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® Context.—Celiac disease (CD) is a common immune-
mediated disorder that occurs in genetically predisposed
individuals (carriers of HLA-DQ2 and DQ8 haplotypes) on
consumption of wheat (gluten). It is characterized by
inflammation of the small-intestinal mucosa and myriad
gastrointestinal and systemic manifestations. Celiac disease
is common in the general population (prevalence, 0.5%—
1%). Currently, small-bowel biopsy is considered the gold
standard for diagnosing CD. However, the role of serologic
testing in the diagnosis of CD has evolved, from being a
supportive test to supplanting intestinal biopsies in certain
patient populations.

Objective.—To summarize key aspects of histopatholog-
ic assessment, discuss the benefit of standardized pathol-
ogy reports, impact of the site and number of small-bowel
biopsy samples on diagnosis, and recommendations re-
garding serologic testing.

Celiac disease, also known as gluten-sensitive enterop-
athy, celiac sprue, or nontropical sprue (see reference
for terminology) is a common immune-mediated disorder
characterized by chronic inflammation of the small
intestine, and the presence of systemic manifestations,
which occurs in genetically predisposed individuals on
consumption of certain grains, including wheat.! Celiac
disease is believed to have been recognized as long ago as
the 1st and 2nd century AD, when the characteristic stool
findings were first described, with reference to ““...a celiac
disease of chronic nature...,” by the physician “Aretaeus
the Cappadocian.”” In 1888, Samuel Gee gave the first
clear description, recognizing this disease in children. He
termed the condition the celiac affection and suggested that
dietary treatment might be of benefit’ In the mid-20th
century, the link between CD and wheat was discovered
and it was shown that the toxic component was gluten.'
Histologic abnormalities of the small intestine, now
considered characteristic for CD, were described by
Paulley* in samples taken at surgery in 1954. In the
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Data Sources.—Literature review of publications on CD
and experience with histopathologic review of biopsies at
the Department of Pathology and Cell Biology, Columbia
University Medical Center, New York-Presbyterian Hospi-
tal, New York.

Conclusions.—Intraepithelial lymphocytosis in the con-
text of villous atrophy is considered a characteristic
histologic finding of CD; however, it is a rather nonspecific
finding. A growing list of publications has also indicated
that the detection of intraepithelial lymphocytosis in the
absence of villous atrophy has rather low specificity for
CD. Therefore, communication between pathologists and
gastroenterologists is paramount, as is knowledge regard-
ing the pertinent clinical and laboratory data, in distin-
guishing between CD and other disorders with similar
histopathologic and clinical manifestations.

(Arch Pathol Lab Med. 2012;136:735-745; doi: 10.5858/
arpa.2011-0572-RA)

1990s, Marsh® classified the histologic patterns of small-
intestinal mucosal injury, which were modified by
Oberhuber et al® in 1999. The modified Marsh-Oberhuber
classification is currently used by many pathologists.
The etiology of CD is multifactorial, with both genetic
and environmental factors involved in disease develop-
ment. Susceptibility to CD is primarily associated with the
human leukocyte antigen HLA-DQ?2 allele. The heterodi-
mer DQA1*0501 and DQB1*0201 is detected in up to 95%
of persons with celiac disease, with the remaining 5%
expressing HLA-DQS8 (DQA1*0301, DQB1*0302). The
frequency of these alleles in the general populations
in Western countries is 20% to 30%.”° Therefore, an
individual not carrying DQ2 or DQS8 alleles is extremely
unlikely to develop CD. Among autoimmune disorders,
CD is one of the remarkably few where the offending
antigen is known, that is, gluten (component of wheat,
barley, and rye). Gluten is mostly made up of 2 groups of
proteins: ethanol-soluble gliadins and ethanol-insoluble
glutenins. Gliadin contains large amounts of the amino
acids proline and glutamine. It is known that o-gliadin
among other peptides is toxic to celiac patients. The
pathogenesis of CD involves a CD4* T-cell mediated
immune response to gliadin peptides, activation of a CD8*
T-cell intraepithelial innate immune response, and pro-
duction of antibodies against tissue transglutaminase, as
well as anti-gliadin, anti-reticulin, and anti-endomysial
antibodies.'>" In 1997, identification of tissue transgluta-
minase type II as the major autoantigen of CD (and also
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the epitope recognized by anti-endomysial antibodies)
shed new light into the pathogenesis of this disease."
Tissue transglutaminase is an 85-kDa enzyme that is
expressed in multiple tissues. Gliadin can serve as a
substrate of transglutaminase, which is activated upon
injury or inflammation of the small bowel, and in the
process becomes cross-linked to transglutaminase, there-
by creating a neoantigen, which induces an immune
response to the self-protein (transglutaminase). Moreover,
tissue transglutaminase can selectively deamidate gliadin
peptides, leading to enhanced T-cell stimulatory activity.'
The ensuing inflammatory cascade produces inflammato-
ry cytokines, proteinases, and other tissue-damaging
mediators that induce mucosal tissue damage, leading to
the characteristic histopathologic alterations recognized
by pathologists.'

CLINICAL SPECTRUM AND TERMINOLOGY

Celiac disease occurs both in adults and children with a
female predominance (female to male ratio, 2-3:1)."”
Recent advances in the understanding of the disease,
and the availability of, more sensitive serologic tests, as
well as an appreciation of the multisystemic nature of CD,
have led to the recognition that CD is more common than
previously thought. It is estimated to affect between 0.5%
to 1% of individuals in both Europe and the United
States.’®2° Recent studies have also suggested an increas-
ing prevalence, approaching 2% in American and Finnish
cohorts.”* An increased incidence of CD has been
documented among asymptomatic relatives of patients
with CD. The prevalence ranges from 10% to 12% in first-
degree relatives** and a high rate of concordance (70%)
is observed in monozygotic twins.” The classical presen-
tation of CD is diarrhea, abdominal pain, bloating, or
discomfort. Less common presentations include con-
stipation, weight loss, neurologic symptoms, dermatitis
herpetiformis, delayed puberty, osteoporosis, infertility,
vitamin and protein deficiencies, and elevated liver
enzyme levels.” A substantial proportion of patients have
had a previous diagnosis of irritable bowel syndrome®
and it is now known that the presence of obesity does not
exclude the possibility of CD.* Celiac disease with
atypical symptoms is characterized by few or no gastro-
intestinal symptoms and the presence of extraintestinal
manifestations. Recognition of atypical features of CD is
partly responsible for the increased prevalence and now
may be the most common presentation encountered at
diagnosis.

Silent CD is associated with individuals who are
asymptomatic, but have a positive serologic test result
and show histopathologic changes typical for CD. These
patients are usually detected via screening of high-risk
individuals including first-degree relatives of celiac
patients, or identified by endoscopy and biopsy conduct-
ed for other reasons.>*' Latent CD is defined by a positive
serologic result but lack of villous atrophy on biopsy;
individuals are asymptomatic, but later may develop
symptoms and/or histopathologic changes.”*"** Mild
histologic alterations, such as increased numbers of
intraepithelial lymphocytes (IELs) in the small-intestinal
epithelium, may be seen in these patients. A whole host
of confusing terms and neologisms have been propagated
in the literature over the years, with some of the terms
being used interchangeably while describing histologic
and clinical aspects/presentations of CD. Hence, it is
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important to point out that the abovementioned termi-
nology should be restricted to clinical presentations and
use of words like histologically silent celiac disease or
subclinical celiac disease should be avoided.

