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The pathology of malabsorption: current concepts

Intestinal malabsorption results from a wide variety of
causes, which can most easily be organized into three
groups. Maldigestion arises from problems with mix-
ing or with digestive mediators, and includes post-
gastrectomy patients and those with deficiencies of
pancreatic or intestinal enzymes, or of bile salts.
Mucosal and mural causes of malabsorption are
abundant, and include gluten-sensitive enteropathy,
tropical sprue, autoimmune enteropathy, and HIV/
AIDS-related enteropathy, as well as mural conditions

such as systemic sclerosis. Finally, microbial causes of
malabsorption include bacterial overgrowth, Whipple’s
disease, and numerous infections or infestations that
are most frequently seen in immunocompromised
patients. An overview of the most common and
interesting entities in each of these categories follows,
along with a discussion of current concepts. Mucosal
conditions and microbial causes of malabsorption are
given special attention.
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Abbreviations: AE, autoimmune enteropathy; CD, Crohn’s disease; DH, dermatitis herpetiformis; EATCL,
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intestine; TPN, total parenteral nutrition; TS, tropical sprue; TTG, tissue transglutaminase; UC, ulcerative colitis;
WD, Whipple’s disease

Introduction

The human gastrointestinal (GI) tract is the site of
absorption of a wide variety of ingested nutrients,
including vitamins, proteins, carbohydrates and fats.
Much of this absorption occurs in the small intestine
(SI), where the high surface area provided by the
villous and microvillous architecture optimizes uptake
of dietary substances. The specialized SI mucosa

contains numerous digestive enzymes on its surface,
as well as an intricate network of lymphatics and blood
vessels providing access to the bloodstream. Adequate
digestion and absorption depend on a multitude of
factors, including mechanical mixing, enzyme produc-
tion and activity, proper mucosal function, adequate
blood supply, intestinal motility and even normal
microbial ecology.

Accordingly, malfunctions in any of these compo-
nents can lead to failure to absorb nutrients from the
diet, often resulting in some combination of diarrhoea,
steatorrhoea, malnutrition, weight loss and anae-
mia. The resultant symptoms are known as the mal-
absorption syndrome(s), which can be grouped by
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their aetiology into three broad categories. Thus,
malabsorption may result from maldigestion, such as
occurs in inadequate mixing (e.g. after gastrectomy)
or in enzyme or bile salt deficiencies, from mucosal
or mural problems, such as various enteropathies or
neuromuscular conditions, or from microbial causes,
such as bacterial overgrowth and various infections ⁄
infestations.

The vast number of causes of intestinal malabsorp-
tion precludes an exhaustive review. Therefore, we will
attempt an overview of the most common and inter-
esting aetiologies in the three categories, with a more
complete discussion of a handful of entities in each,
along with a review of current concepts. Special
emphasis will be afforded to mucosal problems, as well
as to several microbial conditions.

Maldigestion

inadequate mixing

A full discussion of the mechanics of digestion is
beyond the scope of this review. Early digestion relies
on the mechanical disruption of ingested food by
chewing as well as mixing with initial digestive
enzymes such as amylase in the saliva. Once the food
bolus is in the stomach, further mechanical disruption
occurs as the viscus churns the semiliquid ingestate.
Proper digestion relies on the appropriate transmission
of the disaggregated, liquefied food (‘chyme’) to the
duodenum via the pyloric sphincter. The adequate
mixing of chyme with bile salts and pancreatic
enzymes, as well as its exposure to endogenous
intestinal enzymes on the mucosal surface, depends
on its piecemeal delivery to the duodenum in a
controlled fashion.1,2

Several difficulties may arise with the loss of proper
gastric function, as in patients who have undergone
total or partial gastrectomy, or who have had a
suboptimal result from other surgical procedures such
as Nissen fundoplication or bariatric surgery.3–11 The
functional or structural loss of the gastric reservoir
leads to rapid transit of large quantities of inadequately
mixed, osmotically active food into the small bowel. As
a result, mixing of bile salts and pancreatic enzymes
with the ingestate is inadequate. The resultant osmotic
pressure can lead to large fluid shifts, increasing the
liquid bulk of the digestive stream.12,13 The rapid
transit of partially digested food through the tract
results in explosive diarrhoea and, possibly, mal-
absorption of nutrients.13,14 Additionally, the passage
of substantially intact liquid and solid food into the
small bowel may result in disruptions of the normal

intestinal microbial ecology, the results of which are
discussed below.

insuffic iency of digestive mediators

As suggested above, numerous digestive mediators
are necessary for proper digestion and absorption of
nutrients. Bile salts from the liver emulsify fats,
opening them to lipolytic enzymes and ultimately
allowing the absorption of lipids and of lipid-soluble
nutrients. Proper enzymatic activity is essential,
serving chemically to alter the nutrients for uptake
by the intestine. Pancreatic enzymes such as amy-
lase, lipase, trypsin and chymotrypsin act in concert
with enzymes intrinsic to the intestinal mucosa,
including lactase, maltase, sucrase and numerous
others, resulting in the chemical modification of
proteins, complex carbohydrates, lipids and disaccha-
rides. Each of these components is a potential site
of disruption of proper digestion and can result in
malabsorption of nutrients.

Accordingly, a defect or deficiency in any of these
constituents may lead to maldigestion and malabsorp-
tion. Abnormal liver function may cause a decrease in
bile salt production. Structural abnormalities in the
biliary system may lead to a decrease in delivery of bile
salts to the digestive stream. Examples of such condi-
tions are gallstone disease, inflammatory conditions
such as primary sclerosing cholangitis, and congenital
anomalies such as biliary atresia.

