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TABLE 2 Rv0679c multiplex PCR results compared with other typing results in 619 M. tuberculosis clinical isolates

RD207, RD105, or other Sequence Rv0679¢ M-PCR No. of
Isolate origin Spoligotype family” typing methods” type* type? isolates
Beijing or Beijing-like 393
Japan Beijing ND 26 Beijing 10
Beijing ND 3 Beijing 24
Beijing ND STK Beijing 13
Beijing-like RD207* STK Beijing 1
Beijing ND 25 Beijing 3
Beijing ND 19 Beijing 9
Beijing ND 10 Beijing 12
Beijing ND 22 Beijing 4
Beijing ND ND Beijing 23
Bangladesh Beijing ND 26 Beijing 3
Beijing ND 10 Beijing 12
Beijing ND 22 Beijing
Beijing ND 8 Beijing 1
Beijing ND ND Beijing 29
Beijing-like RD105%, RD207* ND Beijing 1
Nepal Beijing ND ND Beijing 64
Myanmar Beijing ND ND Beijing 141
Beijing-like RD105%, RD207* ND Beijing 1
China (Heilongjiang) Beijing ND ND Beijing 40
Non-Beijing or undesignated/new” 216
Japan Undesignated/new” RD105%, RD207~ ND Non-Beijing 29
Other: ND ND Non-Beijing 16
Bangladesh -~ ND ND Non-Beijing 73
Nepal - ND ND Non-Beijing 45
Myanmar - ND ND Non-Beijing 51
China (Heilongjiang) Undesignated/new ND ND Non-Beijing 2
Mixed clone samples )
Bangladesh Undesignated/new Mixed peak in sequence’ ND Beijing 1
RD105*, RD207*
Myanmar Undesignated/new RD105*, RD207* ND Beijing 2
EAI2_NTB RD105* ND Beijing 1
EAI5 RD105% ND Beijing 1
China (Heilongjiang) Undesignated/new RD105™ ND Beijing 1
New spoligotype lacking spacers 1-34* 4
Japan New RD105", RD207"* ND Beijing 1
Nepal New RD105™, TbD1*¥ ND Non-Beijing 1
Myanmar ) New RD105*, RD207* ND Beijing 1
China (Heilongjiang) New RD105%, RD207* ND Beijing 1

“ Spoligotype labeling is according to SpolDB4 (3).

b A positive superscript indicates that a deletion was detected; a minus superscript indicates that the RD was not deleted or the region was intact. ND, not determined.
¢ Sequence type is according to reference 26.

4 M-PCR, multiplex PCR.

¢ East Asian lineage.

/Including the clades LAM1, LAMY, T1, T2, T3, T3-Osaka, and new (other than the east Asian lineage).

¢ Including the clades EAIl_SOM, EAI2-MANILA, EAI3_IND, EAIS5, EAI6_BGD1, EAI7_BGD2, EAI unidentified, CAS, CAS1-DHLHI, CAS2, LAM9, T1, T4, H1, H3, X1, X2, and
undesignated/new.

b Including the clades EAI3_IND, EAIS, CAS, CAS1-DHLHI, LAM1, LAMS, T1, T2, T3, H3, S, and undesignated/new.

" Including the clades EAI2_MANILA, EAI2_NTB, EAI5, EAI6_BGD1, EAl7_BGD2, CAS1-DHLHI, LAMY, T1, T3, X2, S, and undesignated/new.

J Overlapped peak of C and G was observed at nucleic acid position 426.

X Details are described in Table 3.
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FIG 1 PCR primers and products of Rv0679¢c-targeting multiplex PCR for
Beijing lineage discrimination. (A) In the Beijing sample, the 163-bp product is
amplified more dominantly than is the 261-bp product. (B) In the non-Beijing
sample, 163-bp product is not amplified because of the mismatch of the 3" end
of R1. Fw, forward primer; R1, reverse primer 1 (Beijing lineage specific); R2,
reverse primer 2. Two-base noncomplement nucleotides at the 5" end are
shown by black squares.

In strain C, the C185T SNP was observed, and in T17, a cyto-
sine was inserted at position 92. In M. canettii CIPT 140010059,
two SNPs and a codon insertion, ACC at position 154, were
observed.

Beijing lineage identification by multiplex PCR. Multiplex
PCR was developed targeting the Beijing-specific SNP on Rv0679c,
employing a primer with the mutated nucleic acid at the 3" end of
the sequence (primer R1; Fig. 1 and Table 1); the optimal reaction
conditions were determined as described in Materials and Meth-
ods. With this system, a bright band of 163 bp was observed as an
amplified product of the primers Fw and R1 in the Beijing geno-
type samples (Fig. 1A and 2). An additional band of 261 bp, which
is the product of primers Fw and R2, can be seen depending on the
conditions, although it is always significantly thinner than the
163-bp band because of the low R2-primer concentration (see
Materials and Methods). In contrast, only the 261-bp band is ob-
served in a non-Beijing genotype sample (Fig. 1B and 2). Since the
sequences of the primers are specific to the MTC, no amplification
occurs in the absence of MTC genomic DNA (Fig. 2, data for M.
avium and M. kansasii). A total of 619 clinical isolates obtained in
the five Asian countries of Japan, Bangladesh, Nepal, Myanmar,
and China were subjected to this Beijing lineage-identifying mul-
tiplex PCR, and the results were compared with their spoligotypes.
All the isolates determined as having a Beijing or Beijing-like ge-
notype by the SpolDB4 (n = 393) were determined to be in the
Beijing lineage by the multiplex PCR (Table 2). On the other hand,
no samples that included only non-Beijing genotype DNA (n =
216) were identified as being in the Beijing lineage. Twenty-nine
non-Beijing east Asian lineage strains, which were suggested by a
characteristic spoligotype having spacer 34 and were defined by
RD105 detection, were determined to be non-Beijing by the mul-
tiplex PCR. Six isolates that showed a discrepancy between their
spoligotype and the multiplex PCR result were further determined
by RD207 or RD105 detection PCR and were revealed to be a
mixture of Beijing and other subtype strains (mixed clone sam-
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FIG 2 Electrophoresis results of the multiplex PCR products. Lane M, 50-bp
ladder DNA size marker; lane 1, M, bovis BCG Tokyo 172 (non-Beijing lineage
control) strain; lane 2, M. tuberculosis OM-9 strain (Beijing lineage control);
lane 3, M. tuberculosis H37Rv; lane 4, M. africanum ATCC 25420; lanes 5~ 8, M.
tuberculosis clinical isolates (lane 5, non-Beijing east Asian; lane 6, EAL; lane 7,
LAMOY; lane 8, Beijing); lane 9, M. avium strain JATA51-1; lane 10, M. kansasii
JATA21-1; lane NC, negative control.

ples, Table 2). Four samples from different countries had confus-
ing spoligotypes that lacked spacers 1 to 34 and additionally lacked
some of the spacers from 35 to 43. These samples could also be
identified correctly (Tables 2 and 3). The minimum detection lim-
its were 100 and 1,000 cells per reaction in the Beijing genotype
and BCG strains, respectively (data not shown).

