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We compared various diagnostic tests for their abilities to detect Mycobacterium ulcerans infection in speci-
mens from patients with clinically active disease. Specimens from 10 patients from the area of Zangnanado
(Department of Zou, Benin) with advanced, ulcerated active M. ulcerans infections were studied by direct
smear, histopathology, culture, PCR, and oligonucleotide-specific capture plate hybridization (OSCPH). A
total of 27 specimens, including 12 swabs of exudate collected before debridement and 15 fragments of tissue
obtained during debridement, were submitted to bacteriologic and histopathologic analysis. The histopatho-
logic evaluation of tissues from all six patients so tested revealed changes typical of those caused byM. ulcerans
infection. Five specimens were contaminated, and M. ulcerans was cultivated on Löwenstein-Jensen medium
from 12 of the remaining 22 (54.5%) specimens. Detection of mycobacteria was performed by PCR, and
M. ulcerans was detected by OSCPH with a new probe (5*-CACGGGATTCATGTCCTGT-3*) reacting withM. ul-
cerans andMycobacterium marinum. In 10 of 22 (45.5%) specimens,M. ulcerans was identified by PCR-OSCPH.
There was no statistically significant difference between the detection of M. ulcerans by culture and by PCR-
OSCPH (P> 0.05). This is the first demonstration of an amplification system (PCR-OSCPH) with a sensitivity
similar to that of culture for the direct and rapid recognition of M. ulcerans in clinical specimens. This system
is capable of identifying M. ulcerans, even in paucibacillary lesions. Our findings suggest that PCR-OSCPH
should be used in the quest for the elusive environmental reservoir(s) of M. ulcerans.

Cutaneous infection caused byMycobacterium ulcerans, pop-
ularly known as “Buruli ulcer,” represents, after tuberculosis
and leprosy, the third most frequent mycobacterial disease in
immunocompetent individuals in intertropical areas (5). Most
recent reports on Buruli ulcer concern new foci or microepi-
demics in West Africa and Australia (5, 7, 9). Quantitative
evaluation of the epidemiologic importance and socioeco-
nomic impact of Buruli ulcer remains difficult because health
professionals fail to recognize the disease (7), and prevalence
studies are available from only a few isolated foci of wide areas
where the disease is endemic. We define M. ulcerans infection
as classic findings that are clinically typical either in the early
nodular or in the late ulcerative stage. Detailed descriptions of
these lesions have been published by many observers, and
widely accepted (5, 8, 9). Buruli ulcer is rarely detected in an
early and readily curable stage. The preulcerative lesion, the
earliest stage, is often neglected by both the patient and health
care workers; thus, bacteriologic confirmation is rarely under-
taken. More precise and appropriate techniques for the iden-
tification of M. ulcerans are needed to improve medical man-
agement of the patient and provide more reliable prevalence
data.
Cultivation of M. ulcerans from tissue remains a difficult

task. Primary cultures usually become positive only after sev-

eral months of incubation, and many clinically and histopatho-
logically typical Buruli ulcers are reported as culture negative
(11, 15, 16). Development of rapid identification methods for
M. ulcerans in clinical specimens would constitute an important
advance in the management of patients.
This report describes the first direct method for the rapid

detection and identification ofM. ulcerans in clinical specimens
by PCR amplification and oligonucleotide-specific capture
plate hybridization (OSCPH) (2).

MATERIALS AND METHODS

Collection of the specimens. Ten patients with clinically typical, active M.
ulcerans infections were selected for this study in February 1995. All patients
were from the Department of Zou (Benin) and were diagnosed and treated at
the Centre Sanitaire et Nutrionnel at Zangnanado (Department of Zou, Benin).
A total of 27 specimens were collected from the 10 patients. Before debride-

ment, 12 exudates were collected with sterile cotton swabs from the base of the
undermined margins of the ulcers. During surgical debridement, 15 fragments of
tissue from the undermined edges of the ulcers were taken for bacteriologic
study. Each swab or tissue fragment was placed immediately in 2 ml of modified
Dubos medium (17), kept at 48C for 3 days, transported to Antwerp, Belgium, at
room temperature, and maintained again at 48C until analyses were initiated.
The total elapsed time between collection and analysis was 7 to 9 days. Entire
surgically excised specimens of skin and subcutaneous tissue from six patients
were placed in 10% formalin solution for histopathologic study.
Culture of mycobacteria. (i) Swab specimens. The swabs in transport medium