The myriad of enzymes involved in digestion provide
ample sites for malfunction. The exocrine pancreas
secretes proteolytic and lipolytic enzymes (particularly
trypsin and lipase) crucial to proper digestion. Condi-
tions such as chronic pancreatitis, commonly from
alcohol abuse or chronic biliary obstruction, and
autoimmune pancreatitis may lead to a reduction in
exocrine pancreatic mass and a resultant decrease
in enzyme production.14 Similarly, surgical resection
of sizeable quantities of pancreatic tissue can cause
such insufficiency. Clinically significant steatorrhoea
and weight loss usually do not occur unless there
is a considerable reduction in enzyme secretion
(> 90%).15,16 Congenital conditions such as cystic
fibrosis may lead to exocrine pancreatic insufficiency
by preventing the outflow of enzymes via mucus
plugging.15,17–19

The small intestinal mucosa contains many intrinsic
digestive enzymes, particularly those involved in car-
bohydrate digestion. Deficiencies have been described
in many mucosal disaccharidases.20 However, lactase
deficiency (‘hypolactasia’) is by far the most common.
In fact, adult-onset (primary) hypolactasia is present in
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the majority of the world’s population.21 Lactase is a
disaccharidase present on the surface of microvilli,
which enzymatically cleaves lactose into its constituent
sugars, glucose and galactose. Normally, lactase levels
are down-regulated in early childhood, corresponding
with weaning. This process varies in its completeness,
and some people are left with nearly absent lactase
activity. Thus, lactase ‘deficiency’ is a result of
decreased enzyme synthesis rather than of an enzyme
defect.22–24 Symptomatic hypolactasia results from the
fermentation of unmodified lactose by intestinal flora,
mostly in the large intestine, resulting in the produc-
tion of large quantities of gas with ensuing abdominal
discomfort. The intact, osmotically active disaccharide
can lead to intestinal hypermotility and diarrhoea.25

Finally, changes in the luminal milieu may result in
bacterial overgrowth, discussed below.

Histologically, intestinal mucosa from a lactose-
deficient patient is normal. Immunohistochemistry
performed on such a biopsy will show a patchy
distribution of lactase on the surface of the villi, whereas
the normal pattern is diffuse.26 While the diagnosis is
usually made clinically, the administration of a ‘lactose
challenge’ and the measurement of breath hydrogen
levels can help. Lactose (or lactulose) is administered to
the patient orally. In patients with lactase deficiency,
fermentation of the intact disaccharide by intestinal
flora produces large quantities of hydrogen, which may
be measured in the exhaled breath.21

Rarely, a primary lactase deficiency is seen congen-
itally in infants. Primary deficiencies in other disacch-
aridases are also well known, including deficiencies in
sucrase and trehalase.20 Finally, secondary enzyme
deficiencies may result from conditions causing wide-
spread mucosal injury, such as gluten-sensitive enter-
opathy, tropical sprue and inflammatory bowel disease
(IBD). These entities are discussed below.

Mucosal and mural problems

decreased mucosa

Numerous conditions can cause a decrease in the
amount of mucosal mass in the small intestine. Such a
situation results in decreased absorptive surface area, a
decreased transit time and relative lack of exposure to
the aforementioned intestinal enzymes, all of which
may lead to malabsorption. The loss of mucosa may be
absolute, as in patients who have undergone a partial
small bowel resection or who have mucosal damage
due to disease, or functional, as in patients with a
bypassed or ‘blind’ loop caused by entero-enteric or
entero-colic fistula, for example.27

mucosal disease

Many of the entities commonly associated with mal-
absorption syndromes fall into this category. These
diseases may cause malabsorption through a variety of
mechanisms discussed here, especially via an absolute
or functional loss of mucosal surface area. Gluten-
sensitive enteropathy, tropical sprue, autoimmune
enteropathy and intestinal lymphangiectasia will be
discussed in detail.

Gluten-sensitive enteropathy
Also known as coeliac sprue, coeliac disease, non-
tropical sprue and gluten-induced enteropathy, gluten-
sensitive enteropathy (GSE) affects as many as one in
every 120–300 people in Europe and North America,28

where its prevalence is highest. It is generally rare in
persons of Asian descent and in Caribbean peoples of
African background, but is also found in parts of India.
The condition results from an inappropriate cell-medi-
ated immune response to an ingested protein (gluten),
found in wheat, barley, and rye. GSE patients learn that
gluten may be found in a wide variety of seemingly
unexpected places, such as medications, processed
foods, emulsifiers and beers.28,29

The diagnosis of GSE relies on clinicopathological
studies including mucosal biopsy, serological studies and
the effects of a diet free of gluten on the patient’s
symptoms.30–32 Children with GSE usually present with
symptoms of diarrhoea, impaired growth and abdominal
discomfort within the first 24 months of life, gradually
worsening with the introduction of cereals to the
diet.28,29,32–34 Young patients may also manifest vom-
iting and pallor. If undiagnosed, GSE can lead to
permanent short stature and pubertal delay, as well
as the sequelae of nutrient deficiency such as iron
deficiency or megaloblastic anaemia and rickets. Pati-
ents presenting as adults may have short stature
and ⁄ or historical symptoms indicative of ongoing dis-
ease since childhood.28,32,35 However, GSE can also
develop primarily in adulthood.28,36,37 As many as half
of adult patients may be relatively asymptomatic,
without significant diarrhoea.28,29,36,37 Therefore,
the diagnosis must be considered in the setting of
unexplained iron-deficiency anaemia, which is currently
the most common clinical presentation of GSE in
adults.28,36 Patients may also present with megaloblas-
tic anaemia from folate malabsorption, hypocalcaemia
from vitamin D deficiency, or coagulopathy from vitamin
K deficiency.28,29,32,36,37