Celiac disease is associated with a host of autoim-
mune diseases such as type 1 diabetes mellitus, auto-
immune thyroid disease, Addison disease, autoimmune
hepatitis, primary biliary cirrhosis, primary sclerosing
cholangitis, and immunoglobulin (Ig) A deficiency.
There is also an increased prevalence of CD in patients
with genetic disorders such as Down syndrome and Turner
syndrome.**

The complications of CD typically occur after many
years of disease in adults, partially due to continual
ingestion of gluten, either intentionally or unintentionally.
Serious complications include refractory celiac disease,
which encompasses more indolent variants or precursors
of enteropathy-associated T-cell lymphoma, and small-
intestinal adenocarcinoma.*** The overall risk of cancer is
almost twice in patients with CD compared to the general
population.*® An increased risk of a variety of malignan-
cies has been reported, including both T-cell and B-cell
non-Hodgkin lymphoma subtypes that may either occur
in the intestines or at extraintestinal locations, esophageal
carcinoma, and carcinomas of the pancreatobiliary tract
and small or large bowel.**** Interestingly, it has been
shown that the risk of mortality remains elevated up to
5 years post diagnosis and commencement of a gluten-free
diet (GFD).** Adherence to a GFD is thought to reduce
the risk of lymphoma. The risk of death from malignancy
is reportedly higher in patients on a regular diet compared
to those on a GFD,* and the overall risk of dying is higher
in patients who do not respond to a GFD compared to
those who do.*

DIAGNOSIS

In recent years, many studies® have advocated
changes in the diagnostic algorithms for CD. The
diagnostic approach to CD is changing, owing to better
understanding of the clinical manifestations of CD and the
availability of more sensitive and specific serologic tests,
as well as testing for the HLA susceptibility alleles.®*>
However, small-bowel mucosal biopsy is currently con-
sidered the gold standard for diagnosing CD. All serologic
tests and small-bowel biopsies need to be performed while
the patient is on a gluten-containing diet. According to the
US National Institutes of Health consensus statement,*
serologic testing is recommended as the first step in
pursuing a diagnosis of CD. Duodenal biopsy is recom-
mended in individuals with a positive celiac antibody test
result, or when serologic results are nondiagnostic, or in
individuals with suggestive clinical symptoms. With
positive serologic results and a biopsy that shows the
characteristic findings of intraepithelial lymphocytosis,
crypt hyperplasia, and villous atrophy, a presumptive
diagnosis of CD can be made. Definitive diagnosis is
confirmed when symptoms resolve on commencing a
GFD. A repeated biopsy to demonstrate normalized
histology after a GFD is no longer required for a definitive
diagnosis of CD. There is currently no consensus on the
management of patients whose small-bowel biopsies
reveal Marsh I lesions (intraepithelial lymphocytosis and
preserved mucosal architecture) or when serologic test
results for CD are negative despite severe mucosal
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architectural abnormalities, so called seronegative CD
(also see below).

Serologic Testing

Serologic testing plays an important role in the
diagnosis of CD. The most sensitive antibody tests detect
IgA-class antibodies against tissue transglutaminase
(tTGA) and endomysium (EMA). The anti-gliadin anti-
bodies are no longer considered sensitive or specific
enough to be used for routine clinical detection of CD,
except in children younger than 18 months of age, because
anti-gliadin IgA antibodies are considered to be the first
autoantibodies to appear after intestinal exposure to a
gluten-containing diet.>* Numerous assays have been
developed to detect IgA and IgG antibodies directed
against tTGA and EMA, including enzyme-linked immu-
nosorbent assays (ELISAs) to quantify tTGA and indirect
immunofluorescent assays to detect EMA. The IgA
recombinant anti-human tTGA ELISA assay is superior
to the anti-guinea pig tTGA assay and is more cost-
effective than the endomysial antibody test.®>** Serologic
IgA tTGA antibody testing is considered to be the most
sensitive method for detecting CD, with sensitivity
approaching 97% in clinical practice,* while IgA EMA
antibodies are highly specific markers for CD (approach-
ing 100%).7°® The presence and titers of both tTGA and
EMA antibodies have been shown to correlate with the
degree of mucosal damage. Studies have shown that EMA
seropositivity correlates with more severe villous atrophy,
but not with the presence of gastrointestinal symptoms or
the mode of presentation of CD.* One study® has also
demonstrated that IgA tTGA levels of 100 U or greater
occur almost exclusively in individuals, both adults and
children, manifesting severe degrees of villous atrophy
(Marsh 3 lesions). Celiac patients with lesser degrees of
villous atrophy are less likely to have positive serologic
findings. Seronegative CD does occur, accounting for up
to 15% of all celiac patients.”” Recently, a new test for
detecting antibodies against deamidated gliadin pep-
tides (DGP) was introduced, which displays promising
results and a high specificity (99%), approaching that
obtained with IgA EMA tests.”*' One study® demon-
strated that removing gliadin from the diet leads to a
more dramatic drop in antibody titers against DGP,
indicating that DGP IgA testing might have greater
sensitivity for the detection of adequate adherence to a
GFD. However, its relevance in the diagnosis of different
disease phases and patient populations and its repro-
ducibility in the clinical setting remains to be investigat-
ed. A summary of the sensitivities and specificities of
tests incorporating IgA antibodies directed against
tTGA, EMA, and DGP is listed in Table 1.

Table 1. Sensitivities and Specificities
of ImmunoFlobulin A (IgA)-Class Antibodies Against
Endomysial Antigen (EMA), Tissue Transglutaminase
(tTGA), and Deamidated Gliadin Peptides (DGPs)

1gA-Class Antibodies

Sensitivity, % Specificity, %

EMA 89-92%5775 98-100%
{TGA 93-9734501 95-975436:%
DGPs 84-887" 94-9977!

Arch Pathol Lab Med—Vol 136, July 2012

Seronegative Celiac Disease

Seronegative CD poses a clinical challenge and requires
integration of clinical, genetic, and histopathologic criteria
as the individuals lack serum autoantibodies.®® These
individuals are more likely to have either normal villous
architecture with increased IEL counts or mild degrees of
villous atrophy, and they likely lack a humoral response to
the autoantigens—tissue transglutaminase or gliadin.**
The sensitivity of serum anti-EMA or tTGA antibody-
based tests is low, reportedly 31% to 70% for CD with mild
villous atrophy.®>* Newer tests for antibodies against
DGP can detect 20% to 30% of persons with IgA tTGA
seronegative disease.” This suggests that more sensitive
tests for detection of serum autoantibodies are needed in
certain cases, especially those manifesting limited muco-
sal inflammation. Detection of mucosal IgA tissue
transglutaminase immune deposits might be one of the
most sensitive approaches for identifying CD with
minimal or no villous atrophy. Presence of these deposits
in the lamina propria indicates activation of the local
mucosal antibody response in the absence of a systemic
humoral immune response. The sensitivity and specificity
of this method is reported to be 93%.%® Evaluation of the
number and pattern of IELs at the villous tips and
detecting increased intraepithelial yd T cells in biopsy
samples also help in diagnosing cases of CD with mild
inflammation, lacking serologic abnormalities.®

Site and Number of Small-Bowel Biopsies

Small-bowel biopsy remains the gold standard for
diagnosing CD. It is also now well recognized that CD is a
patchy disease.”””> However, there are no uniform, agreed-
upon recommendations or guidelines for the number or site
of biopsies required for diagnosis. A recent large-scale
retrospective study conducted in the United States demon-
strated that the probability of a new diagnosis of CD was
doubled when 4 specimens or more were submitted for
histopathologic assessment.”! Inadequate sampling may
lead to false-negative diagnosis, and poorly oriented biopsy
specimens can cause both underinterpretation and overin-
terpretation of the histologic abnormalities associated with
CD. Historically, biopsies were taken from the jejunum to
diagnose CD.””* Studies since the mid-1990s have shown
that biopsies from the second part of the duodenum are
sufficient for diagnosis without loss of sensitivity or
specificity.””® Biopsies from the duodenal bulb should be
interpreted with caution because this area is exposed to
gastric acid and is prone to peptic injury; Brunner glands
can also be prominent in the bulb and they may cause
artifactual distortion of villi. However, the duodenal bulb is
also the most sensitive site to detect mucosal injury induced
by gluten, as the severity of mucosal damage is thought to
follow a proximal to distal gradient. Many investigators
have demonstrated that CD-related histologic lesions are
present at the bulb, and importantly, isolated mucosal
abnormalities at this site can be seen in up to 10% of CD
cases, in both adults and children.”” Hence, in practice, it
seems reasonable to suggest that at least 4 to 6 endoscopic
biopsy specimens be taken from the duodenum, with 2
samples from the bulb region.