were treated by vortex agitation to suspend the exudates. These suspensions in
transport medium were decontaminated with hydrochloric acid at a final con-
centration of 0.5 N for 20 min at room temperature and were then neutralized
with 1 N sodium hydroxide. After centrifugation, the sediment was inoculated
onto Löwenstein-Jensen medium, 1% Ogawa egg yolk medium, and Ogawa egg
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yolk medium supplemented with mycobactin J (14). All inoculated media were
incubated for up to 12 months at 338C and were observed weekly.
(ii) Tissue specimens. The tissues (weight, 61 g) were homogenized in 1 ml of

saline, decontaminated, and inoculated onto mycobacteriologic media as de-
scribed above for the specimens from swabs.
Direct smear examination. Smears of the suspensions were stained for acid-

fast bacilli (AFB) by the Ziehl-Neelsen method.
Identification of the isolates. The mycobacterial isolates were identified as

described previously (18).
PCR analysis. (i) Extraction method. DNA was extracted from the suspen-

sions by a previously described method (3). Briefly, each tissue specimen (1 to 3
mm3) was washed with UV-treated distilled water, minced with a scalpel, and
resuspended in 1 ml of TE (10 mM Tris, 1 mM EDTA) plus 0.5% (wt/vol)
sodium dodecyl sulfate. One-half of each suspension (500 ml) was extracted as
follows. A total of 40 ml of proteinase K (from a 20-mg/ml stock solution) was
added to the suspension and the suspension was incubated overnight at 658C in
a rotating incubator (hybridization incubator 310; Robbens Scientific Corpora-
tion, Sunnyvale, Calif.) and then treated for 5 min at room temperature in a
water bath sonicator (47 kHz; Branson 1200; Branson Ultrasonics Corporation,
Danbury, Conn.). The suspensions were then placed in a heating block (16 500
Dri-Bath; Thermolyne; Merck-Belgolabo SA, Overijse, Belgium) at 958C for 20
min. The solution was extracted twice with phenol-chloroform (1:1; vol/vol).
DNA was precipitated overnight at 2208C with 10% (vol/vol) 3 M sodium
acetate (pH 5.2) and 2 volumes of ethanol and was then centrifuged at 10,000 3
g at 48C for 30 min. The centrifugate was then washed with 70% (vol/vol) ethanol,
dried, and resuspended in 50 ml of TE.
(ii) Detection and identification of mycobacteria by PCR-OSCPH. Detection

of mycobacteria in specimens was based on the amplification of a partial se-
quence in the 16S rRNA gene (59 side of the noncoding RNA-like strand). DNA
was amplified by a nested PCR specific for the genus Mycobacterium, and am-
plified DNA was identified by OSCPH (2). A new probe (59-CACGGGATTC
ATGTCCTGT-39) has been designed for the detection of M. ulcerans. This
probe, which also reacts withMycobacterium marinum, was used in the previously
described OSCPH assay (2) with the following modifications. Hybridization
buffer contained 20% formamide, 63 SSC (0.9 M NaCl plus 0.09 M sodium
citrate [pH 7.0]), 0.1% N-lauroyl sarcosine, and 0.5% (wt/vol) blocking reagent
(Boehringer Mannheim, GmbH, Mannheim, Germany), and the hybridization
temperature was 41 6 0.58C. The washing series was as follows: a brief wash
twice with 20% formamide–63 SSC at room temperature, a wash for 15 min with
20% formamide–63 SSC at 41 6 0.58C, and finally, a brief wash with a solution
containing 0.1 M maleic acid, 0.15 M NaCl, and 0.3% (vol/vol) Tween 20 (pH
7.5). Immunoenzymatic detection of hybrids was performed as described by De
Beenhouwer et al. (2).
The specificity of the M. ulcerans-M. marinum probe has been evaluated with

all the mycobacterial species described in the report of De Beenhouwer et al. (2).
From the 70 mycobacterial strains belonging to 21 different species, the probe
reacted only with M. ulcerans and M. marinum. The specificity of OSCPH was
tested on each plate by usingM. ulcerans as a positive control andMycobacterium
asiaticum (1 bp difference from the probe) as a negative control (data not
shown).
Histopathologic analysis. The entire surgically excised specimens of skin and

subcutaneous tissues from six patients were kept in 10% formalin for 1 to 12
months before histopathologic evaluation. Multiple fragments of each fixed spec-
imen were cut from the base and margin of the ulcer and at various distances (up
to 8 cm) from the undermined margin of the ulcer. The fragments were pro-
cessed routinely and blocked with paraffin, and 4-mm-thick sections were cut.
Sections were stained by hematoxylin-eosin, Ziehl-Neelsen, Gomori methena-
mine-silver, and Brown-Hopps tissue Gram staining techniques and were studied
by light microscopy.
Statistical analysis. Comparisons between the culture and PCR-OSCPH re-

sults were evaluated statistically by the x2 test.