Mucosal biopsy of the duodenum or jejunum is still
the best diagnostic tool for GSE, confirming serological
and other clinical findings.28,37 The normal duodenal
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mucosa has long, slender villi, with a length approxi-
mately three times the depth of the corresponding
crypts. While some advocate orientation of the biopsy
specimen using a dissecting microscope, we have found
this to be unnecessary in routine practice. Normally, a
small number of T lymphocytes inhabit the mucosal
epithelium itself [intraepithelial lymphocytes (IELs)].
For every 100 enterocytes, there are < 40 lymphocytes
under ordinary conditions, or < 12 lymphocytes at the
tip of each villus.29,38–42

Histologic evidence of GSE depends on abnormalities
in either architecture (villous blunting) or the number
of IELs, or both.30,37,43,44 Classically, GSE results in
villous blunting consisting of short, widened villi or
even totally flat intestinal mucosa. This is accompanied
by so-called ‘crypt hyperplasia’, where the crypt depth
increases with an attendant increase in enterocyte
turnover, resulting in what are termed ‘high-riding’
mitotic figures near the mucosal surface. The overall
thickness of the mucosa remains relatively unchanged,
but the villus:crypt ratio, normally > 2 : 1 or 3 : 1,
decreases as the villi become blunted. Partially
absorbed lipid may be seen as tiny clear droplets in
the enterocytes, known as ‘lipid hang-up’. These
architectural changes are accompanied or preceded
by an increase in the number of IELs over the nor-
mal numbers cited above, corresponding to the cell-
mediated immune nature of the disorder.39–42 These

are largely (> 95%) CD3+ T cells, with a relatively high
proportion of the cd subtype.31,38 In some cases, the
mucosal architecture may be relatively or completely
normal, with only an increase in IELs evident. Seen
often in the early phase of disease, this change may be
quite subtle and should be actively sought in biopsies
where GSE is in the clinical differential diagno-
sis.39,40,45 The most well-known classification scheme
for the histological findings of GSE is the Marsh
Classification (Figures 1 and 2).45,46

A B C

Figure 1. Coeliac disease composite showing Marsh 1, 2 and 3 lesions. A, Marsh 1. Normal villous architecture with increased intraepithelial

lymphocytes. B, Marsh 2. Moderate villous blunting with increased intraepithelial lymphocytes. C, Marsh 3. Complete villous atrophy with crypt

hyperplasia and increased intraepithelial lymphocytes.

A B

Figure 2. A, Normal villus with very few intraepithelial lymphocytes.

B, Marsh 1 lesion with increased intraepithelial lymphocytes.
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The changes of GSE are usually most prominent in
the biopsy specimens from the proximal small bowel,
making duodenal biopsy sufficient for examination; the
distal duodenum is preferred in order to avoid biopsy of
the duodenal bulb, which is often architecturally
altered by peptic influence from the stomach.28,29,47

However, the alterations may be seen all the way to the
distal ileum. Often, the more proximal small bowel will
have full-blown sprue-like changes while the distal
bowel has only an increase in IELs.43,44,47 Also, GSE
patients may manifest an increase in IELs outside the
small intestine, including the stomach (‘lymphocytic
gastritis’) and the colorectum.48–50

It should be noted that while these mucosal altera-
tions are classically associated with GSE, they are
strictly non-specific and may be seen in a variety of
conditions leading to mucosal injury, some of which
are discussed below. Several conditions have been
shown to be associated with increased duodenal IELs,
including Helicobacter pylori infection, use of non-
steroidal anti-inflammatory drugs (NSAIDs), infectious
disease, IBD, tropical sprue, collagen vascular and
connective tissue disorders, other food hypersensitivi-
ties, drugs, and even morbid obesity.40–42,51 Therefore,
the diagnosis of GSE is clinicopathological and must not
be made on histological grounds alone. At our insti-
tutions, we make the diagnosis of fully developed or
partially developed ‘sprue-like changes’ depending
on the degree of alteration. These findings are then
correlated with clinical findings, including serology, in
order to make the diagnosis.

The serum of patients with GSE contains several
antibodies indicative of the immunological nature of
the disorder.28,29,37,52,53 These include antibodies to
gliadin, an alcohol-soluble peptide fraction of gluten,
and to tissue transglutaminase (TTG), an enzyme
which modifies gliadin enhancing the cell-mediated
immune response to the substance. One TTG-modified
gliadin peptide has been found to be the dominant
epitope in the response.52 Anti-TTG antibodies are
closely related to antiendomysial antibodies, previously
seen as the most sensitive and specific serological test
for GSE. The use of enzyme-linked immunosorbent
assay (ELISA) for anti-TTG antibodies has significantly
increased the ease and sensitivity of serological testing
for GSE and is now seen as the most sensitive assay for
the disorder; antiendomysial antibodies remain more
specific, however.28,54,55 The immune nature of GSE is
reinforced by the finding that patients suffering with
this disease have a highly significant excess of other
autoimmune diseases, such as Type 1 diabetes mellitus
and autoimmune thyroiditis.28,56 Furthermore, studies
have shown that gluten ⁄ gliadin do not directly cause

injury to mucosal cells in tissue culture from patients
with GSE, but instead rely on an ‘endogenous mediator’
to create the mucosal damage. Activated immune cells
and their products such as cytokines are thought to be
this tissue-borne factor.57,58

The final component in the clinicopathological
diagnosis of GSE is the institution of a gluten-free diet
(GFD). The hallmark of GSE is the abatement of
symptoms and the return of mucosal biopsies to near-
normal when gluten-containing foods are removed
from the patient’s intake.59–61 Within the first
3 months, even as soon as 1 week, symptoms should
markedly improve. On biopsy, the surface epithelial
injury decreases, as does the number of IELs. Villi begin
to reconstitute. On a long-term GFD, the mucosal
architecture may return completely to normal. If
gluten is restored to the diet, symptoms and histological
abnormalities quickly return, led by the return of IELs
at the tips of the villi.61

