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Whipple’s disease is a rare multisystemic infectious
disorder affecting predominantly middle-aged men. Clin-
ical manifestations are very variable with a very long,
insidious, prediagnostic course. Weight loss, chronic di-
arrhea, arthralgias, and low-grade fever are characteris-
tic features in most patients. Although gastrointestinal
compromise is very common, atypical clinical forms are
being increasingly recognized. Although a bacterial
cause was strongly suggested for many years, the infec-
tious agent was elusive until recently. The bacillus that
was classified as an actinomycete was named Troph-
eryma whipplei and has singular characteristics. It pre-
sents affinity for the periodic acid-Schiff stain, but it is
negative for Ziehl-Neelsen staining and has a character-
istic trilamellar cell wall. Its genetic material has been
recently sequenced, and culture was finally performed
on a human fibroblast cell line. Pathological specimens
show macrophage infiltration with mostly intracellular
invasion of live bacteria. Immunologic factors, such as a
subtle defect of cellular immunity possibly specific for
the Whipple's bacterium, are believed to play a role in
pathogenesis. The diagnosis requires the histologic as-
sessment of diseased tissue, showing the characteristic
infiltration, as a first approach, and confirmatory tests
such as electron microscopy and/or polymerase chain
reaction. Antibiotic treatment is mandatory and leads to
a rapid clinical improvement and remission in most
patients. Although the rationale for treatment is largely
empiric, current recommendations include a 2-week
parenteral therapy (third generation cephalosporin) fol-
lowed by a long-term therapy with trimethoprim-sulpha-
methoxazole. This approach has been shown to reduce
the number of relapses and was effective for prevention
and/or treatment of the neurologic compromise.

Imost a century ago, the distinguished physician

George Hoyt Whipple' performed an exceptional
clinical and pathological description of a medical mis-
sionary who was affected for more than 5 years with an
unknown illness. On the basis of the morphologic find-
ing of vacuole in the cytoplasm of macrophages with an
abnormal material inside attributed to fat deposition,
Whipple called the unknown disorder “intestinal lipo-

dystrophy.” A review of the English language literature
showed that 12 years before Whipple’s seminal clinical
observation, British authors had published a similar case,
which they named “lymphangiectasis intestini.””

The so-called Whipple’s disease (WD) is an infectious
multisystemic disorder affecting the small intestine in a
very high proportion of cases and presenting with pro-
tean clinical manifestations. Although the disease is rare
and probably no more than 1000 cases have been re-
ported since it was first recognized, it seems probable
that many other cases have been diagnosed but have not
been reported in the international literature.” Even
though most of the published studies did not add sub-
stantial information about the disorder, the last decade
witnessed a series of significant advances increasing our
understanding of the disease and its etiology, pathogen-
esis, and diagnosis. The most relevant is the recognition
of a novel and likely unique bacterium responsible for the
disease. However, risk factors or genetic susceptibilities
have not yet been recognized. Furthermore, the small
number of identified patients and the ubiquitous geo-
graphic distribution of cases make it impossible to gen-
erate prospective, randomized, controlled trials to deter-
mine the optimum treatment.

Epidemiology

Current epidemiologic information about WD is
still very limited. In this context, Dobbins® published an
outstanding clinical and epidemiologic analysis based on
the largest number of cases (n = 696) collected from his
own observation, data from cases published in the En-
glish language literature (case reports and small series),
and a series of nonpublished patients. The substantial
information provided by the review clearly showed that
the disease predominantly occurs in men (86% of cases),
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middle-aged adults, and whites. However, more recent
data show that modest but significant epidemiologic
changes are occurring. On the basis of a comparative
analysis of the last three decades of the 20th century, a
German study showed a significant increase in the mean
age of patients at diagnosis and a progressive increment
in the proportion of female cases.” Some authors have
suggested that WD seems to occur more frequently
among farmers and carpenters™’; however, this has not
been confirmed by others.® The mode of transmission is
still a topic of speculation. Interestingly, the disease was
detected in a set of patients within a familial context
(siblings and father-daughter pairs) and in a pair of
spouses.””® However, this is not enough evidence to
argue either for a contagious pathogenesis or to suggest
a genetic predisposition. On the basis of some character-
istics of the disorder, an oral infectious route for the
bacterium has been suggested.” However, although the
gastrointestinal compromise is relevant, there is no clear
evidence in favor of this type of disease propagation.
Interestingly, polymerase chain reaction (PCR) tech-
niques have detected bacterial genetic material in gas-
trointestinal biopsy samples, saliva, and gastric juice in
the absence of clinical WD.*'*!'" Although these obser-
vations must be confirmed by other studies before defin-
itive conclusions, it was speculated that the WD bacte-
rium might be present as a commensal nonvirulent
microorganism in the digestive tract, which could trans-
form it into a noxious agent producing the active dis-

12,17
e€ase. ?