RESULTS

Histopathologic analysis. At least one fragment of the spec-
imen from each of the six patients showed the following typical
histopathologic changes as a result of M. ulcerans infection:
(i) contiguous coagulation necrosis of subcutis and dermis,
(ii) necrosis and thickening of the interlobular septae of sub-
cutis, (iii) damage to blood vessels with frequent occlusion, and
(iv) mineralization. Three of the six specimens (from patients
3, 5, and 8; Table 1) revealed AFB, primarily in the subcutis or
underlying necrotic fascia. The AFB were extracellular and
were often present in large clumps. Thus, in all six patients the
histopathologic changes were consistent with M. ulcerans in-
fection, and in three patients they were confirmed by finding
AFB in typical sites. In the three specimens that did not show
AFB (from patients 1, 6, and 7; Table 1), there was no necrotic

slough from the center of the ulcer. This apparently had been
removed by active scrubbing and preliminary debridement
prior to surgery. The slough in the base of pristine Buruli
ulcers often contains the largest numbers of M. ulcerans or-
ganisms and histologically is the best hunting ground for AFB.
Culture of mycobacteria. As shown in Table 1, M. ulcerans

was cultivated from specimens from 5 of the 10 patients inves-
tigated. No other mycobacteria were cultivated from these
patients.
Of the 13 specimens collected from these 5 patients (4 swab

and 9 tissue specimens), 12 were positive by culture for M. ul-
cerans after 6 to 28 weeks of incubation at 338C (Table 1). The
single swab from patient 6 remained negative by culture.
The nine specimens collected from four patients (patients 1,

2, 7, and 10) were all negative for mycobacteria by culture, and
five specimens from one patient (patient 5) were all heavily
contaminated with gram-negative bacilli.
Detection and identification of mycobacteria by PCR. As

shown in Table 1, nested PCR for members of the genus
Mycobacterium was positive for 10 of the 27 suspensions tested.
OSCPH with the M. ulcerans-M. marinum probe was positive
for the 10 PCR-positive suspensions.
Comparison between culture and PCR results. The results

of the comparison between culture and PCR-OSCPH results
for the detection ofM. ulcerans in 22 specimens (the results for
the five contaminated specimens were excluded) are presented
in Table 2. Ten specimens from five patients (patients 1, 3, 6,
8, and 9; Table 1) were positive by PCR-OSCPH (45.5%), and
12 specimens from five patients (patients 3, 4, 6, 8, and 9; Table
1) were positive for M. ulcerans by culture (54.5%). The dif-
ference between the sensitivities of the two tests compared to
the clinical diagnosis was not statistically significant (x 5 0.36;
P . 0.05).
Comparison between culture, OSCPH, and staining. Exclud-

ing the five contaminated specimens, all of the specimens pos-
itive by Ziehl-Neelsen staining were also positive by culture
and OSCPH (Table 1). Among the 14 specimens negative by
Ziehl-Neelsen staining, 4 were positive by culture and two were
positive by OSCPH.
Among the five contaminated specimens collected from the

same patient (patient 5), two were positive by Ziehl-Neelsen
staining. Mycobacteria were, however, not detected by PCR in
these two specimens.