In addition to the immunological issues already
discussed, genetic and environmental factors are also
thought to contribute to the pathogenesis of GSE.
The disease is known to run in families, with 10–
22% prevalence in first-degree relatives of GSE
patients.28,62–65 There is also a high, but less than
100%, concordance of disease in identical twin
pairs.28,29 The major histocompatibility complex het-
erodimer HLA-DQ(a1*501,b1*0201), also known as
HLA-DQ2, is found in > 95% of patients, as opposed to
20–30% prevalence in the general population.31 This
HLA antigen is involved in the presentation of gliadin-
derived peptides to host T cells.52,66 Those patients
that are negative for HLA-DQ2 are usually positive for
HLA-DQ8.29,52

Evidence of an environmental factor in the patho-
genesis of GSE comes from the lack of full concordance
in identical twins. Also, one study has shown serolog-
ical evidence of exposure to adenovirus type 12 in a
disproportionately high number of GSE patients.67

Although this study has not been replicated, this type
of adenovirus is known to share an amino acid
sequence with gliadin, making the hypothesis an
attractive one.

Several variants of GSE exist, as well as a related
autoimmune disease. So-called ‘latent coeliac disease’ is
used to describe patients with evidence of gluten
sensitivity, but without full-blown symptoms of sprue.
Alluded to above, this condition requires vigilance on
histopathological examination, as the findings may
occur along a spectrum from increased IELs to nearly
full-blown sprue-like changes. Such patients all have
antigliadin antibodies, including IgA and IgM antibod-
ies, in their intestinal secretions. ‘Collagenous sprue’
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refers to a variant entity having a thick collagen table
beneath the mucosa, which also has the more typical
changes of GSE.68

Refractory coeliac disease refers to the situation in
which the patient’s symptoms and biopsy changes fail
to respond to a gluten-free diet.28,69,70 Such patients
generally have a poor prognosis, and are at higher risk
for development of enteropathy-associated T-cell lym-
phoma (EATCL), an aggressive form of non-Hodgkin’s
lymphoma originating in the intestine. Approximately
80% of refractory coeliac disease patients have clonal
lymphocyte populations in the intestine, which can be
proven using T-cell receptor c gene rearrangement
studies.49,71 EATCL is composed of cytotoxic T lympho-
cytes with an aberrant CD4– ⁄ CD8– immunophenotype
and probably accounts for the majority of cases of what
has been termed ‘ulcerating sprue’. In addition to
EATCL, GSE patients are at increased risk of the
development of other non-Hodgkin’s lymphomas,
intestinal adenocarcinoma and squamous cell carcin-
oma of the oesophagus.29,56,72–75

Finally, GSE is associated with the blistering skin
disorder dermatitis herpetiformis (DH).28,76 Approxi-
mately 60–80% of patients with DH are found to have
classic GSE, with response to a gluten-free diet.27,77

Furthermore, GSE is more common in relatives of
patients with DH and there is overlap in HLA pheno-
types between patients with GSE and DH.76,78 The
diseases appear to be different points along a spectrum
that includes both skin and intestinal mucosal abnor-
malities, as both conditions have similar genetic
characteristics.27,56,79–81

Tropical sprue
Tropical sprue (TS) is an intestinal malabsorption
syndrome with a well-known and specific geograph-
ical distribution, affecting residents of (or visitors to)
the tropics, including Puerto Rico, the Caribbean,
northern South America, West Africa, India and
south-east Asia.27,82 The histological findings, while
similar to those of GSE, are not identical, and a
totally flat intestinal mucosa is rare in TS.83–85

However, villous blunting with concomitant crypt
hyperplasia is common, and the epithelial dysfunction
characteristic of GSE is central to the pathogenesis of
TS (Figure 3).

Whereas GSE shows mucosal changes most signifi-
cantly in the proximal small intestine, the changes of TS
are equally prominent in the ileum and in the proximal
jejunum, at least in well-established disease.85 This
distribution explains the more common association of
TS with megaloblastic anaemia caused by vitamin B12
and folate deficiency, which is much less common in

GSE. Similar nuclear–cytoplasmic maturational disso-
ciation (nuclear enlargement, decreased mitotic figures)
may be observed in the enterocytes as well.27,86

Much evidence points to an infectious aetiology for
TS. Indeed, the disease has also been dubbed ‘post-
infective tropical malabsorption’.87,88 The geographical
distribution certainly supports this conclusion. While
no definite causal organism has been elucidated, broad-
spectrum antibiotic therapy usually results in rapid
recovery.27,86,89 Furthermore, it is known that over-
growth of aerobic enteric bacteria is found in TS
patients and that such bacteria may be toxin-produ-
cing.89,90 This differs from overgrowth of anaerobic
bacteria such as occurs in the blind loop or stasis
syndrome, which is discussed below. Finally, some have
postulated that protozoan infection, such as cyclospora,
may also play a role in the aetiologyof TS.91

Autoimmune enteropathy
Autoimmune enteropathy (AE) is probably a family of
diseases and, while it occurs primarily in young
children, can also be found in adults.92–94 The histo-
logical findings of villous blunting and crypt hyperpl-
asia are similar to those seen in GSE, but the resultant
intractable secretory diarrhoea is unresponsive to a
gluten-free diet, as well as to total parenteral nutrition
(TPN).94 In young males, the Endocrinopathy is
associated with Immune dysregulation, Polyendocrino-
pathy and X-linkage (IPEX) and has been shown to be
the result of a germ-line mutation in the FOXP3 gene
on the X chromosome.95–97

The hallmark of AE is its association with anti-
enterocyte antibodies.94 Some patients may also have