Clinical Manifestations

The clinical features of WD are protean, involv-
ing mainly the gatrointestinal tract, but also producing
manifestations in other systems according to their patho-
logical cornpromise.14 Although the clinical severity is
usually associated with a multiorgan involvement, there
is general consensus that more organs are involved than
is suggested by clinical symptoms. Table 1 summarizes
the most common symptoms and signs at the time of
diagnosis of patients. There is a triad characteristic of
WD: weight loss, chronic diarrhea, and arthralgia.’
When this triad is associated with prolonged fever and
peripheral lymphadenopathy, the presumption of WD
should be very high.® The presence of enlarged lymph
nodes is a frequent finding, and lymphadenopathies can
be either peripheral or abdominal or both, and some-
times they can be detected as tumor masses.

The most prominent manifestations in patients with
gastrointestinal disease are chronic watery diarrhea
and/or severe fat malabsorption associated with asthenia,
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Table 1. The Most Prevalent Clinical Symptoms and Signs
in Whipple’s Disease Patients

Systemic compromise

Weight loss

Anorexia

Hyporexia

Fever

Fatigue

Edema

Anemia

Peripheral and mesenteric lymphadenopathy

Skin hyperpigmentation
Gastrointestinal system

Watery diarrhea

Steatorrhea

Abdominal pain and cramps

Abdominal bloating

Occult bleeding and hematochezia

Hepatomegaly

Splenomegaly

Ascites
Osteo-skeletal symptoms

Migratory arthralgias

Arthritis

Sacroiliitis

Spondylitis

Myalgias
Cardiovascular system

Cardiac systolic murmurs

Pericardial friction rub

Pericardial effusion

Nonspecific electrocardiogram changes

Congestive heart failure

Endocarditis

Myocarditis

Mitral and aortic valve dysfunction
Pulmonary manifestations

Chronic non-productive cough

Pleuritic chest pain

Pleural effusions

Pulmonary infiltrates

Mediastinal lymphadenopathy
Neurologic manifestations (see Table 2)
Eye manifestations

Uveitis, vitritis, retinitis, retrobulbar neuritis

Loss of vision

weakness, and cachexia. Weight loss is almost invariable,
and most patients lose 10%—30% of their original body
weight. In some severe cases with a prolonged prediag-
nosis period, weight loss can be as severe as a 50%
reduction.® Pathogenesis of weight loss includes hyp-
orexia or anorexia associated with a chronic malabsorp-
tive state. Hyperphagia can be observed rarely. Abdom-
inal pain is present in almost 50% of patients and usually
has varied characteristics.® Some patients can have a
chronic dehydration state with electrolyte depletion. In
severe cases hypokalemia might produce respiratory and
cardiac problems.® Hypocalcemia and hypomagnesemia
caused by malabsorption might produce cramps and

tetany."” Protein-losing enteropathy caused by lym-
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phatic hypertension is very common in WD. The most
common associated findings are severe hypoalbuminemia
and peripheral edema. Anemia is present in 90% of WD
patients and is caused by intestinal blood loss, iron
deficiency, and vitamin By, and folic acid malabsorption.
Ascites, hepatomegaly, and splenomegaly can be present
in a minority of cases. Whereas the first finding can be
interpreted as a result of polyserositis (including pleural
and pericardial effusions), the others are related to the
presence of granulomas or infiltration of organs. The
frequent presence of splenomegaly contrasts with the
common finding of thrombocytosis during active periods
of the disease. Increased platelet count is likely related to
spleen hypofunction and can be present both at diagnosis
and after successful antibiotic treatment of WD."®

More than 50% of patients had prolonged periods
with low-grade intermittent fever accompanied by night
sweats. Both features have been reported as unique or
dominant symptoms for a long time before diagnosis.”®
Skin hyperpigmentation of light-exposed areas is also
reported in 50% of patients. This finding is often mis-
diagnosed as Addison’s disease, but the differential di-
agnosis must rely on the lack of mucosal pigmentation
involvement in WD patients.

Arthropathy is a very frequent finding affecting 80%—
90% of patients. Joint symptoms often precede the di-
agnosis by several years.'> Arthropathy consists of
chronic, symmetrical, migratory, nondestructive, usually
short-lived (2—4 days), and seronegative joint disease.
Joints more often affected are wrist, knees, elbows, fin-
gers, and shoulders. Patients complain of joint pain, but
usually there is no objective inflammation or radiologic
evidence of pathological involvement.'” In contrast,
swelling with synovitis and local effusions might be
present. Periodic acid—Schiff (PAS)—positive material and
the Whipple’s bacillus have been detected in synovial
samples and effusions.'® Inflammation of the sacroiliac
joint is present in some patients. Arthropathy in WD
was associated with the presence of HLA-B27."*° How-
ever, this genetic susceptibility has not been found in
other populations.”"*?

