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“Classical” Whipple’s disease (cWD) is caused by Tropheryma whipplei and is characterized by arthropathy, weight loss, and
diarrhea. T. whipplei infectious endocarditis (TWIE) is rarely reported, either in the context of cWD or as isolated TWIE with-
out signs of systemic infection. The frequency of TWIE is unknown, and systematic studies are lacking. Here, we performed an
observational cohort study on the incidence of T. whipplei infection in explanted heart valves in two German university centers.
Cardiac valves from 1,135 patients were analyzed for bacterial infection using conventional culture techniques, PCR amplifica-
tion of the bacterial 16S rRNA gene, and subsequent sequencing. T. whipplei-positive heart valves were confirmed by specific
PCR, fluorescence in situ hybridization, immunohistochemistry, histological examination, and culture for T. whipplei. Bacterial
endocarditis was diagnosed in 255 patients, with streptococci, staphylococci, and enterococci being the main pathogens. T.
whipplei was the fourth most frequent pathogen, found in 16 (6.3%) cases, and clearly outnumbered Bartonella quintana, Cox-
iella burnetii, and members of the HACEK group (Haemophilus species, Actinobacillus actinomycetemcomitans, Cardiobacte-
rium hominis, Eikenella corrodens, and Kingella kingae). In this cohort, T. whipplei was the most commonly found pathogen
associated with culture-negative infective endocarditis.

Classical Whipple’s disease (cWD), first described in 1907, is
a chronic multisystemic infectious disease caused by Tro-

pheryma whipplei (31). The typical clinical manifestations of
cWD are weight loss, diarrhea, and polyarthralgia (33). Since
cWD is rare despite the ubiquitous presence of the pathogen in
the environment (21) and the frequent contact of healthy sub-
jects with T. whipplei (9, 27), immunological and genetic host
factors seem to predispose subjects to the manifestation of in-
fection (24, 27).

The spectrum of known manifestations of T. whipplei infec-
tions has expanded during past years. Besides patients with cWD,
T. whipplei has been detected in healthy carriers (9), in individuals
with symptomatic but self-limiting infections (30), and in patients
with chronic infections restricted to single organs (18). Infectious
endocarditis (IE) due to T. whipplei has been reported in the form
of case studies or small case series in more than 100 patients, some
of them with no signs of cWD (1–3, 5–8, 12–14, 17–19, 22, 23, 29,
34, 35). Since T. whipplei-induced IE (TWIE) often does not meet
the major clinical criteria for IE (8), diagnosis is achieved only
after invasive procedures by analysis of the explanted heart valves
using PCR, culture, and/or (immuno)histology (1–3, 5–8, 12–14,
17–19, 22, 23, 29, 34, 35). Due to the difficulties of diagnosis, no
systematic study on the incidence of TWIE has been performed to
date.

Here, we present an observational cohort study on the fre-
quency of TWIE at two university centers in Germany. During an
8-year period (2000 to 2007), 16 patients with TWIE—and among
those, 14 with isolated TWIE—were identified, which made T.
whipplei the most common pathogen associated with culture-
negative endocarditis.

MATERIALS AND METHODS
Study population and inclusion criteria. The three cohorts of patients
and the workflow of this observational study are displayed in Fig. 1. We
analyzed cardiac valves from patients with valve destruction that required
surgery for hemodynamic reasons and/or for the treatment of clinically
defined or suspected infective endocarditis (IE). Within this cohort, we
describe a total of 16 TWIE patients, 14 with isolated TWIE, only 3 of
whom were reported previously (12, 13, 22).

The 16 cases were identified at the University Hospitals of Erlangen
and Berlin (total of 1,135 patients) by analysis of explanted heart valves,
which had been sent to the microbiological diagnostic laboratories for
routine examination (Gram stain, culture, PCR, and, in Berlin, fluores-
cence in situ hybridization [FISH]). For all patients, valve replacement
was necessary due to clinical presentation and valve dysfunction. Cohort I
(Erlangen, from 2000 to August 2004) was comprised of 878 patients,
which were not selected for suspected IE and which represented 82% of all
valve resections performed. Cohort II (Erlangen, September 2004 to Jan-
uary 2007) consisted of 128 preselected patients with suspected or possible
IE (based on the clinical presentation of the patient and/or macroscopic
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appearance of the valves during surgery) (Fig. 1). Cohort III (Berlin, Jan-
uary 2001 to December 2006) included 129 patients with signs of IE. For
all patients with proven bacterial infection of the valve, data on clinical or
intraoperative signs of vegetations were collected in retrospect.