Figure 3. Medium-power view of tropical sprue showing villous

blunting and distortion with increased intraepithelial lymphocytes

resembling a Marsh 2 lesion of gluten-sensitive enteropathy.
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antigoblet cell, antiparietal cell and ⁄ or anti-islet cell
antibodies.98,99 The mucosae of the stomach and
colon may also be affected. While IELs may be
increased in the intestinal epithelium, the intense
surface lymphocytosis characteristic of GSE is not
present and neutrophils are more commonly seen.
Lymphocytic infiltrates may be found in the deeper
mucosa along with apoptotic debris.94 Patients with
antigoblet cell antibodies have a lack of goblet cells,
enteroendocrine cells and Paneth cells on biopsy. The
autoimmune nature of the condition is supported
by its response to steroids and immunosuppressive
medications such as tacrolimus, cyclosporin and
methotrexate.92

Intestinal lymphangiectasia
Abnormal dilation of the intestinal lymphatics ⁄ lacteals
is associated with malabsorption, resulting in protein-
losing enteropathy, steatorrhoea, peripheral oedema
and lymphyocytopenia.86,100–102 The condition is com-
monly seen secondarily in a variety of disorders, inclu-
ding carcinoma, lymphoma, IBD and others.103,104

However, a rare primary form of the disorder occurs
also, known as primary intestinal lymphangiectasia
(PIL). This is usually found in young children and is
apparently a congenital defect, characterized by
marked structural abnormalities of lymphatic chan-
nels, which result in lymph stasis and which may also
be seen in the extremities.86 The resultant lymph
leakage results in loss of proteins, as well as of
numerous fat-soluble vitamins and nutrients. The
striking loss of protein results not only in hypoalbu-
minaemia and oedema, but also in a decrease in
immunoglobulins. Along with abnormalities in T-cell
populations seen in the disorder, this can lead to an
immunodeficient state.105,106

Grossly, the intestinal mucosa can have a ‘spotted’
appearance, with many white dots (the dilated lac-
teals), especially at the villous tips.107,108 Histologic-
ally, the villi are blunted and there is oedema of the
lamina propria. Lymphatic channels are dilated
throughout the bowel wall and are lined by endothelial
cells. This appearance may extend into mesenteric
lymph nodes as well.109 The channels may contain
foamy macrophages and proteinaceous debris. The
differential diagnosis includes Whipple’s disease, an
isolated lymphangioma as well as pneumatosis intes-
tinalis. The changes of PIL can be patchy, with
numerous lymphangioma-like collections of abnormal
lymphatics.86 Therefore, multiple biopsies may be
needed in order to make the diagnosis. Secondary
lymphangiectasia usually shows diffuse dilation of
lymphatics, a difference that may aid in diagnosis.

Inflammatory bowel disease
A comprehensive discussion of IBD is beyond the scope
of this review. However, there are many ways in which
IBD may lead to intestinal malabsorption. In particular,
Crohn’s disease (CD) may affect the GI tract from the
mouth to the anus, and may have extensive small
intestinal involvement. While ulcerative colitis (UC)
has traditionally been viewed as affecting only the
colon and rectum with occasional terminal ileal
inflammation (‘backwash ileitis’), more recent studies
have noted diffuse duodenitis in patients with other-
wise classic UC.110–112

Regardless of the type of IBD, significant mucosal
involvement in the small bowel may lead to a physical
diminution of mucosal area, leading to malabsorption.
In addition, dense mural scarring as occurs in CD may
result in obstruction of lymphatic outflow, causing
secondary lymphangiectasia. Perhaps most common
is the creation of fistulous tracts in CD, leading to a
bypass of the digestive stream. Entero-enteric or
enterocolic fistulae may result in a functional loss of
a variable amount of mucosal area as described in the
first part of this review, as well as to stasis and bacterial
overgrowth, discussed below.27

Acrodermatitis enteropathica
This autosomal recessive condition leads to the mal-
absorption of zinc. It is associated with a variety of skin
and mucosal abnormalities, the latter including villous
blunting, crypt hyperplasia, increased lamina pro-
pria inflammatory cells and a loss of brush border
enzymes.86 These changes may lead to further mal-
absorption by mechanisms already described.

mural disease

Conditions specific to the small intestinal wall may
cause malabsorption by a variety of mechanisms. The
classic example of a mural disease leading to malab-
sorption is that of systemic sclerosis (so-called ‘scle-
roderma of the small bowel’). The primary lesion in
this condition is not of the mucosa, but of the
muscularis propria, where the smooth muscle fibres
are replaced by collagen ⁄ fibrosis. These changes,
visible on a trichrome stain, are most prominent in
the inner (circular) muscularis layer and result
in upstream dilation and diverticulum formation
(Figure 4).113–115

The resultant loss of peristaltic activity leads to stasis,
bacterial overgrowth and blind loop formation, which
may lead to malabsorption by mechanisms discussed
below.116–119 While systemic sclerosis is the classic
mural disease leading to malabsorption, identical
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problems may be the result of a variety of neuromus-
cular disorders, including diabetic neuropathy, amylo-
idosis, disturbances of the intestinal neuronal plexi,
small intestinal diverticula of other aetiology, CD (see
above), surgical intervention, familial neuropathies and
myopathies, and many others.27,120,121

immunodefic iency and hiv/aids-related

enteropathy

Immunodeficiency states are commonly associated with
malabsorption and diarrhoea, often resulting from
secondary or opportunistic infections. Small bowel
biopsies may show inflammatory changes in the mu-
cosa, decreased lymphoid tissue and ⁄ or alteration of
lymphocyte populations, and the presence of infectious
organisms or their sequelae, including viruses (viral
inclusions), bacteria, fungi and ⁄ or parasites.122–129

The immunodeficiency states may be divided into
primary, including selective IgA deficiency and common

variable immunodeficiency, and secondary, including
iatrogenic, immunoglobulin loss from severe protein-
losing enteropathy, and HIV ⁄ AIDS.