HISTOPATHOLOGIC EVALUATION OF CELIAC DISEASE

Histopathologic evaluation of small-bowel biopsies
should be performed on well-oriented biopsy pieces that
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Figure 1.
and scattered intraepithelial lymphocytes present with a normal “decre-
scendo”” pattern (hematoxylin-eosin, original magnification X100).

Normal duodenal mucosa, with a normal villous to crypt ratio

contain at least 3 or 4 consecutive villous-crypt units
visualized in their entirety and arranged parallel to each
other. Scattered intraepithelial lymphocytes are present
normally, which are more prominent along the lateral edge
of villi, decreasing in number from the villous base toward
the tip, the so-called decrescendo pattern,®® shown in
Figure 1. Loss of this pattern is considered more sensitive,
though not specific, for CD.*"** The upper limit of normal
IEL numbers was previously considered to be 40 lympho-
cytes per 100 epithelial cells, which was derived from older
studies assessing jejunal biopsy samples and used as a
diagnostic criterion in the Marsh-Oberhuber classification.®
More recent studies® have shown that the upper limit of
normal for duodenal IELs is closer to 25 IELs per 100
epithelial cells (mean + 2 SD). Counts between 25 and 29
IELs per 100 epithelial cells are considered a borderline
increase, while a count of 30 or more represents a definite
increase in IELs.** A simpler method, whereby villous tip
IELs are counted, has been proposed. IELs are counted in
20 villous-tip enterocytes in 5 randomly selected villi. The
upper limit of normal for IELs is 5 of 20 enterocytes, with
counts of 6 or more representing an increase in IELs. Itis a
fast and simple alternative to the more cumbersome
method of counting intraepithelial lymphocytes along
100 or 500 enterocytes and correlates well with the
traditional methods.*” Clustering of IELs at or close to the
villous tips is also a helpful feature supporting a diagnosis
of CD. In cases for which the IEL count is only mildly
elevated or when tissue histology is compromised (eg,
thick sections, staining artifacts), immunohistochemistry
for CD3 is helpful for highlighting the distribution pattern
of IELs. Although there are a variety of ways for counting
IELs, absolute counts are time-consuming and impractical
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for routine practice. There is little need for counting IELs
when there is diffuse marked intraepithelial lymphocyto-
sis. However, counting IELs, with or without the aid of an
immunohistochemical stain for CD3, is helpful in cases
with patchy and/or mild increases in IEL numbers.
Immunophenotypic studies have shown that the increased
IEL numbers represent an expansion of both cytotoxic T
cells (60%-70% of the cytotoxic T cells express CD8)
bearing the of T-cell receptor, and & T-cell receptor—
positive lymphocytes (predominantly CD87), with the
former predominating. The yd T cells comprise 1% to 10%
of IELs in normal small-intestinal mucosa, but increase in
patients with CD, where they represent up to 15% to 30%
of all IELs.*>%

Microscopic examination of the small-bowel biopsies
should be performed in a sequential algorithmic manner,
ensuring inspection and evaluation not only of the mucosa
and submucosa but also of the luminal aspect, to identify
adherent or free-floating infectious organisms, foreign
objects, and others. The surface epithelium, villous archi-
tecture, and lamina propria should be carefully examined
in cases where CD is clinically suspected. Below is a check
list for assessment of small-bowel biopsies when the
differential diagnosis of CD is entertained.

e Luminal surface and epithelial-lumen interface: Check
for infectious agents, such as Giardia organisms, Crypto-
sporidium organisms, or Helicobacter pylori, in cases of
gastric epithelial metaplasia of the surface epithelium.

® Enterocytes: Presence versus loss of brush border,
shape and height of enterocytes, intracytoplasmic
vacuolation, presence of goblet cells or Paneth cells,
denudation or damage of the surface enterocytes.
Extension or hyperplasia of crypts with regenerative
changes and increased mitotic activity at the base of the
crypts.

e Intraepithelial lymphocytes.

m Pattern of IELs: Diffuse or patchy increase.

m Number of IELs: Mild, moderate, or severely
increased.

m In case of uncertainty: Count the number of IELs
along the entire crypt-villus units (normal, <25 IELs
per 100 enterocytes; borderline increased, 25-29 IELs
per 100 enterocytes; or definitely increased, =30 IELs
per 100 enterocytes). Alternatively, use the villous-tip
method (normal, =5 IELs per 20 enterocytes; or
definitely increased, =6 IELs per 20 enterocytes).

e Basement membrane: Presence of thickening of base-
ment membrane, with or without subepithelial collagen
deposition, and entrapment of capillary vessels, fibro-
blasts, or inflammatory cells.

e Villous and crypt architecture: Villous to crypt ratio;
presence of partial, subtotal, or total villous atrophy
accompanied by crypt hyperplasia.

e Lamina propria: Lamina propria normally contains a
mixture of plasma cells, lymphocytes, and occasional
eosinophils and macrophages, which are normally
found in the lower portions or base of the lamina
propria, while the villi appear relatively empty with
few inflammatory cells. The presence of more than rare
neutrophils in the lamina propria is not a normal
finding. While assessing the lamina propria, the type
and extent of inflammation should be documented in
the report.
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Figure 2. Different grades of duodenal mucosal lesions of celiac
disease. A, Infiltrative type (type 1) or nonatrophic lesion (grade A) with
normal crypt and villous architecture and increased numbers of
intraepithelial lymphocytes (IELs). B, Destructive type (type 3b) or
atrophic lesion (grade B1) with moderate villous atrophy and diffuse
increase in IELs. C, Flat lesion (type 3c or grade B2) with total villous
atrophy and diffuse increase in IELs (hematoxylin-eosin, original
magnifications X100 [A through C]).

Old and New Classifications of Celiac Disease

Marsh® introduced a grading scheme to classify the
morphologic spectrum of gluten-sensitive enteropathy in
1992, based on his clinical research on a variety of small-
intestinal disorders and observations of the intestinal
response to gluten challenge, reported as a series of
studies. Oberhuber et al® modified some of the param-
eters and published a modified scheme in 1999. The
Marsh-Oberhuber classification describes 5 interrelated
states of small-intestinal mucosal injury (types 0-4) as
follows:

Arch Pathol Lab Med—Vol 136, July 2012

Table 2. Old and New Classifications
for Histopathologic Evaluation of Celiac
Disease—Associated Mucosal Changes?

Marsh-Oberhuber

Classification Corazza-Villanacci Classification

Type 1 Grade A
Type 2

Type 3a Grade B1
Type 3b

Type 3c Grade B2
Type 4 Deleted

¢ Comparison of a new histopathologic classification scheme proposed
by Corazza and Villanacci with the Marsh-Oberhuber classification in
evaluation of celiac disease-associated mucosal lesions.

® Type 0: Preinfiltrative, normal small-intestinal mucosa
with less than 30 IELs per 100 enterocytes.

e Type 1: Infiltrative type, which is characterized by a
normal villous and crypt architecture (normal villous to
crypt ratio of >3:1) and an increased number of IELs
(=30 IELs per 100 enterocytes).