DISCUSSION

Isolation of the etiologic agent by culture is useful in the
diagnosis of a putative Buruli ulcer only when M. ulcerans is
grown from the lesions. Many clinically and histopathologically
typical Buruli ulcers are reported as culture negative (9, 11, 15,
16).
The following are some of the reasons why M. ulcerans may

be difficult to isolate by cultivation: (i) poor sampling (samples
should be taken from materials usually rich in bacilli, e.g., the
necrotic base of the ulcer); (ii) M. ulcerans is a slowly growing
organism, and some laboratories do not observe cultures for
long periods; (iii) M. ulcerans is susceptible to the decontam-
ination methods (10) which are essential for isolation of my-
cobacteria from tissue or exudates often contaminated by
other microorganisms (usually saprophytic bacteria and fungi);
and (iv) in many studies, cultures for mycobacteria are not set
up until days or weeks after the specimen is obtained; thus, M.
ulcerans may not survive under the conditions used for pres-
ervation and transport of the specimens.
DNA amplification techniques offer interesting alternatives

for the direct detection of M. ulcerans in tissues. The main
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advantage is that results can be obtained in a few days instead
of the few months that it would normally take with culture
techniques. The PCR-OSCPH technique was found to be use-
ful for identifying other mycobacteria that are difficult to iso-
late in culture; for example, DNA of the fastidious organism
Mycobacterium genavense can be identified by this method in
intestinal biopsy specimens from nonimmunocompromised hu-
mans (3).
PCR-OSCPH confirmed M. ulcerans infection in one of the

specimens negative by culture, thus permitting the identifica-
tion of M. ulcerans in 10 of 22 samples (45.5%). Although the
detection of M. ulcerans by culture and by PCR-OSCPH gave
similar results (P . 0.05), the rapid availability of results by
PCR-OSCPH is a distinct advantage for early diagnosis. Three
specimens (from patients 4, 8, and 9), however, were positive
by culture but negative by PCR-OSCPH.
Of particular interest, specimens from patient 7 showed his-

topathologic changes diagnostic of Buruli ulcer, but were neg-
ative by Ziehl-Neelsen staining, culture, and PCR-OSCPH.
The negative results obtained by culture or PCR-OSCPH

are probably related to sampling. The distribution of bacilli in
lesions is not homogeneous (5), and the samples used for

culture are not the same as those used for PCR or histopa-
thology. The heterogeneity of the samples is demonstrated by
the fact that different samples from the same patient (Table 1)
are variably positive for AFB by direct examination (patients 5,
6, 8, and 9) and histopathologic analysis. The volume of the
sample analyzed by each method also differs markedly: Com-

TABLE 1. Comparison between histopathologic and bacteriologic results for specimens collected from 10 patients in Benin

Patient
no.

Specimen
no.

Location
of ulcer

Type of
specimen

Histopathology
reactiona AFBb Ziehl-Neelsen

stainingc
Mycobacterial culture
positivity (time [wk]
to positivity)

Nested PCR
result

OSCPH detection
of M. ulcerans

1 95-237 Toe Swab Negd Neg 2
95-238 Toe Swab Neg Neg 2
95-252 Toe Tissue 1 2 Neg Neg 2
95-253 Toe Tissue Neg Neg 1 1

2 95-239 Foot Swab NDe ND Neg Neg 2

3 95-240 Elbow Swab 21 M. ulcerans (19) 1 1
95-250 Elbow Tissue 1 1 41 M. ulcerans (6) 1 1
95-251 Elbow Tissue 41 M. ulcerans (6) 1 1

4 95-241 Navel Swab ND ND Neg M. ulcerans (28) 2

5 95-242 Chest Swab Neg Contaminated 2
95-243 Chest Swab Neg Contaminated 2
95-245 Chest Tissue 1 1 2 AFB Contaminated 2
95-246 Chest Tissue Neg Contaminated 2
95-247 Chest Tissue 21 Contaminated 2

6 95-244 Shoulder Swab Neg Neg 2
95-248 Shoulder Tissue 1 2 11 M. ulcerans (6) 1 1
95-249 Shoulder Tissue 41 M. ulcerans (6) 1 1

7 95-254 Arm Tissue 1 2 Neg Neg 2
95-255 Arm Tissue Neg Neg 2

8 95-256 Arm Tissue Neg M. ulcerans (13) 2
95-257 Arm Tissue 1 1 2 AFB M. ulcerans (14) 1 1
95-258 Arm Tissue 2 AFB M. ulcerans (15) 1 1
95-259 Arm Tissue Neg M. ulcerans (21) 1 1

9 95-262 Elbow Swab ND ND Neg M. ulcerans (27) 2
95-263 Elbow Swab 11 M. ulcerans (6) 1 1

10 95-264 Leg Swab ND ND Neg Neg 2
95-265 Leg Swab Neg Neg 2

a Histopathologic changes typical of Buruli ulcer.
b AFB in histopathologic sections.
c Scale of the American Thoracic Society (1).
d Neg, negative.
e ND, not done.