DISCUSSION

In this study, we demonstrated that the SNP of C to G at position
426 in the Rv0679c gene is specific to the Beijing genotype strains.
We developed a new multiplex PCR using this SNP to identify
Beijing lineage isolates. This PCR assay successfully distinguished
Beijing genotype strains from others, including the non-Beijing
east Asian strains, with 100% accuracy. The Beijing lineage geno-
type is usually identified by spoligotyping, specific patterns of
IS6110 RFLP, or the detection of RD207, which is led by an inser-
tion of IS6110 in the DR region. However, spoligotyping is well
known to show gene conversions, and strains having no genetic
relationship sometimes show the same spoligotype (3, 26). Fenner
et al. (35) reported pseudo-Beijing strains that had a typical Bei-
jing spoligotype even though they actually belonged to the CAS
family. This type of confusion seems to occur especially in areas
that have a higher prevalence of principal genetic group 1 (PGG1)
lineages, including the EAI, CAS, and east Asian lineages, since
PGG1 strains usually possess spacers 35 and 36, which are lacking
in PGG2 and PGG3 strains (3, 36). In other areas, mixed infections
of more than two strains sometimes disrupt correct spoligotyping
by showing mixed spacer patterns. The Manul-SIT100 and Ma-
nu2-SIT54 types, which lack the spacers 34 or 33 and 34, respec-
tively, are known to be producible by the mixture of Beijing family
and T1 strains (3, 37). In this study, we found that some samples
showed discrepant results between Rv0679¢ multiplex PCR and
spoligotyping that determined a strain to be of the Beijing geno-
type by multiplex PCR, despite having another spoligotype. Using
RD105 and RD207 detection methods, all of these samples were
confirmed to be a mixture of Beijing and another strain. This type
of mixed culture is sometimes observed in countries with a higher
TB burden, where a coinfection of more than two strains is not
rare (22). Some of the spoligopatterns of those samples showed
faint positive spacers, suggesting the mixed presence of other
strains. Even clear and correct spoligotypes can sometimes lead to
misjudgments. In the current study, some samples showed only
one to several spacers to be positive in the Beijing spacer area,
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TABLE 3 Typing result comparison in clinical isolates having confusing spoligotype patterns

Detection type Final
Sample Spoligotype Rv0679c RD207 RD207 typing
(identification) Spoligotype pattern family” M-PCR type set1” set2® RDI105 TbDI1 result
Japan (0-05-44)  OOODOCOOOCCOONOOOCCOCCOO0O00000000000000008  New Beijing - +¢ + - Beijing
Nepal (no. 51) OoOOO0o00000000000C0000000000000000C0NECON0. New Non-Beijing — - - + Ancestral?
Myanmar (no. 95) 000OOCO0COOOONCOOO0000000000000000CO0CONEEE New Beijing + + + ND  Beijing
China (2460) ODONOO000E00000000000000000000000DNECON0000.- New” Beijing + + + ND  Beijing

2 These patterns were not found in the SpolDB4 list.

& PCR sets 1 and 2 in reference 22.

< A faint correctly sized band and an additional band of a different size were observed.
4 Ancestral type of M. tuberculosis strain possessing TbD1 region (25).

¢ The spoligotype pattern of this sample has been reported in reference 13.

namely, from spacers 35 to 43. Most were identified as being of the
Beijing genotype by multiplex PCR, while one was judged to be a
non-Beijing strain. All Beijing genotype-positive results were con-
firmed by RD105 and RD207 PCRs, and the non-Beijing isolate
was revealed as an “ancestral type,” which involves EAI but not the
Beijing lineage, by TbD1 detection (Table 3) (25). These examples
support the high specificity and applicability of this SNP-targeting
PCR. The disadvantages of 156110 RFLP and RD207 detection
have already been described above. RD207-detection PCR did not
work as expected in the sample that lost spacers 1 to 42 (Japan
0-05-44; Table 3), suggesting that some additional reconstruction
had occurred at the IS6110 insertion site of the DR region. SNPs in
MTC genomes can provide robust lineage information, whereas
repetitive elements, such as direct repeats in the DR region, the
mycobacterial interspersed repetitive unit (MIRU) tandem re-
peats (38), or IS6110, are prone to alteration. One hundred per-
cent concordance of the PCR results with the genetically con-
firmed Beijing type is not surprising because of the rigidity of the
SNPs in the MTC (25, 26). Of the 393 Beijing family isolates, 94
were subtyped by MLST and consisted of 8 STs covering a wide
range of the Beijing family, from ancient to modern types (Table
2). This suggested that a specific mutation in Rv0679¢ seemed to
have occurred in the Beijing lineage at the same time as the RD207
deletion event.

Rv0679c¢ is an MTC-specific gene, as shown by Cifuentes et al.
(27), and no significantly similar sequence was detected by an
NCBI BLASTn search in the GenBank database. Thus, this multi-
plex PCR assay can be used for the identification of the MTC, as
well as for the differentiation of Beijing and non-Beijing lineages
(Fig. 2). The Beijing mutation detection primer (R1; Fig. 1 and
Table 1) was designed to have two additional noncomplement
bases at the 5’ end to block the second amplification by the PCR
product that produces the 261-bp fragment with an outer R2
primer, Additionally, the higher concentration and melting tem-
perature of the R1 primer compared to those of the outer R2
primer increase the Fw-R1 product more than the Fw-R2 product.
With these techniques, the Beijing band (163 bp) can be shown to
be significantly brighter than the non-Beijing band (261 bp) when
the sample is derived from Beijing lineage M. tuberculosis strains
(Fig. 2). The relatively higher annealing temperature of 66°C gave
good contrast of those two bands and prevented nonspecific am-
plifications. Modified Tagq or other polymerases that have 3'-to-5’
exonuclease activity should be avoided, since those enzymes can
trim the mutated nucleotide at the R1 primer end. It is recom-
mended to check the PCR conditions using positive controls for
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Beijing and non-Beijing types (i.e., BCG) every time (Fig. 2). The
detection limit of 100 to 1,000 copies per reaction might be rela-
tively high; however, it can be improved by about 10 times by
increasing the PCR cycle number to 40, although the necessity of
identifying the MTC lineage in direct clinical specimens seems to
be low.

