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“Tropheryma whippelii”-associated infections are usually confirmed histopathologically by using light mi-
croscopy. PCR assays targeting the 16S rRNA gene (16S rDNA) of “T. whippelii” are increasingly being applied
for this purpose. Compared to microscopic analysis, PCR seems to be more sensitive, as indicated by the fact
that several cases of Whipple’s disease with negative histopathological findings but positive PCR results have
been reported. Considering the lack of pathognomonic clinical features for this disease and the fact that “T. whip-
pelii” DNA has repeatedly been found in patients without clinical Whipple’s disease, such PCR results should
be confirmed by additional tests. We have, therefore, evaluated a “T. whippelii”-specific nested PCR targeting
domain III of the 23S rDNA with 41 clinical specimens known to contain “T. whippelii” 16S rDNA. All of these
specimens were also positive for “T. whippelii” 23S rDNA. The specificity of the test was shown by sequencing of
the amplicons and by the absence of amplicons in 38 negative controls. We consider this PCR test to be a suit-
able tool for confirming the presence of “T. whippelii” DNA in specimens with inconclusive histopathological
findings. The information derived from sequencing of the partial “T. whippelii” 23S rDNA was then combined
with our recent data of the 16S-23S rDNA spacer region of this organism. Overall, four different rDNA types are
recognized in our proposed classification system for molecular variants of “T. whippelii.” This preliminary scheme
may provide a basis for further epidemiological and clinical studies with “T. whippelii” and associated diseases.

Patients suffering from Whipple’s disease often present with
malabsorption and other gastrointestinal symptoms. However,
articular, cardiac, and central nervous system involvement is
not uncommon and may be more prominent clinically (5). The
various manifestations reflect the systemic nature of a chronic
infection associated with rod-shaped organisms which have
so far never been reproducibly cultivated on artificial media
(5, 19). Thus, the traditional laboratory diagnosis of Whipple’s
disease is based on light microscopy with the demonstration
of diastase-resistant, periodic-acid-Schiff (PAS)-positive, non-
acid-fast rods in macrophages of intestinal biopsies (5, 6).
According to recent comparative sequence analysis of the
16S ribosomal RNA gene (16S rDNA), the putative agent was
identified as an actinobacterium (17, 23) constituting the novel,
not-yet-validated taxon “Tropheryma whippelii” (17). Based on
this information, several diagnostic PCR assays targeting var-
ious parts of the 16S rDNA of “T. whippelii” were established
(1, 2, 4, 17, 18, 21).

Compared to the traditional histopathological examination,
DNA amplification methods are considerably more sensitive,
thus facilitating the (early) laboratory diagnosis and monitor-
ing of both typical and atypical cases of Whipple’s disease (1-4,
14-18, 21, 22). However, “T. whippelii” DNA has also been
found in a significant number of persons without clinical evi-
dence of Whipple’s disease (7). Thus, positive PCR results in
PAS-negative specimens should be interpreted with a view of
the clinical features and, in addition, be confirmed by alterna-
tive laboratory tests, e.g., PCR assays with independent target
sequences. Although hybridization and sequencing of PCR pro-
ducts may provide further evidence for the presence of “T.
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whippelii” DNA, these techniques are rather tedious and time-
consuming and do not reliably exclude the possibility of am-
plicon carryover contamination. In contrast, an additional
species-specific PCR with an independent target region of the
Whipple’s disease bacterium might provide the necessary con-
firmation within a reasonable time frame. An essential prereq-
uisite for such a diagnostic strategy is, of course, that the PCR
assays used for screening and confirmation, respectively, have
been shown to be of comparable sensitivity as well as specificity.

In this study, we have evaluated a recently established nested
PCR targeting a part of the 23S rDNA domain III of the
Whipple’s disease bacterium (12a) with an extensive collection
of clinical specimens, all of which had previously been tested by
using other “T. whippelii”-specific PCR assays. Performances
of the different methods were compared to assess the suitabil-
ity of the new amplification system as a tool to confirm the
presence of “T. whippelii” DNA irrespective of histopatholog-
ical findings. In addition, sequence data of the 23S rDNA
domain IIT amplicons were included in a proposed classifi-
cation system for molecular variants of uncultivated “T.
whippelii.”

