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Figure 3. Geographical representation of the Usukubo site. (A) Map of the Usukubo site where K48 was excavated. (B) K48 grave pit at

excavation, Bar=20 m,
doi:10.1371/journal.pone.0088356.g003

it was more likely that the lesions were caused by extensive
trauma- or infection-induced periostitis or osteomyelitis rather
than syphilis [4,8,12].

One small piece of bone fragment with osteological lesions was
taken from the femur for analysis, and another sample with no
osteological lesions was taken as a control from the inner surface of
the nasal cavity on the left frontal process of maxilla.

TK6 burial. Excavation of TKG6 revealed that skeletal
preservation was very poor. Only two thirds of the right facial
cranium and the mandible remained, and the cerebral cranium
was missing. Bones that were present included the right femur, left
talus and several pieces of bone from the tibia and sacrum.
Paleopathological signs of leprosy were observed around the nasal
aperture in the skull (Figure 5A). The edges of the nasal aperture
were rounded, and the cortical bone around the edges displayed
symmetrical hypertrophy, especially remarkable in the area
between the lateral edge to the inferior edge. The rough and
corrugated inner surface of the nasal cavity indicated bone

absorption and remodeling in the palatine process of maxilla, the
frontal process of maxilla and the inferior nasal concha, which
were likely caused by periostitis (Figure 5B). Densely packed small
holes, indicative of osteoporosis, were observed around the
palatine suture on the surface of the palatine process of maxilla
(Figure 5C). Moreover, atrophy of the nasal spine, atrophy of the
alveolar bone around the prosthion and inflammatory changes in
the surface of the cortical bone on the anterior teeth were
confirmed. These osteological lesions limited to the anterior nasal
spine, nasal aperture and nasal cavity are believed to be specific to
leprosy [32]. Probable inflammatory depressions were noted in the
area between the frontal middle trochlea and the talar neck
(Figure 5D). They were adjacent to the inner surface of squatting
facets on the talus, exhibiting a porous surface, which is again
indicative of osteoporosis or non-specific inflammation due to a
mixed infection associated with nerve damage and loss of
sensation. This is a rather unique lesion as leprosy-related
osteological changes are rarely reported in the talus {4,8,12,33].

Table 4. Skeletal samples analyzed for the presence of M. leprae DNA,

Sample No. Material reference  Sampling site

Paleopathological evidence M. leprae DNA

Sample weight (mg)

2 TKS Inner surface of nasal cavity, left

galus,

4 TK6 Lower 2nd molar root, right

6 TK6 Maxillary palate, right

8 K48 Inferior nasal concha, right

ibula

Inner surface of nasal cavity, right
o o0t Tight

NR. 419 -

N.R. 87.7 -

Erosion/atrophy 875 -

Erosion/atrophy 183.0 -

Erosion/atrophy 48.0 +

N.R:: No remarkable change.
doi:10.1371/journal.pone.0088356.t004
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Figure 4. Macroscopic view of the osteological lesions in the
skeletal remains of TK5. (A) Frontal view of the skull with no
paleopathological signs. The area from the glabella to the nasion and
inion was in plane. No periostitis-caused osteological lesions were
observed in the nasal bone or on the edges of the nasal aperture. (B)
View of diaphysis of the femur. The arrow indicates extensive
hypertrophy in the lower bone.
~doi:10.1371/journal.pone.0088356.9004

Three samples with osteological lesions were taken from the
inner surface of the nasal cavity on the right frontal process of
maxilla, right maxillary palate and the center of the left talar neck.
A control sample with no osteological lesions was taken from the
lower second molar root on the right mandible.

K48 burial. Bone erosion with porotic hyperosteosis was
observed in the area around the rounded edges of the nasal
aperture, and was especially remarkable on the surface of the
frontal process of maxilla (Figure 6A). Periostitis-related hyper-
osteosis was not seen on the inner surface of the nasal cavity or in
the inferior nasal concha (Figure 6B). It has been reported that the
anterior teeth are susceptible to leprosy, thus the loss of teeth
between the central incisor and the lateral incisor occurs in
advanced leprosy cases [4,7]. There was severe damage to the
alveoli of the anterior teeth of maxilla and exposure of cancellous
bone. Although the trace of the alveolar foramina of the right first
incisor was not found, the absence of anterior teeth may not be
due to any kind of diseases as there were no specific signs of
deformation or bone absorption on the surrounding bone tissues.
The limb bones of K48 were very fragile and in a poor state of
preservation. Nevertheless, significant hypertrophy was clearly

seen in the fibula with “vascular grooves” that are characteristic of

leprosy (Figure 6C).

Four samples with osteological lesions were taken from the nasal
septum, right inferior nasal concha, inner surface of the right nasal
cavity and diaphysis of the right fibula. A sample from the upper
third molar root on the right maxilla was taken as a control.

