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“Mycobacterium ulcerans subsp. shinshuense” Isolated from a Skin Ulcer
Lesion: Identification Based on 16S rRNA Gene Sequencing’

Kazue Nakanaga,'* Norihisa Ishii," Koichi Suzuki,' Kazunari Tanigawa,' Masamichi Goto,?
Tsutomu Okabe,? Hideaki Imada,* Akemi Kodama,’ Tomotada Iwamoto,’
Hiroshi Takahashi,” and Hajime Saito®

Leprosy Research Center, National Institute of Infectious Diseases, Higashimurayama-shi, Tokyo, Japan'; Department of
Human Pathology, Kagoshima University Graduate School of Medical and Dental Sciences, Sakuragaoka, Kagoshima,
Japan®; Department of Dermatology, National Hospital Organization, Higashi-Hiroshima Medical Center,
Higashi-Hiroshima, Japan®; Department of Orthopedic Surgery, National Hospital Organization,
Higashi-Hiroshima Medical Center, Higashi-Hiroshima, Japan®; Department of Laboratory Medicine,

National Hospital Organization, Higashi-Hiroshima Medical Center, Higashi-Hiroshima, Japan®;

Department of Microbiology, Kobe Institute of Health, Kobe, Japan®;

Stanford University Medical Center, Clinical Laboratories,

Palo Alto, Califomia’; and Hiroshima Environment and
Health Association, Hiroshima, Japan®

Received 22 May 2007/Returned for modification 12 July 2007/Accepted 11 September 2007

We describe the fourth reported case involving “Mycobacterium ulcerans subsp. shinshuense.” Compared to
previous cases, the infection was more invasive with extensive ulceration from the elbow to the forearm.
Definitive identification involved 1S2404 detection, 16S rRNA gene sequencing, and analysis of the 16S rRNA
gene 3'-terminal region and the virulence plasmid pMUMO01.

CASE REPORT

On 28 December 2005, a 20-year-old Japanese woman ex-
perienced painful swelling, marked by redness, extending from
the right elbow to the forearm. As the condition persisted, the
patient was seen on 6 January 2006 at the Department of
Dermatology, National Hospital Organization, Higashi-Hiro-
shima Medical Center. On the first examination, marked swell-
ing from the right elbow to the forearm and crusted ulceration,
1 cm in diameter, surrounded by redness and swelling of the
right elbow, were observed. On 8 January, the patient was
admitted and placed on a parenteral course of ampicillin-
sulbactam and clindamycin. The treatment was changed to
minocycline on 15 January as a result of increased severity of
symptoms. As the magnetic resonance image was suggestive of
a potential intramuscle abscess, the patient was transferred to
orthopedic surgery where, on 23 January, a 15-cm incision was
made and the affected area was cleansed with irrigation. No
muscle involvement was evident at the time of the incision.
While the patient’s condition initially improved, an exacerba-
tion occurred in early February. On 10 February, Ziehl-
Neelsen staining of material from the ulcerated area revealed
the presence of acid-fast bacilli (AFB) in clumps as well as
dispersed. Purulent exudate taken from the ulcer was inocu-
lated into a BBL MGIT (Becton Dickinson, Franklin Lakes,
NJ) tube and on two 2% Ogawa egg medium slants for incu-
bation at 27 and 35°C. On the basis of the acid-fast stain result,
the patient was placed on isoniazid, rifampin, and ethambutol
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therapy. The patient’s condition continued to worsen with the
ulceration growing to the size of the palm with undermined
edges and a yellowish-white necrotic base. On 28 March, PCR
testing of a biopsy sample targeting a Mycobacterium leprae-
specific sequence was negative, while the sample was positive
for insertion sequence 1S2404, which raised the possibility of
Mycobacterium ulcerans or “Mycobacterium ulcerans subsp.
shinshuense” as the causative organism.

On 4 April, the ulcer as well as surrounding skin tissue
extending 15 cm proximal and distal from the elbow was ex-
cised. Following extensive surgical removal of the epidermal,
dermal, and subcutaneous skin layers, artificial dermis was
placed as a template for dermal regeneration. With the gen-
eration of healthy granulation tissue, the freshly formed dermis
was covered with X1.5-meshed thin split-thickness autograft.
The patient steadily improved and was discharged on 12 June.

