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Whipple’s disease is a chronic multisystemic infection caused by Tropheryma whipplei that is characterized
by arthritis, weight loss, and diarrhea. The immunological defects in the duodenal mucosa, the site of major
replication of the agent underlying the pathogenesis of Whipple’s disease, are poorly understood. Mucosal
immunoglobulins are essential for the defense against intestinal pathogens; therefore, we analyzed the B-cell
response in duodenal specimens and sera of Whipple’s disease patients. Whereas systemic immunoglobulin
production was affected only marginally, duodenal biopsy specimens of Whipple’s disease patients contained
reduced numbers of immunoglobulin-positive plasma cells and secreted less immunoglobulin compared to
healthy controls but showed a weak secretory IgA response toward T. whipplei. This T. whipplei-specific
intestinal immune response was not observed in controls. Thus, we were able to demonstrate that general
mucosal immunoglobulin production in Whipple’s disease patients is impaired. However, this deficiency does
not completely abolish T. whipplei-specific secretory IgA production that nonetheless does not protect from
chronic infection.

Whipple’s disease is a chronic multisystemic infection
caused by Tropheryma whipplei (15, 18). The major clinical
manifestations of Whipple’s disease are arthritis, weight loss,
and diarrhea that resolve upon antimicrobial treatment (15).

Immunoglobulins, especially IgA, are a major defense mech-
anism against infections at mucosal surfaces. IgA is secreted
into the gut lumen, where it binds infectious agents, thereby
blocking their adhesion and entry into the mucosa (9). More-
over, IgA is able to eliminate pathogens from the lamina pro-
pria and even binds viral proteins before assembly in the epi-
thelial cells (8).

The local immunological defects underlying the pathogene-
sis of Whipple’s disease are poorly understood, and data on
mucosal humoral immunity are lacking. We have shown that in
the duodenum of Whipple’s disease patients the numbers of T
cells and unspecific and T. whipplei-specific Th1 reactivity are
reduced compared to healthy controls, and that macrophages
are alternatively activated (3, 10, 13, 14). Thus, secretory im-
munity may be also impaired, since Th1 cells play a crucial role
in mucosal B-cell differentiation (9). In addition, T. whipplei
acquires a glycoproteic biofilm that might inhibit the specific
humoral immune response (1). Indeed, in serum samples of
Whipple’s disease patients, reduced total IgG2 (11) and T.
whipplei-specific IgG and IgM have been detected, whereas

T. whipplei-specific IgA is enhanced compared to healthy
persons (2).

However, nothing is known about the quantitative produc-
tion of immunoglobulins and the specificity of secretory IgA in
the duodenal mucosa of Whipple’s disease patients, the site of
major replication of the pathogen. Thus, we quantified sys-
temic and duodenal production of immunoglobulins and de-
termined T. whipplei-specific secretory IgA in the supernatants
of short-term cultured duodenal biopsy specimens to charac-
terize mucosal B-cell immunity in Whipple’s disease.

MATERIALS AND METHODS

Patients. We studied specimens from a total of 82 Whipple’s disease patients
(17 women, 65 men; median age, 57.0 years [range, 41 to 83 years]). Most of the
patients (n � 77) were treated for 14 days with intravenous ceftriaxone or
meropenem, followed by oral sulfamethoxazole/trimethoprim; only five patients
were treated with other regimens (two with cotrim only, one with doxycycline
only, one with doxycycline followed by ceftriaxone and cotrim, and one with
various antimicrobials finally followed by recombinant gamma interferon). Sera
were collected from 69 patients (15 women, 54 men; median age, 57.0 years
[range, 41 to 83 years]) and stored at �70°C until assay. Biopsy specimens were
collected from 27 patients (1 woman, 26 men; median age, 59.0 years [range, 41
to 83 years]) undergoing upper endoscopy for diagnosis or therapy control. Sera
were collected from 32 healthy subjects (13 women, 19 men; median age, 49.0
years [range, 27 to 75 years]). Biopsy specimens were obtained by endoscopy
from 31 control subjects (6 women, 25 men; median age, 51.5 years [range, 32 to
81 years]) who had no visible abnormalities at histological examination. This
study was approved by the local ethics committee, and all participants gave
written consent.

