalumab) antibodies
have been approved for use in melanoma, non-small-cell
lung carcinoma (NSCLC), hepatocellular carcinoma, classic
Hodgkin’s disease, gastric or gastro-esophageal junction malig-
nancies, head and neck squamous cell carcinoma, and urothelial
carcinoma. Many adverse events due to nonspecific immune acti-
vation have also been reported with their increasing use, collec-
tively known as immune-related adverse events (irAEs). Immune
activation leads to T-cell-induced inflammation in various organ
systems, including the skin, GI, liver, endocrine glands, and
lungs. Immune-mediated colitis (IMC) is one of the major irAEs
and requires urgent therapy depending on the grade of severity.
Clinical, radiological, and histopathological manifestations
resemble those of IBD.89 Major risk factors for IEC include the
dose, type of agent, use of NSAIDs, pre-existing IBD, and the
type of tumor, and recent association with a certain type of
microbiota has also been reported with increased risk of IMC.
Colitis has been more frequently observed in patients receiving a
higher dose of ipilimumab (10 mg/kg compared to 3 mg/kg dose;
5 vs 2%).90 Diarrhea and colitis are more frequently associated
with CTLA-4 inhibitors compared to PD-L1 inhibitors. IMC usu-
ally develops after a median duration of 4–8 weeks, but can
develop even after 2 years following infusion. The clinical pre-
sentation is similar to IBD, with diarrhea, abdominal pain, hem-
atochezia and, in severe cases, bowel perforation. Endoscopy
shows nonspecific features such as erythema, erosion, ulceration,
and luminal bleeding, and these changes can be diffuse or pat-
chy. Histopathology shows cryptitis, distortion, ulceration, and
pericryptal granulomas, similar to the changes seen in IBD.91

The most common site of involvement is the left colon, but in
12% cases isolated ileal involvement can be seen.92 Early endo-
scopic finding or fecal calprotectin before initiation of ICI ther-
apy does not predict the risk of developing IMC.92 Some studies
have shown a more potent anti-tumor effect with ICIs in patients
who develop irAEs, suggesting an adequate immune response.93

There is an increased risk of developing recurrence (23%) of
IMC following the reintroduction of ICI after recovering from
the first episode.90 Colonization by Firmicutes, such as
Faecalibacterium prausnitzii L2-6 and the butyrate-producing
bacterium Gemmiger formicilis, has been associated with good
anti-tumor response.94 Management is more or less similar to that
of IBD, and it depends on the severity of IMC.95 Low-grade coli-
tis (grade 1 and 2) is managed with oral steroids, and if there is
no improvement, intravenous methylprednisolone (1 mg/kg/day)
is advised. High-grade colitis (grade 3 and 4) is managed with
intravenous methylprednisolone, and if there is no response
within 3–5 days, infliximab should be considered.92 Recent stud-
ies have demonstrated the role of the integrin inhibitor
vedolizumab in colitis refractory to infliximab.96 A recent meta-
analysis has also shown a pooled response rate of more than
80% with infliximab and vedolizumab and a response rate of
60% with steroids.97 There are case reports of successful treat-
ment of IMC with fecal microbial transplantation.98
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Gastrointestinal sarcoidosis
Sarcoidosis is a systemic granulomatous disease of unknown eti-
ology characterized by the formation of non-necrotizing granulo-
mas.99 Thoracic involvement is most commonly seen, and GI
involvement can be incidental, with only <1% presenting with
symptomatic GI sarcoidosis.100 There is an oro-anal gradient in
the incidence of GI sarcoidosis, with common sites of involve-
ment being upper GI tract (stomach and esophagus). Involvement
of the small intestine and colon can be seen in up to 15–20% of
cases of GI sarcoidosis.101 The pathogenesis of sarcoidosis is not
clear, but it is hypothesized that abnormal activation of T-cells
secondary to unknown antigen leads to granulomatous inflamma-
tion. The granulomas have a central follicle composed of epithe-
lioid and CD4 helper T-cells with TH1 differentiation
surrounded by a ring of fibroblasts, B-cells, and CD8 T-lympho-
cytes.99 Clinical presentation includes diarrhea, weight loss, and
abdominal pain. Endoscopy shows edematous, ulcerated mucosa,
or polypoidal lesions in stomach and intestines. Radiological
investigation reveals segmental thickening with enhancement.
Diagnosis is made by demonstrating non-necrotizing granulomas
on histopathology. Pulmonary and thoracic involvement favors
sarcoidosis. Corticosteroids constitute the treatment of choice.

Approach
The GI system is the largest lymphoid organ in our body.
Despite exposure to thousands of foreign antigens and millions
of bacteria in the intestinal lumen, immunotolerance is
maintained to prevent abnormal activation of inflammation.
Disruption of homeostasis by any one of the mechanisms
described previously in this review results in inflammation. All
those disorders discussed in this review result from the activa-
tion of different immune system pathways, and their clinical,
endoscopic, histological features overlap, creating confusion.
One should think with an open mind and look for other possi-
bilities, especially in patients not responding to conventional
therapies. A detailed clinical history and examination would
provide valuable information in identifying the underlying etiol-
ogy. In most cases, additional radiological, endoscopic, and his-
topathological investigations will help in arriving at a correct
diagnosis. It is sometimes difficult to pin-point the diagnosis,
which requires further sophisticated investigations like T- and
B-cell immunophenotyping, candidate gene analysis, and
exome sequencing. Although most of these disorders are man-
aged on similar lines with immunosuppressants, there are spe-
cific differences in management depending upon the underlying
immune pathway involved. Investigations such as immunoglob-
ulin profile, T- and B-cell immunophenotyping, and functional
neutrophil assays can help identify the underlying immunodefi-
ciency. The recent addition of candidate gene sequencing and
whole-exome sequencing to the diagnostic armamentarium has
helped in identifying the underlying defective immune path-
ways that can be targeted.

Conclusion
IBD is a prototype of immune-mediated inflammatory diseases
of the GI tract that share common pathophysiology and clinical
manifestations with other disorders. These disorders closely

mimic each other, causing significant dilemmas at times. Newer
next-generation sequencing methods have unravelled the key
genetic mutations and immune pathways, which have helped to
develop newer targeted therapies. The presence of atypical fea-
tures such as very young age of onset, refractoryness to bio-
logics, and involvement of other organ systems should raise the
suspicion, and the diagnosis should be revisited. Immunoglobulin
assays, lymphocyte profiling, and neutrophilic functional assays
should be carried out in patients with suspected underlying
immunodeficiency disorder. Whole-exome/genome sequencing
and targeted gene analysis should be reserved for cases with a
strong suspicion of monogenic disorders with IBD-like pheno-
type. Understanding the underlying immune mechanisms can
help in identifying the etiology and individualize therapy.
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