In papers featuring SNPs as epidemiological markers, syn-
onymous mutations are usually selected to avoid the effect of
evolutional pressure (26). However, both SNPs for the differ-
entiation of PGG1, PGG2, and PGG3 were nonsynonymous
mutations in katG and gyrA (36), and so far, they have provided
robust differentiation results. In the MTC, nonsynonymous
mutations on functional genes can be observed in a relatively
higher frequency than in other bacteria because of extremely
reduced purifying selection pressure (39). Thus, nonsynony-
mous mutations can be preserved unless they are significantly
disadvantageous. Indeed, 100% of the Beijing family strains in
the current study could be identified with this nonsynonymous
mutation, suggesting that it at least has no adverse effect on
those strains. The function of the Rv0679c¢ protein is still un-
clear, although its expression on the cell surface has been con-
firmed (27, 28). Cifuentes et al. (27) reported that the surface-
localized Rv0679c protein contributed to the M. tuberculosis
invasion of host cells and proposed the protein as a vaccine
candidate. The substituted amino acid at position 142 was lo-
cated in the C-terminus region of the protein, which was in-
cluded in the “high-activity binding peptide” to target cells
(27). Thus, this highly conserved nonsynonymous SNP, which
results in an amino acid substitution with different character-
istics (Asn — Lys), might have some biological meaning in
explaining Beijing lineage pathogenicity. Since BCG vaccine
strains, as well as other non-Beijing strains, have Rv0679c¢-
Asn142, this substitution might affect the antigenicity of the
Beijing bacterial surface and might contribute to the possible
evasion of BCG-derived immunity. Further investigation of the
association of the Rv0679¢c Asn142Lys substitution with Beijing
strain outer membrane characteristics and antigenicity is on-
going.

In conclusion, a simple, robust, and low-cost multiplex PCR
assay for the detection of Beijing lineage M. tuberculosis strains was
successfully developed using a Beijing-specific SNP on Rv0679c.
This PCR assay can be used in local laboratories to monitor the
prevalence of the Beijing genotype, and this is strongly recom-
mended to control this possibly highly pathogenic and drug resis-
tance-prone sublineage.
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Applicability of In-House Loop-Mediated Isothermal Amplification
for Rapid Identification of Mycobacterium tuberculosis
Complex Grown on Solid Media
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SUMMARY: A simple, rapid, and low-cost identification method is required in tuberculosis high-bur-
den countries. We report the applicability of in-house loop-mediated isothermal amplification (LAMP)
targeting 16S ribosomal RNA for the rapid identification of Mycobacterium tuberculosis complex
grown on Lowenstein-Jensen media. Eighty acid-fast staining-positive clinical isolates were selected and
used to evaluate the LAMP assay in comparison with polymerase chain reaction and conventional cul-
ture-based tests. The LAMP assay identified 60 M. fuberculosis isolates from 80 clinical isolates using
simple heat-extracted DNA directly from the colony suspension. The results were in complete agreement
with those obtained using the other methods, and the utility of the direct LAMP assay from a colony
was demonstrated. The LAMP assay appears to be a practical and low-cost method that can be used for
the rapid identification of M. tuberculosis isolates and suitable for endemic low-resource settings.

Tuberculosis (TB) is still the most common deadly in-
fectious disease worldwide. In Thailand, almost 130,000
people suffer from active TB and approximately 11,000
deaths occur annually. The nation ranks 18th on the list
of 22 ““TB high-burden countries”’ in the world (1).
Although most mycobacterial infections are still caused
by Mycobacterium tuberculosis complex (MTC), non-
tuberculous mycobacteria (NTM) have been document-
ed to cause a number of human pulmonary infections in
developed and developing countries (2-3). The increas-
ing incidence of TB and NTM infections caused by the
acquired immunodeficiency syndrome (AIDS) epidemic
has resulted in the need for rapid and accurate identifi-
cation of isolates grown on media so that appropriate
treatment can be prescribed.

The culture and identification of MTC is still the gold
standard for diagnosing TB, although MTC can be di-
rectly identified from clinical specimens using genetic
methods such as polymerase chain reaction (PCR) or
loop-mediated isothermal amplification (LAMP) be-
cause these methods cannot differentiate between live

*Corresponding author: Mailing address: Division of
Global Epidemiology, Hokkaido University Research Cen-
ter for Zoonosis Control, Kita 20, Nishi 10, Kita-ku, Sap-
poro 001-0020, Japan. Tel: +81-11-706-9503. Fax: +81-
706-7310. E-mail: suzuki@czc.hokudai.ac.jp
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and dead TB bacilli. However, conventional identifica-
tion methods depending on biochemical assays and the
phenotypic examination of colony formation on solid
media are labor-intensive and time-consuming owing to
the slow growth rate of MTC (4). In addition, the results
of biochemical tests are sometimes inconclusive because
of their low sensitivity and reproducibility. Thus, a
rapid means of identifying MTC is essential for enhanc-
ing diagnostic services in mycobacteria laboratories and
for improving the management of patients. PCR-based
methods for the detection of MTC grown on Lowen-
stein-Jensen (L-J) media have been reported and
proposed as an alternative method (5). Till date, the use
of traditional nucleic acid amplification appears to be
restricted to the laboratory setting, equipment, and
technical expertise. The immunochromatography test
(ICT) is commercially available and is widely used for
the rapid confirmation of M. tuberculosis cultures
(6-7). Although ICT is an easier method for the detec-
tion of MTC from culture samples, adequate growth
with prolonged incubation is necessary to avoid false
negative results (8). In recent years, several new molecu-
lar techniques, including LAMP, have been developed
and used for M. tuberculosis detection (9-12). Com-
pared with modern molecular methods, which are rela-
tively complex and economically unsuitable for labora-
tories with limited resources, LAMP is a low-cost
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molecular assay that combines specificity and sensitivi-
ty. The advantages of the LAMP technique include its
simplicity, i.e., isothermal amplification at a constant
temperature of 60°C-65°C without any need for
sophisticated equipments such as a thermal cycler, and
the direct visual inspection of gene amplification in the
reaction tube as opposed to analysis by gel electrophore-
sis (13-17). The positivity of the reaction can be easily
detected by the naked eye as a color change or the obser-
vation of a white precipitate (15,17). Because of its sim-
plicity and cost effectiveness, LAMP is a promising
molecular technique that could be readily applied to the
rapid detection and identification of M. tuberculosis in
resource-limited settings.