MATERIALS AND METHODS

Patients. A total of 41 specimens from 28 patients with or without Whipple’s
disease (Table 1) previously shown to contain “T. whippelii” 16S rDNA by using
either a species-specific seminested PCR (n = 39) (2) or a species-specific
amplification with primer pair TW-1 and TW-3 (n = 2) (1) were evaluated. They
included one EDTA-anticoagulated blood sample, heart valves (n = 3), cere-
brospinal fluids (n = 2), synovial fluids (» = 5), intestinal biopsies (n = 18),
gastric aspirates (n = 11), and an intraoperative swab from a joint. For 21
patients, the presence of “T. whippelii” DNA had been confirmed by direct
sequencing of either species-specific or broad-range bacterial 16S rDNA ampli-
cons as indicated in Table 1. For most of these patients, as well as for the
remaining seven patients (patients 2, 4, 14, 16, 21, 22, and 23), comparable results
had been obtained by sequence analysis of the 16S-23S rDNA spacer region (12).
A total of 34 specimens from 26 patients had already been assigned to one of the
three currently recognized “T. whippelii” spacer types by means of sequence
analysis, single-strand conformation polymorphism (SSCP) analysis, and type-



596 HINRIKSON ET AL.

J. CLIN. MICROBIOL.

TABLE 1. Source and characterization of “T. whippelii”’-positive specimens

Patient Specimen(s) Results of “T. whippelii” testing by PCR and sequencing

16S rDNA 165-23S tDNA 23S tDNA

No. WD¢ Origin Code Histology” fragment spacer domain III°
PCR? Sequencing® PCR/ Type® PCR Type

1 + Heart valve 724/98 Gram™ + EUB + 1 + A

PE” heart valve 838/98 Gram™ + NDF + 1 + A

2 + Duodenum (I) 5713/96 Normal + ND + 1 + A

Duodenum (II) 5974/96 Normal + ND - ND + A

3 - Duodenum 73511/97 PAS™ + ND - 1 + A

Gastric aspirate 736/97 ND + ™ - ND + A

4 - Gastric aspirate (I) 616/97 ND + ND + 1 + A

Gastric aspirate (IT) 61611/97 ND + ND + 1 + A

5 + Small intestine 368/97 Normal + ™ + 1 + A

6 + PE Duodenum 459-98 ND + ™ + 1 + A

7 + PE Duodenum 836-96 ND + ™ + 1 + A

8 + PE Duodenum 4549-94 ND + ™ + 1 + A

9 - Tleum 168/97 Normal + ™ + 1 + A

Jejunum 198/97 Normal + ND - 1 + A

Duodenum 995/98 Normal + ND - ND + A

10 + Cerebrospinal fluid 141/97 Normal + ™™ + 1 + A

11 + Small intestine 5766/96 Normal +7 ND + 1 + A

Synovial fluid 5831/96 Normal + EUB + 1 + A

12 - Gastric aspirate 1073/97 ND + ™ + ND + A

13 - Gastric aspirate 761/97 ND + ™ - ND + A

14 + Tleum 2249/96 Normal + ND + 2 + A

15 + Intraoperative swab 875/98 ND + ND + 2 + A

Synovial fluid (I) 749/98 ND + EUB + 2 + A

Synovial fluid (IT) 935/98 ND + ND + 2 + A

Synovial fluid (III) 936/98 ND + ND + 2 + A

16 - Gastric aspirate 895/97 ND + ND + 2 + A

17 - Small intestine 5996/96 Normal + ™ + 2 + A

Ileum 135/97 Normal + ™ + ND + A

18 - Duodenum 604/97 PAS™ + ™ + 2 + A

19 - Gastric aspirate 1092/97 ND + ™ + 2 + A

20 - Gastric aspirate 1037/97 ND + ™ + 2 + A

21 + Cerebrospinal fluid 20/98 ND + ND + 2 + A

22 + Synovial fluid 21/98 ND + ND + 2 + A

23 + EDTA blood 24/98 ND + ND + 2 + A

24 + Heart valve 5194/95 PAS™ + EUB + 2 + A
25 - Duodenum 771/97 PAS™ + ™ + 2 + ND

