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Abstract: Various enteropathies, including immune-mediated (IME) and infection-related
conditions, can lead to small intestinal mucosal injury and malabsorption. While immune
dysregulation plays a central role in diseases like celiac disease and autoimmune enteropa-
thy, other conditions such as small intestinal bacterial overgrowth (SIBO) and tropical sprue
(TS) involve infectious or microbial pathogenesis. Common clinical manifestations include
weight loss, chronic diarrhea, and nutritional deficiencies. While celiac disease (CD) re-
mains the most prevalent IME in adults, an expanding spectrum of non-celiac enteropathies
has been recognized, including autoimmune enteropathy (AIE), common variable immun-
odeficiency disease (CVID), olmesartan-induced enteropathy, tropical sprue, and small
intestinal bacterial overgrowth. These conditions often present with overlapping clinical,
serological, and histological features, complicating their differentiation from CD. Accurate
diagnosis is critical for the timely initiation of effective treatment to prevent disease progres-
sion and associated complications such as severe malabsorption and enteropathy-associated
T-cell lymphoma (EATL). The small intestine plays a dual role in nutrient absorption and
immune regulation, making it uniquely vulnerable to immune dysregulation. In IMEs,
hyperactive immune responses disrupt intestinal homeostasis, leading to mucosal damage
and impaired nutrient absorption. Although CD is the prototypical IME, increasing the
recognition of non-celiac IMEs, it highlights the need for a more nuanced approach to
small bowel biopsy interpretation. This review explores the histopathological and clin-
ical features of common IMEs, with a focus on distinguishing non-celiac disorders that
mimic CD. By enhancing the understanding of these conditions, this review aims to im-
prove diagnostic accuracy, facilitate appropriate therapeutic interventions, and mitigate
complications associated with delayed or misdiagnosis. A multidisciplinary approach
involving gastroenterologists and pathologists is emphasized to optimize outcomes for
patients with IMEs. Immune-mediated enteropathies result from an abnormal immune
response of the small intestinal mucosa to non-pathogenic molecules, often leading to
malabsorption syndrome. The most common symptoms include weight loss, chronic di-
arrhea, and nutritional deficiencies. While celiac disease (CD) is the most well-known
immune-mediated enteropathy (IME) in adults, other related disorders have been identi-
fied in recent years. These conditions share many clinical and histopathological features,
therefore making differentiations between them challenging. This study aims to review the
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most common immune-mediated enteropathies, with a focus on non-celiac disorders that
should be considered in the differential diagnosis of celiac disease in small bowel biopsies.

Keywords: enteropathy histopathology; immune-mediated enteropathy; celiac disease;
non-celiac enteropathy; drug-induced enteropathy

1. Introduction

The small intestine serves two main functions: nutrient absorption and immune system
regulation. It contains the largest surface area for the efficient absorption of nutrients from
ingested food and constitutes the most extensive component of the human immune system.
This dual role is critical, given its continuous exposure to various substances from the
external environment. The intestinal immune system must distinguish between harmless
materials and harmful antigens, responding appropriately by either mounting an immune
reaction or developing tolerance, depending on the antigens encountered [1]. A range
of enteropathies can disrupt both of these functions, either through immune-mediated
mechanisms—as seen in conditions like celiac disease or autoimmune enteropathy—or
through infectious and microbiota-related processes, such as those implicated in SIBO,
tropical sprue, or common variable immunodeficiency (CVID). These diverse pathogenic
mechanisms can ultimately result in similar outcomes such as mucosal injury and malab-
sorption syndromes. A thorough understanding of the intricate relationship between the
small intestine and the immune system is essential for the diagnosis and management of
various gastrointestinal disorders.

Many enteropathies, whether immune-mediated or of infectious and idiopathic origin,
often present overlapping clinical, serological, and histological features, complicating their
differentiation. Early recognition of these enteropathies is vital for initiating prompt and
effective treatment, which can help prevent disease progression and its associated com-
plications, notably severe malabsorption. Malabsorption can lead to nutrient deficiencies
and other health issues. A particularly concerning complication is the heightened risk of
enteropathy-associated T-cell lymphoma (EATL). Individuals with conditions such as celiac
disease (CD), refractory CD, or autoimmune enteropathy (AIE) face an increased risk of
developing this aggressive form of lymphoma [2].

Celiac disease is highlighted as the most common immune-mediated enteropathy in
adults [3]. However, the diagnostic landscape has broadened considerably in recent years,
encompassing a diverse array of small intestinal disorders. These include autoimmune
conditions such as autoimmune enteropathy (AIE), immune deficiency, associated condi-
tions like common variable immunodeficiency disease (CVID), drug-induced enteropathies
(e.g., olmesartan-associated enteropathy), and infectious or microbiota-related disorders,
such as tropical sprue and small intestinal bacterial overgrowth (SIBO). Although these con-
ditions differ in their underlying mechanisms, they may produce overlapping histological
changes and similar clinical presentations, necessitating careful diagnostic differentiation.

2. Methods

For the purpose of this review, we conducted a search of the literature for published
manuscripts on immune-mediated enteropathies. The search was performed in March
2024 on the PubMed (MEDLINE) database. The following keywords were searched for:

7,

“immune-mediated enteropathy histopathology”; “auto-immune enteropathy histopathol-
Ogy//; ‘"

7, 4

ogy

i

olmesartan enteropathy histopathology”; “non-celiac villous atrophy histopathol-

.,

celiac-like enteropathy histopathology”; “protein-losing enteropathy histopathol-



Diagnostics 2025, 15,1511

30f22

ogy”; “"HIV enteropathy histopathology”; and “common variable immunodeficiency (CVID)
enteropathy histopathology”.

The search was restricted to full-text English-language articles on adults, published
in the last 10 years (2014-2024) and excluded case reports, letters, and papers referring to
animal studies or children.

We screened titles according to relevance to the researched topic. Among the immune-
mediated enteropathies, we included celiac disease, auto-immune enteropathies, drug-
induced enteropathies, infectious enteropathies (tropical sprue), CVID enteropathy and
SIBO. From a total of 863 papers, we selected a final 50 for analysis. In addition to the
primary search, older studies published before 2014 were included when repeatedly cited
in the more recent literature, particularly when they provided foundational classifications
or pathologic descriptions.

3. Normal Histology Findings in the Duodenum

The architecture of the duodenal villi is influenced by biopsy depth. When the mus-
cularis mucosae is present, the villi are typically taller and slenderer, with glands that
are orderly arranged and regularly spaced, resting directly on the muscularis mucosae.
Normally, the villi length can reach five times the crypt depth, though this ratio usually is
3:1, with some structural differences in the proximal duodenum (duodenal bulb), where
villi are shorter [4,5]. The villi are covered by a columnar epithelium, consisting primarily
of enterocytes with a brush border. A shift in the morphology of enterocytes from columnar
to cuboidal is indicative of injury. The intestinal epithelium is composed of a mixture of
enterocytes, goblet cells, sparsely interspersed between enterocytes and responsible for
mucus secretion, and Paneth cells, which are exocrine cells that secrete lysozyme and are
typically located at the base of the crypts. Occasionally, enterochromaffin cells may also
be found within the crypts. In the duodenal bulb, the villi tend to be shorter and broader,
often exhibiting branching, a variation in normal histology that is attributed to increased
acidity in this region [6].

Intraepithelial lymphocytes (IELs) are consistently present in the duodenal epithelium,
distributed along the sides of the villi. However, the normal range for IEL counts has
been a subject of debate. Some studies have reported a typical IEL count of approximately
10 IELs per 100 epithelial cells [7], whereas others have proposed an upper limit of 25 lym-
phocytes across five high-magnification fields [8,9]. Consequently, counts of 25-30 IELs per
100 enterocytes are considered borderline, while values exceeding 30 IELs per 100 entero-
cytes are regarded as pathological [10-12]. However, regarding celiac disease, an IEL count
greater than 25 per 100 enterocytes is generally considered abnormal and supportive of
CD, particularly in the appropriate clinical and serological context [13]. Another important
characteristic of IELs is their greater density in the duodenal bulb compared to the distal
duodenum, necessitating the reporting of a mean value between the two regions [14]. IELs
are part of the gut-associated lymphoid tissue (GALT), which includes lymphoid follicles,
Peyer’s patches, and mesenteric lymph nodes. They are primarily T-lymphocytes that co-
express CD3 and CD8 antigens [15]. This is clinically significant, as immunohistochemical
staining, such as CD3 immunostaining, can enhance the accuracy of IELs detection. In cases
where duodenal biopsies reveal a borderline increase in IELs using conventional staining
methods, such as hematoxylin and eosin, CD3 immunostaining should be employed to
determine whether the IEL count is within normal limits or indicative of pathology [16].
In normal duodenal mucosa, IELs exhibit a “decrescendo” pattern, with fewer IELs at the
villi tips than in the proximal third of the villi. Clusters of IELs at the villi tips are always
considered abnormal [17].
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An increase in IELs with preserved villous architecture is a common finding in duode-

nal biopsies (Table 1) [10,18]. Studies have shown that only 20% of biopsies with increased

IELs and normal villous architecture confirm a diagnosis of celiac disease [18,19].

Table 1. Histologic differential diagnosis based on pattern.

Normal Villous Architecture
and Increased IELs

Villous Atrophy with/Without Increased IELs

Early developing celiac disease (Marsh I-II)

Overt celiac disease (Marsh III a—c), and
complicated celiac disease (e.g., refractory
sprue, collagenous sprue)

Helicobacter pylori-associated
gastroduodenitis

Collagenous sprue

Drugs: NSAIDs, selective serotonin reuptake
inhibitors, proton pump inhibitor

Drugs: mycophenolate mofetil, colchicine,
Angiotensin receptor blocker,
monoclonal antibodies

Tropical sprue

Autoimmune enteropathy

Infections: viral enteritis,
Giardia, Cryptosporidium

Immunodeficiency: common variable
immune deficiency

Immune conditions: rheumatoid arthritis,
Hashimoto thyroiditis, systemic lupus
erythematosus, autoimmune enteropathy

Graft-versus-host disease

Immunodeficiency: common variable
immune deficiency

Inflammatory bowel disease

Graft-versus-host disease

Chemoradiation therapy

Inflammatory bowel disease

Eosinophilic enteritis

Small intestinal bacterial overgrowth

Infection: Tropical sprue, Tuberculosis,
Whipple disease, Giardiasis, Acquired immune
deficiency syndrome enteropathy

Irritable bowel syndrome

Neoplasia: systemic mastocytosis,

T-cell lymphoma

The lamina propria of normal duodenal mucosa is predominantly populated by
plasma cells, with smaller numbers of lymphocytes, eosinophils, mast cells, and mesenchy-
mal elements. Histiocytes and apoptotic bodies are rare. While eosinophils are consistently
present, their density varies; one Japanese study reported a mean of 33.51 eosinophils/mm?
(range 12.64 to 56.44/mm?) in adults [20]. The presence of granulocytes is considered
normal, provided they are not found in the crypts or surface epithelium. Subepithelial
collagen should be thin, measuring between 3 and 5 um, and evenly distributed.

Brunner’s glands, which are submucosal glands responsible for secreting alkaline
mucus to protect the duodenal lining from gastric acid, are a notable feature in bulb biopsies.
These glands are located on both sides of and between elements of the muscularis mucosae.
Hyperplasia of Brunner’s glands is associated with broader, shorter villi, and the villous
height-to-crypt depth ratio in this region is considered normal at 2:1 [21]. Duodenal biopsies
typically terminate at the submucosa.

Increased IELs accompanied by progressive hyperplasia of the crypts and villous
atrophy is usually suggestive of celiac disease, although other conditions should be
considered (Table 1). Regardless of biopsy location, it is crucial to evaluate mucosal histol-
ogy using high-quality, well-oriented, and precisely cut samples to avoid misclassification
and misdiagnosis [22,23].
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3.1. Celiac Disease (CD)

Celiac disease (CD) is an immune-mediated enteropathy triggered by dietary gluten
in genetically predisposed individuals. The estimated global prevalence of CD is approxi-
mately 1.4%, with a higher incidence observed in females [24]. Diagnosis of CD in adults is
based on a combination of clinical, serological, and histopathological criteria. Although
CD is classically associated with malabsorption syndrome, atypical forms presenting with
extra-intestinal symptoms, or even asymptomatic cases are increasingly recognized [25,26].
This variability in presentation often leads to long delays in diagnosis. The only effec-
tive treatment for CD is a lifelong strict gluten-free diet (GFD), which alleviates clinical
symptoms and promotes mucosal healing [27].