Immunohistochemistry. Immunostaining on paraffin sections was performed
as previously described in duodenal biopsy specimens from 21 Whipple’s disease
patients (2 untreated and 13 patients during/after treatment and 6 patients
matched before and during/after treatment) and 10 healthy subjects (14). The
primary antibodies were mouse anti-human-plasma cell (clone MUM1p; Dako,
Hamburg, Germany) and rabbit anti-human-IgA, IgG, and IgM (all from Biozol,
Eiching, Germany). Stains were visualized by using donkey anti-mouse or donkey
anti-rabbit biotin (Dianova, Hamburg, Germany), streptavidin-alkaline phos-
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phatase (Dako), and Fast red (Dako). Counts of plasma cells and immunoglob-
ulin-positive cells were determined from three biopsy specimens per sampling as
the mean cell count of 10 high-power fields (hpf) of 0.237 mm2 each.

Short-term culture of intestinal biopsy specimens. Culture supernatants of
duodenal biopsy specimens were prepared as described below and stored at
�70°C until assay (14, 16). Briefly, biopsy specimens were immediately placed in
phosphate-buffered saline (PBS), washed, weighed, and incubated in RPMI 1640
medium (Gibco-BRL, Berlin, Germany) containing 100 U of penicillin/ml, 100
�g of streptomycin/ml, and 2.5 �g of amphotericin/ml (all from Seromed Bio-
chrom KG, Berlin, Germany) without further additives for 48 h at 37°C in a
humidified 5% CO2–70% O2 air atmosphere. Supernatants were stored at �70°C
until assay.

Quantification of immunoglobulins. IgG1, IgG2, IgG4, IgA, and IgM were
quantified with a cytometric bead array (BD, San Diego, CA) according to the
manufacturer’s protocol from biopsy specimen supernatants from 22 healthy
subjects and 23 Whipple’s disease patients (17 during/after treatment and 6
matched before and during/after treatment) and sera from 32 healthy subjects
and 69 Whipple’s disease patients (27 before treatment, 26 during/after treat-
ment, and 16 matched before and during/after treatment).

Western blot analysis. T. whipplei-specific secretory IgA was determined by
using Western blot analyses from biopsy specimen supernatants of nine treated
Whipple’s disease patients and eight healthy subjects. The total levels of T.
whipplei-specific IgA and IgG from sera and biopsy specimen supernatants were
determined and served as a positive control for the Western blots. Protein
separation and blotting of native T. whipplei lysates was performed as described
previously (5). Blots were blocked overnight at 4°C with PBS containing 0.1%
Tween (PBST) and 5% dry milk, followed by 1 h of incubation at room temper-
ature with biopsy specimen supernatants or sera. IgG and IgA was detected with
peroxidase-coupled mouse anti-human IgA (clone GA112) and IgG (clone
HP6017), respectively (both from Invitrogen, Karlsruhe, Germany). Secretory
IgA was detected with mouse anti-human secretory IgA (clone SC-05; Acris,
Herford, Germany) and goat anti-mouse peroxidase (Dianova). Blots were de-
veloped for 5 min at room temperature with ECL substrate (Sigma-Aldrich,
Germany) and exposed to films. Supernatants and antibodies were diluted with
PBST containing 2% dry milk, and blots were washed with PBST.

Statistical analysis. Quantitative parameters are presented as medians and
standard deviations and as individual data points with medians and interquartile
ranges, respectively. The data were analyzed with the GraphPad Prism4 software
package by means of the Mann-Whitney test or Fisher test. P values of � 0.05
were considered significant.

RESULTS

Immunoglobulins in sera. In sera, the concentrations of IgA,
IgG1, and IgG4 were similar in treated and untreated Whip-
ple’s disease patients and controls (data not shown). IgG2 was
similar in the sera of treated Whipple’s disease patients
(46.6 � 11.5 ng/ml) and healthy subjects (51.2 � 9.2 ng/ml) and
reduced in untreated patients (44.4 � 9.9 ng/ml) compared to
healthy subjects (P � 0.0009 [Mann-Whitney test]). The con-
centration of IgM was 9.5 � 5.0 ng/ml for healthy subjects and

was enhanced in both untreated (14.4 � 6.3 ng/ml, P � 0.0003
[Mann-Whitney test]) and treated (12.7 � 7.8 ng/ml, P � 0.032
[Mann-Whitney test]) Whipple’s disease patients.