This study aimed to assess the performance and
applicability of in-house LAMP, known as TB-LAMP,
to the rapid and accurate identification of MTC grown
on L-J medium, which is used commonly in conven-
tional mycobacterial culture. Sputum samples were col-
lected, decontaminated by N-acetyl-L-cysteine-NaOH
treatment, inoculated onto L-J slants, and examined
for growth or contamination at 37°C (4). The bacteria
that grew on L-J medium were examined to determine
their colony morphology, growth rate, pigmentation,
and Ziehl-Neelsen staining results. DNA was extracted
from colonies recovered from L-J media that were posi-
tive for acid-fast bacilli (AFB) using a simple boiling
method. In brief, putative small colonies were picked
and suspended in a microcentrifuge tube containing 100
ul distilled water. DNA was extracted by boiling the cell
suspension using a dry heat block at 80°C for 10 min.
After brief spinning at 2,000 X g for 5s, an aliquot of
cell lysate was added directly to the LAMP reaction
mixture as described in previous studies (12,18). In
brief, LAMP for MTC was performed in a 20-ul reac-
tion mixture, which contained 2.0 ul of 10 X LAMP
buffer [200 mM Tris-HCI (pH 8.8), 100 mM KCl, 100
mM NH,;SO,, and 1% Triton X-100], 14 mM dNTPs,
0.8 M betaine, 300 mM MgSOy,, 30 pmol FIP and BIP
primers, 20 pmo! of FL and BL primers, 5 pmol F3 and
B3 primers, 8 U Bst DNA polymerase (New England
Biolabs, Inc., Ipswich, Md., USA), 1 ul Fluorescent
Detection Reagent (FDR; Eiken Chemical Co., LTD.,
Tokyo, Japan) and 7 ul cell lysate. The set of 6 primers
used in this study was described in our previous studies
(12,18). After incubation at 65°C for 1 h in a small heat
block, DNA amplification was detected in LAMP reac-
tions as a color change from orange to green using the
naked eye (Fig. 1). The results were compared with
those of multiplex PCR analysis, which could differenti-
ate between MTC and NTM in a single tube, as well as
classical biochemical tests, which comprised niacin ac-
cumulation, nitrate reduction, catalase production, and
susceptibility to paranitrobenzoic acid (PNB) when
heavy growth of each isolate was achieved (4).

The specificity and sensitivity of TB-LAMP were in-
tensively examined in our previous study of direct detec-
tion from clinical specimens (12) and liquid culture (18).
TB-LAMP was specific to MTC and could directly de-
tect as few as 9 tubercle bacilli in sputum samples.
However, the direct detection of MTC from clinical
specimen cannot differentiate between living and dead
TB bacilli, while liquid culture examination is not sus-
tainable in many developing countries because of its
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Fig. 1. Identification of M. tuberculosis complex isolates by TB-
LAMP and multiplex PCR.

DNA extracted by heat lysis from mycobacterial clinical iso-
lates positive for acid-fast bacilli was used for TB-LAMP and
multiplex PCR reactions. M. tuberculosis complex and non-
tuberculous mycobacteria were identified by visual observation
of the color change in LAMP and by agarose gel electrophore-
sis in multiplex PCR. A. Visual appearance of LAMP results
showing N: negative control, 1-2: non-tuberculous mycobac-
terial isolates, P: positive control, and 3-5: M. tuberculosis
complex isolates. B. Multiplex PCR results analyzed by
agarose gel electrophoresis. A 439-bp DNA band specific for
Mycobacterium spp. reported to contain NTM in the samples.
PCR positive for 439 bp specific for Mycobacterium spp. and
341 bp specific for MTC reported as containing MTC in the
samples. Lane M: DNA marker; Lane, 1, 2 and 4: PCR
product from M. tuberculosis complex isolates and Lane 3:
PCR product from non-tuberculous mycobacterial isolates.

cost, although it is recommended in many settings. Solid
culture examination is still considered essential, and it
has been used in many developing countries. Thus, we
examined the feasibility of TB-LAMP for the detection
of MTC in early culture-positive samples. Using TB-
LAMP, 60 clinical isolates, which were presumed to be
MTC on the basis of visual observations of the colonies,
were rapidly identified as MTC by TB-LAMP. As ex-
pected, the remaining 20 isolates, which were presumed
to be NTM, yielded negative results with TB-LAMP.
The TB-LAMP results were in complete agreement with
the multiplex PCR results (Fig. 1). In addition, all the
isolates with the biochemical characteristics of MTC
and susceptibility to PNB exhibited positive results by
TB-LAMP (Table 1). There were no false-positive iden-
tification results using TB-LAMP among all 20 NTM
isolates (Table 1). These concordant identification
results confirmed the specificity of TB-LAMP for
MTC, and the simple DNA extraction from the tiny
colony on L-J medium at the beginning of culture
growth made identification by this method much quick-
er than that by the combination of biochemical tests and
susceptibility to PNB. In addition, the overall procedure
of the TB-LAMP assay allowed M. tuberculosis iden-
tification to be completed in less than 2 h without any
requirements of expensive or complex instruments. The
LAMP system uses a simple aluminum heat block that
can be powered by a handy battery, therefore, it can be
used in difficult settings that experience power interrup-
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Table 1. Concordance of identification results by TB-LAMP
with conventional methods

M. tubercuiosis Non-tuberculous

complex mycobacteria
TB-LAMP
Positive 60 (100%) 0 (0%)
Negative 0 (0%) 20 (100%)

*Isolates were identified by conventional methods, multiplex
PCR, biochemical tests, and PNB susceptibility.

tions. This study clearly demonstrated the utility of TB-
LAMP for the rapid identification of MTC grown on
L-J medium. Conventional identification has a long
delay because of the need for heavy growth and labor-
intensive procedures; however, it could be substituted
with this alternative nucleic acid isothermal amplifica-
tion method. The preparatory steps required to extract
DNA for the LAMP reaction in a simple heating
method also reduced the infection risk and the cost of
the test. Conventional nucleic acid amplification tests
are not widely used in developing countries because of
contamination by carry-over products. An advantage of
LAMP is that the results can be observed without any
further analysis unlike conventional nucleic acid am-
plification tests. Naked-eye observation of the color
change in the reaction mixture without opening the lid
of the reaction tube reduces the risk of cross-contamina-
tion.