CD primarily affects the small intestinal mucosa, where gluten ingestion elicits an
abnormal immune response. In CD, intraepithelial lymphocytes (IELs) typically exceed
30 IELs per 100 enterocytes [7,28]. These IELs tend to populate both the tips and sides of the
villi and may cluster around the villi tips. The number of IELs correlates with the severity
of mucosal atrophy [29]. However, cases of celiac disease with normal IELs densities in the
epithelium were reported [30]. The IELs in the duodenum are primary T cells expressing
CD3 and CDS8 antigens, a feature that can be detected through immunohistochemistry,
particularly when evaluating cases of refractory CD [31]. In CD, the enterocytes exhibit
morphological changes, with associated mucin depletion and intracytoplasmic vacuoliza-
tion, indicating a reactive appearance [32]. Increased cellularity in the lamina propria is
another characteristic feature, with a proliferation of plasma cells, lymphocytes, eosinophils,
histiocytes, and mast cells. Although neutrophils are not typically associated with CD,
they may be present in some cases, along with crypt abscesses [33]. Crypt apoptosis, while
subtle, is another important histologic finding and can also be observed in autoimmune
enteropathy, graft-versus-host disease (GVHD), and mycophenolate toxicity [34]. The
subepithelial collagen band in CD should remain thin.

In addition to increased IELs, common mucosal abnormalities in CD include crypt
hyperplasia and villous atrophy. Based on these alterations, the Marsh and modified
Marsh-Oberhuber criteria were developed to classify the severity of CD-related histological
changes [35,36]. It is important to note, however, that villous atrophy is not pathog-
nomonic for CD, as it represents the most severe stage of progressive villous damage,
which typically takes years to develop. Corazza and colleagues later proposed a simplified
histological classification, categorizing CD lesions into non-atrophic (grade A) and atrophic
(grade B) stages. Grade A is defined by an isolated increase in IELs (>25 per
100 enterocytes), whereas grade B is subdivided into B1, where the villous/crypt ratio is
less than 3:1 but villi are still identifiable, and B2, where the villi are completely absent. This
classification system has demonstrated reduced variability and improved inter-observer
agreement among pathologists [37] (Table 2). For an accurate assessment of villous blunting,
it is recommended to identify 3-4 well-oriented villi in a row and carefully evaluate their
architecture [5].

CD-related mucosal involvement can be patchy, sometimes detectable only in specific
regions, such as the duodenal bulb [38]. The significance of duodenal bulb biopsies was
highlighted in a study on ultrashort CD, where the disease was confined to the bulb [39].
However, interpreting bulb biopsies can be challenging due to the presence of Brunner’s
glands and lymphoid follicles in the bulb, as well as the high gastric acid load in this
region [38]. Therefore, multiple biopsies from different duodenal regions are recommended
when CD is suspected. Current guidelines advocate for obtaining 1-2 biopsies from
the duodenal bulb and 4 from the distal duodenum [13]. For routine diagnoses, group
classifications (e.g., Marsh—-Oberhuber, Corazza—Villanacci) are usually used. However,
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in drug trial outcomes, a more precise standard operating procedure using quantitative
histomorphometry has been used [22,40-42].

Table 2. Comparison of the Marsh—-Oberhuber and Corazza-Villanacci classification systems for
celiac disease.

Name Marsh-Oberhuber Corazza-Villanacci
Main Use Celiac disease histological grading Slmphﬁed alternative for

routine pathology
Histologic IELs, crypt hyperplasia, IELs, crypt hyperplasia,
Features villous atrophy villous atrophy

Grade A: increased IELs only;
Grade B1: partial atrophy;
B2: total atrophy

Types 0-3¢ (0 = normal,

Grading Structure 3¢ = total atrophy)

Key Diagnostic >25-30 IELs/100 enterocytes +
Threshold crypt/villous changes >25 [ELs/100 enterocytes
Strengths D?talled morphological staging; Slmpl1f1e<.i, .1r.nproved
widely used reproducibility
e e . Greater interobserver variability; Less granular detail; not ideal for
Limitations . :
complex for routine use research trials

Mucosal healing is the primary goal of CD treatment. It has been suggested that complete
recovery may take longer than 12 months of strict adherence to a GFD [43], with one U.S.
study indicating that a median recovery time of 3 years may be required in adults [44]. While
some guidelines recommend repeating the duodenal biopsy after 1-2 years of a gluten-free
diet to confirm mucosal healing, this practice is debated. Increasingly, follow-up biopsies
are reserved for patients with persistent symptoms, suspected non-adherence, or at risk of
complications, as reflected in recent evidence and guidelines [13,45-47].

While the majority of individuals with CD exhibit clinical and histological improve-
ments, following the initiation of a GFD, up to 30% continue to experience persistent
symptoms and/or ongoing intestinal inflammation. These patients are classified as having
non-responsive celiac disease (NRCD), which may result from dietary non-compliance,
delayed mucosal healing, refractory coeliac disease, or an alternative diagnosis. NRCD is
generally defined as the persistence of symptoms, clinical signs, laboratory abnormalities,
or histopathological features characteristic of CD, despite a minimum of 6-12 months
of presumed strict adherence to a GFD. The condition can be further subclassified into
primary NRCD, in which there is no initial clinical response to a GFD, and secondary
NRCD, where patients initially experience symptom resolution but subsequently develop
recurrent symptoms despite continued dietary adherence [48].

3.2. Refractory Celiac Disease (RCD)

RCD is diagnosed when symptoms and histologic abnormalities persist despite at
least 12 months of a strict gluten-free diet, and after exclusion of ongoing gluten exposure,
typically with dietitian support and negative celiac serology [49,50]. On duodenal biopsies,
there are still present severe villous atrophy and increased IELs, despite strict adherence
to a GFD. In addition, one can also find extensive basal plasmacytosis and subepithe-
lial collagenous thickening (>10 pum), suggesting collagenous sprue as a complication of
RCD [51].

RCD may be divided into two types based on the IEL phenotype [52]. RCD I is
characterized by a normal IEL immunophenotype, IELs that are positive for both CD3
and CD8 antigens. RCD II has an abnormal population of IELs, characterized by the
lack of surface expression of CD3 and of CD8 antigens, but contains intracellular CD3e
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(cytoplasmic expression) and a clonal rearrangement of the gamma chain of T-cell receptor
(TCRy) [53-55]. This distinction between RCD I and RCD II is important due to the
risk of developing enteropathy-associated T-cell lymphoma (EATL), which is greater for
RCD II—approximately half of these patients develop EATL within 5 years, than RCI I
(less than 14%) [52,56-58].

Unlike classical CD, refractory celiac disease is almost invariably symptomatic. RCD I
closely resembles active CD, necessitating a diagnosis based on negative celiac serology
and confirmation of strict adherence to a GFD by a dietitian. In contrast, RCD Il is typically
associated with severe malnutrition, often due to ulcerative jejunitis. Extensive ulcers that
develop in the jejunum, can result in protein-losing enteropathy, leading to severe diarrhea
and secondary hypoalbuminemia. The diagnosis of RCD II requires the identification
of a clonal population of abnormal IELs. Although strict adherence to a GFD remains
fundamental in the management of RCD, additional therapeutic interventions are often
required. One such treatment is open-capsule budesonide, which has demonstrated efficacy
in inducing clinical remission and promoting villous recovery in nearly 90% of cases of both
RCD I and RCD II. Beyond budesonide, immunosuppressive agents have been employed
in RCD I, while chemotherapy with purine analogs has been utilized in the management
of RCD II [59].

3.3. Enteropathy-Associated T-Cell Lymphoma (EATL)

Enteropathy-associated T-cell lymphoma (EATL) typically arises as a complica-
tion of celiac disease; however, it may also occur in conjunction with autoimmune
enteropathy [60-63]. This malignancy predominantly affects the small intestine, leading to
clinical manifestations such as recurrent diarrhea, non-responsiveness to a gluten-free diet
(GFD), and systemic symptoms including fever and weight loss.

Histologically, EATL is characterized by complete villous atrophy and crypt hyperpla-
sia, accompanied by a significant cellular infiltrate within the lamina propria. Notably, the
quantity of plasma cells is markedly increased compared to that observed in celiac disease.
The infiltrating cells display a diverse range of cytomorphologic characteristics, indicating
a malignant behavior, and exhibit tendencies to invade glandular epithelium and extend
beyond the muscularis mucosae.

The World Health Organization (WHO) classification of 2008 delineates two subtypes
of EATL: type 1 and type 2, which are differentiated based on their histological features [64].
EATL type 1 is characterized by a heterogeneous histological pattern, which may include
either a monomorphic infiltration of medium to large lymphocytes with irregular nuclear
contours and variable cytoplasmic content or the presence of large anaplastic lymphocytes.
Additionally, EATL type 1 may exhibit significant polymorphism, with varying quantities
of eosinophils, histiocytes, small lymphocytes, and plasma cells. This subtype is frequently
associated with celiac disease and is prevalent in Europe. Conversely, EATL type 2 is charac-
terized by monomorphic small to medium-sized lymphocytes with round, hyperchromatic
nuclei that display a granular chromatin pattern. This subtype is more commonly found in
Asia and may also be associated with celiac disease [65]. Importantly, this classification has
prognostic and therapeutic implications. Type II tends to follow a more aggressive clinical
course, often with poorer response to chemotherapy and worse overall survival, compared
to Type L. Therefore, accurate histologic and immunophenotypic subtyping is essential not
only for diagnosis but also for guiding management and assessing prognosis.

3.4. Collagenous Sprue (CS)

The term “collagenous sprue” (CS) was first introduced by Weinstein et al. in a case
involving a patient with celiac disease who initially exhibited a positive response to a
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gluten-free diet but subsequently experienced a relapse [66]. Several studies with small
cohorts (19 and 22 cases, respectively) have indicated that some cases of CS present with a
history of gluten-sensitive disease, which may resemble refractory sprue, suggesting the
development of CS, a complication of celiac disease. Conversely, other cases demonstrate
that individuals do not respond to gluten-exclusion diets upon initial diagnosis, suggesting
the presence of de novo collagenous sprue [51,67].

Histological evaluations reveal several features common to celiac disease, including
severe villous atrophy, crypt hyperplasia, and an increased number of intraepithelial lympho-
cytes (IELs). Additionally, a significant deposition of collagen in the subepithelial zone of the
lamina propria, typically exceeding 10 pm in thickness and being unevenly distributed, is also
seen in collagenous sprue. The count of IELs can vary significantly (ranging from 7 to 92 IELs
per 100 epithelial cells) and is often associated with a chronic inflammatory infiltrate in the
lamina propria. However, studies have also reported instances of normal IEL counts (fewer
than 25 IELs per 100 epithelial cells), which may represent a key histological distinction from
celiac disease [51,67]. Additionally, collagenous sprue may be associated with collagenous
gastritis, collagenous colitis, or other immune-mediated disorders.

3.5. Tropical Sprue (TS)

Malabsorption syndrome, resulting from chronic diarrhea, is often observed in patients
who travel to or reside in tropical regions, such as Central America and Southeast Asia [68].
The etiology is presumed to be infectious; however, the specific responsible pathogen has
yet to be identified [69]. Although tropical sprue (TS) is not commonly diagnosed in the
United States and Europe, it is estimated to account for up to 40% of malabsorption cases in
Southern Asia [70]. Unlike celiac disease, TS does not respond to a gluten-free diet but does
improve with antibiotic treatment. The condition can evolve in two ways: an acute form
affecting individuals who travel to tropical regions and a chronic form affecting long-term
residents. The acute phase typically presents symptoms such as acute diarrhea, abdominal
pain, fever, myalgia, and weakness. In contrast, the chronic phase is characterized by
persistent diarrhea and malabsorption syndrome, which can lead to deficiencies in folate
and vitamin B12. Notably, these deficiencies may take up to four years to develop [71].

Histologically, no specific features are typically identified in the duodenum of patients
with TS. It often presents in a patchy distribution [72] and, in comparison to celiac dis-
ease, individuals with TS generally exhibit less severe villous abnormalities (classified as
Marsh—-Oberhuber stage 3a), with an increase in IELs that are more frequently observed
infiltrating the basal third of the villi or the mucosal crypts. Furthermore, the density of
eosinophils in the lamina propria of patients with TS tends to be higher than that seen
in patients with celiac disease [73]. The distribution of the disease also differs between
celiac disease and TS: celiac disease predominantly affects the proximal small intestine,
resulting in iron deficiency anemia, while TS involves the entire small intestine, includ-
ing the terminal ileum, leading to deficiencies in vitamin B12 and folate. When these
deficiencies occur, histopathological reports may indicate megaloblastic changes in the
enterocyte nuclei, characterized by enlarged nuclei with decreased mitotic activity. The
most significant histological indicator for diagnosing TS would be an ileal biopsy revealing
villous atrophy and increased IELs. Additionally, the patient’s travel history serves as a
crucial factor in considering this diagnosis.

3.6. Common Variable Immunodeficiency (CVID)

Common variable immunodeficiency (CVID) is characterized by inadequate im-
munoglobulin production, resulting from impaired maturation of B cells into plasma
cells. It represents the most prevalent primary immunodeficiency disorder, with an esti-
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mated prevalence ranging from 1 in 25,000 to 1 in 50,000 individuals [74]. Chronic diarrhea
is the most frequently observed gastrointestinal manifestation in these patients [75]. Re-
current infections are a hallmark of CVID, with Giardia lamblia being the most common
gastrointestinal pathogen. This infection can lead to duodenal villous atrophy, subsequently
causing malabsorption. Nevertheless, the precise pathophysiological mechanisms under-
lying villous atrophy in CVID remain unclear, as eradication of the pathogen does not
consistently result in clinical and mucosal recovery [76].