Almost one third of patients develop cardiovascular
symptoms associated with cardiac pathological involve-
ment.”® More prevalent findings are cardiac murmurs,
pericardial friction rub, congestive heart failure, mitral
and aortic valve insufficiency, and pericarditis."> The
most relevant pathological finding is blood culture—
negative endocarditis as a result of the infectious com-
promise of the myocardium and pericardium."® Nec-
shown that

ropsy material has the pathological
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cardiovascular involvement is more prevalent than clin-
ical manifestations of heart disease associated with WD.?
More than 20% of patients report chronic nonproduc-
tive cough as the most prevalent pulmonary manifesta-
tion of WD (it was first documented in the patient
reported by G. Whipple).” Other pulmonary symptoms
of active disease are pleuritic chest pain and dyspnea.
Pleural effusions are also part of the polyserositis, and
chest x-ray can show pulmonary infiltrates and medias-
tinal lymphadenopathies. In some cases, biopsy samples
from disease tissues can detect granulomatous inflamma-
tory reaction not staining positive for characteristic stains
(see Morphology Observations). Some of these patients
were misinterpreted as having sarcoidosis.”> Ocular
symptoms in WD (uveitis, vitritis, retinitis, retrobulbar
neuritis) are present in less than 10% of cases.”*

Neurologic Compromise

At the most severe end of the clinical spectrum of
WD are those features related to the central nervous
system (CNS). The frequency of symptoms is not easy to
determine and is probably underestimated. Figures vary
between very rare, as was reported in our early series,® to
more than 40% of cases.””> For some researchers, the
neuropathological involvement of the CNS is more prev-
alent than their clinical evidence.’***> However, the
progressive awareness of neurologists has resulted in the
detection of cases with scanty general symptoms or only
confined to the nervous system without any evidence of

©27 Neurologic findings

gastrointestinal compromise.”
might be very variable; they might be the sole clinical
manifestation or can be associated with an overt
polysymptomatic disease present before diagnosis.”>®>®
Furthermore, neurologic symptoms may be the only
clinical evidence of relapse after successful treatment
with antibiotics.””*®* CNS involvement in WD is often
irreversible despite otherwise successful antibiotic treat-
ment and result in progressive deterioration.”® Neuro-
logic relapses seem to be more frequent among patients
with CNS involvement before treatment, and relapse can
occur several years after antibiotics were stopped.”®?”
There is a clinical triad of the neurologic manifestations,
which includes dementia, ophthalmoplegia, and myoc-
lonus.>'*'> For alert neurologists, such a triad is highly
suggestive of WD. The WD bacillus can be detected in
cerebrospinal fluid of patients without clinical features of
neurologic involvement, even after prolonged remission
by antibiotics.””

Most common clinical findings are very variable and
can be grouped into 4 major phenomena as summarized
in Table 2. Mental changes are the most often recognized

neurologic abnormalities reported in up to 50% of pa-
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Table 2. Neurologic Symptoms and Signs in Whipple’s
Disease

Mental abnormalities
Dementia
Depression
Cogpnitive alterations
Memory loss
Confusion
Behavioral abnormalities
Personality change

Movement disorders
Ophthalmoplegia (supranuclear and intranuclear)
Oculomasticatory myorhythmia
Oculofacial-skeletal myorhythmia
Myoclonus
Ataxia

Hypothalamic symptoms
Sleeping abnormalities
Polydipsia
Hyperphagia

Others
Epilepsy
Cerebellar dysfunction
Dysphasia

. 15,26,28
tients.>*!>2%

However, they are frequently not inter-
preted as a manifestation of the neuropathological com-
promise of the CNS. In most cases, the onset and
outcome of symptoms are insidious and progressive. In-
terestingly, the movement disorders are very character-
istic of WD. Oculomasticatory myorhythmia and oculo-
facial-skeletal myorhythmia are pathognomonic findings
of WD that have not been described in other disorders.”"
Hypothalamic symptoms are very infrequently reported.
Finally, a myriad of other neurologic symptoms and
signs were described in WD patients, most likely asso-
ciated with the patchy compromise of the CNS or mi-
croembolism and microinfarcts.”®>®

Several researchers have extensively explored the neu-
ropathology of the CNS compromise in WD patients. In
general, patients present with generalized cerebral atro-
phy, and small granulomas are scattered diffusely in the
gray matter of the cerebral and cerebellar cortex. Lesions
often are patchy, and granulomas are PAS-positive with
the characteristic bacillary infiltration.”” The distribu-
tion of CNS lesions accounts for the variety of clinical
symptoms.>' !> Neuronal vacuolization, demyelina-
tion, and microinfarcts are shown very frequently. Since
the intestine is not always affected in patients with
predominant CNS compromise, histologic examination
of samples from affected CNS tissue might be diagnos-
tic.”” The PCR analysis of these samples is mostly help-
ful, and the examination of the cerebrospinal fluid for
PAS-positive cells or PCR analyses might also be of great
value in the diagnosis and follow-up.’®
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Pathogenesis

A recently identified infectious agent causes WD.
There is some evidence suggesting that a series of im-
munologic and nonimmunologic deficiencies detected in
patients seem also to be necessary. Malabsorption is often
present in patients with intestinal involement and has
been associated with lymphatic obstruction from lacteal
compression in lamina propria and lymph nodes, and
with suspected epithelial dysfunction.