® Type 2: Infiltrative-hyperplastic type, which is character-
ized by a normal villous architecture and crypt hyperplasia
with an increased number of IELs (=30 IELs per 100
enterocytes). This stage is only very rarely encountered in
patients with CD and has mainly been observed under
experimental conditions, after commencement of a GFD or
time-dose-related gluten challenge studies,” and in
patients with dermatitis herpetiformis.*

® Type 3: Destructive (flat mucosa) type of CD lesion. It is
divided into 3 different subgroups depending on the
degree of villous atrophy.

1. Type 3a: Mild villous atrophy with villous to crypt
ratio of <3:1 or 2:1, and an increased number of IELs
(=30 IELs per 100 enterocytes).

2. Type 3b: Marked villous atrophy with villous to crypt
ratio of <1:1, and an increased number of IELs (=30
IELs per 100 enterocytes).

3. Type 3c: Total villous atrophy with completely flat
mucosa and an increased number of IELs (=30 IELs
per 100 enterocytes).

e Type 4: Atrophic type (also referred to as the hypoplastic
lesion) is a very rare pattern, characterized by flat
mucosa with only a few crypts visualized and near-
normal IEL counts. It is usually found in patients with
refractory sprue, ulcerative jejunoileitis, and enteropa-
thy-associated T cell lymphoma.®

The Marsh-Oberhuber classification is currently used
by many pathologists to evaluate the duodenal mucosal
lesions in patients with CD. However, types 1 and 2
mucosal alterations are often not recognized, and
lesions representing type 3a and 3b in the Marsh
scheme are fraught with a high degree of interobserver
variability, even among expert gastrointestinal pathol-
ogists. A new histologic classification has recently been
proposed by Corazza and Villanacci,” which has
divided the mucosal lesions of CD into 2 categories:
nonatrophic lesion (grade A; demonstrated in Figure 2,
A) and atrophic lesion (grade B). Grade B lesions are
further subdivided into Bl (demonstrated in Figure 2,
B) and B2 (demonstrated in Figure 2, C) by the presence
or absence of villi.
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Figure 3.
biopsy specimen from a patient with AE illustrates moderate villous atrophy and absence of goblet cells and Paneth cells, without surface
lymphocytosis. B, Duodenal biopsy specimen from a patient with AE shows absence of goblet cells and Paneth cells, with mild lymphocytosis, crypt
apoptosis, and mitosis in the deep crypt epithelium. C, Duodenal biopsy specimen from a patient with CVID demonstrates moderate villous atrophy
and surface intraepithelial lymphocytosis, with absence of plasma cells. D, An immunohistochemical stain for CD138 confirms the absence of
plasma cells in the lamina propria (hematoxylin-eosin, original magnifications X100 [A, B] and X200 [C]; original magnification X200 [D]).
Photomicrographs A and B courtesy of Roger Moreira, MD, Columbia University Medical Center, New York, New York.

e Grade A: Nonatrophic, with normal crypt and villous
architecture and increased IEL numbers (>25 IELs per
100 enterocytes).

e Grade B1: Atrophic, with villous to crypt ratio <3:1, but
the villi are still detectable and IEL numbers are
increased (>25 IELs per 100 enterocytes).

e Grade B2: Atrophic and flat, where the villi are no
longer detectable and increased IEL numbers are noted
(>25 IELs per 100 enterocytes).

The new classification is simpler and has demonstrated
better interobserver agreement than the more cumber-
some Marsh-Oberhuber classification.” Its use may
contribute to more uniform diagnostic reporting in cases
of CD and enhance communication between pathologists
and clinicians. Table 2 compares the old and new
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Histopathologic findings in patients with autoimmune enteropathy (AE) and common variable immunodeficiency (CVID). A, Duodenal

classifications for histopathologic evaluation of CD-
associated mucosal changes.

DIFFERENTIAL DIAGNOSIS

Differential diagnosis of CD includes a variety of
disorders that manifest villous atrophy and/or increased
numbers of IELs. Intraepithelial lymphocytosis is a
characteristic histologic feature of CD; however, it is a
rather nonspecific finding. In some series, up to 2.5% of
duodenal biopsy specimens show increased IEL counts
(>25 IELs per 100 enterocytes) in the absence of villous
architectural changes.”> Common causes for increased IEL
counts with normal villous architecture are listed in
Table 2. Helicobacter pylori-associated gastroduodenitis,
medications (primarily nonsteroidal anti-inflammatory
drugs), infections, and immune dysregulation are the
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most common disorders associated with this pattern. The
prevalence of CD as the etiology for cases that display
increased IEL counts and architecturally normal duodenal
biopsy specimens is only about 10%.” The titers of
autoantibodies for CD, including tTGA and EMA, have
been shown to correlate with a greater degree of villous
atrophy; hence, celiac patients with normal villous
architecture are less likely to have positive celiac serologic
test results. A major challenge facing both clinicians and
pathologists is to diagnose CD when Marsh type 1 or
grade A lesions (according to the Corazza-Villanacci
classification) are present. The specificity of histopatho-
logic findings in the small-bowel biopsy is much greater
when villous atrophy (partial, subtotal, or total) is present.
However, other entities such as tropical sprue, autoim-
mune enteropathy (AE; illustrated in Figure 3, A and B),
common variable immunodeficiency (CVID; illustrated in
Figure 3, C and D), collagenous sprue (illustrated in
Figure 4, A and B), and drug-induced mucosal injury
(such as colchicine toxicity, illustrated in Figure 4, C),
among other disorders listed in Table 3, can all cause
villous atrophy, with or without a concomitant increase in
IEL numbers. Because of the complex nature and myriad
presentations of CD, the profound changes in lifestyle, as
well as the social impact when labeled or diagnosed with
CD, communication between pathologists and clinicians is
of paramount importance to correctly interpret clinical,
histologic, and laboratory data. This better enables
inclusion or exclusion of CD as a cause for the patient’s
symptoms and engenders a clinically relevant discussion
regarding important histopathologic findings and possi-
ble differential diagnoses. The final diagnosis of CD
should be made by a gastroenterologist or patient’s
pediatrician upon factoring all the data including histo-
pathologic findings.

Autoimmune Enteropathy

Autoimmune enteropathy comprises a rare group of
immune-mediated disorders involving the intestines,
which occur primarily in young children and infants,
but can also affect adults in some instances. In young
males, an X-linked severe form of the disorder is
associated with immune dysregulation and polyendocri-
nopathy due to a germ line mutation in the FOXP3 gene
located on the X chromosome.”* The disease commonly
affects the proximal small bowel, with involvement of the
stomach and colon described in some cases. Histopatho-
logic changes in AE show some similarities with CD. The
small-bowel biopsy specimens show variable, sometimes
total, villous atrophy; crypt hyperplasia with dense
lymphoplasmacytic infiltrate in the lamina propria; and
neutrophils with crypt abscesses in severe cases.”*” While
IELs may be seen in the intestinal epithelium, they are
more often seen in the crypts; unlike CD, marked surface
intraepithelial lymphocytosis is usually not present.”® One
of the hallmarks of AE is the presence of anti-enterocyte
antibodies and some patients may also have anti-goblet
cell, anti-parietal cell, and anti-smooth muscle antibodies.
Anti-gliadin and anti-reticulin antibodies have also been
described in AE.” Patients with anti-goblet cell antibodies,
in some instances, show absence or reduced numbers of
goblet cells; Paneth cells can be reduced as well on
intestinal biopsy specimens, illustrated in Figure 3, A and
B. However, it should be borne in mind that anti-goblet
cell antibodies are not specific for this disorder. Patients
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Figure 4. Representative examples of collagenous sprue and colchi-
cine-induced mucosal injury. A, Collagenous sprue with subepithelial
fibrosis and intraepithelial lymphocytosis. B, Trichrome stain highlights
moderate subepithelial fibrosis. C, Histopathologic features of colchi-
cine toxicity in the duodenum with moderate villous atrophy and
abundant mitosis and apoptosis in the crypts. Inset arrows indicate
metaphase (ring-form) mitosis in the crypts (hematoxylin-eosin, original
magnifications X200 [A], X100 [C], and X400 [C, inset]; original
magnification X200 [B]).