In addition to parasitic infections, viral infections, such as Norovirus, have also
been identified in patients with CVID. Notably, Norovirus was detected in eight CVID
patients exhibiting concurrent villous atrophy, where symptom resolution and histological
improvement were observed following viral clearance [77]. A prospective cross-sectional
study of 103 CVID patients revealed that the most prevalent histopathological findings
included increased intraepithelial lymphocytes (IELs), a severely diminished plasma cell
count, and lymphoid hyperplasia. Notably, villous atrophy was observed in only one
patient who also presented with elevated IELs (>25 IELs/100 enterocytes). The study
further conducted gene-expression microarray analyses and HLA typing among CVID
patients with increased IELs, CVID patients with normal IEL counts, untreated celiac
disease (CD) patients, and healthy controls. The findings strongly support that CD and
CVID with increased IELs are distinct conditions. Additionally, the study cohort did not
exhibit chronic Norovirus infections [78].

Differentiating CVID from CD remains particularly challenging, as CVID patients may
present with villous atrophy and a moderate increase in IELs. A key distinguishing feature
of CVID is the marked depletion of plasma cells within the lamina propria, in contrast to CD.
Additional histological findings in CVID may include lymphoid hyperplasia, enhanced
crypt apoptosis, elevated intraepithelial neutrophils, and occasionally, small mucosal
granulomas. Infections, most commonly giardiasis or cytomegalovirus, are frequently
encountered in these cases [78-80].

Due to the impaired humoral immune response in CVID patients, they often lack
the ability to produce antibodies of any class, including those typically associated with
CD. However, false-positive CD-related antibodies may be detected in CVID patients
undergoing treatment with human immunoglobulins [81]. While HLA genotyping can
assist in excluding CD, a positive result necessitates the absence of histological improvement
on a gluten-free diet (GFD) as the sole criterion for excluding CD.

3.7. Auto-Immune Enteropathy (AIE)

Autoimmune enteropathy (AIE) is a rare syndrome characterized by chronic diarrhea
and unintentional weight loss, arising from immune-mediated damage to the intestinal mu-
cosa. Its estimated incidence is less than 1 in 100,000 individuals. While AIE predominantly
affects children, sporadic cases in adults have been reported [82-84].

Inherited forms of AIE are associated with syndromes such as immune dysregula-
tion, polyendocrinopathy, enteropathy, and X-linked inheritance (IPEX) and autoimmune
polyendocrinopathy, candidiasis, and ectodermal dystrophy (APECED) [82,83]. Specific
autoantibodies, including those targeting a 75 kDa antigen expressed in gut and kidney
epithelia, are implicated in enteropathy associated with IPEX syndrome [85]. In APECED
syndrome, anti-tryptophan hydroxylase-1 (TPH-1) antibodies are detected in approximately
80% of patients [86]. These antibodies aid in differentiating genetic syndromes. While
primarily observed in pediatric populations, adult cases of AIE have been associated with
various autoimmune disorders, including type 1 diabetes mellitus, autoimmune thyroiditis,
autoimmune hepatitis, theumatoid arthritis, and common variable immunodeficiency
(CVID) [87-90].
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Isolated forms of AIE also occur, diagnosed through the detection of serum anti-
enterocyte antibodies (AEA) and anti-goblet cell antibodies (AGA). However, AEA are not
specific, being identified in 80-90% of AIE patients and occasionally in individuals with
conditions such as HIV, inflammatory bowel disease (IBD), or celiac disease (CD) [82,83].
Similarly, AGA are nonspecific and appear in approximately 28% of patients with CD or
IBD [91,92].

Characteristic small bowel histology includes villous blunting, crypt lymphocytosis,
and epithelial apoptosis with minimal surface lymphocytosis, distinguishing it from CD
(that shows similar degrees of lymphocytosis in the crypt and surface epithelium). The
presence of anti-enterocyte or anti-goblet cell antibodies is considered as supportive rather
than essential for diagnosis [91]. Notably, antibody titers do not correlate with histologic
severity [93].

Histological findings in AIE often overlap with CD, as villous atrophy is a consistent
feature. However, intraepithelial lymphocytosis is less common in AIE. Key histological
clues include neutrophilic crypt involvement, increased apoptosis, and the absence of
goblet and /or Paneth cells in cases associated with anti-goblet cell antibodies [83,87]. The
entire gastrointestinal tract can be affected, with some cases demonstrating features of
collagenous enteritis or colitis [82,87].

Four histopathological patterns of AIE in 2017 [94] were described as follows:

1. Active chronic enteritis: The most prevalent pattern, marked by moderate-to-severe
villous blunting, lamina propria lymphoplasmacytic infiltrates, epithelial apoptosis,
and neutrophilic cryptitis or crypt abscesses.

2. CD-like pattern: Characterized by moderate villous blunting and increased intraep-
ithelial lymphocytes (>40 lymphocytes per 100 enterocytes).

3. Graft-versus-host disease (GvHD)-like pattern: Distinguished by prominent crypt
epithelial apoptosis with minimal inflammation; villous blunting may also be present.

4. Mixed/no predominant pattern: Exhibits features from two or more patterns, includ-
ing villous blunting, inflammatory infiltrates, and crypt epithelial apoptosis.

A recent Dutch retrospective study involving 13 patients (the second largest case series)
confirmed that active chronic enteritis was the most common histological pattern (62%),
followed by CD-like (23%) and GvHD-like (15%) presentations. Notably, two patients
had been initially diagnosed with CD. Histological examination in these cases revealed
villous atrophy with active chronic enteritis and apoptotic bodies. Among the 13 patients,
11 without history of CD carried CD-associated HLA genotypes. Although CD-specific
antibodies were negative, these patients underwent a gluten-free diet (GFD) trial to exclude
seronegative CD [95].

3.8. Drug-Induced Enteropathy

A comprehensive assessment of a patient’s medication regimen at the onset of diarrhea
is crucial for identifying cases of drug-induced diarrhea. If a potential causative agent is
identified, it should be discontinued during the trial period. Symptom resolution following
discontinuation supports the diagnosis, and the drug should be permanently withdrawn.
In instances where the diarrhea is mild, and the medication is essential, a cautious re-
challenge may be considered. Chronic diarrhea associated with weight loss presents
additional diagnostic challenges, particularly in the absence of a clear temporal association
with the initiation of medication. Specific drug-induced conditions, such as olmesartan-
associated enteropathy (OAE) and mycophenolate mofetil (MMF)-induced villous atrophy,
can be confirmed through small intestine biopsy.

Nonsteroidal anti-inflammatory drugs (NSAIDs) are a common cause of duodenitis
but may also involve the distal ileum or colon. While duodenitis induced by NSAIDs does
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not typically present with symptoms characteristic of celiac disease (CD), the histological
findings can mimic CD. NSAID-related duodenal changes may include an increased num-
ber of intraepithelial lymphocytes (IELs) alongside nonspecific inflammation of the lamina
propria involving neutrophils and plasma cells. However, villous atrophy is not typically
observed. Additional mucosal alterations associated with NSAID use include erosions,
ulcers, and foveolar metaplasia [96].

Olmesartan-induced enteropathy. Olmesartan, an antihypertensive medication, be-
longs to the class of angiotensin II receptor blockers (ARBs). It is the most notable agent in
its class associated with enteropathy, although rare cases have also been reported with other
ARBs, including irbesartan, valsartan, telmisartan, and eprosartan [97-100]. This causal
link was first identified in 2012 by Rubio-Tapia et al. [101] and subsequently corroborated
by a French study [97]. Olmesartan-associated enteropathy (OAE) predominantly affects
individuals in their seventh or eighth decade of life, consistent with the age demographic
most commonly affected by hypertension [102].

Histopathological findings in OAE are often indistinguishable from those of celiac
disease (CD), typically demonstrating villous atrophy. However, the intraepithelial lym-
phocyte (IEL) count may vary, ranging from normal to increased [102]. Additionally, OAE
may mimic autoimmune enteropathy (AIE) by exhibiting features such as loss of Paneth
and goblet cells and crypt apoptosis [103]. Distinguishing characteristics include prominent
infiltration of the lamina propria by neutrophils and lymphocytes or the presence of a
thickened collagenous subepithelial band, which resembles collagenous sprue and aids in
differentiating OAE from CD. Importantly, cessation of olmesartan leads to clinical and
histological improvement, typically within 3 to 12 months [101].

Mycophenolate mofetil (MMF) is an immunosuppressive agent commonly used
to prevent graft rejection following organ transplantation. Its histological effects can
mimic those observed in graft-versus-host disease (GvHD). MMF-induced enteropathy
is characterized by villous blunting, although intraepithelial lymphocytosis (IEL) is gen-
erally absent [104]. A distinguishing feature favoring MMF-induced changes is the pres-
ence of eosinophils, exceeding 15 eosinophils per 10 high-power fields, whereas findings
such as endocrine cell aggregates and hypereosinophilic crypt degeneration are more
indicative of GvHD.

Additional histopathological changes associated with MMF use include crypt archi-
tectural disarray, chronic inflammation in lamina propria, increased crypt apoptosis, and
cystic dilation of duodenal crypts. Clinical symptoms, particularly diarrhea, typically
resolve completely following cessation of MMF therapy [105].

Immune Checkpoint Inhibitors (ICIs)—Ipilimumab are monoclonal antibodies tar-
geting cytotoxic T-lymphocyte antigen 4 (CTLA-4), belonging to a class of immune check-
point inhibitors (ICIs) used in cancer therapy for conditions such as metastatic melanoma,
ovarian cancer, renal cell carcinoma, and prostate cancer. By antagonizing inhibitory im-
mune pathways, ipilimumab enhances immune-mediated antitumor responses. However,
as this mechanism is not tumor-specific, it frequently elicits immune responses in non-
cancerous tissues. In addition to ipilimumab, immune-related enteropathy has also been
reported with PD-1/PD-L1 inhibitors such as nivolumab and pembrolizumab, which are
now widely used in oncologic practice. These agents can produce histological features sim-
ilar to CTLA-4 blockade, including villous atrophy, increased intraepithelial lymphocytes,
and lamina propria inflammation.

Diarrhea is the second most common adverse effect of ipilimumab, following der-
matologic manifestations, and represents the most frequent reason for discontinuation
of ICI therapy [106,107]. Immune checkpoint inhibitor-induced enterocolitis should be
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considered in all patients presenting with gastrointestinal symptoms after receiving at least
one dose of an ICI, even long after the drug has been discontinued [108].

ICI-associated enteropathy may involve both the small intestine and the colon, with
overlapping but distinct histological patterns. In the small intestine, common findings
include villous blunting or atrophy, increased IELs, crypt epithelial apoptosis, and lamina
propria expansion with a mixed inflammatory infiltrate. These changes can resemble
other immune-mediated conditions such as celiac disease, autoimmune enteropathy, or
graft-versus-host disease (GVHD). In contrast, in the colon, ICI-related colitis often presents
cryptitis and crypt abscesses, increased epithelial apoptosis, especially in the crypt base,
surface epithelial injury and mucosal ulceration in more severe cases, occasional features
mimicking ulcerative colitis, Crohn’s disease, or microscopic colitis. In some cases, a GVHD-
like pattern, with crypt dropout and sparse lamina propria inflammation. Understanding
these site-specific patterns is crucial for accurate diagnosis, particularly when histologic
overlaps exist with other inflammatory or autoimmune GI disorders. Diagnosis is aided
by correlating histologic features with clinical history, immunotherapy exposure, and
symptom distribution.

Although diarrhea associated with the ICI use typically results from colitis, which
more commonly affects the left colon [109-111], ileal involvement has also been reported.
In one study, 6% of patients with colitis were found to have ileal involvement; however,
the extent of ileal intubation and whether the ileitis occurred in isolation or concurrently
with colitis was not specified [110]. Another study identified ileal involvement in 20% of
patients undergoing colonoscopy [112].

The same group reported that checkpoint inhibitor therapy may lead to chronic duo-
denitis, characterized by patchy villous atrophy and increased lamina propria eosinophils,
though intraepithelial lymphocytes (IELs) were not assessed [112]. A separate investigation
of upper gastrointestinal tract inflammation reported gastritis in 40% and duodenitis in
18% of cases. Duodenal biopsies revealed chronic lymphocytic inflammation, increased
IELs, and villous atrophy [113].

In 2019, Zhang et al. reviewed biopsies from 39 patients with suspected ICI-induced
enteropathy. In the duodenum, they observed villous blunting, a diffuse increase in lamina
propria lymphocytes and plasma cells, and, in some cases, non-necrotizing granulomas.
Among patients with villous atrophy, half exhibited a patchy increase in IELs, exceeding
the normal threshold of <20 lymphocytes per 100 epithelial cells [114].

Ipilimumab is well-documented to cause enterocolitis as a common gastrointestinal
side effect. Notably, there is a reported case of ipilimumab inducing severe new-onset celiac
disease (CD), suggesting that it may unmask latent CD [115,116].