Detection of M. leprae DNA by WGA-PCR and DNA
Sequencing

DNA was purified from 11 skeletal samples from three
individuals (TK5, TK6 and K48) excavated from two different
sites as shown in Table 4. The purified genomic DNA was then
used as a template for PCR amplification of M. lgprae genes,
pseudogenes and non-coding regions using WGA-PCR, a method
with a high sensitivity for the detection of M. lgprae DNA from
ancient samples [9]. Among seven samples taken from paleo-
pathological leprosy lesions (No. 3, 5 and 6 from TK6 and No. 7-
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10 from K48; see Table 4), M. leprae-specific DNA fragments were
amplified in two: sample No. 5 (inner surface of the right nasal
cavity of TK6) and sample No. 10 (inner surface of the right nasal
cavity of K48) (Figure 7 and Table 4). Control samples taken from
TK6 and K48, and all of the samples from TKS5, a Nabe-kaburi
burial case without paleopathological evidence of leprosy, were
negative for PCR detection. The specificity of these PCR
amplifications was confirmed by DNA sequencing of the PCR
products purified from agarose gel (Figures S1A and S1B). A Basic
Local Alignment Search Tool (BLAST) search of the two DNA
sequences revealed a 100% match to the reported M. leprae
sequence for the ML2496¢ gene (Figure S1C). These results clearly
confirmed that M. leprae infection was present in the paleopatho-
logical lesions in samples from the TK6 and K48 Nabe-kaburi
burials.

Discussion

The Nabe-kaburi burial is a ritual of interment of the deceased
with an iron pot covering his/her head. Although paleopatholog-
ical characteristics of leprosy have been noted in some cases, there
was no definitive evidence to prove that the skeletal remains
belonged to persons who died with leprosy. In this study, we took
small amounts of samples from skeletal remains having lesions that
were thought to be related to leprosy. Although preservation of the
bones was rather poor, highly sensitive WGA-PCR analysis and
subsequent DNA sequencing clearly demonstrated that two cases
were infected with M. lgprae: one is TK6, excavated from the
Tawara-ga-yatsu site, and the other is K48, excavated from the
Usukubo site. Thus, we have for the first time used molecular
techniques to confirm that people with leprosy were buried in the
Nabe-kaburi burials by using eight different PCR primers and a
DNA sequence of one of the PCR products (1.e. ML2496;).
Although three samples from different affected areas were taken
from TK6 and four samples from K48, in each case only one
sample taken from the inner surface of the nasal cavity was
successfully amplified by WGA-PCR, suggesting that multiple
sampling including the inner surface of the nasal cavity is
necessary for detection of M. leprae DNA.

Contamination of DNA is a big concern in the fields of
archeology and anthropology [12,30,31], especially when analyz-
ing human DNA. Our laboratory is eligible to handle infectious
agents as described in the Materials and Methods and is
responsible for the molecular diagnosis of all the newly found
leprosy cases in Japan. Although the experimental practices of our
laboratory may differ somewhat from the guidelines proposed for
the detection of aDNA, we follow strict guidelines for preventing
contamination to ensure the correct molecular diagnosis in the
laboratory. Therefore, we are confident that data from our
laboratory is reliable enough to demonstrate minute amounts of
M. leprae DNA, no matter whether samples are taken from current
patients or from ancient skeletal remains.

The grave goods found in the Nabe-kaburi burials were similar to
those in the common cemetery. Moreover, in some cases, but not
in the present cases, devices have been found beneath the graves of
the MNabe-kaburi burials, which is indicative of some sort of
memorial events that took place for a certain period of time
[34]. Since such ceremonies were performed to “decontaminate”
the spirits of those with unusual causes of death, it is possible that
people who died of not only specific diseases such as leprosy or
syphilis, but also unfortunate accidents or incidents may likely
have been interred in the Nabe-kaburi burials. In this sense, the
Nabe-kaburi burial, rather than being a symbol of discrimination,
could have served as salvation of the unfortunate souls.
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Figure 5. Macroscopic view of the osteological lesions in the skeletal remains of TK6. (A) Frontal view of the skull. Two thirds of the right
facial cranium and the mandible remained, while the cerebral cranium was missing. The arrow indicates symmetrical hypertrophy in the cortical bone
around the edges of the nasal aperture, which was especially remarkable in the area between the lateral edge to the inferior edge. (B) Closer view of
the rough and corrugated inner surface of the nasal cavity (arrow), indicating bone absorption and remodeling in the palatine process of maxilla, the
frontal process of maxilla and the inferior nasal concha. (C} Closer view of the maxillary palate. Densely packed small holes (arrow) around the palatine
suture on the surface of palatine process of maxilla are indicative of osteoporosis. (D) Closer view of the talus. Lesions and depressions (arrow) in the
area between the frontal middle trochlea and talar neck, adjacent to the inner surface of squatting facets on talus, exhibit a porous surface, which is

also indicative of osteoporosis.
doi:10.1371/journal.pone.0088356.g005

The evidence confirmed by the present study also suggests a
possibility that is different from discrimination: 1) in TK6 and
K48, deceased persons were buried with some grave goods and
coins, the latter believed to be needed as a passage fee when the
deceased crosses a river to go to heaven; 2) valuable and probably
very important items, {eg., iron pots) were buried with the
diseased; and most importantly 3) both TK6 and K48 stayed alive
long enough to have leprosy-specific lesions form on their
skeletons, despite the fact that progressive lepromatous leprosy
cases usually have severe deformities, such as losing fingers, severe
oral and nasal defects, and possible blindness or lagophthalmos