Plasma cells in duodenal biopsy specimens. The total num-
bers of plasma cells were 81.9 � 10.5 cells/hpf in biopsy spec-
imens of the duodenal mucosa of healthy subjects. The total
numbers of plasma cells were reduced in the biopsy specimens
of untreated (54.5 � 21.4 cells/hpf, P � 0.0001 [Mann-Whitney
test]) and comparable to healthy controls in treated Whipple’s
disease patients (78.2 � 20.5 cells/hpf). The total numbers of
IgA� (Fig. 1), IgG� (data not shown), and IgM� (data not
shown) plasma cells were reduced in the duodenal mucosa of
untreated and treated Whipple’s disease patients compared to
healthy controls.

The relative frequencies of immunoglobulin-positive plasma
cells were determined to exclude the possibility that the re-
duced absolute number of plasma cells positive for the respec-
tive immunoglobulins just reflects a diminished total number
of all plasma cells. This also illustrated that the relative fre-
quency of IgA�, IgG�, and IgM� cells among all plasma cells
was reduced in untreated and treated Whipple’s disease pa-
tients compared to healthy subjects (Fig. 2).

Immunoglobulins in biopsy specimen supernatants. The
concentration of IgA, IgG2, and IgM was reduced in biopsy
specimen supernatants of treated Whipple’s disease patients
(Fig. 3); the concentration of IgG4 was also reduced (data not
shown), while the concentration of IgG1 was similar compared
to healthy subjects (data not shown).

Data on supernatants of duodenal biopsy specimens are only
presented for treated Whipple’s disease patients. The data of
untreated Whipple’s disease patients were similar compared to
treated patients and healthy controls. However, this may be
due to the low number of samples from untreated patients
available (n � 6).

T. whipplei-specific secretory IgA in biopsy specimen super-
natants. Secretory specific IgA against native T. whipplei was
only detected in the supernatants of duodenal biopsy speci-
mens in one of eight healthy subjects but was detected in all of
nine Whipple’s disease patients tested (P � 0.0004 [Fisher
exact test]) (Fig. 4). In six patients only a 110-kDa T. whipplei
antigen was reactive with the supernatant; in three patients
additional bands of 100, 85, and 75 kDa, respectively, were
detected. Overall, the immune reaction of biopsy specimen

FIG. 1. Immunoglobulin production in duodenal biopsy specimens of Whipple’s disease patients compared to healthy subjects, as evidenced by
exemplary immunostaining of IgA (colored in red). (A) High number of IgA� plasma cells in a healthy control; (B and C) low number of IgA�

plasma cells in a Whipple’s disease patient before the start of treatment (B) and in the same Whipple’s disease patient after 6 months of
antimicrobial treatment (C).
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supernatants was quite weak compared to the reactivity of sera
and not easy to detect (Fig. 4).

DISCUSSION

Whipple’s disease is characterized by a massive infiltration
of T. whipplei in the duodenal mucosa. Despite the accumula-
tion of the pathogen, evidence for duodenal inflammation is
lacking (14), general Th1 reactivity is reduced (10), and T.
whipplei-specific Th1 cells are absent in the peripheral blood
and the duodenal mucosa (13). In contrast, a T. whipplei-
specific systemic B-cell response can be detected (1, 2, 5).
Whipple’s disease is associated with the HLA-DRB1*13 and
DQB1*06 genotypes (12) that preferentially might present an-
tigenic epitopes to stimulate a humoral response instead of
cellular immune reactions.