3.9. Small Intestinal Bacterial Overgrowth (SIBO)

SIBO is characterized by an increase in the number and/or alteration in the composi-
tion of bacteria within the upper gastrointestinal tract. The gold standard for diagnosing
SIBO is the detection of >10° colony-forming units per milliliter of fluid obtained from
proximal jejunal aspiration [117]. However, a less invasive diagnostic alternative is the
hydrogen breath test [118].

SIBO may arise from various underlying conditions, including post-surgical anatomi-
cal alterations that cause stasis of intestinal contents (e.g., blind loop syndrome), motility
disorders (e.g., systemic sclerosis, neuromuscular disorders, diabetes mellitus), and chronic
diseases involving the liver, kidneys, or pancreas [117,118].

The bacterial overgrowth associated with SIBO can impair nutrient absorption by
damaging the intestinal brush border. Histological findings in SIBO are non-specific and
may range from entirely normal to abnormal. Lappinga et al. identified villous atrophy in
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16 out of 67 small bowel biopsies from SIBO patients and reported increased intraepithelial
lymphocytes (IELs) in 22 cases [119]. They also noted a potential increase in intraepithelial
neutrophils and lymphocytes. To conclude, histological findings in SIBO may include
increased intraepithelial lymphocytes with preserved villous architecture, a pattern also
seen in Marsh 1 lesions. However, such findings are non-specific and not diagnostic of celiac
disease, underscoring the importance of clinical and serologic correlation in differentiating
these entities.

SIBO typically responds well to antibiotic therapy, which aids in restoring a balanced
gut microbiome.

3.10. Inflammatory Bowel Disease

Crohn’s disease is a form of inflammatory bowel disease (IBD) that can involve any
segment of the gastrointestinal tract, from the oral cavity to the anus. The terminal ileum is
the most commonly affected site, with involvement of the proximal small intestine observed
in only 5% of cases [120]. Due to its characteristic transmural inflammation, Crohn’s disease
can lead to complications, such as ulcerations, stenosis, fistulae, and abscess formation.

The differential diagnosis for Crohn’s disease includes other forms of IBD, celiac dis-
ease, or gastrointestinal malignancies. In the duodenum, it typically manifests as duodenitis
accompanied by architectural distortion [121,122]. Histological findings include cryptitis,
crypt abscesses, neutrophilic infiltration, and crypt distortion characterized by shortening
and branching. A key histological feature in the diagnosis of Crohn’s disease is the presence
of non-caseating granulomas, which are usually small, poorly formed collections of epithe-
lioid histiocytes in the lamina propria, often without central necrosis. While granulomas
are considered highly specific for Crohn’s disease, particularly in distinguishing it from
ulcerative colitis, their detection rate varies between 15% and 36% in surgical and biopsy
specimens. The variability is largely due to sampling limitations, disease heterogeneity, and
histologic processing. Although granulomas are not required for a diagnosis of Crohn’s
disease, their identification significantly increases specificity, especially when infectious
causes (e.g., tuberculosis and Yersinia) have been excluded. However, because of their
relatively low sensitivity, the absence of granulomas does not rule out Crohn’s disease. To
increase the likelihood of granuloma detection, it is recommended that multiple biopsy
samples be obtained from both involved and uninvolved areas of the bowel. Detection
rates are higher when deeper tissue levels (e.g., submucosa or lymphoid aggregates) are
sampled, and particularly in the terminal ileum or in pediatric patients with early disease
onset [123,124].

It is essential to distinguish duodenal Crohn’s disease from other causes of injury, such as
peptic or medication-induced damage, which can present with overlapping histological features.

Intestinal tuberculosis (ITB) is another critical differential diagnosis in patients pre-
senting with chronic small bowel inflammation and granulomatous lesions, especially in
regions where tuberculosis is endemic. ITB can involve the small intestine, particularly the
terminal ileum, and may present with symptoms and histologic features that closely mimic
Crohn’s disease, including ulceration, strictures, and granulomatous inflammation. Both
Crohn’s disease and intestinal tuberculosis can present with segmental small bowel involve-
ment, ulcers, strictures, and granulomas. However, several features can favor a diagnosis
of ITB: granulomas in ITB tend to be larger, more confluent, and often caseating, whereas in
Crohn’s disease they are usually small, scattered, and non-caseating; acid-fast bacilli (AFB)
may be identified on Ziehl-Neelsen staining in ITB, though sensitivity is low; PCR for My-
cobacterium tuberculosis, culture, and response to anti-TB therapy support the diagnosis;
and clinically, systemic symptoms (fever, night sweats, weight loss) and pulmonary involve-
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ment may also favor ITB. Recognizing these features is essential for avoiding misdiagnosis,
particularly in endemic areas or immunocompromised patients [125,126].

3.11. Eosinophilic Gastro-Enteritis (EGE)

Idiopathic eosinophilic gastroenteritis (EGE) is a diagnosis of exclusion characterized
by eosinophilic infiltration of the gastrointestinal tract in the absence of identifiable sec-
ondary causes, such as medication-induced injury, parasitic infections, Crohn’s disease,
collagen vascular disorders, or hematologic malignancies. The infiltration may involve the
mucosal, submucosal, or serosal layers of the gastrointestinal wall, with clinical manifesta-
tions varying according to the layer involved [127].

In cases where the mucosal layer is affected, bowel wall thickening can lead to symp-
toms of obstruction. Combined mucosal and submucosal involvement typically presents
with abdominal pain, nausea, vomiting, diarrhea, malabsorption, and weight loss [128].
When the serosal layer is involved, ascites may develop as a prominent feature [129].

Histological examination of mucosal involvement in EGE may reveal variable degrees
of villous shortening, crypt hyperplasia, and increased IELs. The eosinophilic inflammatory
infiltrate is a hallmark finding and may include degranulated eosinophils, intraepithelial
eosinophils, or eosinophilic crypt abscesses.

3.12. Graft-Versus-Host Disease (GVHD)

GVHD involving the gastrointestinal tract is a recognized complication of bone marrow
transplantation, though it can also occur, albeit rarely, following solid organ transplantation
or blood transfusion [130]. Clinical manifestations range from mild symptoms such as
nausea, vomiting, and diarrhea to severe complications, including gastrointestinal bleeding,
protein-losing enteropathy, and ileus.

Histopathological findings in gastrointestinal GVHD develop progressively through
the following stages:

1. Isolated apoptotic epithelial cells without crypt damage;

2. Apoptosis accompanied by the loss of individual crypts;

3. Apoptosis with the destruction of two or more adjacent crypts, with or without the
formation of apoptotic crypt abscesses;

4.  Extensive crypt loss, leading to mucosal denudation and replacement by
granulation tissue.

Across all stages, inflammatory infiltrates are typically sparse [131]. A hallmark
of intestinal GVHD is the targeting of Paneth cells, with the extent of Paneth cell loss
correlating directly with the severity of the disease [132].

4. Conclusions

The spectrum of immune-mediated enteropathies has broadened significantly, pre-
senting considerable diagnostic challenges due to the overlapping clinical features. When
clinical symptoms alone are insufficient for a definitive diagnosis, histological evaluation
serves as an indispensable diagnostic modality. However, pathognomonic histological
features for specific drug-induced etiologies are rare, underscoring the critical importance
of effective collaboration between gastroenterologists and pathologists. Examination of the
duodenal mucosa is not only instrumental in diagnosing these conditions but also essential
for assessing disease progression, evaluating therapeutic responses, and identifying poten-
tial complications. This review seeks to elucidate the subtle histopathological distinctions
among various enteropathies (Tables 3 and 4).
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Table 3. Summary of diagnostic criteria for major enteropathies.

Condition Diagnostic Criteria

Celiac disease (CD)

Symptoms (e.g., diarrhea and weight loss) or
screening in risk groups (type 1 diabetes, first
degree relatives)

Positive serology (e.g., anti-tTG, EMA)
Histology: >25 IELs /100 enterocytes, villous
atrophy (Marsh > 2)

Response to gluten-free diet (GFD)
HLA-DQ2/DQ8 (negative predictive value in
inconclusive cases)

(ACG 2023, ESPGHAN)

Persistent symptoms and villous atrophy after
>12 months of strict GFD

o Negative celiac serology
Refractory celiac disease (RCD) e  Confirmation of GFD adherence (dietitian)
e  Histology: severe atrophy, crypt apoptosis
e  RCDII clonal IELs lacking surface CD3/CD8
(Mayo Clinic, BSG)

Common variable immunodeficiency
(CVID) enteropathy

Hypogammaglobulinemia (low IgG, IgA, IgM)
Chronic diarrhea and recurrent infections
Histology: increased IELs, villous atrophy, absent
plasma cells

Serology often negative for CeD due to antibody
deficiency

Autoimmune enteropathy (AIE)

Chronic diarrhea and weight loss

Presence of anti-enterocyte or anti-goblet cell
antibodies (supportive)

Histology: villous blunting, crypt apoptosis, low
or absent goblet/Paneth cells

Exclusion of other causes

Often associated with autoimmune disorders

Olmesartan-associated enteropathy

History of olmesartan or related ARB use
Chronic diarrhea, weight loss

Histology: villous atrophy, increased IELs
(variable), crypt apoptosis, collagen band
Resolution after drug withdrawal
Negative CeD serology

Graft-versus-host disease (GVHD)

History of stem cell or organ transplant

GI symptoms (e.g., diarrhea, pain, bleeding)
Histology: apoptotic bodies in crypts, crypt loss,
mucosal denudation

Sparse inflammation

Paneth cell loss correlates with severity
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Table 4. Main histopathological findings.

Condition

IELs

Villous Atrophy

Other Histological Features

Celiac Disease

1 (>25-30/100 ECs)

Partial to total (Marsh)

Crypt hyperplasia, lamina propria
inflammation, CD3+/CD8+ T-cells

Crypt apoptosis, subepithelial collagen, risk

Refractory CD (Type II) 1 (clonal, aberrant) Severe of EATL
Autoimmune . Apoptosis, cryptitis, loss of goblet/Paneth
Enteropathy Variable or | Yes cells, AEA/AGA antibodies
CVID Enteropathy Normal to 1 Variable Plasma c.ell depletion, lymphoid hyperplasia,
apoptosis
Olmesartan Crypt apoptosis, collagen band, mimics AIE
Enteropathy Normal or Yes or CD
. a1 . Eosinophilia, patchy involvement, entire
Tropical Sprue T (crypts/basal villi) Mild-moderate small intestine affected
SIBO Mild 7 or normal Often none Nonspec1.f1c: 1n.creased IELs, occasional
neutrophils, mild changes
GVHD Minimal or variable Yes Apoptotic bf)dles, crypt dropout, Paneth cell
loss, sparse inflammation
Collagenous Sprue Variable (1 or normal) Yes Tthk subgplthehal collagen band (>10 pm),
inflammation
P . . Cryptitis, granulomas (non-caseating),
Crohn’s Disease Variable Sometimes . . . .
distortion, transmural inflammation
Eosinophilic Enteritis T =+ eosinophils Variable Eosinophilic 1nﬁlt.rat10r1, crypt abscesses,
degranulated eosinophils
Drug-Induced Normal to Possible Varlable': mcreasec} IELs, eosinophils,
Enteropathy apoptosis, crypt disarray
1 (above normal value); | (less than normal value).
Author Contributions: L.E.: Data curation, Formal analysis, Methodology, Writing—original draft.
M.B.: Data curation, Formal analysis, Investigation, Methodology, Writing—review & editing. D.V.B.:
Formal analysis, Methodology, Validation, Writing—review & editing. 1.-C.N.: Formal analysis,
Writing—review & editing, Methodology. M.]J.: Conceptualization, Methodology, Supervision,
Writing—review & editing. A.P.: Conceptualization, Funding acquisition, Methodology, Supervi-
sion, Writing—review & editing. All authors have read and agreed to the published version of
the manuscript.
Funding: The authors declare that financial support was received for the research and/or publication
of this article. Publication of this paper was supported by the University of Medicine and Pharmacy
Carol Davila, through the institutional program Publish not Perish.
Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.
Conflicts of Interest: The authors declare no conflict of interest.
References
1.  duPré M.E; Samsom, ].N. Adaptive T-Cell Responses Regulating Oral Tolerance to Protein Antigen. Allergy 2011, 66, 478—490.
[CrossRef] [PubMed]
2. Al Somali, Z.; Hamadani, M.; Kharfan-Dabaja, M.; Sureda, A.; El Fakih, R.; Aljurf, M. Enteropathy-Associated T Cell Lymphoma.
Curr. Hematol. Malig. Rep. 2021, 16, 140-147. [CrossRef] [PubMed]
3.  Dicke, WK,; Van De Kamer, ].H.; Weijers, H.A. Celiac Disease. Adv. Pediatr. 1957, 9, 277-318.
4. Serra, S.; Jani, PA. An Approach to Duodenal Biopsies. . Clin. Pathol. 2006, 59, 1133-1150. [CrossRef]
5. Perera, D.R.; Weinstein, W.M.; Rubin, C.E. Symposium on Pathology of the Gastrointestinal Tract-Part II. Small Intestinal Biopsy.

