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Celiac disease (CD) has a wide range of clinical pre-
sentations and is being diagnosed with increasing
frequency in patients in the 4th and 5th decades of
life. The diagnosis of CD is confirmed by a combi-
nation of clinical, serological, and morphological
findings associated with a response to a gluten-free
diet. In small-bowel mucosal biopsy specimens, ab-
normalities range from minimal (increased villous
intraepithelial lymphocytes only) to severe (com-
plete villous blunting with crypt hyperplasia). Rec-
ognition of CD is important because appropriate
therapy of this condition will obviate the risk of its
severe complications.
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Celiac disease (CD; gluten-sensitive enteropathy) is
a condition in which individuals with a genetic
predisposition exhibit increased immunological re-
sponsiveness to prolamins such as dietary wheat
gliadin and similar proteins in barley, rye, and (pos-
sibly) oats. Diagnosing CD is important for several
reasons:

e Based on the results of recent prospective in-
vestigations, CD is a common disease that may
affect as many as 1:200 to 1:300 people in
Western countries;

e Untreated CD is associated with a wide variety
of symptoms and signs, morbidity, and, occa-
sionally, death secondary to neoplastic
complications;

e Treatment with a gluten-free diet, usually for
the patient’s lifetime, reverses the clinical ab-
normalities and also seems to prevent the ma-
lignant complications (1-3).
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CLINICAL FINDINGS

The classic presentation of CD is a severe malab-
sorption syndrome with diarrhea, steatorrhea, and
weight loss. Because the onset of classic cases is
typically in childhood, failure to thrive is a major
presenting complaint. However, as a result of re-
cent serological and biopsy investigations, it has
become clear that CD may be a more subtle dis-
ease, with protean manifestations, that is first diag-
nosed in early adulthood or later. In fact, in some
series, about 25% of patients ultimately shown to
have CD are diagnosed after the age of 45 to 50
years. The major clinical findings in atypical, “late-
onset,” or latent CD include short stature, infertil-
ity, peripheral neuropathies, iron and/or folate de-
ficiency, osteoporosis, recurrent abdominal pain
(children), “indigestion” (adults), and dental
enamel defects; diarrhea is usually minimal or ab-
sent, and malabsorption is detected only by specific
testing (1-10). In addition, CD has recently been
suggested to be the actual cause of symptoms in
some patients diagnosed with irritable bowel syn-
drome (11, 12).

If untreated, CD (whether florid or subtle) is as-
sociated with serious long-term complications. In
comparison to control populations, the following
abnormalities have been defined:

e Increased risk of esophageal squamous cell
carcinoma (perhaps related to a deficiency of
trace metals such as zinc) (1-3, 13-15);

¢ Increased risk of primary small-bowel adeno-
carcinomas (1-3, 13-15);

e Increased risk for the development of non-
Hodgkin lymphoma, in particular entero-
pathy-type T-cell lymphoma. The latter neo-
plasm is virtually confined to patients with CD,
many of whom have had a short adult-onset
course of CD. This T-cell lymphoma may man-
ifest itself as “refractory sprue.” In its evolu-
tion, enteropathy-type T-cell lymphoma first
features small-bowel lymphoepithelial lesions
in a background of celiac-type histology. Neo-
plastic progression is characterized by ulcer-
ative jejunitis and, ultimately, frank lymphoma



with bowel mural masses, obstruction, and
hemorrhage. The morphology of the clonal T
cells is highly variable, with small cell, large
cell, and mixed forms. The clinical course is
typically short (13, 15-19).

As noted earlier, a strict gluten-free diet imple-
mented for >5 years seems to eliminate the risk for
these neoplasms (14).

Other lesions associated with untreated CD in-
clude lymphocytic gastritis and lymphocytic colitis.
Although the prevalence of these two conditions in
patients with newly diagnosed CD is as yet unclear,
their development signifies a diffuse intestinal sus-
ceptibility to gluten-induced damage (20-23). For
example, in patients with CD and lymphocytic gas-
tritis, the gastric mucosa will revert to or toward
normal upon institution of a gluten-free diet (20).

Another associated lesion is dermatitis herpeti-
formis (DH), a pruritic, papulovesicular skin lesion
that is symmetrically distributed on scalp, buttocks,
and extremities. It is characterized by a granular
deposition of IgG at the epidermal-dermal junc-
tion. Most (70-90%) of patients with DH will have a
severe mucosal lesion on small-bowel biopsy; con-
versely, ~10% of patients with CD will develop DH
at some point in their clinical course. The skin
lesions resolve when the patient is placed on a
gluten-free diet (1-3, 22, 24).