PLOS ONE | www.plosone.org

due to inflammation [10]. This evidence suggests that these
leprosy patients were cared for by someone, they were provided
with food and other daily cares for a long period of time so that
they were able to stay alive when the disease further progressed.
When they died, they were buried in the same manner as other
people in the village with only the exception of the iron pots
covering their heads. Therefore, it must be considered that society
took good care of leprosy patients, at least in the cases of TK6 and
K48, but was afraid of transmission of the disease from the graves
and tried to decontaminate the souls. It can be speculated that
valuable iron pots were used as a kind of tribute.
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Figure 6. Macroscopic view of the osteological lesions in the skeletal remains of K48. (A) Frontal view of the skull. Porotic hyperosteosis is
evident in the area around the rounded edges of the nasal aperture, especially remarkable on the surface of the frontal process of maxilla (arrow). (B)
Closer view of the nasal aperture. The inner surface of nasal cavity lacked signs of periostitis-refated hyperosteosis (arrow). (C) The fibula showed
advanced hypertrophy and generalized swelling with the typical leprosy-specific feature of “vascular grooves” (arrow).
doi:10.1371/journal.pone.0088356.9g006

At this stage, it is still too early to draw a solid conclusion about a definitive diagnosis of leprosy using molecular methods, thus
the significance of the Nabe-kaburi burials. However, in contrast to providing undeniable evidence of advanced leprosy in two cases
the paleopathological diagnosis based solely on macroscopic excavated from the Nabe-kaburi burials, These methods will be

changes in skeletal remains, this study has for the first time made valuable tools in future attempts to demonstrate the presence of
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Figure 7. Detection of M. /eprae DNA from skeletal samples. PCR analysis was performed using M. leprae-specific primers to detect three
coding genes, two pseudogenes and three non-coding regions. Coding genes: ML2496¢ (dnaK; hsp-70), ML2205¢ (purM), ML1309 (hisE); pseudogenes:
(ML0434 (scoA) and MLO794c (REP-family protein); and non-coding regions: Nc1593211, Nc2551060 and Nc2664658. Numbers denote coordinate
positions within the M. leprae genome. PCR products were evaluated using 2% agarose gel electrophoresis. M: DNA size marker (X174 Hinc Il digest,
Takara, Otsu, Japan). NC1: a negative control for DNA purification in which DNase/RNase-free water was used as the sample during the process of
DNA extraction. NC2: a negative control for PCR in which DNase/RNase-free water was used instead of a DNA sample. PC: positive control DNA from
the Thai 53 strain of M. leprae.

doi:10.1371/journal.pone.0088356.g007
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M. tuberculosts or Treponema pallidum DNA if samples exhibiting the
typical osteological lesions of tuberculosis or syphilis are obtained.
Traditional paleopathological findings combined with molecular
analysis will no doubt provide more reliable and definitive evidence,
thus promoting the study of the significance of the Nabe-kaburi burial.

Supporting Information

Figure S1 Sequencing of M. lepraec DNA from skeletal
samples. Original chromatogram of DNA sequencing of sample
No. 5 from TK6 (A) and sample No. 10 from K48 (B). (C) Partial
DNA sequence of M. leprac ML2496¢ (dnaK; hsp-70) gene.
Underlining denotes the sequence data showed a 100% match
to the original sequence.

(TIF)
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A7 0% v (TFLX (12 mg/kg/d) JICERE] D
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1 Fib—UiEE (M. vlcransB i)
Ry MERTAEECERETH .
(WHO * » A L — {438 14)

SHEEGHL, AHAILZ V. 4B, BEIKE
(T, WIRIBEZTCRATFRBEICITHEE
WHERTS.

2. M. massilienseB#1E

M. abscessus & U THBERIE SN T BYSE,
T DR TSR C, M. massiliense & X3l
T LPEISRD LTS, M. massilienset 32006
EICPHEE LCHRE SN2 FNLETEM. abscessus
LE—TH5H L ENTW i WEDHEIIDDHF v
R, 165v—2 TV R, TSy —2 T2 A TOET
I TET, hspbsEIETFRrpoBRIGT TOERDS
LETHD.

BEERE LT, BTEBIREEFL W
TREOFE - piICKREAGOKH R, s
AREZ BT HRB % EVFENLFOR, Ak
BEOFOLEPHFEINTWAS,

B DA T IRMEDOM. abscessusiRiLiE
IZBWTYH, BOFEEIIBVTM. massiliense
DOENPVETH L0, 2B, WEHDOERBZ
HRBERBIZOVWTOERIZOWTIE, B
FTH5,

3. M. chelonaeB3xiE

&, IBRBER TORANBLEOHEG I HE S
N7z, BMICEISHEL, BRERERZ CVER
TIRABEESRE L EEZHNEY, F— b
7 V=T TORECTIHEIIBRT 55, V'~
KTOFEMBETIE, T4V VKBTI
BLznwliddh), HOREIATHICES
ZEbHY, FEERETS.