The association of AIDS with diarrhoea, malabsorp-
tion and weight loss has been well described.130–132

Often, there is a secondary cause of diarrhoea in the
form of an opportunistic infection, such as with
Giardia or Cryptosporidium (see below).133–139 How-
ever, a proportion of HIV ⁄ AIDS patients have such
symptoms in the absence of an identifiable infection.
This has been termed ‘idiopathic AIDS enteropathy’
and these patients have a set of mucosal abnormalities
on biopsy, including shortened villi (usually with
normal crypt depth), a general increase in chronic
inflammatory cells and alterations in the mucosal
lymphocyte population.140–145 Immunohistochemical
studies show a decrease in the number of CD4+ helper
T cells, increased CD8+ suppressor T cells, depletion of
IgA+ plasma cells and an increase in IgM+ plasma
cells.146–152 HIV patients may also manifest malabsorp-

A B

Figure 4. Scleroderma affecting the small intestine. A, Low-power H&E-stained section shows mild to moderate villous blunting with increased

lamina propria inflammation. These mildly abnormal non-specific mucosal changes are typical of bacterial overgrowth. The muscularis

propria looks nondescript. B, Trichrome-stained section of the muscularis propria showing that nearly all of the smooth muscle has been

replaced with collagen, indicative of the patient’s underlying motility disorder.
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tion of fats and vitamin B12, as well as secondary
lactase deficiency.153–157 Although the exact patho-
genesis of these changes is not known, they may be
related to undetected secondary infection(s), immune
dysregulation, an epithelial maturation problem, or the
direct effect of the HIV agent or one of its prod-
ucts.133,158–162 Fortunately, the advent of better anti-
viral therapy for HIV has markedly decreased the
number of patients with GI symptoms in developed
countries.163

Microbial causes of malabsorption

bacterial overgrowth

The normal small intestine contains a cadre of flora
crucial to proper bowel function. Different microenvi-
ronments, or ‘niches’, are created by mucosal folds and
crypt structures, and are normally colonized by obli-
gate or facultative anaerobic bacteria, most signifi-
cantly Bacteroides species. These organisms are most
abundant in the distal ileum, while different bacteria,
including species ingested with food—largely aerobes
and facultative anaerobes—dominate in the more
proximal small bowel.27,164

Any disruption in the normal ‘ecology’ of the small
bowel, as by conditions leading to stasis, blind loops or
altered (decreased or increased) transit time, may result
in diarrhoea and malabsorption.165–167 Fistulae and
other non-native connections may be created by
disease or iatrogenically (e.g. in Billroth procedures).
Motility disorders like systemic sclerosis or neuromus-
cular diseases may create stasis and blind intestinal
loops. Conditions leading to structural or functional
loss of the gastric reservoir or of gastric acid production
(gastrectomy, diabetes, autoimmune atrophic gastritis)
may lead to the rapid ‘dumping’ of large quantities
of poorly acidified food into the small intestine. All
of these scenarios can lead to alterations in intestinal
flora and resultant malabsorption. Furthermore, the
introduction of non-indigenous species may lead to
deconjugation of bile acids by the bacteria, creating
steatorrhoea and potentially altering vitamin B12
absorption.164

Typically, patients with bacterial overgrowth are
elderly and exhibit diarrhoea and weight loss.168,169

The mucosal histology may be normal, but often shows
villous blunting of variable degree and ⁄ or an increase
in chronic inflammatory cells (Figure 4A).27,116,170,171

Intraepithelial neutrophils and ⁄ or lymphocytes are
often present. These findings are most often patchy
and this feature can be helpful in distinguishing
bacterial overgrowth from GSE, which is typically

diffuse.116 With continued perturbation of the bac-
terial ecology, brush border damage may ensue,
further compromising sugar, fat and amino acid
uptake.117,172–174 Because of the change in luminal
contents, there may be an increase in luminal antigli-
adin antibodies, which could lead to a mistaken
diagnosis of GSE.175 Antibiotic therapy is helpful in
eradicating abnormal bacteria and restoring the native
ecology.

whipple’s disease

Described in 1907 by George Whipple, then a faculty
member at the Johns Hopkins Medical School, this
disorder was originally termed ‘intestinal lipodystro-
phy’, as it was thought to be a disorder of lipid
metabolism.176 A relatively rare entity, about which
much has been written, Whipple’s disease (WD)
disproportionately affects middle-aged white males
(male:female ratio 8 : 1), causing diarrhoea and weight
loss along with fever, arthralgias and abdominal pain.
It is a systemic disorder, also causing systemic lymph-
adenopathy, endocarditis, pulmonary and central ner-
vous system (CNS) disease. Some patients present
primarily with neurological symptoms and ⁄ or with
fever of unknown origin and have minor or absent GI
findings.177–181

Susceptibility to WD, now known to be an infectious
disease caused by Tropheryma whipplei, a Gram-positive
bacillus, may be related to an underlying defect in
the host immune system.182 Studies have shown a
decreased CD4:CD8 ratio in T cells, as well as a
decrease in immunocompetent B cells. There is an
association with the HLA-B27 and some patients are
also infected with other GI pathogens, such as Giardia.
Abnormal histiocyte function may underlie the accu-
mulation of organisms, possibly related to abnormal
phagocytosis and ⁄ or decreased interleukin-12 produc-
tion.177,183–187 However, whether these immune
defects predispose to or merely result from infection
has not been conclusively proven.