Hum. Pathol. 1975, 6, 157-217. [CrossRef]


https://doi.org/10.1111/j.1398-9995.2010.02519.x
https://www.ncbi.nlm.nih.gov/pubmed/21143239
https://doi.org/10.1007/s11899-021-00634-4
https://www.ncbi.nlm.nih.gov/pubmed/34009525
https://doi.org/10.1136/jcp.2005.031260
https://doi.org/10.1016/S0046-8177(75)80176-6

Diagnostics 2025, 15,1511 17 of 22

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Korn, E.R.; Foroozan, P. Endoscopic Biopsies of Normal Duodenal Mucosa. Gastrointest. Endosc. 1974, 21, 51-54. [CrossRef]
Hayat, M.; Cairns, A.; Dixon, M.E;; O’'Mahony, S. Quantitation of Intraepithelial Lymphocytes in Human Duodenum: What Is
Normal? . Clin. Pathol. 2002, 55, 393-394. [CrossRef]

Lagana, S.M.; Bhagat, G. Biopsy Diagnosis of Celiac Disease: The Pathologist’s Perspective in Light of Recent Advances.
Gastroenterol. Clin. N. Am. 2019, 48, 39-51. [CrossRef]

Corazza, G.R,; Villanacci, V. Coeliac Disease. |. Clin. Pathol. 2005, 58, 573-574. [CrossRef]

Brown, I.; Mino-Kenudson, M.; Deshpande, V.; Lauwers, G.Y. Intraepithelial Lymphocytosis in Architecturally Preserved Proximal
Small Intestinal Mucosa: An Increasing Diagnostic Problem with a Wide Differential Diagnosis. Arch. Pathol. Lab. Med. 2006,
130, 1020-1025. [CrossRef]

Ravelli, A.; Villanacci, V. Tricks of the Trade: How to Avoid Histological Pitfalls in Celiac Disease. Pathol. Res. Pract. 2012,
208, 197-202. [CrossRef] [PubMed]

Rostami, K.; Marsh, M.N.; Johnson, M.W.; Mohaghegh, H.; Heal, C.; Holmes, G.; Ensari, A.; Aldulaimi, D.; Bancel, B.; Bassotti, G.; et al.
ROC-King Onwards: Intraepithelial Lymphocyte Counts, Distribution & Role in Coeliac Disease Mucosal Interpretation. Gut 2017,
66, 2080-2086. [CrossRef] [PubMed]

Rubio-Tapia, A.; Hill, LD.; Semrad, C.; Kelly, C.P; Greer, K.B.; Limketkai, B.N.; Lebwohl, B. American College of Gastroenterology
Guidelines Update: Diagnosis and Management of Celiac Disease. Am. |. Gastroenterol. 2023, 118, 59-76. [CrossRef] [PubMed]
Sergi, C.; Shen, F,; Bouma, G. Intraepithelial Lymphocytes, Scores, Mimickers and Challenges in Diagnosing Gluten-Sensitive
Enteropathy (Celiac Disease). World ]. Gastroenterol. 2017, 23, 573-589. [CrossRef]

Greenwood, J.H.; Austin, L.L.; Dobbins, W.O. In Vitro Characterization of Human Intestinal Intraepithelial Lymphocytes.
Gastroenterology 1983, 85, 1023-1035. [CrossRef]

Robert, M.E.; Crowe, S.E.; Burgart, L.; Yantiss, RK.; Lebwohl, B.; Greenson, J.K.; Guandalini, S.; Murray, J.A. Statement on
Best Practices in the Use of Pathology as a Diagnostic Tool for Celiac Disease: A Guide for Clinicians and Pathologists. Am. J.
Surg. Pathol. 2018, 42, e44—e58. [CrossRef]

Goldstein, N.S. Proximal Small-Bowel Mucosal Villous Intraepithelial Lymphocytes. Histopathology 2004, 44, 199-205. [CrossRef]
Hammer, S.T.G.; Greenson, J.K. The Clinical Significance of Duodenal Lymphocytosis with Normal Villus Architecture.
Arch. Pathol. Lab. Med. 2013, 137, 1216-1219. [CrossRef]

Wahab, PJ.; Crusius, J.B.; Meijer, ].W.; Mulder, C]J. Gluten Challenge in Borderline Gluten-Sensitive Enteropathy.
Am. ]. Gastroenterol. 2001, 96, 1464-1469. [CrossRef]

Matsushita, T.; Maruyama, R.; Ishikawa, N.; Harada, Y.; Araki, A.; Chen, D.; Tauchi-Nishi, P.,; Yuki, T.; Kinoshita, Y. The Number
and Distribution of Eosinophils in the Adult Human Gastrointestinal Tract: A Study and Comparison of Racial and Environmental
Factors. Am. J. Surg. Pathol. 2015, 39, 521-527. [CrossRef]

Brown, I; Bettington, M.; Rosty, C. The Role of Histopathology in the Diagnosis and Management of Coeliac Disease and Other
Malabsorptive Conditions. Histopathology 2021, 78, 88-105. [CrossRef] [PubMed]

Taavela, J.; Koskinen, O.; Huhtala, H.; Lidhdeaho, M.-L.; Popp, A.; Laurila, K.; Collin, P.; Kaukinen, K.; Kurppa, K.; Méki, M.
Validation of Morphometric Analyses of Small-Intestinal Biopsy Readouts in Celiac Disease. PLoS ONE 2013, 8, e76163. [CrossRef]
[PubMed]

Villanacci, V,; Lorenzi, L.; Donato, F,; Auricchio, R.; Dziechciarz, P,; Gyimesi, J.; Koletzko, S.; Misak, Z.; Laguna, V.M.; Polanco, I; et al.
Histopathological Evaluation of Duodenal Biopsy in the PreventCD Project. An Observational Interobserver Agreement Study. APMIS
2018, 126, 208-214. [CrossRef] [PubMed]

Singh, P.; Arora, A ; Strand, T.A.; Leffler, D.A.; Catassi, C.; Green, PH.; Kelly, C.P.,; Ahuja, V.; Makharia, G.K. Global Prevalence of
Celiac Disease: Systematic Review and Meta-Analysis. Clin. Gastroenterol. Hepatol. 2018, 16, 823-836.e2. [CrossRef]

Volta, U.; Caio, G.; Stanghellini, V.; De Giorgio, R. The Changing Clinical Profile of Celiac Disease: A 15-Year Experience
(1998-2012) in an Italian Referral Center. BMC Gastroenterol. 2014, 14, 194. [CrossRef]

Kiveld, L.; Kaukinen, K.; Ldéhdeaho, M.-L.; Huhtala, H.; Ashorn, M.; Ruuska, T.; Hiltunen, P,; Visakorpi, J.; Méki, M.; Kurppa,
K. Presentation of Celiac Disease in Finnish Children Is No Longer Changing: A 50-Year Perspective. ]. Pediatr. 2015,
167,1109-1115.el. [CrossRef]

Tuire, I.; Marja-Leena, L.; Teea, S.; Katri, H.; Jukka, P,; Pdivi, S.; Heini, H.; Markku, M.; Pekka, C.; Katri, K. Persistent Duodenal
Intraepithelial Lymphocytosis despite a Long-Term Strict Gluten-Free Diet in Celiac Disease. Am. ]. Gastroenterol. 2012,
107, 1563-1569. [CrossRef]

Veress, B.; Franzén, L.; Bodin, L.; Borch, K. Duodenal Intraepithelial Lymphocyte-Count Revisited. Scand. |. Gastroenterol. 2004,
39, 138-144. [CrossRef]

Kutlu, T.; Brousse, N.; Rambaud, C.; Le Deist, F,; Schmitz, J.; Cerf-Bensussan, N. Numbers of T Cell Receptor (TCR) Alpha Beta+
but Not of TcR Gamma Delta+ Intraepithelial Lymphocytes Correlate with the Grade of Villous Atrophy in Coeliac Patients on a
Long Term Normal Diet. Gut 1993, 34, 208-214. [CrossRef]


https://doi.org/10.1016/S0016-5107(74)73790-7
https://doi.org/10.1136/jcp.55.5.393
https://doi.org/10.1016/j.gtc.2018.09.003
https://doi.org/10.1136/jcp.2004.023978
https://doi.org/10.5858/2006-130-1020-ILIAPP
https://doi.org/10.1016/j.prp.2012.01.008
https://www.ncbi.nlm.nih.gov/pubmed/22417775
https://doi.org/10.1136/gutjnl-2017-314297
https://www.ncbi.nlm.nih.gov/pubmed/28893865
https://doi.org/10.14309/ajg.0000000000002075
https://www.ncbi.nlm.nih.gov/pubmed/36602836
https://doi.org/10.3748/wjg.v23.i4.573
https://doi.org/10.1016/S0016-5085(83)80067-5
https://doi.org/10.1097/PAS.0000000000001107
https://doi.org/10.1111/j.1365-2559.2004.01775.x
https://doi.org/10.5858/arpa.2013-0261-RA
https://doi.org/10.1111/j.1572-0241.2001.03812.x
https://doi.org/10.1097/PAS.0000000000000370
https://doi.org/10.1111/his.14262
https://www.ncbi.nlm.nih.gov/pubmed/33382496
https://doi.org/10.1371/journal.pone.0076163
https://www.ncbi.nlm.nih.gov/pubmed/24146832
https://doi.org/10.1111/apm.12812
https://www.ncbi.nlm.nih.gov/pubmed/29372596
https://doi.org/10.1016/j.cgh.2017.06.037
https://doi.org/10.1186/s12876-014-0194-x
https://doi.org/10.1016/j.jpeds.2015.07.057
https://doi.org/10.1038/ajg.2012.220
https://doi.org/10.1080/00365520310007675
https://doi.org/10.1136/gut.34.2.208

Diagnostics 2025, 15,1511 18 of 22

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.
50.

51.

Lindfors, K.; Koskinen, O.; Kaukinen, K. An Update on the Diagnostics of Celiac Disease. Int. Rev. Immunol. 2011, 30, 185-196.
[CrossRef]

Patey-Mariaud De Serre, N.; Cellier, C.; Jabri, B.; Delabesse, E.; Verkarre, V.; Roche, B.; Lavergne, A.; Briere, J.; Mauvieux,
L.; Leborgne, M.; et al. Distinction between Coeliac Disease and Refractory Sprue: A Simple Immunohistochemical Method.
Histopathology 2000, 37, 70-77. [CrossRef] [PubMed]

Brar, P.; Kwon, G.Y.; Egbuna, LIL; Holleran, S.; Ramakrishnan, R.; Bhagat, G.; Green, PH.R. Lack of Correlation of Degree of
Villous Atrophy with Severity of Clinical Presentation of Coeliac Disease. Dig. Liver Dis. 2007, 39, 26-29; discussion 30-32.
[CrossRef] [PubMed]

Brown, I.S.; Smith, J.; Rosty, C. Gastrointestinal Pathology in Celiac Disease: A Case Series of 150 Consecutive Newly Diagnosed
Patients. Am. J. Clin. Pathol. 2012, 138, 42-49. [CrossRef] [PubMed]

Shalimar, D.M.; Das, P; Sreenivas, V.; Gupta, S.D.; Panda, S.K.; Makharia, G.K. Mechanism of Villous Atrophy in Celiac Disease:
Role of Apoptosis and Epithelial Regeneration. Arch. Pathol. Lab. Med. 2013, 137, 1262-1269. [CrossRef]

Marsh, M.N. Gluten, Major Histocompatibility Complex, and the Small Intestine. A Molecular and Immunobiologic Approach to
the Spectrum of Gluten Sensitivity (‘celiac Sprue’). Gastroenterology 1992, 102, 330-354. [CrossRef]

Oberhuber, G.; Granditsch, G.; Vogelsang, H. The Histopathology of Coeliac Disease: Time for a Standardized Report Scheme for
Pathologists. Eur. J. Gastroenterol. Hepatol. 1999, 11, 1185-1194. [CrossRef]

Corazza, G.R,; Villanacci, V.; Zambelli, C.; Milione, M.; Luinetti, O.; Vindigni, C.; Chioda, C.; Albarello, L.; Bartolini, D.; Donato, F.
Comparison of the Interobserver Reproducibility with Different Histologic Criteria Used in Celiac Disease. Clin. Gastroenterol. Hepatol.
2007, 5, 838-843. [CrossRef]

Taavela, J.; Popp, A.; Korponay-Szabo, I.R.; Ene, A.; Vornanen, M.; Saavalainen, P.; Lihdeaho, M.-L.; Ruuska, T.; Laurila, K,;
Parvan, A ; et al. A Prospective Study on the Usefulness of Duodenal Bulb Biopsies in Celiac Disease Diagnosis in Children:
Urging Caution. Am. J. Gastroenterol. 2016, 111, 124-133. [CrossRef]

Mooney, P.D.; Kurien, M.; Evans, K.E.; Rosario, E.; Cross, S.S.; Vergani, P.; Hadjivassiliou, M.; Murray, ].A.; Sanders, D.S. Clinical
and Immunologic Features of Ultra-Short Celiac Disease. Gastroenterology 2016, 150, 1125-1134. [CrossRef]