Finally, some immune disorders appear to be
associated with CD: selective IgA deficiency,
insulin-dependent diabetes mellitus, Sjogren’s syn-
drome, and autoimmune thyroiditis (1-3, 25).

PATHOGENESIS

The pathogenesis of CD is as yet not fully eluci-
dated. There is genetic susceptibility; patients with
CD have a predominance of HLA Class II DQ2
and/or DQ8 molecules. Gliadin-derived peptides
are processed by HLA Class II molecules for pre-
sentation to helper T cells in susceptible mucosa
that has perhaps been primed by a triggering effect
(such as adenovirus 12 infection). Helper T cells are
activated and orchestrate changes leading to enter-
opathy, including the invasion of the surface epi-
thelium by CD8 T-cells. Also proposed is a compo-
nent of early direct gliadin toxicity on enterocytes,
resulting in stimulation of HLA molecules in en-
terocytes and subjacent macrophages (1-3, 26, 27).

Transglutaminase is a normal gut enzyme that is
released during injury and stabilizes the cross-
linking of proteins in granulation tissue. Gliadin
and transglutaminase link to form a neoepitope
that becomes the target of an antibody response.
Thus, CD represents a complex array of cellular and
humoral immune responses. Transglutaminase has
recently been identified as the epitope recognized

by the antiendomysial antibody, a sensitive and
specific marker of CD (see “Diagnosis” section of
this article; 26, 28-30). Elimination of gliadin stops
the direct mucosal injury and eliminates the sub-
strate necessary to form the neoepitope that prop-
agates immunologically mediated damage (2, 30).

DIAGNOSIS

The gold standard of diagnosis remains the
small-bowel mucosal biopsy (1-3). As will be seen
in the next section, the small-bowel mucosa may
show a range of abnormalities from minimal to
severe. With increased awareness of CD as a cause
of subtle symptoms and signs, serologic screening
for CD is now frequently performed. The most sen-
sitive and specific profile for CD is detection of
antitransglutaminase and IgA antiendomysial anti-
bodies. Because upwards of 3% of CD patients are
also IgA deficient, this cohort will demonstrate
false-negative antiendomysial antibody testing. IgG
antigliadin autoantibodies are also detected in CD
patients, but they are less specific than the other
antibodies just discussed, being present in other
intestinal inflammatory diseases (31, 32).

The diagnosis of CD is supported by an unequiv-
ocal response to a gluten-free diet, with decreasing
antibody titers and a repeat mucosal biopsy show-
ing reversal of the histologic finding toward or to a
normal appearance. However, histologic remission
may take several years to occur and generally is
more protracted in adults than in children (28-30,
33). Gluten rechallenge is now seldom performed
and is limited to infants and children in whom cow
milk protein allergy or intolerance is a confounding
variable, or to patients with an equivocal first bi-
opsy and/or equivocal response to gluten restric-
tion (10).

PATHOLOGY

At endoscopy, the appearance of the duodenal mu-
cosa will vary depending on the severity of the CD.
Latent CD typically demonstrates no gross abnormal-
ity and demonstrates normal semicircular folds. With
overt disease, the folds may show a scalloped, or
notched, appearance; in severe disease, the folds may
be decreased in size and number or be completely
absent (34). A mosaic pattern of blood vessels may
also be evident in severe CD. However, some patients
with histologically severe CD have normal-appearing
mucosa at endoscopy, and scalloping of semicircular
folds is being reported with many non-CD causes of
duodenitis (35-37).

As the clinical and endoscopic spectrum of CD
has broadened, the range of histologic findings
compatible with the diagnosis of serologically pos-
itive CD has also increased:
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e Increased intraepithelial lymphocytes (IEL;
Fig. 1). This is the first and most sensitive
marker of the effects of gluten on the small-
bowel mucosa; thus, it is the major histological
feature of CD. An increase is defined as >40
lymphocytes per 100 surface or upper-crypt
enterocytes. The vast majority are CD2+,
CD3+; 70 to 90% are CD8+ T-cells. In latent
forms of CD, an increase in IELs is often the
only abnormality; villous architecture and lam-
ina propria cellularity are within the normal
range (38-40). IEL counts should be per-
formed on well-oriented villi in sections cut at
3- to 4-um thickness. Goldstein and Underhill
(40) have suggested that a clustering of lym-
phocytes (=12) in the epithelium at the tips of
villi and extending evenly down along the sides
of the villus are a clue that CD may be present.
Increased cellularity in the lamina propria. In
CD with villous/crypt abnormalities, plasma
cells, lymphocytes, and eosinophils are in-
creased in number, particularly in the upper
half of the mucosa. The number of eosinophils