The Agent

At the beginning of the second half of the 20th
century, studies suggested that an infectious agent(s)
should be the cause of WD. The finding of bacilliform
intracellular structures in macrophages staining positive
for PAS stain®” and the successful response to antibiot-

4 .
s°* were of remarkable importance. Strong support of

ic
the infectious etiology was provided by electron micros-
copy findings suggesting that the abnormal intracellular
material is made up of monomorphic bacilliform bodies
with structural characteristics resembling bacteria.”> >’
Attempts to culture the putative infective agent(s) failed.
In the early 1990s, two different groups used PCR to
identify numerous characteristics of the bacterium. Wil-
son et al.”® characterized the bacterium molecularly by
using universal genomic amplification and PCR. They
only sequenced part of the bacterium based on the am-
plification of a 1321-base bacterial 16S ribosomal RNA
obtained from infected tissue (duodenal samples) of 1
patient with active WD. In 1992, Relman et al.”” se-
quenced the microorganism completely and performed a
correct phylogenetic analysis in which they showed that
the bacterium is a member of the actinomycete line (class
Actinobacteria). Thus, they identified the bacterium as a
previously unknown agent and proposed the genus and
species designation Tropheryma whippelii. Interestingly,
most of the phylogenetically related microorganisms are
environmental bacteria. PCR with 16S tDNA primers of
T. whippelii was subsequently used both to confirm WD
in patients with classic symptoms and signs and to
diagnose the disease in atypical cases.*” Recently, varia-
tions in the 168-23S rRNA internal transcribed spacer
region have suggested the possibility of at least 6 differ-
ent, closely related species or subtypes of the single
species T. wbzppelii.4l These variations were associated
with a geographic distribution of cases; however, this was
not confirmed by others.*?

Culture of the bacillus of WD has been frustrating and
elusive for decades. The first successful attempt was
performed by Schoedon et al.***** In those studies the
bacterium was isolated and grown in human macro-
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phages deactivated with interleukin (IL)-4 and IL-10.
However, the isolated bacterium could not be subcul-
tured. In 2000, Raoult et al.® were able to culture the
bacterium, to detect specific antibodies in the tissue of
patients, and to generate specific polyclonal antibodies to
be used in the immunodetection of the agent in infected
samples. The bacterium was successfully grown and sub-
cultured in human fibroblast cell line (HEL cells), and its
amplified 16S rRNA showed identical base sequence to
the T. whippelii reference sequence identified previously.
The study has shown that the agent grows slowly with an
estimated doubling time of 17 days. On the basis of
recent findings, the definitive name of Tropheryma whip-
plei was officially accepted.*® Although cell biological
mechanisms of intracellular bacterial survival are un-
known, a very recent study detected that the existence of
an acidic intracellular environment seems to be critical
for the prolonged persistence of the bacillus in host
cells.”’

Habitat of the Bacterium

The natural habitat of T. whipplei is still largely
unknown. The proposed high prevalence among farmers
suggested that it could be a zoonosis.”> However, up to
now, the bacterium has only been found in infected
human tissues, with no evidence of human-to-human
transmission or a reservoir in domestic animals. The
study of Maiwald et al.*® reported the detection of DNA
specific for the WD bacterium in 25 of 38 wastewater
samples from 5 different sewage treatment plants in the
area of Heidelberg, Germany. This original finding pro-
vided the first evidence showing the environmental pres-
ence of T. whipplei within a polymicrobial flora and
suggested an environmental source for the infection in
which the ingestion of contaminated foods or water could
be the route of acquisition. This is consistent with the
phylogenetic classification of the bacterium. In contrast,
some authors suggested that T. whipplei might be part of

49,50
25 However,

the commensal flora of the intestines.
because the specificity of PCR techniques for the detec-
tion of WD bacterium has been questioned,”’ more
studies are necessary to clarify this important epidemio-

logic aspect of the WD infection.

Host Immunologic and
Nonimmunologic Defects

WD disease is a systemic disorder in which the
possibility of a defective immune response has been
raised.”® There are still key questions. Do these abnor-
malities precede the infection, or are they a consequence
of the nutritional compromise? Are these immunologic
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defects nonspecific alterations, or are they specifically
directed against the T. whipplei? Contradictory immuno-
logic findings have been reported. A genetic predisposi-
tion was formerly suggested on the basis of the high
prevalence of some clinical characteristics (arthropathy),
but not on epidemiologic data. The genetic susceptibil-
ity was related to the presence of the histocompatibility
antigen HLA-B27. Dobbins’* reported the presence of
HLA-B27 in 28% of 47 patients collected compared to
a 10% prevalence in the general population. Feurle et
al.*® detected 4 HLA-B27 positive cases among 9 unre-
lated WD patients. In contrast, we reported a low prev-
alence of the antigen in a series of 14 patients with WD
(8%) compared with 4% in the control population; fur-
thermore, there was no significant association with other
class T and class II HLA antigens.”"”> Therefore, the
potential genetic host predisposition for WD remains
unclear and requires new and more extensive genetic
studies.