PCR targeting 1S2404 specific for M. ulcerans (7) was first
performed on a thin section of formalin-fixed paraffin-embed-
ded skin sample taken on 23 January. Briefly, PCR using for-
ward primer PU4F (5'-GCGCAGATCAACTTCGCGGT-3')
and reverse primer PU7R (5'-GCCCGATTGGTGCTCG GT
CA-3") (gene positions 548 to 567 and 702 to 683, respectively)
was followed by electrophoresis on a 2% agarose gel and stain-
ing with ethidium bromide. A 154-bp PCR product matching
M. ulcerans 97-107 (African strain), 5143 (Mexican strain), and
1615 (Malaysian strain) was detected (Fig. 1a). PCR testing of
DNA extracted from a fresh skin biopsy specimen taken on 28
March confirmed the presence of 1S2404 (Fig. 1b, lane 9).
Because of the typical irregular distribution of clumps of AFB
in Buruli ulcer, the excised skin specimen taken on 4 April
was serially sectioned into eight sections. Each section was
screened for 1S2404 as well as stained with hematoxylin-eosin
and the Fite stain using standard methods. The biopsy section
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FIG. 1. PCR targeting 1S2404 specific for M. ulcerans. (a) Lane M, 100-bp ladder marker; lane 1, DNA sample extracted from paraffin-
embedded skin (patient); lane 2, M. ulcerans 97-107 (African strain); lane 3, M. ulcerans 5143 (Mexican strain), lane 4; M. ulcerans 1615 (Malaysian
strain); lane 5, negative control. (b) Lanes 1 to 8, DNA samples extracted from each of eight serially sectioned skin specimens taken on 4 April;
lane 9, DNA sample extracted from a fresh skin biopsy specimen taken on 28 March; lane 10, negative control; lane M, 100-bp ladder marker.

strongly positive for the 154-bp product (Fig. 1b, lanes 7 and 8)
corresponded with the presence of AFB on microscopy; how-
ever, weakly positive (lanes 5 and 6) and negative (lanes 1 to 4)
sections were negative for AFB on microscopy. It is noteworthy
that AFB was found within the deeper layers of the dermal
tissue despite the normal appearance of the epidermis. AFB
from the dermal and subcutaneous layer was purified and ex-
tracted. Two strains of “M. ulcerans subsp. shinshuense” and
five strains of M. ulcerans (Table 1) were used as controls.
Using previously described consensus primers, sequencing of
almost the full length of the 16S rRNA gene was performed by
direct sequencing of the PCR product with the ABI Prism 310
Genetic Analyzer (Applied Biosystems, Foster City, CA) (10).
PCR primer pairs used were 5'- AGAGTTTGATCCTGGCT
CAG-3’ (positions 8 to 27) and 5'-TGCACACAGGCCACA
AGGGA-3' (positions 1047 to 1028) in combination with 5'-
GTGTGGGTTTCCTTCCTTGG-3" (positions 830 to 849)
and 5'-AAGGAGGTGATCCAGCCGCA-3' (positions 1542
to 1523). Nucleotide numbering was based on Escherichia coli
16S rRNA gene sequence as reference. Sequence analysis was
performed using DNASIS version 2.1 (Hitachi Software Engi-
neering, Tokyo, Japan). The sequence of the 1,480-bp 16S
rRNA gene obtained from the isolate in the present case was
completely identical to “M. ulcerans subsp. shinshuense” strain