TB is the most common mycobacterial infection in
developing countries; therefore, this simple and eco-
nomic identification method based on TB-LAMP could
be suitable for use in any laboratories that perform
mycobacterial culture.
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The emergence of extensively drug-resistant tuberculosis (XDR-TB) has raised public health concern for
global control of TB. Although molecular characterization of drug resistance-associated mutations in
multidrug-resistant isolates in Nepal has been made, mutations in XDR isolates and their genotypes have
not been reported previously. In this study, we identified and characterized 13 XDR Mycobacterium
tuberculosis isolates from clinical isolates in Nepal. The most prevalent mutations involved in rifampicin,
isoniazid, ofloxacin, and kanamycin/capreomycin resistance were Ser531Leu in rpoB gene (92.3%),
Ser315Thr in katG gene (92.3%), Asp94Gly in gyrA gene (53.9%) and A1400G in rrs gene (61.5%),
respectively. Spoligotyping and multilocus sequence typing revealed that 69% belonged to Beijing family,
especially modern types. Further typing with 26-loci variable number of tandem repeats suggested the
current spread of XDR M. tuberculosis. Our result highlights the need to reinforce the TB policy in Nepal

with regard to control and detection strategies.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Worldwide emergence of multi- and extensively drug-resistant
tuberculosis (MDR and XDR-TB) has become a major obstacle to TB
control. XDR-TB is a form of TB caused by Mycobacterium tubercu-
losis (MTB) strains, which is resistant to isoniazid (INH) and
rifampicin (RIF), defined as multidrug-resistant MTB (MDR-MTB),
as well as fluoroquinolone (FQ) and any of the second-line anti-TB
injectable drugs, amikacin (AMK), kanamycin (KAN), or capreo-
mycin (CAP). By the end of 2010, 68 countries had reported at least
one case of XDR-TB.! XDR-TB is the result of an adverse treatment
outcome of MDR-TB; many cases are never diagnosed due to limi-
tations in laboratory capacity to test for second-line drug resis-
tance.? Treatment of XDR-TB patients is more challenging and less
successful than that of patients with other types of TB3 An
extremely high death rate from XDR-TB was reported in patients
co-infected with HIV in South Africa.?*

* Corresponding author. Division of Global Epidemiology, Hokkaido University
Research Center for Zoonosis Control, Kita 20-Nishi 10, Kita-ku, Sapporo 001-0020,
Japan. Tel.: +81 11 706 9503; fax: +81 11 706 7310.

E-mail address: suzuki@czc.hokudai.ac.,jp (Y. Suzuki).

f A.P. and B.M. contributed equally to this work.

1472-9792($ — see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.tube.2012.10.007

In Nepal, TB is a major public health problem. The incidence of
all forms of TB was estimated to be 173/100,000 population while
the incidence of new smear-positive cases was at 77/100,000 in
2008. The four surveys conducted between 1996 and 2007 have
indicated the fluctuating prevalence of MDR-TB among new cases
of between 1.1% and 3.7% (1.1% in 1996, 3.7% in 1999, 1.4% in 2001
and 2.9% in 2007). The latest estimate of MDR-TB is 2.9% and 11.7%
among new and recurrent cases, respectively.">® Although the
prevalence of drug-resistance confirming mutations in MDR-TB
isolates in Nepal have been reported recently,’ to the best of our
knowledge, no published data on mutations and genotypes of XDR-
MTB strains are currently available from Nepal.

Molecular epidemiological studies of M. tuberculosis strains have
identified variability in the phylogeography of strains globally.”®
Beijing strains are most prevalent globally and also associated
with enhanced acquisition of drug resistance; however their
resistance patterns varied regionally.’ Drug resistance in
M. tuberculosis is commonly caused by mutations in various genes.
Previous works have indicated that mutations within 81-bp core
region of the RNA polymerase 8-subunit gene (rpoB) gene are the
cause of RIF resistance in more than 90% of cases.!®!! In contrast,
several different loci are known to be involved in INH resistance,
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especially katG and inhA.%'® Mutations in a conserved quinolone
resistance-determining region (QRDR) of the gyrA or gyrB genes
encoding DNA gyrase are often involved in fluoroquinolone (FQ)
resistance.'? Resistance to aminoglycosides (KAN and AMK) and
CAP is attributed to mutations in 16s rRNA (r15) gene.*1

The present study documents drug resistance-associated
mutations in XDR isolates from Nepal. To gain an insight into the
epidemiology of these isolates, genotyping by using spoligotyping,
multilocus sequence typing (MLST) and variable number of tandem
repeats (VNTR) were also performed.

2. Materials and methods
2.1. M. tuberculosis isolates

A total of 109 MDR M. tuberculosis clinical isolates were
randomly selected from isolates bank at German Nepal Tubercu-
losis Project (GENETUP), Nepal, collected over a 3-year period from
2007 to 2010. Each isolates were recovered from individual patients
with pulmonary TB.

2.2. Antibiotic susceptibility testing

Testing for susceptibility to first- and second-line drugs was
carried out at GENETUP using the conventional proportional
method on Lowenstein—Jensen medium according to the World
Health Organization guidelines' with the following critical drug
concentrations: INH (Cat No. 2261/0801; Fatol Arzneimittel GmbH,
Schiffweiler, Germany); 0.2 pg/ml, RIF (Cat No. 004030; Fatol);
40 pg/ml, streptomycin (STR) (Cat No. S6501; Sigma—Aldrich, St.
Louis, MO); 4 pg/ml, ethambutol (EMB) (Cat No. 1237/0806; Fatol);
2 pg/ml, ofloxacin (OFX; Cat No. 08757; Sigma—Aldrich); 2 pg/ml,
KAN (Cat No. 60615; Sigma—Aldrich); 30 pg/ml and CAP (Cat No.
C4142; Sigma—Aldrich); 40 pg/ml.

2.3. DNA extraction

DNA was prepared for PCR by mechanical disruption, as
described previously.® Briefly, the colonies were suspended in TE
buffer consisting of 10 mM Tris—HCl (pH 8.0) and 1 mM EDTA in
a 2 ml screw-cap vial, one-fourth of which was filled with 0.5 g
glass beads (0.1 mm) (Bio Spec Products Inc., Bartlesville, OK).
Mycobacterial cells were disrupted by shaking with 0.5 ml chlo-
roform on a cell disrupter (Micro smash; Tomy Seiko Co. Ltd., Tokyo,
Japan) for 1 min. After centrifugation, the DNA in the upper layer
was concentrated by ethanol precipitation and dissolved in 100 pl
TE buffer.

2.4. PCR amplification and DNA sequencing of drug resistance-
associated genes

PCR reactions were performed in a 20 pl mixture consisted of
0.25 mM each of dNTPs, 0.5 M betaine, 0.5 uM of each primer
(Primers for rrs, gyrA and gyrB in Table 1 and those in Poudel A
et al. for rpoB, katG and inhA gene segment amplification). One U
GoTag DNA Polymerase (Promega, Madison, WI1), GoTaq buffer and
1 pl DNA template. The reactions were carried out in a thermal
cycler (Bio-Rad Laboratories, Ipswich, MA) under the following
conditions: initial denaturation at 96 °C for 60 s followed by 35
cycles of denaturation at 96 °C for 10 s, annealing at 55 °C for 10 s
and extension at 72 °C for 30 s with a final extension at 72 °C for
5 min. PCR products were sequenced according to the manufac-
turer’s instructions with the same primers used for PCR and the Big
Dye Terminator v3.1 Cycle Sequencing Kit (Life Technologies Corp.,
Carlsbad, CA) using an ABI PRISM 3130x! Genetic Analyzer (Life

Table 1
Nucleotide sequence of primers used for PCR and sequencing.