The diagnosis of IE in our setting was based on the analysis of cardiac
valve tissue that had been submitted for routine microbiological analysis
due to the following reasons: (i) clinical suspicion of IE according to Duke
criteria; (ii) the verification of IE by pathological examination, evidence of
IE by echocardiography (floating vegetations), and/or intraoperative de-
tection of macroscopically infected tissue; or (iii) destructed cardiac
valves that necessitated valve resection. The diagnosis of TWIE required
evidence of T. whipplei within the valve tissue by at least two independent
T. whipplei-specific molecular techniques and/or histological methods
and the absence of other IE-inducing pathogens. TWIE in the absence of
any other clinical symptoms of cWD (e.g., arthritis or gastrointestinal
signs) was defined as isolated TWIE.

Diagnostic procedures. (i) Culture of valve specimens. Valve speci-
mens were cultured on agar plates under aerobic (chocolate agar and
tryptone soya agar with 5% sheep blood [Oxoid, Cambridge, United
Kingdom]) and anaerobic (tryptone soya agar, 5% sheep blood, hemin,
and vitamin K [Oxoid]) conditions as well as in aerobic and anaerobic
liquid enrichment cultures. Grown bacteria were identified by an analysis
of their biochemical profiles using the Vitek 2 or API system (bioMérieux,
Nürtingen, Germany). In two cases, T. whipplei was cultured from snap-
frozen valve tissue in axenic medium as described previously (32).

(ii) PCR. DNA was extracted directly from explanted cardiac valve
tissue. Bacterial 16S rRNA genes were amplified by using broad-range
PCR (31) followed by sequence analysis. T. whipplei sequences were fur-
ther confirmed by one T. whipplei-specific PCR in Berlin (22) and by two
different T. whipplei-specific PCRs in Erlangen (23S rRNA gene and 16S-
23S rRNA intergenic spacer [12]). In both centers, PCR was followed by
sequence analysis and a GenBank BLAST search.

(iii) FISH. Valve specimens were fixed immediately after explantation.
Embedding, sectioning, and FISH was performed, as described previously
(22), with probe EUB338 for the broad-range detection of bacteria and
probe nonEUB338 to exclude nonsense hybridization. T. whipplei was
simultaneously detected with the species-specific probe RE-WHIP3 (5=-
TATTGCAACCCTCTGTACCA-3=). Actinomyces odontolyticus exhibit-
ing one mismatch at the probe-binding site was included in every exper-

iment as a negative control. Positive FISH results were confirmed by T.
whipplei-specific PCR (22) on adjacent tissue sections.

(iv) Histopathology and immunohistochemistry. Heart valves were
stained with hematoxylin-eosin (HE) and periodic acid-Schiff stain
(PAS). T. whipplei-specific immunohistochemistry (IHC) was performed
as described previously (19). Valves colonized by Enterococcus faecalis,
Staphylococcus epidermidis, Lactobacillus paracasei, Staphylococcus aureus,
and Streptococcus oralis served as negative controls.

RESULTS
Diagnosis of IE. In cohort I, 84 of 878 heart valves from unse-
lected patients (9.5%) were positive for bacteria, as detected by
bacterial 16S rRNA gene amplification and sequencing (Fig. 1). In
cohort II, 68 valve specimens (53.1%) derived from 128 patients
that were preselected for suspected or possible IE were positive by
PCR for causative bacteria. In cohort III, 103 valves from 129
patients with signs of IE were positive by PCR (79.8%), 66 of
which were confirmed by panbacterial, genus-, or species-specific
FISH. All FISH results were consistent with findings by 16S rRNA
gene amplification and sequencing.

Thus, between 2000 and 2007, for a total of 255 patients, bac-
terial colonization was diagnosed by comprehensive conventional
and molecular microbiological analyses of 1,135 cardiac valves.