BEENH 2% £15

2 M. chelonaeB3iE
THRCHER CRARL~ EEROERK
TR R SO,

¥/, RERORTLABECEBICEREN
DRBEELZLEFADHEAINZ(®2). 20
L9 HITIRLHNCTET, HEA, FVuBT
714 0% IoREEE (1 BB EEICEL .
BIRIZA0CHIRIC R B 720, BBICIESE), I—
A (KD ABR, SR & A G HE
THETAFHIATH 5.

4. M aviumBaE

M. aviumiz T OHRRLEDHEL LW T, 2~3
HABTHETS. EHERENT25~45CTE TT,
LOCHEDBAKTHEETTS. REM. avium
JIE T, 24FFREE & OB E 2 RS 5 H
D HY. FENIEBRADREDS HHIHE
ARIZEEmHH S (K 3). 24BRH A= D%
M RmBEAT) S EPRIETHIC 24D 5 5
b Lz, BRERIEITRSEREL, S8
BEOKRE RO L ETHEEEZETHHHE
BERELIROONG. SFEREETAZE
v/, EEO/NSREBOAELL-EL
LIREE DL bEEZLND,

5. M. haemophilumEB41E

FIEREIREOBEIRIET 5 Z L%\ 121,
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B3 M. aviumB3aE
LS b2 ST TR ~ LD N o0 BLRE VRS (2 B OSRE I ATH
1E.

DFSEERALILIANET, e TAEEN, My, 895, RE
EERRT L, HEAMTE, —RNVEVHEO
LLEID &9 (IR o bR A 2 22 il d % .
L O/NIEEN C ORI T, WERINY
B & TEAETRE T H B (BRERIE) .

6. M. marinumiB3iE

M. marinum 3 EAGH (oK & HKINR L D &
IEN B EHRL, AREIORELRIT.
FEH T HEIRAE 1325~33C T, @WIRICIZFIV. M.
marinumBEGiE O BE TRk A EE L /2
W ME R EEMBT 5. ASVIMEICE] &
BEWT, HEVEENT Vo7 AERL, %5
2~4 BMBICRIET B 05, FME L OB % B
LML ZViEEbH 5. FHEEHMEE, F

T, bR EONMEEZITR T WEMLTH B.

FRIRIBIZZ R Th 505, THIBICEFEOA
BEELEL, INPEEHHLHVIZRENRH
L, HROEECIEIRAE, R, SRRV,
BEE el erdhs(H4). £ ITHE(EE
B)TH L. FHREOHBICHERIBRE (K
95, IMES) AR ENLZ VDD, T2, F
8, Wik, LRE~NEIRE VoEiEEo ) vo%
BB TEATHICE THREPEET LY v
EHORGETETHEFNOH 5.

EERERYBETAHI LI/ THA. AIDSEZ
2B AEREI L B BEME BRI HE ST
5.

7. M. peregrinumiSic

M. marinum/BHAE & R KICEET 45
RBED D B MNIFEE LTV, FBEIALILET
i - Fre &% <, BEOEKREL T (X5)9,

B4 M. marinumB3aiE
WICET S %R U5 R OREE.
(il BAREIETH K BB BASER)

5 M. peregrinumBi i
R EAEIBETH B,

8. N>t iR

N VIFEOBERE I S WE (M. leprae) T,
AL E CATEHC & BRERICETI L T nd,
SWHE DY/ LDNAGIRERERFIRE S, 5
JE1E5F (pseudogene) 13#950% & 1), ZIHSHEE
ABEWOERLEZZ NS, BWEHOBEEILE
< (HACHER @ 12~13H), ERBFREII3T
METH A, Lzt THBEREET, WK
ORLITEETH A, T2, BVWEOEEHEIC
H 57 x /) — VIEFEREE (phenolic glycolipid-I ;
PGLI) L EMMED Y 27 VHIIEEN T 3 =
v 2 L OFAERE VO TEILDOERMMZZ
DMNCEEIIRE L., N UvHEiEEs A0S W0n
BT R R R RIBIEE I & o THRERH
BHEREERENLIZORERLE bVbhT
\/;%1)‘

N VROREOHHREZE L, BEADPE
FHA, FHNABAPBEILZRETHS. H
AANTRERE, NEACTEIERREET VT
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6 /N>t 9% (MB, BLE!)
EACHLEREROS 2 BERIHBEESH Y. &
BEISME (B E - REE)BERT.

-

8 &
AIDSHEE T, THERY) ¥ iR O @RI T
V.
G eI AR

NEVFTE, BB EEBHRENPEICRS
na(E6,7). KOs ORERIME, ME (i
B, mEE, BEBEZLE) BROMAK, FE
HEOMERECEHESE, KEHREOREZ
EWHAH. BEOLWHIIKNT A RERELIE
|2 L 75048 (Ridley-Jopling48) &, GEICE
BiEBWi5E(WHOSE, £HEI(MB) L4H
B (PB) ) #® 5.

BEP, HLVIRZFORBICREILRICE D
WIS E W, TR (ER R & 2 BRUG
(S WEAEETEALRE  ENL) IC5 3T 5.