Tleum 905/97 PAS™ + ™ + ND + A

26 + Duodenum 220/97 Normal + ™ + 3 + A

27 - Gastric aspirate 672/97 ND + ™ + 3 + A

28 - Gastric aspirate (I) 532/97 ND + ™ + 3 + B

Gastric aspirate (II) 952/97 ND + ™ + 3 + B

“ Presence (+) or absence (—) of Whipple’s disease (WD) based on overall assessment of the patient including clinical and laboratory data. Most patients without

Whipple’s disease come from a prospective study (7).
® Overall histologic assessment or result of Gram or PAS stain.

¢ Products and sequence types obtained by species-specific nested PCR by using primer pairs HGC-23InsF and TW-23InsR1, followed by TW-23InsF and
TW-23InsR2 and direct sequencing. Specimens 724/98 (patient 1), 368/97 (patient 5), 168/97 (patient 9), 5996/96 (patient 17), 1037/97 (patient 20), 5194/95 (patient
24), 220/97 (patient 26), 532/97 (patient 28), and 952/97 (patient 28) were previously investigated by using the same approach (Henrikson et al., submitted).

@ Species-specific seminested PCR (2).

¢ Partial 16S rDNA sequence identical to “T. whippelii” reference sequence (18) for TW-4 and TW-2 (TW) fragment or broad-range (EUB) amplicon as described

previously by Briindle et al. (2) and Goldenberger et al. (9), respectively.
/ Species-specific nested PCR (12).

& Classification by means of “T. whippelii” spacer type-specific nested PCR assays (12).

" PE, paraffin-embedded.
* Species-specific PCR with primer pair TW-1 and TW-3 (1).

J Partial 16S rDNA sequence identical to “T. whippelii” reference sequence (17) as determined via a species-specific approach (10).

K ND, no data available.

specific PCR assays (12). Some intestinal and extraintestinal biopsy specimens
from patients with Whipple’s disease were histopathologically negative (Table 1).

Complete data sets (i.e., including PCR and sequencing results of the “7.
whippelii” 23S rDNA domain IIT) have already been published in our related
study (12a) for the following specimens: 724/98, patient 1; 368/97, patient 5;
168/97, patient 9; 5996/96, patient 17; 1037/97, patient 20; 5194/95, patient 24;
220/97, patient 26; 532/97, patient 28; and 952/97, patient 28.

Controls. A DNA extract previously used to determine the original “T. whip-
pelii” 165-23S rDNA intergenic spacer sequence (13) (kindly provided by M.
Maiwald, Heidelberg, Germany) was included as positive control.

Negative controls consisted of 38 clinical specimens shown to be negative for
“T. whippelii” 16S rDNA by seminested PCR as described above. They included
intestinal biopsies (n = 21) and gastric aspirates (n = 17). These specimens were
all from patients without clinical signs typical for Whipple’s disease (7). All
biopsies were found to be negative by histopathology with PAS staining.