Frequency of T. whipplei in IE. PCR and sequencing, FISH,
and culture of cardiac valve tissues revealed a spectrum of patho-
gens that are typically the main causes of IE, with streptococci,
staphylococci, and enterococci found in 93 (36.5%), 93 (36.5%),
and 30 (11.8%) of the 255 positive cases of cohorts I, II, and III,
respectively. Unexpectedly, T. whipplei was found in the valve tis-
sues from 16 of the 255 patients with bacterium-positive cardiac
valves (6.3%), without the detection of other bacteria (Fig. 1).
Within the subgroup of patients with clinically suspected IE (co-
hort II plus cohort III; 257 patients), T. whipplei was detected in 10
of 171 bacterium-positive valves (5.8%), thus at a rate similar to
that of the entire collection of explanted valves. Therefore, T.
whipplei was the fourth most common pathogen and the most

FIG 1 Details of the study cohorts.
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frequently detected fastidious pathogen of classical culture-
negative IE in our patients. Internal transcribed spacer (ITS) vari-
ants were determined for 11 cases of TWIE and revealed variants 1
(6 cases), 2 (4 cases), and 7 (1 case) (12).

Other pathogens known to cause blood-culture-negative IE,
such as Bartonella quintana, Coxiella burnetii, and bacteria of the
HACEK group, were identified in only three (1.2%), two (0.8%),
and two (0.8%) cases, respectively. Other pathogens identified
were Gram-negative rods in six cases (2.4%), Granulicatella-
Abiotrophia spp. in four cases (1.6%), Candida spp. in two cases
(0.8%), Propionibacterium acnes in two cases (0.8%), and as Lac-
tobacillus paracasei and Gemella haemolysans in one case each
(0.4%).

To compare the values from the different diagnostic methods,
we further analyzed the data from cohort I only. Within this group
of 99 patients with clinically diagnosed endocarditis, peripheral
blood cultures, PCR analyses, and cultures of valve tissue yielded
positive results in 26, 84, and 26 cases, respectively.

Verification of PCR results. To corroborate the unexpectedly
high incidence of T. whipplei infection, the detection of T. whipplei
was confirmed by specific PCR for all samples (Table 1) and, for 11
cases where sufficient material was available, by histological exam-
ination, periodic acid-Schiff stain (PAS), or T. whipplei-specific
immunohistochemistry, culture, and/or FISH.

Histology. To provide evidence for a causal link between the
presence of T. whipplei and the macroscopically observed valve
damage, histological analyses were performed. Inflammatory in-
filtrates with PAS-positive macrophages were seen in all 10 T.
whipplei-positive valves analyzed (Table 1 and Fig. 2C and D).
Nine valves exhibited polypoid vegetations (Fig. 2A), and seven
valves contained granulation tissue. One valve showed a fibrinous
exudate. Prominent fibrosis (10 valves) (Fig. 2B) and calcifications
(5 valves) pointed to previous degenerative valve disease.

Immunohistochemistry. Anti-T. whipplei immunostaining
revealed positive results for all 7 samples tested (Table 1 and Fig.
2E and F, where T. whipplei-infected cells are colored red in both
stainings). PAS and immunohistochemistry were negative for
valve specimens colonized with other bacteria.

FISH. T. whipplei-specific in situ hybridization which detects
rRNA of presumably living bacteria was positive for 1 out of 5
samples (patient 7) (Table 1) and showed T. whipplei in clusters
surrounded by fibrotic tissue (Fig. 2G and H, where T. whipplei
RNA is shown as orange fluorescence in the green autofluorescent
background of the tissue). For this FISH-positive sample, a con-
firmatory T. whipplei-specific PCR from adjacent sections was
positive.

Culture. T. whipplei was grown from 2 out of 4 samples in
axenic medium, as described previously (patients 10 and 11) (Ta-
ble 1) (32), although the tissue was not optimally preserved for
this purpose (e.g., tiny pieces stored frozen for �12 months).

Thus, the primary PCR-based diagnosis of TWIE was confirmed
by species-specific PCR in all 16 cases. Eleven cases of TWIE were
verified by additional tests: 10 cases by PAS (7 of these 10 cases were
also IHC positive, 1 was also FISH positive, and 1 was also culture
positive) and 1 additional case by cultivation of T. whipplei.

Clinical characteristics of patients with TWIE. The clinical
data prior to the valve explantation were recorded by using a stan-
dardized questionnaire with feedback from 15 of 16 TWIE pa-
tients. Patients with TWIE were 66.38 � 9.0 years old (mean �
standard deviation [SD]) at the time of diagnosis of TWIE. The
aortic valve was affected in 13 of the 16 TWIE cases, and the mitral
valve was affected in 3 cases.