Grossly (or endoscopically), the intestinal folds in a
case of WD may be thickened, sometimes with yellow or
white deposits visible. Histologically, the villi are roun-
ded and blunted, with dilated lacteals (Figure 5). The
lymphatic channels are dilated throughout the intestinal
wall as well. Closer examination reveals that they are
distended with lipid- and organism-laden macrophages.
These stain positively with periodic acid–Schiff (PAS)
stain and are diastase resistant (Figure 6). This stain
highlights the partially digested organisms within the
macrophage phagolysosomes, which appear as granular
inclusions. Intact, rod-shaped organisms are present free
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in the tissue as well, and may also be seen within other
cell types, including fibroblasts, plasma cells, lympho-
cytes, mast cells and epithelial cells.177,178,180

The pathological diagnosis of WD depends on
adequate biopsy sampling, because the distribution of
the classic findings may be patchy. A submucosal
variant of the condition exists and can be very difficult
to diagnose without adequate clinical suspicion,
because the classic mucosal changes are not pre-
sent.188 It is possible that this variant is simply a
partially treated form of the disease, perhaps resulting
from antibiotic treatment for some other infection that
eradicates the mucosal disease but not CNS infection.
After adequate antibiotic treatment, the PAS+ granular
inclusions may persist within macrophages for years

and do not indicate relapse or persistent disease. Only
the identification of intact bacteria, which may be more
easily visible on silver-based stains or electron micro-
scopy, indicates inadequate treatment. Response to
therapy can also be followed with polymerase chain
reaction assays, which are now available.178,183,184

The differential diagnosis includes other causes of
secondary intestinal lymphangiectasia and lymph-
adenopathy.189,190 Perhaps the most important dif-
ferential diagnosis is of Mycobacterium avium complex, a
disease largely affecting immunocompromised hosts.
This entity may look nearly identical to WD on biopsy,
and may also be seen in numerous extraintestinal sites
(Figures 7 and 8). Acid-fast stains are necessary to
differentiate these two conditions.

giardiasis

Giardia lamblia is the most prevalent parasite worldwide
and has received increased attention with the advent
of immunosuppressive diseases such as HIV ⁄ AIDS,
as well as with increased use of immunosuppressive
therapy.27 Patients with giardiasis may be entirely
asymptomatic, or may have severe diarrhoea and
steatorrhoea with copious, foul-smelling stools. When
present, this is accompanied by bloating, abdominal
distension and flatus, which may result in significant
malabsorption and weight loss. The latter outcome is
significantly more likely in immunocompromised pati-
ents.27,124 Transmission is faecal–oral and usually
involves the ingestion of contaminated water, but
may also come from intimate sexual contact.192 The
cyst form is ingested, and the trophozoite form emerges
in the upper GI tract, where it may be seen on biopsy.
In the distal small bowel, the organism encysts again
and is passed in the faeces.

Faecal ova and parasite examination and duodenal
aspirates show the organism best, but it can be seen on
routine haematoxylin and eosin (H&E) preparations of
duodenal biopsies.193 The trophozoite form is pear-
shaped and binucleate, giving the appearance of a face
with two ‘eyes’ staring back at the observer when viewed
ventrally; a more sickle-like shape is evident on lateral
view (Figure 9A). However, they may be quite difficult to
see, and their appearance depends on their orientation
on the biopsy. As such, they may disappear in or
masquerade as the clumps of mucus often seen in
partially crushed duodenal biopsies and a high index of
suspicion is necessary for diagnosis. Conversely, the
diagnosis probably should not be made unless one can
see the organisms’ nuclei.194 Trichrome and ⁄ or Giemsa
stains may be helpful in highlighting the trophozoites.
The accompanying mucosal histology is variable, and

Figure 6. High-power periodic acid–Schiff (PAS) diastase-stained

section of Whipple’s disease showing characteristic macrophages

containing granular PAS+ deposits.

Figure 5. Low-power view of Whipple’s disease showing distorted ⁄
blunted villi containing foamy histiocytes and dilated lacteals.
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often normal.27,195 If abnormal, it may consist of mild
villous blunting, or may strongly resemble the changes
in GSE.196 The more striking changes are especially
common in patients predisposed to infection by hypo-
gammaglobulinaemia.124 The differential diagnosis
must include other causes of malabsorption, as well as
other infectious causes of diarrhoea, such as amoeba,
Cryptosporidia and helminths.191

cryptosporidiosis

Cryptosporidium parvum is a coccidial parasite found
commonly in water. It more commonly affects animals
than humans, but can be passed to humans as a
zoonosis, usually causing only a short, self-limited bout
of diarrhoea in immunocompetent hosts. However, it
can cause chronic, possibly lethal, intestinal disease in
immunocompromised patients.27,197–201 The organ-
isms are small (2–4 lm) and round, appearing as
basophilic bodies within the brush border on intestinal

biopsies, especially near the villous tips (Figure 9B). On
electron microscopy, they are seen to be intracytoplas-
mic. In addition to the small bowel, cryptosporidia may
be found in the stomach and colon and have been
reported in the bronchi, the pancreaticobilliary system
and the gallbladder.27,202

microsporidios is

Phylum Microspora consists of a large number (> 100
genera and around 1000 species) of primitive protozoa
whose primary hosts are fish and arthropods.27,203

These organisms are characterized by the production of
unique spores that contain a hollow, coiled tube called
a ‘polar tubule’, through which infective material
known as ‘sporoplasm’ may be injected into a host cell.
While immunocompetent hosts have little risk of a
serious infection, the increase in immunosuppressive
diseases and therapies has brought more attention to
these organisms.133,204–210

A B

Figure 7. Low-power composite of Mycobacterium Avium complex in an AIDS patient. A, H&E-stained section mimicking the changes of

Whipple’s disease seen in Figure 5. B, AFB stain showing diffuse positivity.
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Despite the large number of organisms in this
phylum, most human microsporidial disease is caused
by two species. Other species cause a variety of diseases
including myositis, keratoconjunctivitis, sinusitis and
many others.210 Their minute size (as small as 1 lm)
and poor staining quality makes them very difficult to
detect on conventional H&E preparations. Formerly,
electron microscopic (EM) diagnosis was necessary, but
the use of special stains has made light microscopic
diagnosis more frequent.211,212

Enterocytozoon bieneusi
Of the two microsporidia most frequently found in
humans Enterocytozoon bieneusi is the most common,
with a prevalence of 9–16% in HIV patients with
chronic diarrhoea by stool studies.204,206–208,210,213

Like other organisms discussed in this section, it may
cause a self-limited, probably underdiagnosed, diarrho-
eal illness in immunocompetent hosts. Immunosup-
pressed patients often develop much more serious,
possibly chronic, disease, especially those AIDS patients
with very low CD4 lymphocyte counts.214 Infected

patients most commonly report chronic diarrhoea,
anorexia and weight loss, with less frequent reports
of abdominal pain, nausea, vomiting and fever. While
previously thought to be restricted to the small
intestine, it is now known that the organism may be
found in the biliary tract.210,214 The latter symptoms
are more frequent in patients with biliary involvement
and may progress to a full-blown clinical picture of
cholangitis or cholecystitis. Treatment is supportive.