with AE present with protracted secretory diarrhea,
weight loss and malabsorption, unresponsiveness to a
gluten-free diet, or total parental nutrition. Steroids and
immunosuppressive therapy have been used with effica-
cy. Cases with overlapping autoimmune enteropathy and
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Table 3. Differential Diagnosis of Celiac Disease With or Without Villous Atrophy

Normal Villous Architecture and Increased IEL Counts

Villous Atrophy With/Without Increased IEL Counts

Food hypersensitivity: cow’s milk, soy, fish, rice, chicken, etc

Peptic ulcer disease

Helicobacter pylori-associated gastroduodenitis

Drugs: NSAIDs, proton-pump inhibitor

Infections: viral enteritis, Giardia organisms, Cryptosporidium
organisms, etc

Immune dysregulation: rheumatoid arthritis, Hashimoto thyroiditis,
SLE, autoimmune enteropathy

Immunodeficiency: common variable immune deficiency

Graft-versus-host disease

Inflammatory bowel disease

Bacterial overgrowth

Lymphocytic and collagenous colitis

Irritable bowel syndrome

Infections: tropical sprue

Refractory sprue

Collagenous sprue

Immune dysregulation: autoimmune enteropathy
Immunodeficiency: common variable immune deficiency
Graft-versus-host disease

Inflammatory bowel disease: Crohn disease
Drugs: mycophenolate mofetil, colchicine
Chemoradiation therapy

Nutritional deficiency

Eosinophilic enteritis

Bacterial overgrowth

Lymphoma

Abbreviations: IEL, intraepithelial lymphocyte; NSAIDs, nonsteroidal anti-inflammatory drugs; SLE, systemic lupus erythematosus.

CD have been described.”® However, further studies are
required to determine the frequency of anti-enterocyte
antibodies in patients with CD to determine whether the
presence of such antibodies signifies a distinct subset of
patients with unique features.

Common Variable Immunodeficiency

Common variable immunodeficiency is the most
common primary immunodeficiency disorder after isolat-
ed IgA deficiency.” Common variable immunodeficiency
is characterized by failure of terminal B-cell maturation
into plasma cells, leading to decreased immunoglobulin
levels in serum. Patients are prone to infections, especially
giardiasis and bacterial overgrowth, and they have
chronic gastrointestinal complaints including diarrhea
and malabsorption.”'® Small-bowel biopsy specimens
demonstrate a wide range of histologic changes, from
increased IEL counts with variable degree of villous
atrophy resembling CD, to nodular lymphoid hyperplasia
and lymphoma in some cases.'” A characteristic feature of
CVID is the absence of, or the presence of only a few,
plasma cells in the lamina propria as shown in Figure 3, C
and D. An immunohistochemical stain for CD138 may
be helpful in this regard. Common variable immunode-
ficiency can superficially resemble CD; however, the
absence of plasma cells should alert the pathologist to
the possibility of this disorder and the presence of
hypogammaglobulinemia, as well as a lack of response
to a gluten-free diet, should be confirmed by the
gastroenterologist.

Refractory Celiac Disease

A subgroup of patients with CD (approximately 5%) may
develop refractory CD (RCD), a condition that has also been
referred to as refractory sprue in the past, which is
characterized by persistent symptoms and severe villous
atrophy not responding to a gluten-free diet for at least
6 months."” Both primary and secondary forms of the disease
have been described. The diagnosis of RCD is made after
exclusion of other small-bowel diseases, such as tropical
sprue, CVID, or AE. Furthermore, RCD may be subdivided
into 2 subtypes (RCD type 1 and type 2). Cases of RCD type 1
display a normal IEL phenotype, that is, CD3* and CD8". In
individuals with RCD type 2, the IELs show an aberrant
phenotype in that intracytoplasmic CD3 expression is noted,
but surface CD3, and often CD8, are not present; addition-
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ally, a clonal T-cell receptor gene rearrangement is detect-
ed." Refractory CD type 1 often responds to therapy with
immunomodulatory agents and patients have a low risk of
progression to lymphoma, whereas RCD type 2 either has a
transient response or is refractory to immunosuppressive
agents, and patients often manifest ulcerative jejunitis and
are at an increased risk for enteropathy-associated T cell
lymphoma.*'%* RCD type 2 is also considered by some to
represent a “cryptic” or a lower-grade variant of enterop-
athy-associated T cell lymphoma.*'® Patients with type 2
RCD have very poor prognosis with the 5-year survival rate
being less than 50%.*

Collagenous Sprue

Collagenous sprue (CS) is a rare type of small-bowel
enteropathy associated with chronic diarrhea and severe
malabsorption, typically affecting middle-aged or elderly
females.’™'® Histologically, CS is characterized by villous
atrophy, crypt hyperplasia, and a thick subepithelial collagen
band (>10 um) that entraps small capillaries and cellular
elements in the lamina propria,'® as illustrated in Figure 4, A
and B. The occurrence of CS has been reported in individuals
with CD, tropical sprue, CVID, and malignancy-related
paraneoplastic syndromes.'* A significant percentage (40%-—
86%) of patients with CS have CD, especially RCD.#1%#1%”
However, a clear etiology of this disorder in some cases
remains undetermined. Patients with CS were thought to
have a uniformly poor prognosis with high morbidity (due to
severe malnutrition) and mortality, but recent studies have
shown that with current therapeutic management strategies,
including active monitoring for adherence to a GFD and/or
use of immunomodulatory drugs, patients with CS can have
good clinical outcomes.'**'®

TEMPLATED PATHOLOGY REPORTING

A checklist-based, templated pathology report can be
beneficial to ensure capturing and reporting all relevant
histopathologic features. Such reports should include the
following;:

1. Site and number of biopsy specimens, with a comment
on specimen orientation.

2. Villous to crypt ratio: Normal (3:1 to 5:1) or abnormal.

3. Presence and degree of villous atrophy: Normal or
atrophic—mild (partial), moderate (subtotal), or se-
vere (total).
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4. Increase in IEL counts with use of immunohistochem-
istry for CD3 in equivocal cases:

® Normal: Fewer than 25 IELs per 100 enterocytes

® Borderline increased: Twenty-five to 29 IELs per 100
enterocytes

@ Definitely increased: At least 30 IELs per 100 enterocytes

Presence/absence of surface epithelium damage.
Presence/absence of subepithelial collagen.

Lamina propria inflammation: Type and degree.
Other: Clinical information and serology results;
descriptive diagnosis, including differential diagno-
ses deemed relevant; and histopathologic impres-
sion consistent with or suggestive of CD. Classification
of the lesion (Marsh-Oberhuber and/or Corazza-
Villanacci classification) is useful for cross comparison
of cases from other institutes and for investigative
work.