Clinical symptoms and outcomes. Two of the TWIE patients
suffered from intestinal symptoms typically associated with cWD,
which was corroborated by a PAS-positive gastrointestinal biopsy
specimen (patients 15 and 16; 0.8% of all identified IE patients)

TABLE 1 Characteristics of TWIE patientsa

Patient Sex
Age at
diagnosis (yr) Valve

Presence of gastrointestinal
symptoms

Test result

PCR valve PAS valve T. whipplei IHC valve

1b M 69 AV Nege Pos Pos ND
2c M 76 AV/XE Neg Pos Pos Pos
3 M 65 MV Neg Pos Pos Pos
4 F 60 AV Neg Pos Pos ND
5 M 69 AV Neg Pos ND ND
6 M 72 AV Neg Pos ND ND
7d F 77 AV Neg Pos Pos Pos
8 M 63 AV Neg Pos Pos Pos
9 M 72 AV Neg Pos Pos Pos
10 M 46 AV Neg Pos ND ND
11 M 69 AV Neg Pos Pos Pos
12 F 57 MV Neg Pos Pos ND
13 M 56 AV Neg Pos Pos Pos
14 M 59 AV Neg Pos ND ND
15 F 79 AV Posf Pos ND ND
16 F 73 MV Posf Pos ND ND
a IHC, immunohistochemistry; M, male; F, female; AV, aortic valve; MV, mitral valve; XE, xenograft; ND, not determined, since no appropriate material was available; Pos,
positive; Neg, negative.
b Patient previously reported in a case report (13).
c Patient previously reported in a case report (12).
d Patient previously reported in a case report (22).
e PAS-negative duodenal biopsy specimens.
f PAS-positive duodenal biopsy specimens.
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(Table 1). Of 14 isolated TWIE patients without intestinal symp-
toms (5.5% of all identified IE patients), only one had a gastros-
copy, but no PAS-positive macrophages were detected in the du-
odenum (patient 1) (Table 1) (13).

Only one case of TWIE formally fulfilled the Duke criteria for
the diagnosis of IE prior to cardiac valve explantation (patient 11)
(Table 1). However, TWIE patients frequently suffered from val-
vular heart disease prior to the diagnosis of IE (13 patients; 87%),

FIG 2 Histology and FISH of exemplary heart valves of patients with isolated T. whipplei IE. (A and B) HE stainings; (C and D) PAS; (E and F) T. whipplei-specific immuno-
histochemistry; (G and H) FISH with the specific probe RE-WHIP3. (A) Polypoid vegetation. (B) Fibrotic valve with an infiltrate of foamy macrophages. (C and D) Red-stained
PAS-positive macrophages in the stroma. (E and F) Numerous T. whipplei-infected macrophages stained red (exemplary ones are marked with black arrowheads) (alkaline
phosphatase–anti-alkaline phosphatase [APAAP] method using Fast Red). (G) FISH with the specific probe RE-WHIP3 of the cardiac valve of a patient with isolated T. whipplei
IE. The overlay of the fluorescein isothiocyanate (FITC) and Cy3 filter sets shows clusters of T. whipplei FISH-positive cells (orange, with open arrowheads) in the green
autofluorescent background of the tissue. (H) Inset of panel G at a higher magnification. Fibrosis surrounding the bacteria is visible (bright green fluorescence and open arrows).
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whereas inflammatory arthritis (2 patients; 13%), chronic diar-
rhea (2 patients; 13%), fever (3 patients; 20%), and weight loss (2
patients; 13%) were only rarely observed. The outcome was fatal
for 5 of the 16 TWIE patients (Table 2), who either were
untreated (1 of 2 patients), received different antibiotic regimens
(1 of 3 patients), or were treated with ceftriaxone followed by
trimethoprim-sulfamethoxazole (SXT), as recommended for
cWD (3 of 11 patients).

DISCUSSION

The microbiological diagnosis of IE is based mainly on blood cul-
tures, which may fail due to previous antimicrobial treatment or
infection with fastidious microorganisms, resulting in up to 31%
of culture-negative cases (4, 16). Thus, molecular methods for the
identification of microorganisms that are difficult to grow are par-
ticularly important (11, 16, 28, 34), and the detection of causative
pathogens by molecular methods has been suggested to be added
to the main Duke criteria for IE (20, 26).