Locus Primer Nucleotide sequence (5'—3') Target region Product
size {(bp)

220339 321

gyrA TBgyrAS  AGCGCAGCTACATCGACTATGCG
TB gyrA AS  CTTCGGTGTACCTCATCGCCGCC

B TBgyrBS  CGGCACGTAAGGCACGAGAG 13731770 398
T8 gyrB AS  GAACCGGAACAACAACGTCAAC

IS TBrrs S AGTCCCGCAACGAGCGCAACCC 13501550 665
TBrrs AS  GATGCTCGCAACCACTATCCA

Technologies Corp.). The resulting sequences were compared with
wild-type sequences of M. tuberculosis H37Rv using Bio-Edit soft-
ware (version 7.0.9) (http://www.mbio.ncsu.edu/bioedit/bioedit.
html).

2.5. Phylogenetic markers

Spoligotyping was performed according to the standard
protocol.'® and the spoligotype in the binary format was compared
with the SpolDB4 database.”” Another molecular epidemiological
investigation was performed by PCR amplification of the 26 vari-
able M. tuberculosis microsatellites and assigned an allele number
based on the number of repeats as described previously.'® A
combined spoligotype-VNTR UPGMA3 dendrogram was computed
and drawn using Bionumerics 6.0 version software (Applied Maths,
Sint-Marten-Latems, Belgium). MLST targeting 10 chromosomal
positions were performed according to Filliol et al.'®

3. Results
3.1. Drug-susceptibility patterns

Among 109 MDR-MTB isolates obtained, 13 were found to be
XDR (Table 2). Three of the patients having XDR-TBs (84, 90 and
123) were naive for MDR treatment. Of the remaining 96 isolates,
41,1, and 1 were mono-resistant to OFX, KAN, and CAP, respectively,
and categorized as pre-XDR-MTB.

3.2. Geographical distribution of XDR M. tuberculosis isolates

The XDR-MTB isolates were originated from patients living in
five main cities of Nepal (Figure 1): Kathmandu (n = 7), Pokhara
(n = 3), Butwal (n = 1), Bhairahawa (n = 1) and Dhangadhi (n = 1).
The number of XDR-TB in Kathmandu correlates well with its high
population.

3.3. Mutations identified in the rpoB, katG, inhA, gyrA, gyrB and rrs
genes

Sequence analysis identified the most frequent mutations
conferring Ser to Leu amino acid substitution at position 531
(Ser531Leu) in rpoB (12/13), Ser315Thr in katG (12/13), Asp94Gly in
gyrA (7/13), and a mutation from A to G at nucleotide position 1400
(A1400G) in 175 (9/13). Other mutations with lower rates were seen
in rpoB (Asp516Val; 1/13), inhA regulatory region (C-15T; 1/13),
gyrA (Ser91Pro; 1/13, Asp94Ala; 2/13, Asp94Asn; 1/13, Asp94His; 1/
13, and Asp94Tyr; 1/13), and rrs (C1401T and G1483T; two each),
while none had mutations in the quinolone resistance-determining
region of gyrB (Table 2).

3.4. Spoligotyping and MLST

Among XDR-TB isolates, Spoligotyping revealed the predomi-
nance of Beijing family strains (9/13). In addition, 1 strain of CAS
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Table 2 .
Antimicrobial susceptibility profile and mutation pattern of the different drug-target genes or regions among XDR isolates.
Strain  Drug susceptibility profile’ Mutation pattern in different drug-target genes or regions® Spoligotype based Geographical Age of
M0 REP INH STR EMB OFX KAN CAP rpoB katG inhA ZyrA B s clade with ST location patient
regulatory
region
84 R R R R R R R Ser531Leu  Ser315Thr wtd Asp94Gly wt  A1400G Beijing (Modern) Kathmandu 21
86 R R R R R R R Ser531Leu  Ser315Thr wt Asp94Gly wt  C1401T Beijing (Modern) Kathmandu 16
90 R R R R R R R Asp516Val  Ser315Thr wt Ser91Pro  wt  A1400G Beijing (Ancient) Kathmandu 26
103 R R R R R R R Ser531Leu  Ser315Thr wt Asp94Gly wt  C1401T Beijing (Modern) Kathmandu 24
108 R R S S R R R Ser531Leu  Ser315Thr wt Asp94Gly wt  A1400G CAS Kathmandu 40
118 R R R R R R R Ser531Leu  Ser315Thr wt Asp94Gly wt  A1400G Beijing (Modern) Kathmandu 25
123 R R R R R R R Ser531Leu wt C-15T Asp94Asn wt  G1483T Beijing (Modern) Kathmandu 21
139 R R R R R R R Ser531Leu  Ser315Thr wt Asp94Ala  wt A1400G Beijing (Modern)  Pokhara 25
140 R R R R R R R Ser531Leu Ser315Thr wt Asp94Ala  wt A1400G T2 Pokhara 33
142 R R R R R R R Ser531Leu  Ser315Thr wt Asp94Tyr wt G1483T New Pokhara 45
151 R R R R R R R Ser531Leu  Ser315Thr wt Asp94His wt  A1400G T1 Bhairahawa 40
155 R R R R R R R Ser531Leu  Ser315Thr wt Asp94Gly wt  A1400G Beijing (Modern)  Butwal 18
161 R R R R R R R Ser531Leu  Ser315Thr wt Asp94Gly wt  A1400G Beijing (Modern) Dhangadhi 32

* INH, isoniazid; RFP, rifampicin; STR, streptomycin; EMB, ethambutol; OFX, ofloxacin; KAN, kanamycin; CAP, capreomycin; R, resistant; S, susceptible.
' Mutations in rpoB, katG and gyrA are presented as amino acid changes with codon position; mutations in rrs gene and inhA promoter region are presented as nucleotide

changes with mutation position.
5 WT, wild type.

family, 2 strains of T family (T1 and T2) and 1 strain of undefined
type were also identified. MLST confirmed 8 isolates with Beijing
spoligotype belonged to modern types (Table 2).