753 and “M. ulcerans subsp. shinshuense” ATCC 33728. At
positions 54 to 510, the sequence of “M. ulcerans subsp. shin-
shuense” ATCC 33728 in the RIDOM database (15) was iden-
tical to that of our isolate and differed from M. ulcerans ATCC
19423 (type strain) and Mycobacterium marinum DSM44344
(type strain) by one base at position 492. As shown in Table 1,
our isolate matched perfectly with the 16S rRNA gene 3'-
end regions of “M. ulcerans subsp. shinshuense” reported by
Portaels et al. (8) to be useful in discriminating “M. ulcerans
subsp. shinshuense,” three types of M. ulcerans, and M. marinum.
Finally, using primers for eight pMUMO001 sequences coding
for lipid toxin mycolactone-producing enzymes described by
Stinear et al. (12), PCR products for our isolate, M. ulcerans
97-107 (African strain), and “M. ulcerans subsp. shinshuense”
753 were compared. As shown in Fig. 2, all eight bands were
detected from the African strain, whereas “M. ulcerans subsp.
shinshuense” 753 as well as our isolate lacked the band repre-
senting the serine/threonine protein kinase gene MUPO11.
Of the specimens cultured for mycobacteria, our isolate was
recovered from only the specimen taken on 10 February after
11 weeks of incubation at 27°C on a 2% Ogawa egg slant. All
characteristics of our isolate with respect to IS2404, 16S rRNA
genes, and pMUMO01 were identical to data obtained from
affected tissue samples that failed to yield mycobacteria on

TABLE 1. 16S rRNA gene sequences differentiating M. ulcerans and related species

Differing residue(s) (underlined) at position(s)*:

Organism (origin)

492 1247 1288 1449-1451
Mycobacterium sp. (patient) TGGGGAA GGTGCAA TAAGGCC ACCC---TTTG
“M. ulcerans subsp. TGGGGAA GGTGCAA TAAGGCC ACCC---TTTG
shinshuense” 753 (Japan)
“M. ulcerans subsp. TGGGGAA GGTGCAA TAAGGCC ACCC---TTTG
shinshuense” ATCC 33728
M. ulcerans Agy99 (Africa) TGGAGAA GGTGCAA TAACGCC ACCCTTTTTTG
M. ulcerans 1615 (Malaysia) TGGAGAA GGTGCAA TAACGCC ACCC---TTTG
M. ulcerans ATCC 19423 TGGAGAA GGTGCAA TAACGCC ACCC---TTTG
M. ulcerans 97-107 (Africa) TGGAGAA GGTGCAA TAACGCC ACCCTTTTTTG
M. ulcerans 5143 (Mexico) TGGAGAA GGTGCAA TAAAGCC ACCC---TTTG
M. marinum ATCC 927%¢ TGGAGAA GGTACAA TAAAGCC ACC----TTTG

“ Positions are based on E. coli 16S rRNA genes as the reference.
 Type strain of the species.
¢ Sequences are from database accession no. AF456240.
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FIG. 2. PCR for the presence of the genes on pMUMO001. DNA samples were extracted from M. ulcerans 97-107 (African strain) (a), “M. ulcerans
subsp. shinshuense” 753 (b), and purified AFB from a skin specimen taken on 4 April (c). Lanes M, 100-bp ladder markers; lanes 1, repA (413 bp); lanes
2, parA (501 bp); lanes 3, serine/threonine protein kinase gene MUP011 (479 bp); lanes 4, loading domain of mls (560 bp); lanes 5, acyltransferase domain
of mls (504 bp); lanes 6, rep type 1I thioesterase gene (500 bp); lanes 7, rep type III ketosynthase gene (496 bp);lanes 8, rep P450 hydroxylase gene

(500 bp).

culture. Determination of cultural characteristics as well as
identification procedures was performed as previously de-
scribed (1). The isolate exhibited yellow, rough colonies with
pigmentation when grown in the dark. The slowly growing
mycobacterium formed visible colonies at 25 and 32°C on a 2%
Ogawa egg slant but not at 37 and 42°C. No growth was seen
on medium supplemented with 500 pwg/ml p-nitrobenzonic acid
or 5% NaCl. The isolate was negative for niacin, nitrate re-
duction, arylsulfatase (3 days), Tween 80 hydrolysis, pyrazin-
amidase, and iron uptake, while it was positive for catalase and
68°C catalase as well as urease. The in vitro antibiotic suscep-
tibility of this isolate was determined by the microdilution
method (16) using the BrothMIC NTM kit (Kyokuto Pharma-
ceutical Industrial Co. Ltd., Tokyo, Japan), with modification
of the incubation temperature to 32°C. MIC testing was per-
formed in triplicate on different days with two of three match-
ing MICs used as the criteria for MIC determination. The
MICs of the drugs tested were as follows: streptomycin, 0.25
pg/ml; ethambutol, 1 pg/ml; kanamycin, 0.25 pg/ml; isoni-
azid, 8 wg/ml; rifampin, <0.03 wg/ml; levofloxacin, 0.5 wg/ml;
clarithromycin, 0.06 pg/ml; ethionamide, 8 pg/ml; amikacin,
=0.5 pg/ml.