We report on a surprisingly high incidence of TWIE among
patients who underwent cardiac surgery for heart valve disease
at two German university hospitals. Berlin represents a
metropolitan region in Northern Germany, and the Charité-
Universitätsmedizin Berlin houses the German reference labora-
tory for the diagnosis of Whipple’s disease, whereas the Univer-
sitätsklinikum Erlangen is located in Southern Germany within
the metropolitan area of Nuremberg and is a center for the diag-
nosis and treatment of cardiac diseases. Despite the fact that the
incidences of TWIE were very similar in Erlangen cohort II and
Berlin cohort III, a regional bias cannot be excluded, as previously
discussed (8), since only patients from Germany were investi-
gated. Differences in the regional distribution of TWIE are likely,
since cWD is more common in Caucasians, and most of the cases

have been reported from Germany, Switzerland, and Eastern
France.

T. whipplei was detected in 16 of 255 cases in which IE was
diagnosed by cultivation and detection by molecular or histolog-
ical methods from cardiac valve tissue (6.3%). Importantly, a
comparably high incidence of TWIE (5.8%) was found when the
analysis was restricted to those patients for whom IE was sus-
pected prior to cardiac surgery (cohort II plus cohort III). This
result defines T. whipplei as the most common fastidious pathogen
of culture-negative IE in a large group of German patients.

For the primary detection of bacterial DNA, broad-range 16S
rRNA gene PCR and, in cohort III, broad-range bacterial FISH
were used as routine methods, which exclude a methodological
bias toward T. whipplei. To reinforce our PCR findings, we applied
additional techniques, which confirmed the T. whipplei infections.
In numerous confirmatory tests, only a few negative results were
obtained with T. whipplei-specific culture and FISH. Both tech-
niques are quite elaborate methods that require viable or rRNA-
rich microorganisms, respectively. Inappropriate sample preser-
vation or sampling error may have contributed to these negative
results.

Previous reports suggested T. whipplei to be a cause of culture-
negative IE (1–3, 5–8, 11–14, 16–19, 22, 23, 29, 34, 35). T. whipplei
was detected in 3.5% (34), 4.3% (2), and 7.1% (14) of IE patients
in much smaller series from Northern and Middle Europe and in
0.6% (16) and 2.6% (11), respectively, of IE patients in extensive
French cohorts. Since T. whipplei cannot be routinely cultured
and since serological tests are still lacking, TWIE will be missed
unless molecular techniques are applied. PCR of cardiac valve tis-
sue seems to be the most reliable method for the detection of T.
whipplei (11, 18). In addition, an isolated form of TWIE seems to
predominate in the German patients, since only 2 of the 16 TWIE

TABLE 2 Treatments and outcomes for patients with TWIEa

Patient
Yr of
resection Treatment Postoperative outcome and follow-up

1 2000 1 yr SXT Well until July 2000; death following urosepsis and
endocarditis due to MRSA

2 2000 Ciprofloxacin, 1 yr SXT Lost during follow-up after cerebral hemorrhage 3 mo
after surgery

3 2001 Ceftriaxone 2 wk i.v.; 1 yr SXT Well in outcome and at follow-up (6 yr)
4 2002 Ceftriaxone 2 wk i.v.; 1 yr SXT Well in outcome and at follow-up (6 yr)
5 2003 Ceftriaxone 2 wk i.v.; 1 yr SXT Well until April 2006 but death due to cardiac arrest
6 2003 None Well in outcome and follow-up (4 yr)
7 2003 None Death in 2003 due to cardiac arrest
8 2003 Before surgery, 6 wk of moxifloxacin and amoxicillin; after surgery, different

regimens, including caspofungin, ceftazidime, ciprofloxacin,
erythromycin, fluconazole, imipenem, linezolid, moxifloxacin,
piperacillin, sulbactam, tazobactam, and vancomycin

Death in 2003 due to embolic ischemia of different organs

9 2004 Ceftriaxone 2 wk i.v.; 3 mo doxycycline and 1 yr SXT Well in outcome and at follow-up (4 yr)
10 2005 Ceftriaxone 4 wk i.v. Well in outcome and at follow-up (3 yr)
11 2005 2 wk gentamicin, penicillin plus amoxicillin-sulbactam, and 1 yr SXT Death in 2006 due to cardiac failure
12 2005 Penicillin, vancomycin, and vancomycin-fosfomycin 6 wk before and after

surgery
Well in outcome and at follow-up (4 yr)