Extraction of DNA. EDTA-anticoagulated blood samples (100 wl each) were
mixed with 300 pl of erythrocyte (EC)-lysis buffer (155 mM NH,CI, 10 mM
KHCO3;, 0.1 mM EDTA) and incubated on ice for 30 min with gentle mixing
every 5 min. Mixtures were centrifuged at 20,000 X g for 15 min at 4°C, and the
resulting supernatants were carefully removed. The pellets were resuspended in
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FIG. 1. Detection of partial 23S rDNA domain III of the Whipple’s disease
bacterium directly from human clinical specimens. Products of “T. whippelii”-
specific nested reamplification (250 bp) were analyzed on an ethidium bromide-
stained agarose gel. Lane 1, pBR322 DNA digested with MspI (marker bands are
of the following sizes from top to bottom: 622, 527, 404, 307, and =240 bp); lanes
2, 4 to 6, and 10, patients positive for “T. whippelii” 23S rDNA fragments with
lanes 5 and 10 showing trace amounts of first-round amplicons (298 bp); lanes 3
and 7 to 9, patients negative for “T. whippelii” 23S rDNA fragments (controls).

300 pl of EC-lysis buffer and centrifuged as described above. The pellets ob-
tained were resuspended in 200 wl of digestion buffer (50 mM Tris-HCI [pH 8.5],
1 mM EDTA, 0.5% sodium dodecyl sulfate, 200 pg of proteinase K per ml) and
further processed as described below.

Paraffin-embedded tissues (two to five 5- to 10-wm sections per specimen)
were suspended in 200 pl of digestion buffer without proteinase K. Mixtures were
incubated at 95°C for 10 min with moderate agitation in a thermomixer (Eppen-
dorf, Hamburg, Germany), followed by centrifugation at 14,000 X g for 30 min
at room temperature. The resulting paraffin layers were removed with sterile
pipette tips. Proteinase K was then added to a final concentration of 200 pg/ml
for further processing as described below.

The intraoperative swab was thoroughly washed in 2 ml of 0.85% NaCl. This
suspension, all cerebrospinal fluids, synovial fluids, and gastric aspirates were
then centrifuged at 14,000 X g for 10 min at room temperature. The resulting
pellets as well as the native biopsies were suspended in 200 pl of digestion buffer
and incubated at 55°C for 90 min with agitation in a thermomixer. DNA was
extracted by using QIAamp DNA binding columns (Qiagen, Hilden, Germany)
as described previously (12).

Amplification and direct sequencing of partial 23S rDNA domain III. Com-
position of PCR reactions for amplification or reamplification on a GeneAmp
PCR System 9600 (Perkin-Elmer, Norwalk, Conn.) was done as described pre-
viously (12). All PCRs included an initial activation-denaturation step at 95°C for
12 min and a final extension at 72°C for 10 min. Amplification with primers
HGC-23InsF (5'-CGT AGT CGA TGG ACA ACG) and TW-23InsR1 (5'-TAG
AAC CTT GTG TCG ATG C) consisted of 40 cycles at 95°C for 1 min, 55°C for
1 min, and 72°C for 1 min. Nested reamplification with “T. whippelii”’-specific
primers TW-23InsF (5'-GGT TGA TAT TCC CGT ACC GGC AAA G) and
TW-23InsR2 (5'-GCA TAG GAT CAC CAA TTT CGC GCC) was performed
for 20 cycles at 95°C for 1 min, 60°C for 1 min, and 72°C for 1 min. Amplicons
were separated and visualized on ethidium bromide-stained agarose gels. Re-
amplification products were purified with the QIAquick PCR Purification Kit
(Qiagen) prior to sequencing. Cycle sequencing was performed by using the
Cy5-labeled primers TW-23InsF and TW-23InsR2 and the Thermo Sequenase
Kit (Amersham Pharmacia Biotech, Little Chalfont, England) as described else-
where (12a). Sequences were determined on an ALFexpress DNA Sequencer
(Amersham Pharmacia Biotech) and compared to the corresponding “7. whip-
pelii” reference sequences (GenBank accession numbers AF148136 and
AF148137) (12a) by using the Genetics Computer Group software package
(University of Wisconsin, Madison).