may be striking; however, their increase is par-
alleled by the increase in mononuclear inflam-
matory cells, a finding that is against a diagno-
sis of allergic enteritis. Neutrophils are also
part of the inflammatory response and may be
numerous in the lamina propria (1-3, 39).
However, if they are associated with cryptitis
or crypt abscesses, an alternative diagnosis
(such as autoimmune enteropathy, peptic in-
jury, or Crohn’s disease) should be considered.
Enterocyte damage (Fig. 2). In latent or
minimal-deviation CD, the enterocytes are un-
remarkable. With severe injury, however, the
apical cytoplasm is typically vacuolated; the
cells themselves are shorter than normal and
easily dislodged from the underlying basement
membrane (1-3, 38, 39).

Villous atrophy/crypt hyperplasia (Fig. 2).
These changes represent severe damage and
can only be assessed in well-oriented sections
(39). As a rule, villous-crypt ratios can be as-
sessed if four or more crypts in parallel, non-
tangential array adjacent to one another can
be identified in the biopsy specimen. Taking
deeper sections through the tissue block may
uncover such areas. Also, it should be recalled

FIGURE 2. Marsh Type III lesion. A, at low power, there is virtually
FIGURE 1. Marsh Type I lesion. The villus is unremarkable except for complete villous blunting associated with crypt hyperplasia. B, at
a modest increase in intraepithelial lymphocytes, particularly at the higher power, the increased number of surface intraepithelial
villous tip. lymphocytes and the damage to enterocytes are evident.
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TABLE 1. Modified Marsh Classification of CD

Intraepithelial

Marsh Type Lymphocytes per Crypts Villi
100 Enterocytes

0 <40 Normal Normal

1 >40 Normal Normal

2 >40 Increased Normal

3a >40 Increased Mild atrophy
3b >40 Increased Marked atrophy
3c >40 Increased Absent

Type 0: Normal mucosa; CD highly unlikely.

Type 1 (Infiltrative lesion): Seen in patients on a gluten-free diet
(suggesting minimal amounts of gliadin are being ingested); patients with
DH; and family members of patients with CD. However, these patients
need to be followed because they may convert to a Type 3 lesion.

Type 2 (Hyperplastic type): Very rare; seen occasionally in DH.

Type 3 (Destructive lesion): Spectrum of changes seen in symptomatic
CD (38, 39).

that villi overlying and adjacent to lymphoid
nodules/follicles are normally blunted or ab-
sent, and such areas should not be chosen for
analysis.

All of these changes may be focal; therefore, a
single biopsy may give false-negative results. Diag-
nostic yield is increased with a larger number of
specimens (up to four). If only a single specimen is
received, obtaining multiple levels may reveal areas
of abnormal mucosa (39).

As can be seen from this discussion, the histo-
logic spectrum of changes in CD is as varied as the
clinical presentation. These morphologic findings
have been codified in a modification of Marsh’s
original classification (39; Table 1)

Refractory CD refers to the case of those patients
considered to have CD who stop responding clini-
cally and histologically to a gluten-free diet. Possi-
ble causes for refractory CD include the unrecog-
nized intake of gluten, lack of adherence to a
gluten-free diet, and the development of lymphoma
(3). Patients who have never responded to a gluten-
free diet most likely do not have CD (41). The
pathologic features of refractory CD are not well
defined; possible findings include the development
of a thickened subepithelial collagen layer, mucosal
thinning and subcryptal mononuclear inflamma-
tion, and evidence of lymphoma (19, 42).

DIFFERENTIAL DIAGNOSIS

The combination of clinical, serologic, and histo-
logic findings plus response to a gluten-free diet
confirms the diagnosis of CD in most patients. On
biopsy, however, some other conditions can mimic
aspects of CD. Some of these conditions and useful
differential diagnostic points are summarized here:

e Autoimmune enteropathy: crypt injury/de-
struction; anti-enterocyte antibodies in 50% of

cases. Onset usually in the first 6 months after
birth.

e Tropical sprue: lack of antiendomysial anti-
bodies; response to antibiotic and folate
therapy.

e Common variable immunodeficiency: paucity or
absence of plasma cells; marked lymphoid nod-
ular hyperplasia; Giardia infection common.

o Infectious (usually viral) enteritis: normal IEL
counts.

¢ Food protein intolerance (eggs, cow milk, etc.):
increased eosinophils; other allergic manifes-
tation (asthma, atopy); response to elimination
diets.

e Development of lymphoma: atypical lymphoid
infiltrate; high index of suspicion; imaging
studies that demonstrate mass lesions.
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