13 2005 Before valve resection, 2 wk penicillin-gentamicin; 12 wk penicillin; after
valve resection, vancomycin-penicillin, followed by 6 wk penicillin

Well in postoperative outcome; lost during follow-up

14 2006 Ceftriaxone 2 wk i.v.; 1 yr SXT Well in outcome and at follow-up (3 yr)
15 2006 Ceftriaxone 2 wk i.v.; 1 yr SXT Well in outcome and at follow-up (3 yr)
16 2007 Ceftriaxone 6 wk, SXT 6 mo Well in postoperative outcome; lost during follow-up
a Numbering of patients according to Table 1. SXT, trimethoprim-sulfamethoxazole; MRSA, methicillin-resistant Staphylococcus aureus; i.v., intravenous.
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patients had symptoms of cWD, and only 1 patient suffered from
inflammatory arthritis. In previous reports, arthralgia was a much
more prominent symptom of TWIE cases and thus might be a
clinical hint toward a diagnosis of TWIE (8). Notably, only one of
the TWIE patients fulfilled the Duke criteria for the diagnosis of
IE, indicating that TWIE is slowly progressive and lacks markers
of acute infection.

Our comprehensive study illustrates that T. whipplei is an im-
portant differential diagnosis for culture-negative IE, even in the
absence of symptoms of cWD. These data support the suggestion
that PCR analysis of cardiac valve tissue should be added to the
main Duke criteria for the diagnosis of IE, provided that the data
are interpreted within the clinical context and assays are strictly
standardized (20, 26).

A reliable and fast diagnosis of TWIE appears to be critical,
since the rate of lethality of TWIE has been reported to be 57% (8).
Currently, the identification of T. whipplei as the causative agent
will be missed in most cases of TWIE, and if it is diagnosed, the
treatment recommendation is only empirical and based on the
treatment of cWD (15). It is unclear whether treatment for 4 to 6
weeks, as recommended for most forms of IE, with either penicil-
lin G, amoxicillin, ceftriaxone, rifampin, gentamicin, or vanco-
mycin alone or in combination (15) is sufficient to clear an infec-
tion by T. whipplei. Alternatively, a cWD-specific treatment that
consists of either intravenous ceftriaxone, meropenem, or peni-
cillin G for 2 weeks followed by oral SXT for 12 months or of
doxycycline plus hydroxychloroquine orally for at least 18 months
(10, 33) may be necessary. Of our 16 patients with TWIE, 14 were
treated with antibiotics, 11 of whom were treated with antibiotics
recommended for cWD. During the follow-up period, ranging
from 1 to 6 years, five patients died due to cardiovascular compli-
cations. Since our cohort was comprised of chronically ill and old
patients, three patients died despite being treated as recom-
mended for cWD. Although the therapeutic outcome was not
within the primary scope of our study and was analyzed only in
retrospect, we propose that TWIE should be treated with the same
drugs and regimens as those recommended for cWD (33). How-
ever, prospective studies regarding the therapy of TWIE are cur-
rently not available and are challenging to conduct.

Previous studies from Southern Europe identified Bartonella
spp., C. burnetii, Granulicatella spp., Abiotrophia spp., and
HACEK microorganisms as major pathogens in culture-negative
IE (11, 16). Similar to earlier reports from northern countries (2,
14, 34), these fastidious pathogens were considerably less preva-
lent in our series, since we identified B. quintana, C. burnetii,
Granulicatella-Abiotrophia spp., and bacteria of the HACEK
group in only three (1.2%), two (0.8%), four (1.6%), and two
(0.8%) cases, respectively. Epidemiologic, geographic, and cli-
matic conditions might influence the prevalence of infectious
agents (4, 34). For example, the high rate of IE due to Q fever near
Marseille correlated with an exposure to dust contaminated by C.
burnetii from animal reservoirs (25), whereas Q fever in Germany
is quite rare, especially in urban regions. Likewise, a north-south
gradient for the incidence of Bartonella infections has been de-
scribed (4).

In summary, we have reported the results of an observational
cohort study on the frequency of TWIE in two university centers
in Germany between 2000 and 2007. T. whipplei was identified as
the fourth most frequently found pathogen in 16 (6.3%) cases. It is
noteworthy that the diagnosis of TWIE will be missed by conven-

tional bacterial culture techniques, which might explain the few
cases reported in the past. Our findings suggest that T. whipplei
might be a much more frequent cause of surgically treated culture-
negative IE than previously thought.
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