NV E VIREOIEEITWHO DR 5 SHEH
% (multidrug therapy ; MDT) 25H v 5 i,
RFP, ¥ 7V > (DDS), 7u77Y 3> (CLF)®
3FTHA.

9. B &%

BEEEEOREIEMI0EEELEZ LN

BREAR £2% 15

7 N>tF(PB, TTH)
FUEBEAOH HHABE. BHEEEE - iE -
BER)MMET.

9 KBBRHA
8 & [A— R THifE A & EHRAITHRVTna.

% 19) .
FEERE, e MIBBEICIVAELS. &
BEOBERERICL - THETS. Tabb,
DR & OB (FEHETHE O R R~ O S (3
fil) ), QWEBOKERE R S EF DB %
B (EEEE) LA 0EE, ONROKZRE
POMATHICER, OBBED4OTH L. #
BB, BEEZVWLFOBERRSICLDT L
WEF-RInE LTORBRETH Y, HEITE
BE2RD RV, LoT, RERIZIZEOKRE
HATBE L SNB7S, PCRIRETHIED Z L 9%
5. BEEREERIZEA TH 5.
BROBHTE L DIEQT, SEHY v 55iE
B & EFEIICR . 2 EERBEE 2 (F 8,
9) 20) .
HATIZBCGERIZITE A L DB 5~
7B OBICERINT WS, BCGREEM D
BB EEE, BCBEOKERNEZ &2t
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A LCHER & 20 % WEICHTIRIES ) >/ SHi O
FEMERRE 262 & 4. Ml 3EAE 1 2 A RifR I Bk
WEREE LTERIREZRO LY, &5
RAEIX BRI CH 5. AEINBRTHIET 2
EWB VD, e TIREMETOWE bR S
;}’L%ZL)'

HMERE E R T 2 A

TRYAE DR DT, R RGN & O E
ETHIENEETH D,

SR (WU O M T & 505, FE
FTELRV)PEETRETHHDT, WHERR
DERT .

WA O A, WAL S o (Ziehl-Neelsen
Yeftn), JRERHARZ & OBEE, MIEFEENZDNA
BiikAs (PCRIEZE, DNA-DNA hybridization?:
T &) 7% ECH % % T & %. DNA-DNA hybrid-
izationE I BRI HI THIAT T &, 18WHEAT 1 4L
D7 L— MCRENGETHA. 2B, M marinum
1BV, FOYIIVIIM. ulceransd Btk %
RTOT, EINIPCRE:R E 2 EiT 5. £/
M. abscessus & M. massiliense d [/]— 7 TV IZBHE
k5.

KR TIEI7TCOIE P ER (M. marinum, M.
ulcerans, M. chelonaez &), BAHIZ X - Tid40
C M. aviumz &) DIREFREET) .

HREA R CIRAFEZ R T 20V TH
b, LIzhoTHIas F—T R, RYAEE
fiE, BIRAENE, EEER L OBHNINLET
H5.

"

TRCOPH R REIE (5 b &) 13 3EH)
BEESERNZ EDH Y, TR HH ST,
SRR E C 7o T4 FI 2 BILLL) TiRE
2179 . HEITOHEEL LTE R L%,

MHEEOFHICH 7> T, BEHODH L3
Kz BIRT20LEFHLH. LrL, BRZHEHE
BHEEIDZ—-CTEBET L0, T0T—%
AFIEEEZET S, —HOPEE CIIEZE
BREIAUWETHo2), SHICHEEBEE N
VR TIIEEARTE TS 5 7 ERZEHERIL
B, MEFECTHEEIS V., RLIIEH O

2:.89

ZHBETFHOHELTETBY, FRL0EE
AT HZ LT, BEEWPE D OFE G R
o TE&7. NYYyHTlE, DDS, RFP,
F 0 IOV TEABRZEEEFEROBRE
TEBLT, EHORIREITo T 5HY,
R BIE L7 BEaTh, EAIRSHREBED
HERICHE - C, REMEOHAITITERZEDODH
LPRMBICEE T 5. TERMETIE, ok
BRI RGE R BE L CHE—ER oM
B WLEEZETL, BICBAOHEELRZN
MRATHEEEEFICEECTH S, VIEBEEET
IR E MR 5 & TIEIRTAE IR ET S
ZENEL, SOIEBICI-TE6 AL
OEMMERRB T 2EMES XS 5.

BbHWIC

Rimmi, REERE, REHZH, RII%E
RIS, BEGEZ 0T 5. SRIMR,
MEEZAMMR, €L TARBMLAESARZ
ET5.
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SIS PP 52N B ERFHRE DR
MERE DIRE

AR AHEAT Tk BV

Key words * FUBEM (acid fast bacillus), ##% (tuberculosis), JERS8E IS 4 4 (non-tubercu-
lous mycobacterial infectious disease), 7\ > -t > #% (Hansen's disease), 7 N — '] & #5 (Buruli
ulcer), 7 # ¥F 4 7 2@ >~ (QuantiFERON®), ELISPOT #: -

Abstract HEREBEEL, EBEE Nt RS UEBIERRMEREBEEICAZ
PRI ENTES. FEMBELEIL, —MAC, HERBGRIOET T2/, L&~
BEOS, &5, KTHRE, 8BS EEsE EAVRsCoRBSEIERETS. ki
D& BEKE, BOEFEOARCEAMOESICERL 25, KRB EENTLE
PHD. HEBEOREICE, 2 XT7HRE, BERE, RIEEMSNOREL EORKEORE
Z L THEETIE, 2FEMIENFERCLY, BENGTDNARS LG EERBTZ L TH
BORENEEIC L > TETWVWS, &/, BEROBHEE L THREESW LI+ T 1
JrOrikd, SHEEBHBEEORHO—BCEDZ e HBEhTVS. KRBT,
ChOSRBEICDWTHEHT 3.