The diagnosis formerly relied on EM, which
revealed two phases of the life cycle. A proliferative
phase, known as merogony, and a sporulating phase,
known as sporogony.203,214 The proliferative phase
consists of small, rounded organisms with one to six
nuclei found within cells, where they are more
electron-lucent than the surrounding cytoplasm and
contain so-called electron-lucent inclusions, or empty
clefts. In contrast, the sporulating phase is charac-
terized by the presence of electron-dense stacks of
discs, which later aggregate to form the polar tubule.
Nuclear division results in up to 12 nuclei, each
surrounded by coiled polar tubules. These forms later

A B

Figure 8. A, High-power view of macrophages in Whipple’s disease. B, High-power view of macrophages in Mycobacterium Avium complex

(MAC). Note the Whipple’s macrophages have lipid vacuoles while the MAC macrophages do not.
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disaggregate into spores, which are very electron-
dense and contain one nucleus. Both phases can be
found in the apical (supranuclear) portion of entero-
cytes, free within the cytoplasm.

By light microscopy, affected mucosa shows villous
blunting, with organisms concentrated at the villous
tips.210 IELs are increased and infected enterocytes may
shed into the lumen. On H&E preparations, proliferat-
ing organisms may be seen in the supranuclear
cytoplasm and may indent the enterocyte nucleus
and ⁄ or be surrounded by a clear halo. Special stains,
including Gram stain (positive), trichrome, Warthin–
Starry and Giemsa, help in visualizing the spores
(Figure 9C) and the diagnosis is tenuous without the
aid of such stains. Jejunal biopsies have the highest
diagnostic yield, although duodenal and ileal biopsies
may still be diagnostic. Stool examination may reveal
spores using calcofluor white or trichrome stain, but
care should be taken to distinguish them from yeasts
such as Candida. The latter are more homogeneous and
more round, without internal spore structure.

Encephalitizoon intestinalis
Formerly called Septata intestinalis, Encephalitizoon
intestinalis is the less common of the two Microspor-
idia most commonly infecting humans. However, it is

important to recognize, because effective treatment is
available, in contrast to E. bieneusi.214,215 While it
also involves the intestine and the biliary system, it
may become more systemic as well, affecting the
respiratory and urinary tracts, and the conjunctiva.210

The primary clinical symptoms are again severe diar-
rhoea and weight loss, with the possibility of a
sclerosing cholangitis-like clinical picture in patients
with biliary involvement. Unlike E. bieneusi, there may
more frequently be sinusitis, bronchitis and conjuncti-
vitis as well. Treatment with albendazole results in rapid
resolution of symptoms, but relapses may occur when
therapy is discontinued.

The diagnosis is very similar to that of E. bieneusi,
with similar phases seen on EM.214 However, mat-
uration occurs within a cluster in the host cyto-
plasm, with more mature phases occurring more
peripherally in the cluster. In addition, E. intestinalis
develops a fine fibrillar network within the host cell,
and the spores may appear to be embedded within a
honeycomb-like structure. By light microscopy, the
organisms look very similar to E. bieneusi, but may
be more refractile. Furthermore, Gram stain will also
reveal spores within macrophages, fibroblasts and
endothelial cells in addition to enterocytes.214 Cyto-
logical examination may also reveal the organisms in

A B C

Figure 9. Composite of infectious lesions of the small bowel. A, High-power view of Giardia lamblia. Arrows show several binucleate trophozoites.

Numerous less well-preserved organisms are also present resembling amorphous clumps of mucin. B, High-power view of Cryptosporidium parvum.

Numerous round basophilic organisms appear to be budding off of the luminal surface. Note the variability in size and the presence of internal

structures; these features help distinguish true organisms from mucin droplets. C, High-power view of Enterocytozoon bieneusi (microsporidia).

This Giemsa-stained section highlights the spores (short arrows), whereas the organisms themselves are harder to see (long arrows).
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urine, nasal smears and sputum, and spores can be
found in the stool, being somewhat larger than those
of E. bieneusi.

Conclusion

The causes of small intestinal malabsorption are
protean, but can most easily be organized into three
basic types. Maldigestive causes arise from problems
with mixing or with digestive mediators, such as
occur after gastrectomy and in deficiencies of pan-
creatic or intestinal enzymes, or of bile salts. Mucosal
and mural problems include a very broad group of
diseases, and comprise perhaps the most commonly
thought of causes of malabsorption. These include
gluten-sensitive enteropathy, tropical sprue and auto-
immune enteropathy, mural diseases such as sys-
temic sclerosis, and HIV ⁄ AIDS-related enteropathy.
Finally, microbial causes of malabsorption include
bacterial overgrowth, the much-studied Whipple’s
disease, and infections ⁄ infestations most commonly
seen in immunocompromised hosts, such as giardia-
sis, cryptosporidiosis and microsporidiosis. Although
neither exhaustive nor comprehensive, this review
has attempted a discussion of the most common and
the most interesting entities within each of these
categories.
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