3.5. Cluster analysis by VNTR

VNTR typing grouped the isolates into seven unique patterns
and two clusters (Figure 2). Each cluster contained three isolates of
the Beijing family. Among the clustered isolates, 86 and 103 in
a cluster (cluster 1) had the same profile of drug resistance-
associated mutations (rpoB-Ser531Leu, katG-Ser315Thr, gyrA-
Asp94Gly, and 17s-C1401T), whereas 84 carried a distinct mutation
in r1s (A1400G). Similarly, 118 and 161 in another cluster (cluster 2)
had the same profile of drug resistance-associated mutations (rpoB-
Ser531Leu, katG-Ser315Thr, gyrA-Asp94Gly, and rrs-A1400G) and
123 showed a distinct mutation pattern (C-15T at inhA regulatory
region instead of katG-Ser315Thr for INH resistance, gyrA-
Asp94Asn for FQ resistance, and 175-G1483T for KAN/CAP
resistance).

4. Discussion

In this study, we investigated drug resistance-associated muta-
tions and genotypes of XDR-MTB isolates in Nepal. This study also

Y

India

¢ 30 100km
| S S—

Figure 1. Geographical location of XDR-TB isolation. Cities where XDR-MTB has been
isolated are indicated by a closed circle.

raises concerns over the high proportion of pre-XDR-TB in Nepal.
The high rate of pre-XDR-MTB isolates implied the inappropriate
usage of drugs, especially FQs, including OFX. OFX is the most
commonly prescribed antibiotic for respiratory tract infection in
Nepal and this might lead to the emergence of pre-XDR-TB with
resistance to OFX. As drug resistance in M. tuberculosis is due to the
stepwise accumnulation of mutations in the genome, this pool of pre-
XDR-MTB isolates are always at the risk of developing XDR-TB.

Sequence analysis of the hot spot regions of various genetic loci
showed that the most common mutations among XDR isolates
were Ser531Leu of rpoB, Ser315Thr of katG, Asp94Gly of gyrA and
A1400G of rrs for RIF, INH, OFX and KAN/CAP resistance, respec-
tively. Other studies have also reported similar mutations among
XDR-TB isolates from different countries.?’~?> As mutations such
conferring amino acid substitutions, Ser531Leu in rpoB and
Ser315Thr in katG with low fitness costs are known to dominate the
drug-resistant isolates.?*

Genotyping of the isolate by spoligotyping and MLST pointed out
the predominance of strains belonging to the modern type Beijing
genotypes. The similar involvement of XDR-MTB by modern type
Beijing genotypes has been reported from South Africa,? India, 2% and
China,?®> while the ancient type Beijing family predominates in
Japan.?® Over-representation of Beijing genotype in XDR-MTB in this
study compared to the lower prevalence of this genotype in non-
MDR and MDR isolates (33 and 51%, respectively; data not shown)
supported the previous study that this genotype has been associated
with drug resistance,*?® because of its higher mutation rates and
lower fitness costs with specific mutations.* The significantly low
average age of patients suffering from Beijing genotype MTB
compared to patients suffering from MTB with other genotypes
(23.1 £4.8 vs 39.5 + 4.9 years old; Table 2) may suggest the higher
transmissibility of Beijing genotype XDR-MTB among the young
generation because of their frequent movement.

Although the numbers of isolates were small, complete matches
of VNTR, including three hypervariable loci (QUB 11a, QUB 3232,
QUB 3336) and drug resistance-associated mutations between two
isolates in each cluster, suggested the possible transmission of XDR-
TB in Nepal. MDR treatment of a patient who was the source of
strain No. 103 started 3rd, April 2006 and the duration of MDR
treatment was 12 month. In contrast, that of strain No. 86 started
29th, October 2009 and the duration of MDR treatment was 1
month. By these facts, we arrived at the idea that patient with strain
No. 103 might be a source of transmission of XDR-TB and that with
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Figure 2, Dendrogram and schematic representation of VNTR typing and spoligotyping results obtained with 13 XDR-TB isolates in Nepal. Column A: dendrogram (UPGMA method,
distance matrix average of spoligotyping-based and VNTR) built with Bionumerics version 6, B: strain identification, C: 26 loci VNTR results, D: spoligotyping-based defined clades;
E: spoligotyping international type, F: geographical location, G: MDR treatment start date and H: duration of MDR treatment.

strain No. 86 might be a recipient. Alternatively, there might be
common transmission source(s) to these patients. Situation was
different in another cluster. MDR treatment of a patient who was
the source of strain No. 118 started 23rd, September 2008 and the
duration of MDR treatment was 2 month and primary XDR-TB was
suspected. In contrast, that of strain No. 161 started 28th, January
2009 and the duration of MDR treatment was 14 month. The
existence of common infection source of these strains was
supposed. The transmission of XDR-TB was also speculated from
the fact that three patients (from whom strain No. 84, 90 and 123
were isolated) were naive for MDR-TB treatment. It is interesting
that transmission of XDR-TB were speculated not only within
Kathmandu but also between Kathmandu and Dhangadhi, apart
more than 650 km (Figure 1). As Kathmandu is the capital of Nepal
and people come and go frequently from different parts of Nepal,
transmission between people living in Kathmandu and those living
far from Kathmandu might be possible. Indeed, the patient from
whom strain No. 161 was isolated has a history of traveling to
Kathmandu. The possibility of transmission of XDR-TB seemed to
be high, especially in cluster 1 (including strains No. 86 and 103),
because the rrs-C1401T mutation carried by both strain No. 86 and
106 was rare between KAN/CAP-resistant isolates.'®!? On the other
hand, care should be taken when concluding XDR-TB transmission
in cluster 2 (including strains No. 118 and 161) as both of the
mutations, gyrA-Asp94Gly and 17s-A1400G, have been reported to
be rather common in OFX- and KAN/CAP-resistant MTB, respec-
tively, and the distance between the two cities is great. The high
rate of pre-XDR-TB in MDR-TB might suggest the acquisition of XDR
phenotype during successive transmission as these strains belong
to the Beijing family, known to have higher mutation-acquiring
capacity. The high number of MDR-TB patients who stop treat-
ment in Nepal could also explain this high drug resistance acqui-
sition rate.” Both the possibility of direct transmission and acquired
resistance should be considered equally for XDR-TB in Nepal.

5. Conclusion

The majority of XDR-MTB isolates in this study belonged to the
Beijing family. Infections of this family were more common among
younger generation than those belonging to other spoligotype
families. In addition, the identical pattern of VNTR and drug
resistance-associated mutations suggested the possible transmission

of Beijing genotype XDR-MTB among people in Nepal. Our findings
emphasize the urgent need to identify patients suffering from XDR-
TB with Beijing genotype MTB and to treat them in isolated wards
for a better control program to prevent the spread of this incurable
disease.