FOFBEAOREFHEOESRIZLY, e ORE
RHENAEDLED I EILD, BEIDLFE
BUTHLBHEH2 T LT REE o TET.
ELURELRZE, ELWHERIE, BHICE-T

FUsic

BREIEHE, A& N riBLO
K% 18 JE &5 A% HUBR B JE (non-tuberculous myco-

 bacterial infectious disease | NTM #£) =k & ¢ 5
FAZENTEL. ik BWOREBBRILLE
ABNTWADS, BEARFTHHE SFHLE
Lole7 V=Y HE BEAETLREEBERTS
S EDE VR Mycobacterium(M,)marinum &
HE, 24 AR L OBESRBESIN TV DIEH
M. avium BPELZ B NTMEILET NS, 2
NORBABEEIR, WThdEELERELE
L, BMICHEET A LA kw. —F, it

*! Rie Roselyne YOTSU, T162-8655 BB #R$T
BXFAL1-21-1 ENEBREHWELY 57—
RIEE B

*2 Norihisa ISHII, T189-0002 2E# 1L FHEM 4-
2-1 BENMRBREEMAERN X Vv HRFEL Y
F—, kri—f

** Takeshi TAMAKI, BV EBEBRFE L >
y -, ER
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BREETHDEH) TR, MESNORIETH,
WHEROHBEFHO-DIDEETHL. ART
W, REROEE - HERBENREND, OFE
WFERRE, TLTRED N Y 2 ATHDB 2+
YT 47 28 REICNERBEEOBREIZOWT
WHT 5.

PURRE % 88 D BRPR{R & E iR R

TER - HEAR - I L K OREBEIIRYT, B
BORBIRITEAT 3 A HL3E, Al ~RBEmE, A,
BT REEN, BRE, BERFIESE. BEILBMR &N
ThiE, REYBEEOCENILELLL. £-<
O NTM ¥R, C0X) ZBEREZET5H. BL
NTM ETH &4 OEBIZ L D8R L 2 5 EBRRE
BEVRELRL, BT V—VBBEIRY v M E
BABTHAEEREVFERNTH) (M 1-a), K
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R

ar TN —VEE b M marinum Kk
d:%E e Bazin BRHEMEAR

SE (1S A%

.

PATRA) T R B

8 M. marinum BEHEIIE, T, ®ikiz o8

HEETRT

WERAL Z RFRER . & T A DATHAT

» 5 (H1-b).

=T BRE#EER NV
WRICEE

104

YIRTIE, IRIREEDS
BRIz ePHmohTsh, Rk

MB Derma

BICIDRZ - BRRGEET S, 8512, KR
HRIBRERRIC X > T, ZOMEEIRELRS.
BEFEOMAMEY R 1712, RENEZBIKE
L7z, Ny ROERICOWTHE,

L
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+® 2. RMPUREE O E 2 SR E (OO 2 & ) — 8% L TIER)

”A/t/%QLN)
P mTT R  RERE, tuberculoid type

SUVER, lepromatous type

I
BEERXHR, CT <I&{E> YR JAVF4T7zAY
e BROEE - PCR BHSE ST ELISPOT
SwiaE, Eh
| 2x7g&E | | s@pE | | onagzE | | AEOARRE |
Ziehl-Neelseni& TAEIE PCR HERE
Fitelk NS Ziehl-Neelseni%
HLREE Fitei%
HEHREE
® 2 | |
R EERED [EAESnsn | | WEEoRE | | DNARE |
T U —F — FATPIIFRANED PCR
7 DDH
(X5 & Y &) Y=UIVR

FLRENEBLLTUL, AFB M) IV 2R TEHBRPRIT 2 b REE LTHYS

EEY —Y 2w 7IER CHEEE U0 B E R
£, Sweet 7% Behcet Wi KO REMERR, &
BESEE R &R 5 h 5 (£ 2)2.

*ﬁ{*wﬂmmm

EERREREOSE, AATRES L OENE
BB 2 RS ERIT R 5 LB L

SHEEE, PBRERE, HTERFNREIL
CEELRREORBESLRESEVFRL-TH
D, BOREREE - BECHEZIELL, 22
BRELTIZOICRINL2EFT LI ENE
ETHoH. AR, MBEORAZBIZHEER
BREBIRELET 5. S YEEHHEE
R, OEEEEAREOEER 2 TEVENRED
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R 3 RECHRERZRT I LHBREOEH

HOOBRKIIHET LI LAEE Ly, R
BT 5%, AOBREIBICIEREREIE, /¢
77470y 7hoDEGYVYRFERWT,
PCRIZEIC L D HHI® DNA 25EWHT 5 Z &5
HETH5.