The taxonomic studies of Tsukamura and Mikoshiba on a
mycobacterial strain isolated from the skin lesion of a 19-year-
old Japanese woman established the existence of a mycobac-
terium resembling M. ulcerans which has been subsequently
classified as “M. ulcerans subsp. shinshuense” (6, 13, 14). Since
the initial report, a case involving this organism from China
and another case from Japan have been reported (2, 5).

In the present case, the finding of AFB in the skin lesion raised
the suspicion of M. marinum, Mycobacterium haemophilum, M.
ulcerans, “M. ulcerans subsp. shinshuense,” and Mycobacterium
leprae as etiologic agents. Detection of 1S2404 from biopsy spec-
imens taken at different times narrowed the etiology to M. ulcer-
ans and “M. ulcerans subsp. shinshuense.” The detection of
1S2404, sequencing of 16S rRNA genes, the presence of genes on
pMUMO01, and the absence of the serine/threonine protein ki-
nase gene MUPO11 identified the organism as “M. ulcerans subsp.
shinshuense.” In the case of slow-growing, hard-to-isolate myco-
bacteria, biopsy followed by molecular diagnostics is the most
timely and sensitive diagnostic approach for patient management
decisions. As shown in this case report, culturing is not always

reliable for some slow-growing mycobacteria and growth may
take as long as 11 weeks.

This represents the fourth case of infection involving “M.
ulcerans subsp. shinshuense,” including the previous two cases
in Japan. Compared to previous reports, this clinical case was
more invasive as well as difficult to manage. The severity of the
ulcerative lesion resembled Buruli ulcer, a recent M. ulcerans
infection case report from Africa (9); however, based on 16S
rRNA gene sequencing, our isolate was identical to “M. ulcer-
ans subsp. shinshuense” ATCC 33728 and “M. ulcerans subsp.
shinshuense” 753. Furthermore, of the eight pMUMAO01 gene
sequences present in the plasmid responsible for the synthesis
of mycolactone in M. ulcerans (11), the organism in this case
report exhibited the same seven pMUMO01 gene sequences
found in the prototype “M. ulcerans subsp. shinshuense” strain
(12). Moreover, phenotypic characteristics and in vitro drug
susceptibilities were also consistent with those of the other
three “M. ulcerans subsp. shinshuense” strains, including the
isolate originated from China (2) (data not shown).

Because there were no apparent bacteriological differences
to explain the virulence of the present isolate compared to the
three other previously reported “M. ulcerans subsp. shin-
shuense” strains, we cannot explain why the isolate in this case
was more invasive than those in previous cases. It is possible
that the late administration of an effective drug(s) such as
rifampin (MIC, =0.03 pg/ml), clarithromycin (MIC, 0.06 g/
ml), and/or amikacin (MIC, 0.5 pg/ml) resulted in a bacte-
riological cure but that the accumulation of the toxic lipid
mycolactone led to the worsening of the lesion (3).

While “M. ulcerans subsp. shinshuense” has been rarely re-
ported, there are several phenotypical and molecular differ-
ences between “M. ulcerans subsp. shinshuense” and M. ulcer-
ans that should be noted (8, 12, 14). Of particular interest is the
novel mycolactone produced by “M. ulcerans subsp. shin-
shuense” which resembles mycolactone A/B produced by M.
ulcerans with only the side chain being structurally different as
a result of changes in the coding region for biosynthesis of the
side chain (4). Whereas these findings are not conclusive, they
lead us to consider whether “M. ulcerans subsp. shinshuense”
should be considered a “subspecies” of M. ulcerans. Additional
studies may contribute to a better understanding of the evolu-
tionary position as well as the geographical distribution of this
organism.
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