Evidence strongly supports that humoral immunity is
not abnormal in patients with active infection, and if
present, defective humoral immunity results from mal-
nutrition.'” Patients show normal immunoglobulin lev-
els, secretory components, serum complement both be-
basis of the
identification of the specific antigen, serum IgM and IgG

fore and after treatment. On the
antibodies against T. whipplei were recently detected by
using immunofluorescence.”” This finding strongly ar-
gues against the presence of tolerance to the bacterium
which had been suggested by the presence of living
bacteria in affected tissues.

Several features of the histopathological response in
WD are generally assumed to result from a defective
cell-mediated immune function. Abnormal delayed-type
hypersensitivity reactions to different antigens have been
documented (Table 3). Immunohistologic assessment has
shown no lymphocytic and plasma cell infiltration in
affected tissues.”” In contrast, there is a proliferation of
mature T-cell subpopulations (predominantly CD8™)
and increased cell-activation markers.”* Most early stud-
ies have shown a reduced proliferative response of pe-
ripheral T cells to phytohemagglutinin, concanavalin A,
and other mitogens, not only before treatment but also a
long time after remission produced by a successful anti-
biotic treatment.’> The presence of bacteria living and
multiplying in the cytoplasm of macrophages has sug-
gested that the function of the mononuclear-macro-
phagic/phagocytic system is abnormal.’® This family of
cells widely distributed throughout the body has a well-
defined function in the defense against microorganisms,
especially intracellular ones. Early studies on the nonspe-
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Table 3. List of Some of the Most Common Cell-Mediated
Immune Defects Found in Patients With Active
Whipple’s Disease

Impaired cutaneous response to antigens
Tuberculin
Candida
Trichophyton
Histoplasmin
Mumps
Streptokinase-streptodornase
Dinitrochlorobenzene
T-cell-dependent factors
Impaired T-cell proliferative response
Reduced CD4/CDS8 ratio
Impaired T-helperl response (interferon-y, IL-2)
A shift of T-helper2 response (IL-4)
Macrophage-dependent factors
Reduced production of IL-12
Reduced expression of CD11B
Normal phagocytosis
Impaired killing function
Impaired degradation

cific function of macrophages in WD patients have con-
cluded that these cells express normal phagocytosis but
severely impaired degradation of foreign material.”’ In-
terestingly, these phenomena were detected in patients
with active disease (both before treatment and relapses)
A dysregulated
T-helper1/T-helper2 response has been documented in
both peripheral and mucosal T cells.’® A low production
of IL-12 by macrophages and a low T-helperl response
affecting interferon-y and IL-2 secretion have been sug-
gested as factors involved in the abnormal immunity.”®

. .. 16
and a long time after remission.

Other features potentially involved in the immunologic
disturbance associated with WD are summarized in Ta-
ble 3. In general, it is accepted that the suspected defec-
tive immune response might be subtle and quite specific
for the etiologic agent because patients are not predis-
posed to other infections both in the acute phases of the

.58 . . .
>>8 Burther studies involving a

disease and in remission.
greater number of patients will add substantial informa-
tion to the exact mechanism(s) involved in the patho-

physiology of the WD infection.

Diagnosis
Clinical Suspicion of Whipple’s Disease

In general, the onset of WD is insidious, and it
often takes several years until overt disease is present and
a definitive diagnosis can be made. Very often, polyar-
thralgias and low-grade persistent fever are the main or
only symptoms detected during the prediagnostic per-
iod.>® On the other hand, a characteristic of the natural
history of the disease before treatment is a chronic re-
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lapsing course in a high proportion of patients. Even
though most patients have severe clinical compromise,
physicians must be alert to cases with minimal symp-
tomatology. When gastrointestinal symptoms occur, di-
agnosis is more accessible; gastrointestinal manifesta-
tions were irrelevant or absent in almost 15% of patients
reported.'” A more profound analysis of clinical features
is detailed in the clinical manifestation section of this
review.

Laboratory Findings

There are no specific laboratory abnormalities in
WD. Most findings suggest a chronic inflammatory state
and malabsorption. Anemia is present in most patients.®
Thrombocytosis with other features associated with hy-
posplenism was seen in active WD and a long time after
successful antibiotic treatment. Other common findings
are increased erythrocyte sedimentation rate, hypoalbu-
minemia, and high C-reactive protein level. Culture of
the WD bacterium led to new diagnostic tools such as a
serologic test for easier diagnosis. Thus, Raoult et al.*’
have recently developed an immunofluorescence test for
IgG and IgM antibodies on a monolayer cell substrate.
They detected IgA antibodies in 100% of WD patients
and 75% of control subjects.’” In contrast, IgM antibod-
ies had a moderate sensitivity (78%) but a very high
specificity (93%). Titers above 1:400 were specific for
WD. The low specificity might reflect impurities of
methods and the presence of immunologic cross-reactiv-
ity by other microorganisms including the ubiquitous
distribution of virulent and nonvirulent strains of the
WD bacterium. Large-scale studies could help to clarify
this topic.