PN G

CONCLUSIONS

Celiac disease is a chronic systemic immune-mediated
disorder associated with variable degrees of small-intesti-
nal mucosal injury caused by gluten ingestion in geneti-
cally predisposed individuals. It is a common disorder
affecting individuals worldwide, with recent studies
suggesting an increase in prevalence. Small-bowel biopsy
currently remains the gold standard for diagnosing CD.
The improved sensitivity and specificity of serologic
testing and growing awareness among gastroenterologists
regarding the utility of sampling multiple sites, and
ensuring an adequate number of biopsy specimens, should
increase the diagnosis of CD. Because of the changing
presentation of disease, as well as the recognition of a
number of potential histopathologic mimics, communica-
tion between pathologists and gastroenterologists is
essential for appropriate interpretation of small-bowel
biopsy specimens. The clinical, histologic, and laboratory
data need to be assessed to provide an explanation for
atypical manifestations of CD and possible differential
diagnoses. The intent of this review is to provide an update
on diagnostic testing and assessment, as well as the
reporting, of histopathologic features of CD with the hope
of promoting standardization and consensus in diagnosing
CD by pathologists and gastroenterologists.

References

1. Dicke WK, Weijers HA, van de Kamer JH. Coeliac disease, Il: the presence
in wheat of a factor having a deleterious effect in cases of celiac disease. Acta
Paediatr. 1953;42(1):34-42.

2. Adams F. Extant Works of Aretaeus the Cappadocian. London, England: The
Sydenham Society; 1856.

3. Gee SJ. The celiac affection. St Bartholomew’s Hosp Rep. 1888;24:17-20.

4. Paulley JW. Observation on the aetiology of idiopathic steatorrhoea; jejunal
and lymph-node biopsies. Br Med J. 1954;2(4900):1318-1321.

5. Marsh MN. Gluten, major histocompatibility complex and the small
intestine: a molecular and immunobiologic approach to the spectrum of gluten
sensitivity (celiac sprue). Gastroenterology. 1992;102 (1):330-354.

6. Oberhuber G, Granditsch G, Vogelsang H. The histopathology of celiac
disease: time for a standardized report scheme for pathologists. Eur |
Gastroenterol Hepatol. 1999;11(10):1185-1194.

7. Friis SU. Coeliac disease: pathogenesis and clinical aspects. Acta Pathol
Microbiol Immunol Scand Suppl. 1996;61:1-48.

8. Spurkland A, Sollid LM, Ronningen KS, et al. Susceptibility to develop
celiac disease is primarily associated with HLA-DQ alleles. Hum Immunol. 1990;
29(3):157-165.

9. Sollid LM, Thorsby E. HLA susceptibility genes in celiac disease: genetic
mapping and role in pathogenesis. Gastroenterology. 1993;105(3):910-922.

10. Volta U, Molinaro N, Fusconi M, Cassani F, Bianchi FB. IgA antiendo-
mysial antibody test: a step forward in celiac disease screening. Dig Dis Sci.
1991;36(6):752-756.

Arch Pathol Lab Med—Vol 136, July 2012

11. Lerner A, Kumar V, lancu TC. Immunological diagnosis of childhood
coeliac disease: comparison between antigliadin, antireticulin and antiendomy-
sial antibodies. Clin Exp Immunol. 1994;95(1):78-82.

12. Sollid LM, Molberg O, McAdam S, Lundin KE. Autoantibodies in coeliac
disease: tissue transglutaminase—guilt by association? Gut. 1997;41(6):851-852.

13. Dieterich W, Laag E, Schopper H, et al. Autoantibodies to tissue
transglutaminase as predictors of celiac disease. Gastroenterology. 1998;
115(6):1317-1321.

14. Dieterich W, Ehnis T, Bauer M, et al. Identification of tissue transgluta-
minase as the autoantigen of celiac disease. Nat Med. 1997;3(7):797-801.

15. Molberg O, McAdam SM, Korner M, et al. Tissue transglutaminase
selectively modifies gliadin peptides that are recognized by gut derived T cells in
celiac disease. Nat Med. 1998;4(6):713-717.

16. Mohamed BM, Feighery C, Kelly J, et al. Increased protein expression of
matrix metalloproteinases-1, -3, and -9 and TIMP-1 in patients with gluten-
sensitive enteropathy. Dig Dis Sci. 2006;51(10):1862-1868.

17. Green PH, Cellier C. Celiac disease. N Engl ] Med. 2007;357(17):1731—
1743.

18. West J, Logan RF, Hill PG, et al. Seroprevalence, correlates, and
characteristics of undetected coeliac disease in England. Gut. 2003;52(7):960-
965.

19. Midki M, Mustalahti K, Kokkonen J, et al. Prevalence of Celiac disease
among children in Finland. N Engl ] Med. 2003;348(25):2517-2524.

20. Fasano A, Berti |, Gerarduzzi T, et al. Prevalence of celiac disease in at-risk
and not-at-risk groups in the United States: a large multicenter study. Arch Intern
Med. 2003;163(3):286-292.

21. Catassi C, Kryszak D, Bhatti B, et al. Natural history of celiac disease
autoimmunity in a USA cohort followed since 1974. Ann Med. 2010;42(7):530-
538.

22. Rubio-Tapia A, Kyle RA, Kaplan EL, et al. Increased prevalence and
mortality in undiagnosed celiac disease. Gastroenterology. 2009;137(1):88-93.

23. Lohi S, Mustalahti K, Kaukinen K, et al. Increasing prevalence of coeliac
disease over time. Aliment Pharmacol Ther. 2007;26(9):1217-1225.

24. Rolles CJ, Myint TO, Sin WK, Anderson M. Proceedings: family study of
celiac disease. Gut. 1974;15(10):827.

25. Stenhammar L, Brandt A, Wagermark J. A family study of Coeliac disease.
Acta Pediatr Scand. 1982;71(4):625-628.

26. Auricchio S, Mazzacca G, Tosi R, Visakorpi J, Maki M, Polanco I. Coeliac
disease as a familial condition: identification of asymptomatic celiac patients
within family groups. Gastroenterology. 1988;1(5):25-31.

27. Polanco |, Biemond I, Van Leeuwen A, et al. Gluten-sensitive enteropathy
in Spain: genetic and environmental factors. In: McConnell RB, ed. Genetics of
Coeliac Disease, Proceedings of International Symposium. Lancaster, England:
MTP Press; 1981:211-231.

28. Green PH. The many faces of celiac disease: clinical presentation of celiac
disease in the adult population. Gastroenterology. 2005;128(4 suppl 1):574-578.

29. Sanders DS, Carter MJ, Hurlstone DP, et al. Association of adult coeliac
disease with irritable bowel syndrome: a case-control study in patients fulfilling
ROME Il criteria referred to secondary care. Lancet. 2001;358(9292):1504-1508.

30. Green PHR, Stavropoulos SN, Panagi SG, et al. Characteristics of adult
celiac disease in the USA: results of a national survey. Am J Gastroenterol. 2001;
96(1):126-131.

31. Médki M, Holm K, Lipsanen V, et al. Serological markers and HLA genes
among healthy first-degree relatives of patients with coeliac disease. Lancet.
1991;338(8779):1350-1353.

32. Weinstein WM. Latent celiac sprue. Gastroenterology. 1974;66(4):489—
493.

33. Cronin CC, Shanahan F. Insulin-dependent diabetes mellitus and coeliac
disease. Lancet. 1997;349(9058):1096-1097.

34. Counsell CE, Taha A, Ruddell WS. Coeliac disease and autoimmune
thyroid disease. Gut. 1994;35(6):844-846.

35. O'Leary C, Walsh CH, Wieneke P, et al. Coeliac disease and autoimmune
Addison’s disease: a clinical pitfall. Q/M. 2002;95(2):79-82.

36. Volta U, De Franceschi L, Molinaro N, et al. Frequency and significance of
anti-gliadin and anti-endomysial antibodies in autoimmune hepatitis. Dig Dis Sci.
1998;43(10):2190-2195.