RBEDOKRE ™

ERPEBREE L R B8 ICHIT IR EKRED
Ju—Fy— %, PNIR L7z, B RS
BEhELhoBzilRAT L TENE, BED
BrcES%, LTLIBDOERAITERVWHAD
b, TOBIIIRE, BIRFTR, €otkEx
HAEDbETENT5.

1. ZAATHE

B P BHBROR 2 TER, FEHKBLUX
& v 7HEARIZ Ziehl-Neelsen (Z-N) Zefa 2 806 %
B(F—-53I70 U—FIVBRELRE)ZHL

106
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THEETICHOFE, & BBLL2BETS.
LVEIMBENTE VD, Z-NREOEETH
% Fite #2179, A X THRETI, AHET
NEBEEEEBEOREELERT S LTS
A, FHEEZHETASLIEREETH S,

2. HEEKRE

BETIERAULT, REHOMIERER
Léwenstein-Jensen ¥ #), ZEXE#H (Middle-
brook 7H10, 7H11 R H# % &) B X ORAESEH
REFBWHR D, 37T & 25T (RiR) » 2 E3F
DRETHEET S, BEI, P Ld 3BHEE
WiTT 5. REEE, au=-—0FIR, BRELE
BB, CRHBOEREMNM L EEERTS. b
HHEOEBWCLY, HidH5BEHRETHI LD
MEETHS(K3 H3). N"rEVHEOERET
H5B M leprae \IEBRETH 5. B, HEE
i, ERChSHEOERILLFEIh TV,

MB Derma No.216 2014



B 3.

TN = YO EEE Cd H Myco-
bacterium wulcerans subsp. shin-
shuense 02 11 =~ ([ 37 IR e FETT
AR S (TE 3 A w2

E I W AR SELR h e

a @ HE 3£ (40 £%)

b ¢ HE He {100 %)

¢ : Ziehl-Neelsen %2 (400 £5)  d : H0G%H6

G ECIE, MRYIRE (AT YT
AL, BERBIG % &) R0 - WA n A (DNA-
DNA hybridization : DDH #, PCR & &)k
WEREZEET . LaL, BETRSFEY
FRRESERICZ D, HRAFHREIZIZIEAY
FERS kv, SFERENREIC OV TR &R
5. Flo, BHRIUHBREIT.

3. REBHEBRORE

PURR T B 0 HE 36 T A A i ALk 1L,

REAGICAFEEREL 2T 5. HETHE Lan-
ghans B E MG % 4§ 5 FEREIEYE (B 4-a, b) A%

Nl VTR - 7oA (tuberculoid
type : TT ) R8BI X 5 AW E (leproma-
tous type  LL #) A%, NTM & TIZFPRR &0
PSRRI BETE S, NTMIED P TIE
T—URBREHTHY, w1357 briw
D RIEVIHEHER L HOREBROELILLY, &
MR EE I LA LD AT EL B

MB Derma Ne.216 2014 107
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3. M. kansasii
4. M. marinum
5. M. simiae

6. M. scrofulaceum

9. M. avium

10. M. intracellulare

11. M. gastri

12. M. xenopi

13. M. nonchromogenicum
14, M. terrae

15. M. triviale

16. M. fortuitum

17. M. chelonae
18. M. abscessus

19. M. peregrinum

5. DNA-DNA hybridization & (53 BRESERFZET sk fiig-Hi4t)
M. marinum \ZBHEERLTWS,

5. WEERBICE, Z-N (K 4-c) SH LS
B(@4-dPRLNRS.

4. FFEDFHBRE

a) BEHIE (PCR %)

R HE L EORRRSE, EELan=—
ZMAELL, DNAZHBL, PCRICXDHEIEL,
AW ¢ T 2HORFRMBETFRYZHHET 5 HiE
T#& 5. Amplicor Mycobacterium % & g
B¥y FASH D, REBREIDICE>TWS. Am-
plicor ClX M. tuberculosis complex, M. avium B
X U M. intracellulare DM - FIHHHETSH 5.
Th—)EBEDERETH 5 M ulcerans 122\
Tit, HERTRZDHEETH 5 M. ulcerans sub-
species (subsp.) shinshuense 353 BEE S TW
5, BEALOBRFIIZENEREN W L
b, COHBIAELDHLIVET IVTHED M. ul-
cerans £ E X LN TW5B. M ulcerans subsp.
shinshuense DEED 72 DITITERERE HER
, 85714 VYK H 5D PCR X Y HEK DNA
Th b IS2404 R T B LENDH Y. KEE
O BEOKEICOWTIE, BENLERREMTER N~

108

YUY Y~ TiFo T 5,

b) DNA-DNA hybridization %

DDH # & &, DNA B3| OEEME % 3Fl5 5
XY, HORELZTT) S TFEVENRET
»5H. ¥ELLaO=—25 DNA ZHBL, —
FEICLT, FHIFRNZDNA ENATY Y
A~y aryfER)sErI kY, EE:
R8T 5. DDH< A a2 571 7 (R H
REFWHT, G BEOAREOEN S TRETH S
(B5). L»L, RXARISERTEEIS DY, #
AAE, M. ulcerans \& M. marinum LF— 2 VT
LR B0, EEFSLETHA.