RESULTS

“T. whippelii”-specific nested PCR of partial 23S rDNA do-
main III. Amplification products (298 bp) with primer pair
HGC-23InsF and TW-23InsR1 were visible on the agarose gel
for 23 of the 41 patient specimens, while no amplicons were
detected for the remaining samples, including the 38 negative
controls (not shown). However, “T. whippelii”’-specific ream-
plification with primer pair TW-23InsF and TW-23InsR2 re-
sulted in the expected amplicons of 250 bp for all patients but
in none of the negative controls (Fig. 1). For strongly positive
specimens, reamplification products were detected together
with trace amounts of first-round amplicons. Further, both
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amplification and reamplification did not generate any nonspe-
cific products with the extracts investigated.

Comparative sequence analysis of partial 23S rDNA domain
III of “T. whippelii”. Except for specimen 771/97 of patient 25
(Table 1), all amplicons derived from “T. whippelii”-specific
reamplification were sequenced and aligned with the respec-
tive reference sequences containing the “T. whippelii” 23S
rDNA actinobacterial insertion types A and B, respectively
(12a). All sequences determined for patients 1 to 27 were
found to be identical to the reference sequence with insertion
type A (Table 1). The same result was obtained with the “T.
whippelii” reference extract used as positive control (not
shown). The sequences of the two independently collected and
processed specimens of patient 28 have been shown to repre-
sent a different type B (differing at one single nucleotide po-
sition from the insertion sequence type A) (12a). These results
were confirmed in this study.

Classification of molecular variants of “T. whippelii.” Except
for specimen 771/97 of patient 25 (Table 1), all samples pre-
viously assigned to one of the three “T. whippelii” 16S-23S
rDNA spacer types (12) were further classified according to
the two different “7. whippelii” actinobacterial insertion types
found in the 23S rDNA domain III. Overall, four different
molecular variants were recognized as defined in the proposed
classification system for “7. whippelii” (Table 2). These four
rDNA types designated according to the particular spacer type
(number code) as well as the insertion type (letter code) were
detected with the following frequencies: “T. whippelii” type 1A,
11 patients; type 2A, 12 patients; type 3A, 2 patients; and type
3B, 1 patient. No correlation was found between the “T. whip-
pelii” types and the types of specimens investigated.

DISCUSSION

Since the implementation of molecular techniques into the
laboratory diagnosis of Whipple’s disease, several PCR-posi-
tive but histopathologically negative cases have been described
(3, 4, 14, 16, 18). For some patients, this might be explained by
a patchy distribution of the “Whipple bacilli” at the particular
sampling sites (5). For others, e.g., our patient suffering from
spondylodiscitis (1), such discrepancies are more likely to be
due to an increased sensitivity of the current “7T. whippelii” 16S
rDNA-targeting PCRs as compared to the traditional PAS
staining. However, in the absence of conclusive histopatholog-
ical findings, positive PCR results should preferably be con-
firmed by an independent approach. This may be achieved by
a second specific amplification with an alternative target se-

TABLE 2. Proposed classification system for rDNA variants of
uncultivated “T. whippelii” recognized in this study

Characteristic nucleotide

) positions
“T. whippeli \O: Of patients

DN AI;P W (no. of speci- 168-23S TDNA 23S IDNA
ype mens) spacer?, position: domain IL¢
319 346-349 387 411 40 Position 88

1A 11 (15) T TITT C T A T

A 1214y C -TIT C T A T

3A 2(2) C TIT T C G T

3B 1(2) C -TTT T C G C

“ The proposed type designation indicates both the sequence types determined
for the spacer (number code) as well as for domain III (letter code) (for future
extensions of the proposed system, see Discussion).

® GenBank accession number AF074933 (11). -, Nucleotide deletion.

¢ GenBank accession number AF148136 (12a).
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quence. Therefore, we have evaluated a recently established
PCR assay targeting domain III of the 23S rDNA of the Whip-
ple’s disease bacterium (12a) with specimens which had been
analyzed previously by other “T. whippelii”-specific amplifica-
tion methods.