37. Volta U, Rodrigo L, Granito A, et al. Celiac disease in autoimmune
cholestatic liver disorders. Am J Gastroenterol. 2002;97(10):2609-2613.

38. Cataldo F, Marino V, Bottaro G, Greco P, Ventura A. Celiac disease and
selective immunoglobulin A deficiency. J Pediatr. 1997;131(2):306-308.

39. Shamaly H, Hartman C, Pollack S, et al. Tissue transglutaminase
antibodies are a useful serological marker for the diagnosis of celiac disease in
patients with Down syndrome. J Pediatr Gastroenterol Nutr. 2007;44(5):583—
586.

40. Bettendorf M, Doerr HG, Hauffa BP, et al. Prevalence of autoantibodies
associated with thyroid and celiac disease in Ullrich-Turner syndrome in relation
to adult height after growth hormone treatment. | Pediatr Endocrinol Metab.
2006;19(2):149-154.

41. Cellier C, Delabesse E, Helmer C, et al. Refractory sprue, coeliac disease,
and enteropathy-associated T-cell lymphoma; French Coeliac Disease Study
Group. Lancet. 2000;356(9225):203-208.

42. Rampertab SD, Forde KA, Green PH. Small bowel neoplasia in coeliac
disease. Gut. 2003;52(8):1211-1214.

Celiac Disease Update—Bao et al 743



43. West J, Logan RF, Smith CJ, Hubbard RB, Card TR. Malignancy and
mortality in people with coeliac disease: population based cohort study. BM).
2004;329(7468):716-719.

44. Askling J, Linet M, Gridley G, Halstensen TS, Ekstrom K, Ekbom A. Cancer
incidence in a population-based cohort of individuals hospitalized with celiac
disease or dermatitis herpetiformis. Gastroenterology. 2002;123(5):1428-1435.

45. Smedby KE, Akerman M, Hildebrand H, Glimelius B, Ekbom A, Askling J.
Malignant lymphomas in coeliac disease: evidence of increased risks for
lymphoma types other than enteropathy-type T cell lymphoma. Gut. 2005;
54(1):54-59.

46. Cottone M, Termini A, Oliva L, Magliocco A, Marrone C, Orlando A.
Mortality and causes of death in celiac disease in a Mediterranean area. Dig Dis
Sci. 1999;44(12):2538-2541.

47. Green PH, Fleischauer AT, Bhagat G, Goyal R, Jabri B, Neugut Al. Risk of
malignancy in patients with celiac disease. Am J Med. 2003;115(3):191-195.

48. Holmes GK, Stokes PL, Sorahan TM, Prior P, Waterhouse JA, Cooke WT.
Coeliac disease, gluten-free diet, and malignancy. Gut. 1976;17(8):612-619.

49. Nielsen OH, Jacobsen O, Pedersen ER, et al. Non-tropical sprue:
malignant diseases and mortality rate. Scand J Gastroenterol. 1985;20(1):13-18.

50. NIH Consensus Development Conference on Celiac Disease. NIH
Consens State Sci Statements. June 28-30 2004;21(1):1-23.

51. Rostom A, Murray JA, Kagnoff MF. American Gastroenterological
Association (AGA) Institute technical review on the diagnosis and management
of celiac disease. Gastroenterology. 2006;131(6):1981-2002.

52. Ensari A. Gluten-sensitive enteropathy (celiac disease): controversies in
diagnosis and classification. Arch Pathol Lab Med. 2010;134(6):826-836.

53. Volta U, Villanacci V. Celiac disease: diagnostic criteria in progress. Cell
Mol Immunol. 2011;8(2):96-102.

54. Lagerqvist C, Dahlbom I, Hansson T, et al. Antigliadin immunoglobulin A
best in finding celiac disease in children younger than 18 months of age. / Pediatr
Gastroenterol Nutr. 2008;47(4):428-435.

55. Collin P, Kaukinen K, Vogelsang H, et al. Antiendomysial and antihuman
recombinant tissue transglutaminase antibodies in the diagnosis of coeliac
disease: a biopsy-proven European multicentre study. Eur | Gastroenterol
Hepatol. 2005;17(1):85-91.

56. Rostom A, Dubé C, Cranney A, et al. The diagnostic accuracy of serologic
tests for celiac disease: a systematic review. Gastroenterology. 2005;128(4 suppl
1):538-546.

57. Volta U, Granito A, Parisi C, et al. Deamidated gliadin peptide antibodies
as a routine test for celiac disease: a prospective analysis. J Clin Gastroenterol.
2010;44(3):186-190.

58. Casellas F, Rodrigo L, Vivancos JL, et al. Factors that impact health-related
quality of life in adults with celiac disease: a multicenter study. World |
Gastroenterol. 2008;14(1):46-52.

59. Abrams JA, Diamond B, Rotterdam H, Green PH. Seronegative celiac
disease: increased prevalence with lesser degrees of villous atrophy. Dig Dis Sci.
2004;49(4):546-550.

60. Donaldson MR, Book LS, Leiferman KM, et al. Strongly positive tissue
transglutaminase antibodies are associated with Marsh 3 histopathology in adult
and pediatric celiac disease. J Clin Gastroenterol. 2008;42(3):256-260.

61. Lewis NR, Scott BB. Meta-analysis: deamidated gliadin peptide antibody
and tissue transglutaminase antibody compared as screening tests for coeliac
disease. Aliment Pharmacol Ther. 2010;31(1):73-81.

62. Naiyer AJ, Hernandez L, Ciaccio EJ, et al. Comparison of commercially
available serologic kits for the detection of celiac disease. J Clin Gastroenterol.
2009;43(3):225-232.

63. Catassi C, Fasano A. Celiac disease diagnosis: simple rules are better than
complicated algorithms. Am J Med. 2010;123(8):691-693.

64. Murray JA. It's not time to put away the biopsy forceps. Am J
Gastroenterol. 1999;94(4):869-871.

65. Rostami K, Kerckhaert J, Tiemessen R, von Blomberg BM, Meijer JW,
Mulder CJ. Sensitivity of antiendomysium and antigliadin antibodies in untreated
celiac disease: disappointing in clinical practice. Am J Gastroenterol. 1999;94(4):
888-894.

66. Salmi TT, Collin P, Reunala T, Maki M, Kaukinen K. Diagnostic methods
beyond conventional histology in coeliac disease diagnosis. Dig Liver Dis. 2010;
42(1):28-32.

67. Sugai E, Hwang HJ, Vdzquez H, et al. New serology assays can detect
gluten sensitivity among enteropathy patients seronegative for anti-tissue
transglutaminase. Clin Chem. 2010;56(4):661-665.

68. Salmi TT, Collin P, Jarvinen O, et al. Immunoglobulin A autoantibodies
against transglutaminase 2 in the small intestinal mucosa predict forthcoming
coeliac disease. Aliment Pharmacol Ther. 2006;24(3):541-552.

69. Collin P, Kaukinen K, Maki M. Duodenal intraepithelial lymphocytosis:
celiac disease or not [author reply in Am J Gastroenterol. 2009;104(7):1848]. Am
J Gastroenterol. 2009;104(7):1847.

70. Hopper AD, Cross SS, Sanders DS. Patchy villous atrophy in adult patients
with suspected gluten-sensitive enteropathy: is a multiple duodenal biopsy
strategy appropriate? Endoscopy. 2008;40(3):219-224.

71. Lebwohl B, Kapel RC, Neugut Al, Green PH, Genta RM. Adherence to
biopsy guidelines increases celiac disease diagnosis. Gastrointest Endosc. 2011;
74(1):103-109.

72. Pais WP, Duerksen DR, Pettigrew NM, Bernstein CN. How many
duodenal biopsy specimens are required to make a diagnosis of celiac disease?
Gastrointest Endosc. 2008;67(7):1082-1087.