Images

Small bowel contrast radiology can show nonspe-
cific findings characteristic of mucosal and submucosal
infiltration®® (Figure 1). Abdominal computed tomogra-
phy might show thickening of small bowel folds, mes-
enteric and retroperitoneal lymphadenopathies, ascites,
hepatomegaly, and splenomegaly. These findings are not
specific for WD. Brain computed tomography scan can
be normal or reveal cerebral atrophy, hydrocephalus, or
focal lesions.

Endoscopic Findings

Because endoscopy is used as a very simple and
useful tool for the diagnosis of most malabsorptive dis-
orders, evaluation of the mucosa of the distal duodenum
and the collection of mucosal samples for histologic
assessment are of major importance in diagnosis of WD.
The first description of endoscopic markers of WD was
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Figure 1. Small bowel follow-through in a patient with active WD
showing thickened folds in the jejunum (Kerckring’'s folds). Some
folds show a nodular tip as shown by the arrow. These characteristics
are produced by the macrophage infiltration of the lamina propria,
lymphangiectasias, and edema.

published by Spanish authors in a non—English language
journal almost 3 decades ago.®" Several endoscopic find-
ings have been described with active mucosal WD. Non-
specific features such as thick Kerckring’s folds, erosions,
and erythematous mucosa are commonly detected in the
distal duodenum of WD patients.® Perhaps the most
suggestive marker is the presence of multiple whitish-
yellow small plaques diffusely distributed in the intesti-
nal mucosa (Figure 2). Sometimes these plaques can have
a patchy distribution. Very rarely, similar findings can be
detected in the colonic mucosa. This finding is not
pathognomonic of WD and can also be detected in other
diffuse disorders such as intestinal lymphangiectasia and
Waldenstrom'’s disease (Maurifio E, Bai JC, unpublished
observations, August, 1984). Treated patients recover
normal endoscopic appearance usually within 6 months

after onset of antibiotics.®?

Morphologic Observations

The great majority of patients with WD have
involvement of the proximal intestine and lymphatic
drainage, and duodenal biopsy is the diagnostic proce-
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dure of choice.>®®*®* Furthermore, atypical patients
without gastrointestinal symptoms often have intestinal
involvement. The most relevant microscopic finding is
the presence of foamy-apparent vacuole macrophages in-
filtrating the lamina propria and staining PAS-posi-
tive? H14:15:33:65-69 (Figure 3). With optical microscopy,
intestinal villi are thickened and clubbed, distorted by
the macrophage cell infiltration of the lamina propria.
These PAS-positive vacuoles contain collections of fine
rod-shaped particles corresponding to intact or partially
degraded bacteria. By using the PAS stain, the tinctorial
characteristics of the 2 seminal cases were retrospectively
studied, confirming the diagnosis of WD.*”*°® Further-
more, bacterial material and staining can also be shown
inside other cells (e.g., intraepithelial lymphocytes, epi-
thelial cells) and in the interstices of macrophages. Such
infiltration has been found in every involved tissue and
has been shown to be negative for Ziehl-Neelsen staining
for acid-resistant microorganisms. Both tinctorial char-
acteristics are suggestive of WD but not pathognomonic.
Although PAS-positive staining is also detected with

Figure 2. Characteristic endoscopic findings in the distal duodenum
showing thick intestinal folds with multiple whitish-yellow small
plaques diffusely distributed in the intestinal mucosa.



856 BAI ET AL.

Figure 3. PAS-positive staining of a duodenal biopsy showing part of
a villous structure exhibiting the lamina propria infiltrated by macro-
phages (histiocytes) filled with PAS-positive inclusions from a patient
with WD. The intestinal epithelium shows as preserved. Original mag-
nification 1000 X.

other predominant intracellular infectious agents such as
Rhodococcus equi, Histoplasma capsulatum, Bacillus cereus,
and others,®'* only Mycobacterium avium-intracellulare in
patients with acquired immunodeficiency syndrome can
present a practical problem in the differentiation from
WD bacterium. In this context, Ziehl-Neelsen staining
is very useful in discriminating WD bacterium (negative
staining) from M. avium-intracellulare, which is acid-fast
positive.”® PAS-positive staining is also detected in some
rare noninfectious disorders such as intestinal histiocy-
tosis, sarcoidosis, Gaucher’s disease, and berylliosis.8 The
intensity of infiltration by macrophages is variable, with
patients with malabsorption presenting most dense
staining located in more superficial mucosal areas. On
the other hand, infiltration of the lamina propria can be
scanty infiltration and is sometimes limited to the sub-
mucosal layer.””®’" This is often associated with a lack of
gastrointestinal symptoms. Dilated lymphatic vessels are
very commonly associated with moderate to severe intes-
tinal involvement and lymphatic obstruction. Both the
presence of superficial dilated lymphatic vessels and the
deposition of lipid droplets in the interstitium at the tip
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of villi seem to be responsible for the characteristic
endoscopic appearance.’®