The evaluation included 41 specimens from 28 patients pos-
itive for “7. whippelii” as shown previously by either broad-
range and/or “T. whippelii”’-specific PCRs targeting 16S rDNA
(Table 1). An alternative nested PCR with primers comple-
mentary to the flanking regions of the 16S-23S rDNA spacer of
“T. whippelii” had been positive for only 35 of these specimens
despite the use of 40 cycles each for amplification and ream-
plification (12). However, the reduced sensitivity (85.4%) of
this alternative PCR may be explained by the relatively large
spacer products (=490 bp) compared to the 16S rDNA frag-
ments (229 and 141 bp) generated by the two “T. whippelii”-
specific assays. Smaller amplicons have previously been shown
to significantly increase PCR sensitivity for “T. whippelii” (1, 18).
Thus, the spacer PCR may be false negative with “T. whip-
pelii”-positive specimens and, consequently, cannot be used
routinely to confirm results obtained with the 16S rDNA-based
specific PCRs.

Unlike the spacer PCR, the nested approach targeting do-
main III of the 23S rDNA with 40 amplification and 20 ream-
plification cycles resulted in the expected amplicons for all 41
specimens, whereas all 38 controls lacking detectable amounts
of “T. whippelii” 16S rDNA by PCR remained negative (Fig. 1,
Table 1). The specificity of the 23S rDNA approach was fur-
ther confirmed by direct sequencing of the reamplification
products from almost all positive specimens (Table 1). The
sequences determined for patients 1 to 27, as well as for the
reference sample (positive control), were all found to be iden-
tical to the reference sequence containing the “7. whippelii”
actinobacterial insertion type A (12a). For the remaining pa-
tient 28, a slightly altered sequence, i.e., insertion type B, had
been determined previously with two independent specimens
(12a) and was confirmed in this study. These findings show that
the 23S rDNA amplification system is both sensitive and spe-
cific and that it is suitable as a primary or confirmatory test
especially with specimens which remained inconclusive or neg-
ative histopathologically.

As discussed in detail in our related study with nine speci-
mens from eight patients (12a), the virtual sequence homoge-
neity found for the partial domain III of the 23S rDNA of “T.
whippelii” supports our recent concept of three different 16S-
23S rDNA spacer types of this species as opposed to three
closely related but different species (12). This conclusion is
further supported by the present investigation with additional
32 specimens from 20 patients representing the three spacer
types as shown previously by type-specific PCR assays, SSCP,
and sequencing (Table 1). However, this concept still remains
to be proven by DNA-DNA hybridization studies (8, 20), which
are currently not feasible due to the lack of an efficient culti-
vation method for “T. whippelii” (19). Meanwhile, to facilitate
concise reporting of uncultivated variants of “7. whippelii,” a
preliminary molecular classification system is proposed (Table
2). The actual scheme delineates four different rDNA types of
“T. whippelii” based on their characteristic nucleotides found
in the 16S-23S rDNA spacer region and domain III of the 23S
rDNA. The present type designation indicates both the se-
quence types determined for the spacer (number code) as well
as for domain III (letter code). Possible additional spacer
and/or domain III sequence types may be included by the
appropriate adaption of the actual scheme and additional
number-letter codes (e.g., an additional dimorphic site found
in the spacer may constitute the novel “T. whippelii” TDNA
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type 4A). We believe that the proposed classification system
provides a basis for coherent reporting of epidemiological as
well as of clinical investigations of “T. whippelii” and associated
diseases.

In conclusion, the recently established nested PCR targeting
domain III of the 23S rDNA may be used for the sensitive and
specific detection of “T. whippelii” directly from human clinical
specimens. This approach may also be helpful to confirm re-
sults obtained by other “T. whippelii”’-specific PCRs and thus
represents a suitable tool for molecular analysis of clinical
specimens from suspected cases of Whipple’s disease with in-
conclusive histopathological findings. Further, the proposed
classification system for molecular variants of “T. whippelii”
may facilitate concise communication on the currently recog-
nized types of this species. Whether or not these types may be
correlated with the various clinical manifestations found in the
affected individuals with or without Whipple’s disease (7) re-
mains to be shown.
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