744  Arch Pathol Lab Med—Vol 136, July 2012

73. McNeish AS, Harms HK, Rey J, Shmerling DH, Visakorpi JK, Walker-Smith
JA. The diagnosis of coeliac disease: a commentary on the current practices of
members of the European Society for Paediatric Gastroenterology and Nutrition
(ESPGAN). Arch Dis Child. 1979;54(10):783-786.

74. Goulet OJ, Brousse N, Canioni D, Walker-Smith JA, Schmitz J, Phillips AD.
Syndrome of intractable diarrhoea with persistent villous atrophy in early
childhood: a clinicopathological survey of 47 cases. J Pediatr Gastroenterol Nutr.
1998;26(2):151-161.

75. Granot E, Goodman-Weill M, Pizov G, Sherman Y. Histological
comparison of suction capsule and endoscopic small intestinal mucosal biopsies
in children. J Pediatr Gastroenterol Nutr. 1993;16(4):397-401.

76. Meijer JW, Wahab PJ, Mulder CJ. Small intestinal biopsies in celiac
disease: duodenal or jejunal? Virchows Arch. 2003;442(2):124-128.

77. Bonamico M, Thanasi E, Mariani P, et al. Duodenal bulb biopsies in celiac
disease: a multicenter study. J Pediatr Gastroenterol Nutr. 2008;47(5):618—
622.

78. Gonzalez S, Gupta A, Cheng J, et al. Prospective study of the role of
duodenal bulb biopsies in the diagnosis of celiac disease. Gastrointest Endosc.
2010;72(4):758-765.

79. Rashid M, MacDonald A. Importance of duodenal bulb biopsies in
children for diagnosis of celiac disease in clinical practice. BMC Gastroenterol.
2009;9(10):78-85.

80. Goldstein NS. Proximal small-bowel mucosal villous intraepithelial
lymphocytes. Histopathology. 2004;44(3):199-205.

81. Jarvinen TT, Collin P, Rasmussen M, et al. Villous tip intraepithelial
lymphocytes as markers of early-stage coeliac disease. Scand J Gastroenterol.
2004;39(5):428-433.

82. Biagi F, Luinetti O, Campanella J, et al. Intraepithelial lymphocytes in the
villous tip: do they indicate potential coeliac disease? J Clin Pathol. 2004;57(8):
835-839.

83. Hayat M, Cairns A, Dixon MF, O’Mahony S. Quantitation of intraepithelial
lymphocytes in human duodenum: what is normal? J Clin Pathol. 2002;55(5):
393-394.

84. Veress B, Franzén L, Bodin L, Borch K. Duodenal intraepithelial
lymphocyte-count revisited. Scand J Gastroenterol. 2004;39(2):138-144.

85. Mdki M, Holm K, Collin P, Savilahti E. Increase in gamma/delta T cell
receptor bearing lymphocytes in normal small bowel mucosa in latent coeliac
disease. Gut. 1991;32(11):1412-1414.

86. Halstensen TS, Scott H, Brandtzaeg P. Intraepithelial T cells of the TcR
gamma/delta+ CD8- and V delta 1/) delta 1+ phenotypes are increased in coeliac
disease. Scand J Immunol. 1989;30(6):665-672.

87. Marsh MN. Grains of truth: evolutionary changes in small intestinal mucosa
in response to environmental antigen challenge. Gut. 1990;31(1):111-114.

88. Marsh MN. Studies of intestinal lymphoid tissue, XV: histopathologic
features suggestive of cell-mediated reactivity in jejunal mucosae of patients with
dermatitis herpetiformis. Virchows Arch A Pathol Anat Histopathol. 1989;416(2):
125-132.

89. Marsh MN, Crowe PT. Morphology of the mucosal lesion in gluten
sensitivity. Baillieres Clin Gastroenterol. 1995;9(2):273-293.

90. Corazza GR, Villanacci V. Coeliac disease. J Clin Pathol. 2005;58(6):573—
574.

91. Corazza GR, Villanacci V, Zambelli C, et al. Comparison of the
interobserver reproducibility with different histologic criteria used in celiac
disease. Clin Gastroenterol Hepatol. 2007;5(7):838-843.

92. Brown I, Mino-Kenudson M, Deshpande V, Lauwers GY. Intraepithelial
lymphocytosis in architecturally preserved proximal small intestinal mucosa: an
increasing diagnostic problem with a wide differential diagnosis. Arch Pathol Lab
Med. 2006;130(7):1020-1025.

93. Kakar S, Nehra V, Murray JA, Dayharsh GA, Burgart LJ. Significance of
intraepithelial lymphocytosis in small bowel biopsy samples with normal
mucosal architecture. Am J Gastroenterol. 2003;98(9):2027-2033.

94. Le Bras S, Geha RS. IPEX and the role of Foxp3 in the development and
function of human Tregs. J Clin Invest. 2006;116(6):1473-1475.

95. Montalto M, D’Onofrio F, Santoro L, Gallo A, Gasbarrini A, Gasbarrini G.
Autoimmune enteropathy in children and adults. Scand J Gastroenterol. 2009;
44(9):1029-1036.

96. Russo PA, Brochu P, Seidman EG, Roy CC. Autoimmune enteropathy.
Pediatr Dev Pathol. 1999;2(1):65-71.

97. Corazza GR, Biagi F, Volta U, Andreani ML, De Franceschi L, Gasbarrini
G. Autoimmune enteropathy and villous atrophy in adults. Lancet. 1997;
350(9071):106-109.

98. Akram S, Murray JA, Pardi DS, et al. Adult autoimmune enteropathy: Mayo
Clinic Rochester experience. Clin Gastroenterol Hepatol. 2007;5(11):1282—
1290.

99. Washington K, Stenzel TT, Buckley RH, Gottfried MR. Gastrointestinal
pathology in patients with common variable immunodeficiency and X-linked
agammaglobulinemia. Am J Surg Pathol. 1996,20(10):1240-1252.

100. Ament ME, Ochs HD, Davis SD. Structure and function of the
gastrointestinal tract in primary immunodeficiency syndromes: a study of 39
patients. Medicine (Baltimore). 1973;52(3):227-248.

101. Malamut G, Verkarre V, Suarez F, et al. The enteropathy associated with
common variable immunodeficiency: the delineated frontiers with celiac disease.
Am J Gastroenterol. 2010;105(10):2262-2275.

Celiac Disease Update—Bao et al



102. Malamut G, Afchain P, Verkarre V, et al. Presentation and long-term
follow-up of refractory celiac disease: comparison of type | with type Il
Gastroenterology. 2009;136(1):81-90.

103. Verkarre V, Asnafi V, Lecomte T, et al. Refractory coeliac sprue is a
diffuse gastrointestinal disease. Gut. 2003;52(2):205-211.

104. Vakiani E, Arguelles-Grande C, Mansukhani MM, et al. Collagenous
sprue is not always associated with dismal outcomes: a clinicopathological study
of 19 patients. Mod Pathol. 2010;23(1):12-26.

Arch Pathol Lab Med—Vol 136, July 2012

105. Maguire AA, Greenson JK, Lauwers GY, et al. Collagenous sprue: a
clinicopathologic study of 12 cases. Am J Surg Pathol. 2009;33(10):1440-
1449.

106. Zhao X, Johnson RL. Collagenous sprue: a rare, severe small-bowel
malabsorptive disorder. Arch Pathol Lab Med. 2011;135(6):803-809.

107. Robert ME, Ament ME, Weinstein WM. The histologic spectrum and
clinical outcome of refractory and unclassified sprue. Am J Surg Pathol. 2000;
24(5):676-687.

Celiac Disease Update—Bao et al 745




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