Lihdeaho, M.-L.; Scheinin, M.; Vuotikka, P.; Taavela, J.; Popp, A.; Laukkarinen, J.; Koffert, J.; Koivurova, O.-P.; Pesu, M,;
Kiveld, L.; et al. Safety and Efficacy of AMG 714 in Adults with Coeliac Disease Exposed to Gluten Challenge: A Phase 2a,
Randomised, Double-Blind, Placebo-Controlled Study. Lancet Gastroenterol. Hepatol. 2019, 4, 948-959. [CrossRef]

Léhdeaho, M.-L.; Kaukinen, K.; Laurila, K.; Vuotikka, P.; Koivurova, O.-P.; Kérjd-Lahdensuu, T.; Marcantonio, A.; Adelman, D.C,;
Maki, M. Glutenase ALV003 Attenuates Gluten-Induced Mucosal Injury in Patients with Celiac Disease. Gastroenterology 2014,
146, 1649-1658. [CrossRef] [PubMed]

Schuppan, D.; Mdki, M.; Lundin, K.E.A,; Isola, J.; Friesing-Sosnik, T.; Taavela, ]J.; Popp, A.; Koskenpato, J.; Langhorst, J.;
Hovde, J.; et al. A Randomized Trial of a Transglutaminase 2 Inhibitor for Celiac Disease. N. Engl. |. Med. 2021, 385, 35-45.
[CrossRef]

Rostom, A.; Murray, J.A.; Kagnoff, M.F. American Gastroenterological Association (AGA) Institute Technical Review on the
Diagnosis and Management of Celiac Disease. Gastroenterology 2006, 131, 1981-2002. [CrossRef] [PubMed]

Rubio-Tapia, A.; Rahim, M.W.; See, J.A.; Lahr, B.D.; Wu, T.-T.; Murray, J.A. Mucosal Recovery and Mortality in Adults with Celiac
Disease after Treatment with a Gluten-Free Diet. Am. |. Gastroenterol. 2010, 105, 1412-1420. [CrossRef]

Mulder, C.].J.; Elli, L.; Lebwohl, B.; Makharia, G.K.; Rostami, K.; Rubio-Tapia, A.; Schumann, M.; Tye-Din, ].; Zeitz, J.; Al-Toma, A.
Follow-Up of Celiac Disease in Adults: “When, What, Who, and Where”. Nutrients 2023, 15, 2048. [CrossRef]

Schiepatti, A.; Maimaris, S.; Raju, S.A.; Green, O.L.; Mantica, G.; Therrien, A.; Flores-Marin, D.; Linden, J.; Ferndndez-Bafares,
F.; Esteve, M.; et al. Persistent Villous Atrophy Predicts Development of Complications and Mortality in Adult Patients with
Coeliac Disease: A Multicentre Longitudinal Cohort Study and Development of a Score to Identify High-Risk Patients. Gut 2023,
72,2095-2102. [CrossRef]

Al-Toma, A.; Volta, U.; Auricchio, R.; Castillejo, G.; Sanders, D.S.; Cellier, C.; Mulder, C.J.; Lundin, K.E.A. European Society for the
Study of Coeliac Disease (ESsCD) Guideline for Coeliac Disease and Other Gluten-Related Disorders. United Eur. Gastroenterol. ].
2019, 7, 583-613. [CrossRef]

Penny, H.A.; Baggus, EM.R;; Rej, A.; Snowden, ]J.A.; Sanders, D.S. Non-Responsive Coeliac Disease: A Comprehensive Review
from the NHS England National Centre for Refractory Coeliac Disease. Nutrients 2020, 12, 216. [CrossRef]

Daum, S.; Cellier, C.; Mulder, C.J.J. Refractory Coeliac Disease. Best Pract. Res. Clin. Gastroenterol. 2005, 19, 413—424. [CrossRef]
Rubio-Tapia, A.; Hill, 1.D.; Kelly, C.P; Calderwood, A.H.; Murray, J].A. American College of Gastroenterology ACG Clinical
Guidelines: Diagnosis and Management of Celiac Disease. Am. J. Gastroenterol. 2013, 108, 656—676; quiz 677. [CrossRef]
Vakiani, E.; Arguelles-Grande, C.; Mansukhani, M.M.; Lewis, S.K.; Rotterdam, H.; Green, P.H.; Bhagat, G. Collagenous Sprue
Is Not Always Associated with Dismal Outcomes: A Clinicopathological Study of 19 Patients. Mod. Pathol. 2010, 23, 12-26.
[CrossRef] [PubMed]


https://doi.org/10.3109/08830185.2011.595854
https://doi.org/10.1046/j.1365-2559.2000.00926.x
https://www.ncbi.nlm.nih.gov/pubmed/10931221
https://doi.org/10.1016/j.dld.2006.07.014
https://www.ncbi.nlm.nih.gov/pubmed/16982222
https://doi.org/10.1309/AJCPE89ZPVJTSPWL
https://www.ncbi.nlm.nih.gov/pubmed/22706856
https://doi.org/10.5858/arpa.2012-0354-OA
https://doi.org/10.1016/0016-5085(92)91819-P
https://doi.org/10.1097/00042737-199910000-00019
https://doi.org/10.1016/j.cgh.2007.03.019
https://doi.org/10.1038/ajg.2015.387
https://doi.org/10.1053/j.gastro.2016.01.029
https://doi.org/10.1016/S2468-1253(19)30264-X
https://doi.org/10.1053/j.gastro.2014.02.031
https://www.ncbi.nlm.nih.gov/pubmed/24583059
https://doi.org/10.1056/NEJMoa2032441
https://doi.org/10.1053/j.gastro.2006.10.004
https://www.ncbi.nlm.nih.gov/pubmed/17087937
https://doi.org/10.1038/ajg.2010.10
https://doi.org/10.3390/nu15092048
https://doi.org/10.1136/gutjnl-2023-329751
https://doi.org/10.1177/2050640619844125
https://doi.org/10.3390/nu12010216
https://doi.org/10.1016/j.bpg.2005.02.001
https://doi.org/10.1038/ajg.2013.79
https://doi.org/10.1038/modpathol.2009.151
https://www.ncbi.nlm.nih.gov/pubmed/19855376

Diagnostics 2025, 15,1511 19 of 22

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.
69.

70.

71.

72.

73.

74.
75.

Malamut, G.; Afchain, P.; Verkarre, V.; Lecomte, T.; Amiot, A.; Damotte, D.; Bouhnik, Y.; Colombel, J.-F.; Delchier, J.-C.;
Allez, M.; et al. Presentation and Long-Term Follow-up of Refractory Celiac Disease: Comparison of Type I with Type II.
Gastroenterology 2009, 136, 81-90. [CrossRef] [PubMed]

Cellier, C.; Patey, N.; Mauvieux, L.; Jabri, B.; Delabesse, E.; Cervoni, J.P; Burtin, M.L.; Guy-Grand, D.; Bouhnik, Y,
Modigliani, R.; et al. Abnormal Intestinal Intraepithelial Lymphocytes in Refractory Sprue. Gastroenterology 1998, 114, 471-481.
[CrossRef]

Cellier, C.; Delabesse, E.; Helmer, C.; Patey, N.; Matuchansky, C.; Jabri, B.; Macintyre, E.; Cerf-Bensussan, N.; Brousse, N.
Refractory Sprue, Coeliac Disease, and Enteropathy-Associated T-Cell Lymphoma. French Coeliac Disease Study Group. Lancet
2000, 356, 203-208. [CrossRef]

Carbonnel, F.; Grollet-Bioul, L.; Brouet, J.C.; Teilhac, M.E,; Cosnes, J.; Angonin, R.; Deschaseaux, M.; Chatelet, EP.; Gendre, ].P;
Sigaux, F. Are Complicated Forms of Celiac Disease Cryptic T-Cell Lymphomas? Blood 1998, 92, 3879-3886. [CrossRef]
Al-Toma, A.; Verbeek, W.H.M.; Hadithi, M.; von Blomberg, B.M.E.; Mulder, C.].]J. Survival in Refractory Coeliac Disease and
Enteropathy-Associated T-Cell Lymphoma: Retrospective Evaluation of Single-Centre Experience. Gut 2007, 56, 1373-1378.
[CrossRef]

Rubio-Tapia, A.; Kelly, D.G.; Lahr, B.D.; Dogan, A.; Wu, T.-T.; Murray, J.A. Clinical Staging and Survival in Refractory Celiac
Disease: A Single Center Experience. Gastroenterology 2009, 136, 99-107; quiz 352-353. [CrossRef]

van de Water, ] M.W.; Cillessen, S.A.G.M.; Visser, O.].; Verbeek, WH.M.; Meijer, C.].L.M.; Mulder, C.J.]. Enteropathy Associated
T-Cell Lymphoma and Its Precursor Lesions. Best Pract. Res. Clin. Gastroenterol. 2010, 24, 43-56. [CrossRef]

Malamut, G.; Cording, S.; Cerf-Bensussan, N. Recent Advances in Celiac Disease and Refractory Celiac Disease. F1000Research
2019, 8. [CrossRef]

Freeman, H.J. Collagenous Colitis as the Presenting Feature of Biopsy-Defined Celiac Disease. J. Clin. Gastroenterol. 2004,
38, 664—668. [CrossRef]

Austad, W.I; Cornes, ].S.; Gough, K.R.; McCarthy, C.F; Read, A.E. Steatorrhea and Malignant Lymphoma. The Relationship of
Malignant Tumors of Lymphoid Tissue and Celiac Disease. Am. ]. Dig. Dis. 1967, 12, 475-490. [CrossRef] [PubMed]

Harris, O.D.; Cooke, W.T.; Thompson, H.; Waterhouse, J.A. Malignancy in Adult Coeliac Disease and Idiopathic Steatorrhoea.
Am. J. Med. 1967, 42, 899-912. [CrossRef] [PubMed]

Ciccocioppo, R.; Croci, G.A.; Biagi, F; Vanoli, A.; Alvisi, C.; Cavenaghi, G.; Riboni, R.; Arra, M.; Gobbi, P.G.; Paulli, M,;
et al. Intestinal T-Cell Lymphoma with Enteropathy-Associated T-Cell Lymphoma-like Features Arising in the Setting of Adult
Autoimmune Enteropathy. Hematol. Oncol. 2018, 36, 481-488. [CrossRef] [PubMed]

Campo, E.; Swerdlow, S.H.; Harris, N.L.; Pileri, S.; Stein, H.; Jaffe, E.S. The 2008 WHO Classification of Lymphoid Neoplasms and
beyond: Evolving Concepts and Practical Applications. Blood 2011, 117, 5019-5032. [CrossRef]

Delabie, J.; Holte, H.; Vose, ].M.; Ullrich, E; Jaffe, E.S.; Savage, K.J.; Connors, ].M.; Rimsza, L.; Harris, N.L.; Miiller-Hermelink, K.; et al.
Enteropathy-Associated T-Cell Lymphoma: Clinical and Histological Findings from the International Peripheral T-Cell Lymphoma
Project. Blood 2011, 118, 148-155. [CrossRef]

Weinstein, W.M.; Saunders, D.R.; Tytgat, G.N.; Rubin, C.E. Collagenous Sprue--an Unrecognized Type of Malabsorption. N. Engl.
J. Med. 1970, 283, 1297-1301. [CrossRef]

Maguire, A.A.; Greenson, ] K.; Lauwers, G.Y.; Ginsburg, R.E.; Williams, G.T.; Brown, 1.S.; Riddell, R.H.; O’'Donoghue, D.;
Sheahan, K.D. Collagenous Sprue: A Clinicopathologic Study of 12 Cases. Am. . Surg. Pathol. 2009, 33, 1440-1449. [CrossRef]
Baker, S.J.; Mathan, V.I. Syndrome of Tropical Sprue in South India. Am. J. Clin. Nutr. 1968, 21, 984-993. [CrossRef]

Cook, G.C. Aetiology and Pathogenesis of Postinfective Tropical Malabsorption (Tropical Sprue). Lancet 1984, 1, 721-723.
[CrossRef]

Batheja, M.].; Leighton, J.; Azueta, A.; Heigh, R. The Face of Tropical Sprue in 2010. Case Rep. Gastroenterol. 2010, 4, 168-172.
[CrossRef]

Haghighi, P.; Wolf, P.L. Tropical Sprue and Subclinical Enteropathy: A Vision for the Nineties. Crit. Rev. Clin. Lab. Sci. 1997,
34, 313-341. [CrossRef] [PubMed]

Sharma, P; Baloda, V. Gahlot, G.P; Singh, A.; Mehta, R.; Vishnubathla, S.; Kapoor, K.; Ahuja, V.; Gupta, S.D,;
Makharia, G.K.; et al. Clinical, Endoscopic, and Histological Differentiation between Celiac Disease and Tropical Sprue: A
Systematic Review. |. Gastroenterol. Hepatol. 2019, 34, 74-83. [CrossRef] [PubMed]

Brown, I.S.; Bettington, A.; Bettington, M.; Rosty, C. Tropical Sprue: Revisiting an Underrecognized Disease. Am. |. Surg. Pathol.
2014, 38, 666-672. [CrossRef] [PubMed]