However, nothing is known of the specific secretory mucosal
immune response, which is regarded more relevant for the
defense against intestinal pathogens (8, 9). In the present study
we found a discrete T. whipplei-specific secretory IgA response
in supernatants of duodenal biopsy specimens from Whipple’s
disease patients that was not detected in healthy controls.
Since no CD154 expression on CD4� T cells can be detected in

the peripheral blood following T. whipplei-specific stimulation
(our unpublished data), not only T. whipplei-specific Th1 cells
(13) but also Th cells specific for T. whipplei in general seem to
be lacking in Whipple’s disease patients (7). Thus, it remains
unclear why a specific secretory immune response is possible
despite the absence of T. whipplei-specific CD4� Th cells in the
peripheral blood. However, the secretory immune response
was weak, and perhaps T. whipplei-specific T-cell help is pro-
vided in adjacent lymph nodes, at least in the initial phase of
the infection, enabling the priming of T. whipplei-specific B
cells so only the systemic spread of T. whipplei-specific Th cells
is obviated. The presence of predominant Th2 cytokines (10)
and of a clear systemic T. whipplei-specific humoral immunity
(2, 5) support this idea. Alternatively, T. whipplei-specific T-cell
help might be circumvented in Whipple’s disease patients, re-
sulting in only a sparse mucosal B-cell activation. Antigen
presentation through HLA alleles associated with Whipple’s
disease (12) and alternatively activated macrophages might
play a role (3, 14) and possibly, T. whipplei-specific secretory
IgA can be produced independently of Th1 help as shown
before for virus-specific secretory IgA in mice (6) and for
salivary secretory IgA in children (17).

FIG. 2. Percentage of immunoglobulin-producing plasma cells among all plasma cells in duodenal biopsy specimens from Whipple’s disease
(WD) patients and healthy controls as determined by immunohistochemistry. (A) Percentage of IgA� plasma cells; (B) percentage of IgG� plasma
cells; (C) percentage of IgM� plasma cells. Individual values, medians, and interquartile ranges are shown, and P values were determined by using
the Mann-Whitney test.

FIG. 3. Immunoglobulin concentrations in supernatants of duodenal biopsy specimens obtained from healthy subjects and Whipple’s disease
patients during or after antimicrobial treatment. (A) IgA; (B) IgG2; (C) IgM. Individual values, medians, and interquartile ranges are shown, and
P values were determined by using the Mann-Whitney test. WD, Whipple’s disease.
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Immunoglobulins in the serum were marginally affected in
Whipple’s disease patients: the concentrations of only IgG2
were reduced, and the primary immunoglobulin IgM was en-
hanced in sera of both untreated and treated Whipple’s disease
patients compared to healthy controls. This indicates that ini-
tial humoral immune responses take place, whereas an im-
paired class switch might be a result of insufficient Th cell
activity specific for T. whipplei or the cytokine milieu generated
in the lymphoid tissues, where the priming of T. whipplei-
specific B cells might occur.

In contrast to peripheral immunoglobulins, IgG2, IgG4,
IgM, and IgA were secreted in reduced amounts by duodenal
biopsy specimens of Whipple’s disease patients compared to
controls. This is in agreement with our immunohistological
findings, which clearly show reduced absolute numbers and
percentages of IgG�, IgM�, and IgA� plasma cells in the
duodena of Whipple’s disease patients compared to healthy
persons. This finding is also in accordance with a previous
study, which showed reduced percentages of IgA� plasma cells
in duodenal biopsy specimens of Whipple’s disease patients
(4). Combined with the reduced amounts found for IgG2 in the
sera of Whipple’s disease patients, this is in line with the lack
of T-cell help discussed above.

In conclusion, we were able to demonstrate that general
mucosal immunoglobulin production in Whipple’s disease pa-
tients is impaired but that this deficiency does not completely
abolish T. whipplei-specific secretory IgA production. Nonethe-
less, secretory IgA production during Whipple’s disease is not
able to protect patients from chronic infection.
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FIG. 4. Western blot for T. whipplei-specific immunoglobulins. Ex-
emplary Western blots of T. whipplei-specific IgA (lane 1) and IgG
(lane 2) in the serum from a Whipple’s disease (WD) patient (positive
control), secretory IgA in biopsy specimen supernatants from three
healthy controls (lanes 3 to 5), and secretory IgA in biopsy specimen
supernatants from three Whipple’s disease patients (lanes 6 to 8).
Arrowheads indicate T. whipplei-antigens recognized by the respective
supernatants and sera used as positive controls. C1 to C3, healthy
subjects; WD1 to WD3, Whipple’s disease patients.
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