Electron microscopy showed that the PAS-positive
material has very typical characteristics considered spe-
cific of the bacterium. The material consist of live and
partially degraded microorganisms presenting a charac-
teristic trilamellar wall appearance (the plasma mem-
brane, a thin homogeneous wall, and a plasma mem-
brane—like structure)’> >’ (Figure 4). The size of bacteria
varies between 1-2.5 wm by 0.25 wm, and bacteria can
be located both intracellularly (in the cytoplasm of cells
from the intestinal epithelium, blood cells, intraepithe-
lial lymphocytes, plasma cells, mast cells) and extracel-
lularly. Detailed observation of infected samples can
detect bacteria in the process of binary division, which
suggests intracellular viability of the agent.’

Granulomas with epithelioid cells can be detected in
the small bowel mucosa, spleen, liver, and lymph nodes,
which in some circumstances might not stain positive for
PAS.'”’? The development of anti—T. whipplei antibod-
ies led to immunohistochemical diagnosis of the bacillus
a highly specific, sensitive, and very useful method both
during active infection or in a retrospective assessment.’”
Furthermore, by using a polyclonal rabbit anti—T. whip-
plei antibody the same group of researchers was able to
diagnose WD in circulating blood monocytes.’”

Polymerase Chain Reaction Analysis for
Diagnosis

The advent of PCR gene amplification has aided
diagnosis of WD,”®?? with very high sensitivity and
specificity.*”*® However, some laboratories have re-
ported a number of potential false-positive results from
control individuals without clinical evidence of WD or
PAS-positive staining in samples.®'*7** % Several

Figure 4. Electron micrograph of a tissue sample (duodenal biopsy)
of a patient with untreated WD illustrating a macrophage showing the
characteristic trilamellar wall appearance of T. whippeli.
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gene sequences are available, and it was recommended
that a definitive diagnosis in atypical cases requires the
use of at least 2 PCR tests based on primers obtained
from 2 different genes to avoid false-positive results.'*
PCR-based diagnosis still requires more experience;
meanwhile, results must be interpreted with caution.

Guidance for Diagnosis

In classic WD, the diagnosis must be established
on the basis of clinical features (symptoms and signs,
images, and endoscopic markers) and histologic findings.
In most cases with classic clinical features, the presence
of foamy-appearing vacuoles in the cytoplasm of macro-
phages infiltrating the small intestinal lamina propria or
samples from infected tissues makes it mandatory to
proceed to both PAS and Ziehl-Neelsen stains. If samples
depict the characteristic PAS-positive Ziehl-Neelsen—
negative staining, there is a very strong suspicion of WD.
Confirmatory tests depend on the availability of more
sophisticated tools. The ideal test is electron microscopy
of samples with the identification of the characteristic
trilamellar cell wall appearance. PCR-based tissue assay
has been shown to be more sensitive than other studies.
However, PCR test is expensive, has the potential risk of
DNA cross-contamination, and is technically demand-
ing, requiring experienced clinical microbiology labora-
tories and use of more than 1 primer. In the future,
application of immunohistochemistry by using specific
antibodies should be of great value. Although not yet
widely available, serology tests could also offer useful
tools for screening.

Atypical forms of WD are considered difficult to
diagnose because of unusual clinical presentation and no
notable gastrointestinal symptoms. Sampling of infected
tissues (e.g., CNS, endocardium, mediastinal nodules) is
mandatory but in some circumstances impractical. De-
spite absence of macroscopic or microscopic involvement,
intestinal biopsy is an easy form of access to a potential
infected tissue, allowing a PCR analysis to detect
genomic material of T. whipplei.'” When all these con-
firmatory tests are not available, a clinical trial with
antibiotics might be very useful.

Treatment

The therapeutic goal in all patients with WD is to
eradicate the infection and to avoid relapses. Until the
1950s, the disease was incurable, and most patients died
of the disease.® Paulley’® was the first to report the
successful treatment of WD with the use of chloram-
phenicol and opened a new era in the understanding of
the pathogenesis and treatment of the disease. Since then,
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Table 4. Estimation of Effectiveness and Relapses in the
Most Recommended Antibiotic Combinations for
Treatment of Whipple’'s Disease During the Last

2 Decades
Relapses
Antibiotic combinations Effectiveness Systemic CNS
PCN + STM + TMP-SMX +4++ +/++ 0
TMP-SMX +++ +/++ 0
CPP + TMP-SMX? + 444 ?a 22
CBP + TMP-SMX? +4+2 ?d ?a

PCN, penicillin; STM, streptomycin; TMP, trimethoprim; SMX, sulfa-
methoxazole; CPP, third-generation cephalosporin (ceftriaxone); CBP,
carbapenem (imipenem or meropenem); +++, very effective in the
active phase; +/++, low rate of relapses but still significant; ?, still
not known.