Tam, J.S.; Routes, ].M. Common Variable Immunodeficiency. Am. J. Rhinol. Allergy 2013, 27, 260-265. [CrossRef]

Malamut, G.; Verkarre, V.; Suarez, E; Viallard, J.-F.; Lascaux, A.-S.; Cosnes, J.; Bouhnik, Y.; Lambotte, O.; Béchade, D.;
Ziol, M.; et al. The Enteropathy Associated with Common Variable Immunodeficiency: The Delineated Frontiers with Celiac
Disease. Am. . Gastroenterol. 2010, 105, 2262-2275. [CrossRef]


https://doi.org/10.1053/j.gastro.2008.09.069
https://www.ncbi.nlm.nih.gov/pubmed/19014942
https://doi.org/10.1016/S0016-5085(98)70530-X
https://doi.org/10.1016/S0140-6736(00)02481-8
https://doi.org/10.1182/blood.V92.10.3879
https://doi.org/10.1136/gut.2006.114512
https://doi.org/10.1053/j.gastro.2008.10.013
https://doi.org/10.1016/j.bpg.2009.11.002
https://doi.org/10.12688/f1000research.18701.1
https://doi.org/10.1097/01.mcg.0000135363.12794.2b
https://doi.org/10.1007/BF02233180
https://www.ncbi.nlm.nih.gov/pubmed/6026426
https://doi.org/10.1016/0002-9343(67)90071-X
https://www.ncbi.nlm.nih.gov/pubmed/5338480
https://doi.org/10.1002/hon.2494
https://www.ncbi.nlm.nih.gov/pubmed/29446107
https://doi.org/10.1182/blood-2011-01-293050
https://doi.org/10.1182/blood-2011-02-335216
https://doi.org/10.1056/NEJM197012102832401
https://doi.org/10.1097/PAS.0b013e3181ae2545
https://doi.org/10.1093/ajcn/21.9.984
https://doi.org/10.1016/S0140-6736(84)92231-1
https://doi.org/10.1159/000314231
https://doi.org/10.3109/10408369708998096
https://www.ncbi.nlm.nih.gov/pubmed/9288443
https://doi.org/10.1111/jgh.14403
https://www.ncbi.nlm.nih.gov/pubmed/30069926
https://doi.org/10.1097/PAS.0000000000000153
https://www.ncbi.nlm.nih.gov/pubmed/24441659
https://doi.org/10.2500/ajra.2013.27.3899
https://doi.org/10.1038/ajg.2010.214

Diagnostics 2025, 15,1511 20 of 22

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.
95.

96.

97.

98.

99.

Mannon, PJ.; Fuss, 1].; Dill, S.; Friend, J.; Groden, C.; Hornung, R.; Yang, Z.; Yi, C.; Quezado, M.; Brown, M.; et al. Excess IL-12 but
Not IL-23 Accompanies the Inflammatory Bowel Disease Associated with Common Variable Immunodeficiency. Gastroenterology
2006, 131, 748-756. [CrossRef]

Woodward, ].M.; Gkrania-Klotsas, E.; Cordero-Ng, A.Y.; Aravinthan, A.; Bandoh, B.N.; Liu, H.; Davies, S.; Zhang, H.; Steven-
son, P.; Curran, M.D,; et al. The Role of Chronic Norovirus Infection in the Enteropathy Associated with Common Variable
Immunodeficiency. Am. . Gastroenterol. 2015, 110, 320-327. [CrossRef]

Jorgensen, S.E.; Reims, H.M.; Frydenlund, D.; Holm, K; Paulsen, V.; Michelsen, A.E.; Jorgensen, K.K.; Osnes, L.T.; Bratlie, J.;
Eide, T.J.; et al. A Cross-Sectional Study of the Prevalence of Gastrointestinal Symptoms and Pathology in Patients With Common
Variable Immunodeficiency. Am. J. Gastroenterol. 2016, 111, 1467-1475. [CrossRef]

Daniels, J.A.; Lederman, H.M.; Maitra, A.; Montgomery, E.A. Gastrointestinal Tract Pathology in Patients with Common Variable
Immunodeficiency (CVID): A Clinicopathologic Study and Review. Am. J. Surg. Pathol. 2007, 31, 1800-1812. [CrossRef]
Lougaris, V.; Ravelli, A.; Villanacci, V.; Salemme, M.; Soresina, A.; Fuoti, M.; Lanzarotto, F; Lanzini, A.; Plebani, A.; Bassotti, G.
Gastrointestinal Pathologic Abnormalities in Pediatric- and Adult-Onset Common Variable Immunodeficiency. Dig. Dis. Sci.
2015, 60, 2384-2389. [CrossRef]

Biagi, F.; Bianchi, P.L; Zilli, A.; Marchese, A.; Luinetti, O.; Lougaris, V.; Plebani, A.; Villanacci, V.; Corazza, G.R. The Significance of
Duodenal Mucosal Atrophy in Patients with Common Variable Inmunodeficiency: A Clinical and Histopathologic Study. Am. J.
Clin. Pathol. 2012, 138, 185-189. [CrossRef] [PubMed]

Gentile, N.M.; Murray, J.A.; Pardi, D.S. Autoimmune Enteropathy: A Review and Update of Clinical Management.
Curr. Gastroenterol. Rep. 2012, 14, 380-385. [CrossRef] [PubMed]

Montalto, M.; D’Onofrio, E; Santoro, L.; Gallo, A.; Gasbarrini, A.; Gasbarrini, G. Autoimmune Enteropathy in Children and
Adults. Scand. J. Gastroenterol. 2009, 44, 1029-1036. [CrossRef] [PubMed]

DeGaetani, M.; Tennyson, C.A.; Lebwohl, B.; Lewis, S.K.; Abu Daya, H.; Arguelles-Grande, C.; Bhagat, G.; Green, PH.R. Villous
Atrophy and Negative Celiac Serology: A Diagnostic and Therapeutic Dilemma. Am. ]. Gastroenterol. 2013, 108, 647-653.
[CrossRef]

Kobayashi, I.; Imamura, K.; Kubota, M.; Ishikawa, S.; Yamada, M.; Tonoki, H.; Okano, M.; Storch, W.B.; Moriuchi, T,
Sakiyama, Y.; et al. Identification of an Autoimmune Enteropathy-Related 75-Kilodalton Antigen. Gastroenterology 1999,
117, 823-830. [CrossRef]

Chida, N.; Kobayashi, I.; Takezaki, S.; Ueki, M.; Yamazaki, Y.; Garelli, S.; Scarpa, R.; Horikawa, R.; Yamada, M.; Betterle, C.;
et al. Disease Specificity of Anti-Tryptophan Hydroxylase-1 and Anti-AIE-75 Autoantibodies in APECED and IPEX Syndrome.
Clin. Immunol. 2015, 156, 36—42. [CrossRef]

Akram, S.; Murray, ].A.; Pardi, D.S.; Alexander, G.L.; Schaffner, ].A.; Russo, P.A.; Abraham, S.C. Adult Autoimmune Enteropathy:
Mayo Clinic Rochester Experience. Clin. Gastroenterol. Hepatol. 2007, 5, 1282-1290; quiz 1245. [CrossRef]

Volta, U.; De Angelis, G.L.; Granito, A.; Petrolini, N.; Fiorini, E.; Guidi, M.; Muratori, P.; Bianchi, F.B. Autoimmune Enteropathy
and Rheumatoid Arthritis: A New Association in the Field of Autoimmunity. Dig. Liver Dis. 2006, 38, 926-929. [CrossRef]
Volta, U.; Mumolo, M.G; Caio, G.; Boschetti, E.; Latorre, R.; Giancola, F,; Paterini, P.; De Giorgio, R. Autoimmune Enteropathy:
Not All Flat Mucosa Mean Coeliac Disease. Gastroenterol. Hepatol. Bed Bench 2016, 9, 140-145.

Masia, R.; Peyton, S.; Lauwers, G.Y.; Brown, I. Gastrointestinal Biopsy Findings of Autoimmune Enteropathy: A Review of 25
Cases. Am. ]. Surg. Pathol. 2014, 38, 1319-1329. [CrossRef]

Biagi, F.; Bianchi, P.I.; Trotta, L.; Corazza, G.R. Anti-Goblet Cell Antibodies for the Diagnosis of Autoimmune Enteropathy?
Am. ]. Gastroenterol. 2009, 104, 3112. [CrossRef] [PubMed]

Conrad, K.; Roggenbuck, D.; Laass, M.W. Diagnosis and Classification of Ulcerative Colitis. Autoimmun. Rev. 2014, 13, 463-466.
[CrossRef] [PubMed]

Walker-Smith, J.A.; Unsworth, D.J.; Hutchins, P,; Phillips, A.D.; Holborow, E.J. Autoantibodies against Gut Epithelium in Child
with Small-Intestinal Enteropathy. Lancet 1982, 1, 566-567. [CrossRef]

Umetsu, S.E.; Brown, I; Langner, C.; Lauwers, G.Y. Autoimmune Enteropathies. Virchows Arch. 2018, 472, 55-66. [CrossRef]
van Wanrooij, R.L.].; Neefjes-Borst, E.A.; Bontkes, H.J.; Schreurs, M.W.].; Langerak, A.W.; Mulder, C.J.].; Bouma, G. Adult-Onset
Autoimmune Enteropathy in an European Tertiary Referral Center. Clin. Transl. Gastroenterol. 2021, 12, e00387. [CrossRef]
Frezza, M.; Gorji, N.; Melato, M. The Histopathology of Non-Steroidal Anti-Inflammatory Drug Induced Gastroduodenal Damage:
Correlation with Helicobacter Pylori, Ulcers, and Haemorrhagic Events. J. Clin. Pathol. 2001, 54, 521-525. [CrossRef]

Marthey, L.; Cadiot, G.; Seksik, P.; Pouderoux, P.; Lacroute, J.; Skinazi, F.; Mesnard, B.; Chayvialle, J.A.; Savoye, G.; Druez, A.; et al.
Olmesartan-Associated Enteropathy: Results of a National Survey. Aliment. Pharmacol. Ther. 2014, 40, 1103-1109. [CrossRef]
Cyrany, J.; Vasatko, T.; Machac, J.; Nova, M.; Szanyi, J.; Kopacova, M. Letter: Telmisartan-Associated Enteropathy—Is There Any
Class Effect? Aliment. Pharmacol. Ther. 2014, 40, 569-570. [CrossRef]

Maier, H.; Hehemann, K.; Vieth, M. Celiac Disease-like Enteropathy Due to Antihypertensive Therapy with the Angiotensin-II
Receptor Type 1 Inhibitor Eprosartan. Cesk Patol. 2015, 51, 87-88.


https://doi.org/10.1053/j.gastro.2006.06.022
https://doi.org/10.1038/ajg.2014.432
https://doi.org/10.1038/ajg.2016.329
https://doi.org/10.1097/PAS.0b013e3180cab60c
https://doi.org/10.1007/s10620-015-3638-4
https://doi.org/10.1309/AJCPEIILH2C0WFYE
https://www.ncbi.nlm.nih.gov/pubmed/22904128
https://doi.org/10.1007/s11894-012-0276-2
https://www.ncbi.nlm.nih.gov/pubmed/22810979
https://doi.org/10.1080/00365520902783691
https://www.ncbi.nlm.nih.gov/pubmed/19255930
https://doi.org/10.1038/ajg.2013.45
https://doi.org/10.1016/S0016-5085(99)70340-9
https://doi.org/10.1016/j.clim.2014.10.010
https://doi.org/10.1016/j.cgh.2007.05.013
https://doi.org/10.1016/j.dld.2006.02.003
https://doi.org/10.1097/PAS.0000000000000317
https://doi.org/10.1038/ajg.2009.511
https://www.ncbi.nlm.nih.gov/pubmed/19956142
https://doi.org/10.1016/j.autrev.2014.01.028
https://www.ncbi.nlm.nih.gov/pubmed/24424198
https://doi.org/10.1016/S0140-6736(82)92076-1
https://doi.org/10.1007/s00428-017-2243-7
https://doi.org/10.14309/ctg.0000000000000387
https://doi.org/10.1136/jcp.54.7.521
https://doi.org/10.1111/apt.12937
https://doi.org/10.1111/apt.12850

Diagnostics 2025, 15,1511 21 of 22

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.
119.

120.

121.

122.

123.
124.