TABLE 2. Comparison between culture and PCR-OSCPH for the
detection of M. ulcerans in 22 specimens from nine patients

from Benin with active Buruli ulcersa

Result of detection
of M. ulcerans by
PCR-OSCPH

No. of specimens
with the following
culture result: Total

1 2

1 9 1 10
2 3 9 12

Total 12 10 22

a x2 5 0.36 (P . 0.05).
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pared to the amount used for PCR analysis, an estimated 10 to
100 times more material is used for culture, and even much
larger amounts are used for histopathologic analysis.
Some negative culture results may also be related to delays

in the transport of specimens and by ambient conditions during
transport. The specimens were kept at 48C in a modified Dubos
medium for 7 to 9 days before being processed for culture. The
results of culture attempts may have been better if it had been
possible to inoculate the samples immediately after collection.
New transport media are being investigated to increase the
probability of successful culture.
The PCR-OSCPH test that we have perfected for the rec-

ognition of M. ulcerans and M. marinum in human tissue con-
firmed that it is possible to identify M. ulcerans even in pauc-
ibacillary specimens (i.e., specimens that are negative upon
direct examination). These encouraging results suggest that
these techniques may be useful not only for rapid diagnosis but
also in the quest for environmental reservoirs of M. ulcerans
which have never been identified bacteriologically (12, 13).
Several problems remain to be resolved before PCR can be

used more efficiently to identifyM. ulcerans directly in the spec-
imens.
(i) Techniques for the extraction of DNA from samples need

to be refined. The sensitivity of the currently used PCR-
OSCPH technique is no better than that of culture methods.
The same problem has been reported for different PCR assays
for M. tuberculosis (6). The sensitivity of detection of M. ulcer-
ans DNA in clinical specimens could be improved by refining
the DNA extraction methods. Recent work in our laboratory
indicates that the yield and the quality of DNA from biopsy
specimens can be improved with a new combined extraction
method (proteinase K treatment followed by extraction with
guanidium thiocyanate) (15a).
(ii) A system which is specific for the detection ofM. ulcerans

in clinical samples is required. The probe that we have de-
signed has the disadvantage of not being able to distinguish M.
ulcerans from M. marinum by PCR-OSCPH. These two spe-
cies, although phenotypically different, are genetically closely
related (4). Rarely, if ever, would this seem to represent a
diagnostic problem, because the diseases caused byM. ulcerans
and by M. marinum differ greatly in their clinical, histopatho-
logic, and epidemiologic aspects (8).
The close genetic relationship between M. ulcerans and M.

marinum may constitute a problem if the PCR-OSCPH tech-
nique is used with specimens from the environment. M. mari-
num is ubiquitous in the environment (13) and, unlike M.
ulcerans, is easily cultivated in primary culture. Therefore, any
search for M. ulcerans in the environment should include both
the isolation of the mycobacterium by culture and detection by
PCR-OSCPH or the use of a specific oligonucleotide probe or
combination of probes (15). We recently described the poten-
tial value of a mismatch at the 39 end of the 16S rRNA se-
quence for the distinction between M. marinum and M. ulcer-
ans (15). The value of that sequence for the specific detection
of M. ulcerans is being evaluated in our laboratory.
In this study, the diagnosis was confirmed in all six patients

studied by histopathology alone. To determine with a greater
degree of confidence the specificity and sensitivity of the PCR-
OSCPH method for diagnosis, a larger number of samples,
including a larger proportion of paucibacillary samples, and
samples from a control group should be tested.
In conclusion, we have developed a new method (PCR-

OSCPH) for the direct identification ofM. ulcerans. This meth-
od permits the rapid identification of M. ulcerans in clinical
specimens and could be used in the search for reservoirs of
M. ulcerans in the environment. While rapid identification of

the etiologic agent is helpful for establishing appropriate man-
agement of all stages of Buruli ulcer, it is especially important
for preulcerative lesions, in which the differential diagnosis is
sometimes difficult (e.g., early lesions ofMycobacterium absces-
sus infection or phaemycotic cysts). Finally, because of the po-
tential for contamination in molecular biological procedures
under field conditions or where other mycobacteriological
work is in progress, we recommend confirmatory histopatho-
logic analysis for all clinical specimens.
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