Drxily, FELREEZZNT LD
HeRERTR4ITRLA.

5. TOft

a) YNV LEIE(VR)

Purified protein derivative (PPD) & v» 3 HiLlR %
BRES L, 48 BMEOREEHET 5. 10mm
PLLoZR s H B, 10 mm YL EORERH»
DERESHNEPEERE, ThL) IBEED
ki, L E)FHITERBEEHETS. L

MB Derma No.216 2014
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§ 4 i&?@%@&ﬁ@i E:A?J(SCEKZ X '9 e Lfﬁzxﬁ)

z;xmwﬁﬁe)

DNA—DNA -
(Wﬁmmm)ﬁéfr;mﬂ

. PCR hybndszaton

Lo

(R%

1D

ClomE 1O
Ot ) |

1630 At 144

L, BEAOMBREEERZMEELTES
hal®, SEFSELAEOREATHY, BEH
PIA D M. bovis BCG % NTM O HLE & O
PHHVEILTH. fIBREORZ ) —= v FREE
LTERTHAH, BCCHEIERLBICEM
SRTWDHATHE, HRBREREDCHZEICIZE
BEYETA.

b) ARKFEDHKRE
BEETHAHFRBHETIE, FRICLHRELE
LTS 5. 1, EEEESRERS
AT, W X BRE, CTRE, WBER
xE, BRBREZ LTV, HARE, Tolon
B - B EIREN R OHERLIT ) LENFD
5.

¢) HEFIRE

NV ERTIE, RIEHROREFLETH S
(I > e HROREIDTREHE).

d) M PGL-1#fk

N VRBETOERBME AWRET, b
WH OB S E D PGL- 1 (phenolic gly-
colipid- D ICHNT A2 IMEEZRET HHETH 5.

e) 14 —7 02—y ¥R (Interfer-

on-Gamma Release Assay ; IGRA)

RHMME BHEICFENRRETHHRL, #&
BICHT2RELEZHETLHA AL TH
% interferon gamma (IFN-y) # T 5 & O
BYWBWHETH B, 717470 VgE
& ELISPOT BEHNH 5 (thak).
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Stagel : et n F ES":_T‘G

MAHEC BN :
RERCER g 11111 ] orpoio
HWB ket b +
LU TB77
B 1mIFDRMm

37T T16~24558H 159EED
BE IFN- v FABET4EERE

Stage? :
IFN-yELISAL
2}

Y RAwFELISAE
[CKBIFN-y DBEE

B 7 MCRDERD
SHECREBOHR)

QFTIS, MRBBEOHE—AT v (ER) & IFN-y ZRIET BELISAEDE_AT v 7 (TR D'SBRENTWVS.
H5H UHTRMNEMU THABPIRENEICEL I mTDMARERNL, +RNUITEREMKT 2.

6. 7474720y OREFIA(IEGE & HEL TER)

K6 7+v7F4720VOREHEOBHR(IEG X Vi

”) |

CHEEAW/MD | wE

| uERE |

(S A= S EAERIRIIED IFN-7 B — 150>~ O— L% IFN-7 BE

HEEBM=E%3> hO—/LMRO IFN-7RE - BED2 SO—ILImEROD IFN-7 RE

ZhoDREBEBROFRICAND.

JFF 47 zOVEETO

7% 547 =8 *TB-3G(QuantiFERON®
TB-3rd Generation : QFT-3 G, #/ Cix QFT®-
Gold In-Tube : QFT-GIT) AR OBEL LT
2009 % 4 AR AIC 2 o 72 (%5). QFT-3
GII/MNRH D BCGC HEDOEEL ZITTIZ, ##
B R % PLE ESAT-6, CFP-10% TB 7.7
W MR R (IFN-7 BEA) #188EIC L
BREXy T, BRFEAENNZONRE
Fa— 7 (EHFME) ICTRMBE 16~24 BRRKE
2L, LHEPIERELELTHE»SSW SN
IFN-7 % ELISA #kiC TR 5 (K 6)%. &
RICBEBRMNAREEBELLTHEBE IR TW A,
QFT REOMEMONEEE, ROWRT. #

BACRE LTS QFT 25 Hic a2 $ TOHE
F2~3nBELEALRTEY, BRICBVTIR
B 02.6%, HEE BI%LEHEENEVRE
Thb.

~~~~~ -, M. bovis BCG & ESAT-6, CFP-10 %
TB7.7 %> TwiEWnHF—H O NTM dF- T
WEHDLH N, BROAE S THOTME YR
WXL TED LS RIS ERT I, 7AW
THD. EFREL LTI, BEEHICBNT
QFT BHEBIH A S 59, RRBREZAHHN
BEAETHY ™ F—yidt+5ThL, 4%
DIEFIDERS NS,

ELISPOT %'

ELISPOT #id, QFT #RZE & RERIC, HERE
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