Herman, M.L.; Rubio-Tapia, A.; Wu, T.-T.; Murray, ].A. A Case of Severe Sprue-Like Enteropathy Associated with Valsartan.
ACG Case Rep. ]. 2015, 2, 92-94. [CrossRef]

Rubio-Tapia, A.; Herman, M.L.; Ludvigsson, ].E; Kelly, D.G.; Mangan, T.F.; Wu, T.-T.; Murray, ].A. Severe Spruelike Enteropathy
Associated with Olmesartan. Mayo Clin. Proc. 2012, 87, 732-738. [CrossRef] [PubMed]

Choi, E.-Y.K,; McKenna, B.J. Olmesartan-Associated Enteropathy: A Review of Clinical and Histologic Findings. Arch. Pathol.
Lab. Med. 2015, 139, 1242-1247. [CrossRef] [PubMed]

Burbure, N.; Lebwohl, B.; Arguelles-Grande, C.; Green, PH.R.; Bhagat, G.; Lagana, S. Olmesartan-Associated Sprue-like
Enteropathy: A Systematic Review with Emphasis on Histopathology. Hum. Pathol. 2016, 50, 127-134. [CrossRef]

Parfitt, ].R.; Jayakumar, S.; Driman, D.K. Mycophenolate Mofetil-Related Gastrointestinal Mucosal Injury: Variable Injury Patterns,
Including Graft-versus-Host Disease-like Changes. Am. |. Surg. Pathol. 2008, 32, 1367-1372. [CrossRef]

Kamar, N.; Faure, P; Dupuis, E.; Cointault, O.; Joseph-Hein, K.; Durand, D.; Moreau, J.; Rostaing, L. Villous Atrophy Induced by
Mycophenolate Mofetil in Renal-Transplant Patients. Transpl. Int. 2004, 17, 463-467. [CrossRef]

Schadendorf, D.; Wolchok, ].D.; Hodi, F.S.; Chiarion-Sileni, V.; Gonzalez, R.; Rutkowski, P.; Grob, J.J.; Cowey, C.L.; Lao, C.D,;
Chesney, J.; et al. Efficacy and Safety Outcomes in Patients with Advanced Melanoma Who Discontinued Treatment with
Nivolumab and Ipilimumab Because of Adverse Events: A Pooled Analysis of Randomized Phase II and III Trials. J. Clin. Oncol.
2017, 35, 3807-3814. [CrossRef] [PubMed] [PubMed Central]

Wolchok, ].D.; Chiarion-Sileni, V.; Gonzalez, R.; Rutkowski, P.; Grob, J.-J.; Cowey, C.L.; Lao, C.D.; Wagstaff, J.; Schadendorf, D.;
Ferrucci, P.F; et al. Overall Survival with Combined Nivolumab and Ipilimumab in Advanced Melanoma. N. Engl. ]. Med. 2017,
377,1345-1356. [CrossRef]

Powell, N.; Ibraheim, H.; Raine, T.; Speight, R.A.; Papa, S.; Brain, O.; Green, M.; Samaan, M.A ; Spain, L.; Yousaf, N.; et al. British
Society of Gastroenterology Endorsed Guidance for the Management of Immune Checkpoint Inhibitor-Induced Enterocolitis.
Lancet Gastroenterol. Hepatol. 2020, 5, 679-697. [CrossRef]

Geukes Foppen, M.H.; Rozeman, E.A.; van Wilpe, S.; Postma, C.; Snaebjornsson, P.; van Thienen, J.V.; van Leerdam, M.E.; van den
Heuvel, M,; Blank, C.U.; van Dieren, J.; et al. Inmune Checkpoint Inhibition-Related Colitis: Symptoms, Endoscopic Features,
Histology and Response to Management. ESMO Open 2018, 3, e000278. [CrossRef]

Abu-Sbeih, H.; Ali, ES.; Luo, W.; Qiao, W.; Raju, G.S.; Wang, Y. Importance of Endoscopic and Histological Evaluation in the
Management of Immune Checkpoint Inhibitor-Induced Colitis. J. Immunother. Cancer 2018, 6, 95. [CrossRef]

Wright, A.P,; Piper, M.S,; Bishu, S.; Stidham, R.W. Systematic Review and Case Series: Flexible Sigmoidoscopy Identifies Most
Cases of Checkpoint Inhibitor-Induced Colitis. Aliment. Pharmacol. Ther. 2019, 49, 1474-1483. [CrossRef] [PubMed]

Marthey, L.; Mateus, C.; Mussini, C.; Nachury, M.; Nancey, S.; Grange, F.; Zallot, C.; Peyrin-Biroulet, L.; Rahier, J.E.; Bourdier
de Beauregard, M.; et al. Cancer Immunotherapy with Anti-CTLA-4 Monoclonal Antibodies Induces an Inflammatory Bowel
Disease. J. Crohns Colitis 2016, 10, 395-401. [CrossRef] [PubMed]

Fazal, M.W.,; Spain, L.; Ibraheim, H.; Yousaf, N.; Gore, M.; Larkin, J.; Turajlic, S.; Powell, N.; Au, L. PTU-009 Upper Gastrointestinal
Inflammation in Patients with Immune-Checkpoint Inhibitor Induced Diarrhoea. Gut 2018, 67, A66—-A67. [CrossRef]

Zhang, M.L.; Neyaz, A.; Patil, D.; Chen, J.; Dougan, M.; Deshpande, V. Inmune-Related Adverse Events in the Gastrointestinal
Tract: Diagnostic Utility of Upper Gastrointestinal Biopsies. Histopathology 2020, 76, 233-243. [CrossRef]

Weber, ].S.; Kahler, K.C.; Hauschild, A. Management of Immune-Related Adverse Events and Kinetics of Response with
Ipilimumab. J. Clin. Oncol. 2012, 30, 2691-2697. [CrossRef]

Gentile, N.M.; D’Souza, A; Fujii, L.L.; Wu, T.-T.; Murray, ].A. Association between Ipilimumab and Celiac Disease. Mayo Clin. Proc.
2013, 88, 414-417. [CrossRef]

Bures, J.; Cyrany, J.; Kohoutova, D.; Forstl, M.; Rejchrt, S.; Kvetina, J.; Vorisek, V.; Kopacova, M. Small Intestinal Bacterial
Overgrowth Syndrome. World ]. Gastroenterol. 2010, 16, 2978-2990. [CrossRef]

Quigley, EEM.M.; Abu-Shanab, A. Small Intestinal Bacterial Overgrowth. Infect. Dis. Clin. N. Am. 2010, 24, 943-959. [CrossRef]
Lappinga, PJ.; Abraham, S.C.; Murray, J.A.; Vetter, E.A.; Patel, R.; Wu, T.-T. Small Intestinal Bacterial Overgrowth: Histopathologic
Features and Clinical Correlates in an Underrecognized Entity. Arch. Pathol. Lab. Med. 2010, 134, 264-270. [CrossRef]

Mekhjian, H.S.; Switz, D.M.; Melnyk, C.S.; Rankin, G.B.; Brooks, R K. Clinical Features and Natural History of Crohn’s Disease.
Gastroenterology 1979, 77 Pt 2, 898-906. [CrossRef]

Lin, J.; McKenna, B.J.; Appelman, H.D. Morphologic Findings in Upper Gastrointestinal Biopsies of Patients with Ulcerative
Colitis: A Controlled Study. Am. J. Surg. Pathol. 2010, 34, 1672-1677. [CrossRef] [PubMed]

Turner, D.; Griffiths, A.M. Esophageal, Gastric, and Duodenal Manifestations of IBD and the Role of Upper Endoscopy in IBD
Diagnosis. Curr. Gastroenterol. Rep. 2009, 11, 234-237. [CrossRef] [PubMed]

Freeman, H.J. Granuloma-Positive Crohn’s Disease. Can. . Gastroenterol. 2007, 21, 583-587. [CrossRef] [PubMed]

Endo, K.; Kawakami, Y.; Yoshino, Y.; Kondo, S.; Fukushi, D.; Takasu, A.; Kogure, T.; Hirota, M.; Murakami, K.; Satoh, K. Detection
Rates of Non-Cavitary Epithelioid Cell Granuloma by Gastrointestinal Biopsy in Patients with Treatment-Naive Crohn’s Disease.
Inflamm. Intest. Dis. 2023, 8, 105-114. [CrossRef]


https://doi.org/10.14309/crj.2015.15
https://doi.org/10.1016/j.mayocp.2012.06.003
https://www.ncbi.nlm.nih.gov/pubmed/22728033
https://doi.org/10.5858/arpa.2015-0204-RA
https://www.ncbi.nlm.nih.gov/pubmed/26414468
https://doi.org/10.1016/j.humpath.2015.12.001
https://doi.org/10.1097/PAS.0b013e31816bf3fe
https://doi.org/10.1111/j.1432-2277.2004.tb00471.x
https://doi.org/10.1200/JCO.2017.73.2289
https://www.ncbi.nlm.nih.gov/pubmed/28841387
https://pmc.ncbi.nlm.nih.gov/articles/PMC5791828
https://doi.org/10.1056/NEJMoa1709684
https://doi.org/10.1016/S2468-1253(20)30014-5
https://doi.org/10.1136/esmoopen-2017-000278
https://doi.org/10.1186/s40425-018-0411-1
https://doi.org/10.1111/apt.15263
https://www.ncbi.nlm.nih.gov/pubmed/31035308
https://doi.org/10.1093/ecco-jcc/jjv227
https://www.ncbi.nlm.nih.gov/pubmed/26783344
https://doi.org/10.1136/gutjnl-2018-BSGAbstracts.131
https://doi.org/10.1111/his.13963
https://doi.org/10.1200/JCO.2012.41.6750
https://doi.org/10.1016/j.mayocp.2013.01.015
https://doi.org/10.3748/wjg.v16.i24.2978
https://doi.org/10.1016/j.idc.2010.07.007
https://doi.org/10.5858/134.2.264
https://doi.org/10.1016/0016-5085(79)90389-5
https://doi.org/10.1097/PAS.0b013e3181f3de93
https://www.ncbi.nlm.nih.gov/pubmed/20962621
https://doi.org/10.1007/s11894-009-0036-0
https://www.ncbi.nlm.nih.gov/pubmed/19463224
https://doi.org/10.1155/2007/917649
https://www.ncbi.nlm.nih.gov/pubmed/17853953
https://doi.org/10.1159/000533479

Diagnostics 2025, 15,1511 22 of 22

125.

126.

127.

128.

129.

130.

131.

132.

Makharia, G.K; Srivastava, S.; Das, P.; Goswami, P.; Singh, U.; Tripathi, M.; Deo, V.; Aggarwal, A.; Tiwari, R.P; Sreenivas, V.; et al.
Clinical, Endoscopic, and Histological Differentiations between Crohn’s Disease and Intestinal Tuberculosis. Am. J. Gastroenterol.
2010, 105, 642-651. [CrossRef]

Kedia, S.; Das, P.; Madhusudhan, K.S.; Dattagupta, S.; Sharma, R.; Sahni, P.; Makharia, G.; Ahuja, V. Differentiating Crohn’s
Disease from Intestinal Tuberculosis. World |. Gastroenterol. 2019, 25, 418-432. [CrossRef]

Rothenberg, M.E. Eosinophilic Gastrointestinal Disorders (EGID). J. Allergy Clin. Immunol. 2004, 113, 11-28; quiz 29. [CrossRef]
Klein, N.C.; Hargrove, R.L.; Sleisenger, M.H.; Jeffries, G.H. Eosinophilic Gastroenteritis. Medicine 1970, 49, 299-319. [CrossRef]
Talley, N.J.; Shorter, R.G.; Phillips, S.F.; Zinsmeister, A.R. Eosinophilic Gastroenteritis: A Clinicopathological Study of Patients
with Disease of the Mucosa, Muscle Layer, and Subserosal Tissues. Gut 1990, 31, 54-58. [CrossRef]

Washington, K.; Jagasia, M. Pathology of Graft-versus-Host Disease in the Gastrointestinal Tract. Hum. Pathol. 2009, 40, 909-917.
[CrossRef]

Lerner, K.G.; Kao, G.E; Storb, R.; Buckner, C.D.; Clift, R.A.; Thomas, E.D. Histopathology of Graft-vs.-Host Reaction (GvHR) in
Human Recipients of Marrow from HL-A-Matched Sibling Donors. Transplant. Proc. 1974, 6, 367-371.

Levine, J.E.; Huber, E.; Hammer, S.T.G.; Harris, A.C.; Greenson, J.K.; Braun, T.M.; Ferrara, J.L.M.; Holler, E. Low Paneth Cell
Numbers at Onset of Gastrointestinal Graft-versus-Host Disease Identify Patients at High Risk for Nonrelapse Mortality. Blood
2013, 122, 1505-1509. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1038/ajg.2009.585
https://doi.org/10.3748/wjg.v25.i4.418
https://doi.org/10.1016/j.jaci.2003.10.047
https://doi.org/10.1097/00005792-197007000-00003
https://doi.org/10.1136/gut.31.1.54
https://doi.org/10.1016/j.humpath.2009.04.001
https://doi.org/10.1182/blood-2013-02-485813

	Introduction 
	Methods 
	Normal Histology Findings in the Duodenum 
	Celiac Disease (CD) 
	Refractory Celiac Disease (RCD) 
	Enteropathy-Associated T-Cell Lymphoma (EATL) 
	Collagenous Sprue (CS) 
	Tropical Sprue (TS) 
	Common Variable Immunodeficiency (CVID) 
	Auto-Immune Enteropathy (AIE) 
	Drug-Induced Enteropathy 
	Small Intestinal Bacterial Overgrowth (SIBO) 
	Inflammatory Bowel Disease 
	Eosinophilic Gastro-Enteritis (EGE) 
	Graft-Versus-Host Disease (GVHD) 

	Conclusions 
	References