@European Project on Whipple’s Disease: No final data were report-
ed4, http://www.whipplesdisease.info).

a variety of antibiotics and different schedules were suc-
cessfully used. Thus, patients have shown rapid improve-
ment in their clinical status within a few days of starting
treatment.

The selection of antibiotics and duration of treatment
have been a matter of debate, and remain largely empiric
due to the lack of scientifically randomized, double-blind
studies comparing different antibiotic regimens. The
ideal antibiotic requires proven effectiveness, very low
primary resistance, administration for a period long
enough to destroy surviving bacteria, and adequate pen-
etration of the blood-brain barrier. The first and more
frequently used antibiotics were tetracycline and penicil-
lin, either alone or in combination schedules.”*”> Due to
the very high prevalence of relapses with such antibiot-
ics, each used alone was considered inadequate therapy
for WD. Until the 1980s, many patients were treated
with a 2-week course of IV penicillin plus streptomycin
followed by oral tetracycline,”®’> but there was a high
rate of relapses (35%) and CNS compromise (14%) or
relapses.”” A retrospective analysis from many case re-
ports and several patient series has shown that the most
commonly used schedule associated with clinical success
and low risk for relapses is the combination of penicillin
G (1.2 million units/day IM) and streptomycin (1 g/day
IM) and/or a third-generation cephalosporin for 2 weeks
followed by the administration of trimethoprim-sulfame-
thoxazole (TMS, 160 mg/800 mg, 2 times a day) for at
least 1 yearm’15 (Table 4).

Many investigators claim that the duration of the
treatment correlates with the length of remission.”” "¢
This topic remains controversial.”””’® Given the poten-
tially dangerous CNS relapse and the evidence of silent
neurologic compromise, longer and more adequate ther-
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apy is necessary until further evidence defines the opti-
mal treatment strategy.’® Several antibiotics have been
proposed as second line regimens in cases of primary
resistance or intolerance to some drugs. It is evident that
the availability of culture will allow exploration of the
susceptibility of the bacterium and, thus, to attempt
more adequate regimens. Resistant cases have been
treated with cephalosporins or fluoroquinolones, and the
concomitant use of interferon-y was also proposed.’”
Supportive measures should be similar to those of other
malabsorptive disorders.

Recent insights on the pathophysiology may impact
the future of treatment of WD. The fact that intracellu-
lar survival of T. whipplei requires acidic environment has
suggested that manipulating the intravacuolar pH might
constitute a potential approach for the treatment of
WD.*” In the experimental context, the treatment of
HelLa cells with ammonium chloride, chloroquine, or
bafilomycin Al increased the vacuolar pH and promoted
the killing of T. whipplei” At present, TMS is the
preferred antibiotic because of the very low rate of re-
lapses and the effect beyond the blood-brain barrier. A
very recent report, based on the genomic analyses of T.
whipplei, questioned the rationale of the use of TMS
because it does not target tetrahydrofolate biosynthesis in
the bacterium.®°

Strategies in the Follow-up of Patients

It has been suggested that treatment should be
followed until histologic or PCR evidence of WD bac-
terium is not present.'*'> However, this might takes
months or even years. Thus, for those cases followed with
PAS staining on biopsies, the tinctorial characteristic
might remain in macrophages for several years, despite
the fact that the bacterium is not viable (because of the
abnormal degradation by phages).””””” This finding is
clear evidence of defective degradation by the macro-
phages.>>%>7 The former recommendation contrasts
with reports of cases treated for a short period of time in
which persistence of PAS-positive material in post-treat-
ment biopsies was the rule, but relapses were not present
in excess.”””’® Further studies are needed to provide new
avenues and alternatives for treatment of WD.

Conclusions

WD is an extremely interesting infectious sys-
temic disorder. The increased attention to this condition
in recent years has led to a greater understanding and
awareness of the disease by the medical community.
Classic patients have predominantly gastrointestinal
manifestations. Extraintestinal manifestations are pro-
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tean, and when not associated with intestinal symptoms,
the diagnosis might be difficult. The diagnosis of WD
often requires endoscopic biopsy of the duodenal mucosa
showing the characteristic PAS-positive macrophage in-
filtration. Electron microscopy and PCR assay are con-
firmatory tests especially useful in atypical cases. Use of
antibiotics has a major impact on outcome with clinical
response being more dramatic than the histologic re-
sponse. More studies are required to better define the
habitat of the bacterium, mode of transmission, and
factors associated with host predisposition. Furthermore,
it is also necessary to improve diagnostic tests, to eluci-
date pathogenesis, and to establish the best treatments
for CNS involvement and avoid relapses.
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