Acknowledgments

We thank GENETUP National Reference Laboratory for giving us
the opportunity to collect MDR and XDR-TB cases. We also thank
Haruka Suzuki and Aiko Ohnuma for their technical support during
the experiments.

This study was supported in part by J-GRID; the Japan Initiative
for Global Research Network on Infectious Diseases from the
Ministry of Education, Culture, Sports, Science, and Technology,
Japan (MEXT), the Global Center of Excellence (COE) Program,
“Establishment of International Collaboration Centers for Zoonosis
Control” from MEXT, a grant from U.S.-Japan Cooperative Medical
Science Programs to Y. S.,-a Grant-in-Aid for Scientific Research
from the Japan Society for the Promotion of Science (JSPS) to Y. S.
and C. N,, and a Grant-in-Aid for Research on Emerging and Re-
emerging Infectious Diseases from the Ministry of Health, Labour,
and Welfare of Japan to Y. S.

Ethical approval:  Not required.

Funding: None.

Conflict of interest statements:  All authors have no

competing interests.

References

1. World Health Organization. Multidrug and extensively drug-resistant TB (M/XDR-
TB): 2010 global report on surveillance and response. Report no. 2010. WHO/
HTM/TB/2010.3. http://www.who.int/tb/challenges/mdr/xdr/en/index.htmi.

. Shah NS, Richardson ], Moodley P, Moodley S, Babaria P, Ramtahal M,
Heysell SK, Li X, Moll AP, Friedland G, Sturm AW, Gandhi NR. Increasing drug
resistance in extensively drug-resistant tuberculosis, South Africa. Emerg Infect
Dis 2011;17:510-3.

. Banerjee R, Schecter GF, Flood J, Porco TC. Extensively drug-resistant tuber-
culosis: new strains, new challenges. Expert Rev Anti Infect Ther 2008;6:713—-24.

. Mlambo CK, Warren RM, Poswa X, Victor TC, Duse AG, Marais E. Genotypic
diversity of extensively drug-resistant tuberculosis (XDR-TB) in South Africa.
Int | Tuberc Lung Dis 2008;12:99—-104.

- 186 -



88

w

~

10.

12.

13.

14.

15.

16.

A. Poudel et al. / Tuberculosis 93 (2013) 84—88

Malla P, Kanitz EE, Akhtar M, Falzon D, Feldmann K, Gunneberg C, Jha SS,
Maharjan B, Prasai MK, Shrestha B, Verma SC, Zignol M. Ambulatory-based
standardized therapy for multi-drug resistant tuberculosis: experience from
Nepal, 2005—2006. PLoS One 2009;4:e8313.

Poudel A, Nakajima C, Fukushima Y, Suzuki H, Pandey BD, Maharjan B,
Suzuki Y. Molecular characterization of multidrug-resistant Mycobacterium
tuberculosis isolated in Nepal. Antimicrob Agents Chemother 2012;56:
2831-6.

Filliol 1, Driscoll JR, Van Soolingen D, Kreiswirth BN, Kremer K, Valétudie G,
Anh DD, Barlow R, Banerjee D, Bifani PJ, Brudey K, Cataldi A, Cooksey RC,
Cousins DV, Dale JW, Dellagostin OA, Drobniewski F, Engelmann G,
Ferdinand S, Gascoyne-Binzi D, Gordon M, Gutierrez MC, Haas WH, Heersma H,
Killenius G, Kassa-Kelembho E, Koivula T, Ly HM, Makristathis A, Mammina C,
Martin G, Mostrém P, Mokrousov 1, Narbonne V, Narvskaya O, Nastasi A, Niobe-
Eyangoh SN, Pape JW, Rasolofo-Razanamparany V, Ridell M, Rossetti ML,
Stauffer F, Suffys PN, Takiff H, Texier-Maugein ], Vincent V, De Waard [H, Sola C,
Rastogi N. Global distribution of Mycobacterium tuberculosis spoligotypes.
Emerg Infect Dis 2002;8:1347-9.

. Filliol 1, Driscoll JR, van Soolingen D, Kreiswirth BN, Kremer K, Valétudie G,
Dang DA, Barlow R, Banerjee D, Bifani PJ, Brudey K, Cataldi A, Cooksey RC, .

Cousins DV, Dale JW, Dellagostin OA, Drobniewski F, Engelmann G,
Ferdinand S, Gascoyne-Binzi D, Gordon M, Gutierrez MC, Haas WH, Heersma H,
Kassa-Kelembho E, Ho ML, Makristathis A, Mammina C, Martin G, Mostrém P,
Mokrousov 1, Narbonne V, Narvskaya O, Nastasi A, Niobe-Eyangoh SN, Pape JW,
Rasolofo-Razanamparany V, Ridell M, Rossetti ML, Stauffer F, Suffys PN,
Takiff H, Texier-Maugein J, Vincent V, de Waard JH, Sola C, Rastogi N. Snapshot
of moving and expanding clones of Mycobacterium tuberculosis and their global
distribution assessed by spoligotyping in an international study.  Clin Microbiol
2003;41:1963-70.

. Glynn JR, Whiteley ], Bifani PJ, Kremer K, van Soolingen D. Worldwide occur-

rence of Beijing/W strains of Mycobacterium tuberculosis: a systematic review.
Emerg Infect Dis 2002;8:843-9.

Ramaswamy S, Musser JM. Molecular genetic basis of antimicrobial agent
resistance in Mycobacterium tuberculosis: 1998 update. Tuber Lung Dis 1998;79:
3-29.

. Telenti A, Imboden P, Marchesi F, Lowrie D, Cole S, Colston M], Matter L,

Schopfer K, Bodmer T. Detection of rifampicin-resistance mutations in Myco-
bacterium tuberculosis. Lancet 1993;341:647—50.

Takiff HE, Salazar L, Guerrero C, Philipp W, Huang WM, Kreiswirth B, Cole ST,
Jacobs Jr WR, Telenti A. Cloning and nucleotide sequence of Mycobacterium
tuberculosis gyrA and gyrB genes and detection of quinolone resistance muta-
tions. Antimicrob Agents Chemother 1994;38:773—80.

Suzuki Y, Katsukawa C, Tamaru A, Abe C, Makino M, Mizuguchi Y, Taniguchi H.
Detection of kanamycin-resistant Mycobacterium tuberculosis by identifying
mutations in the 16S rRNA gene. ] Clin Microbiol 1998;36:1220-5.

Maus CE, Plikaytis BB, Shinnick TM. Molecular analysis of cross resistance to
capreomycin, kanamycin, amikacin, and viomycin in Mycobacterium tubercu-
losis. Antimicrob Agents Chemother 2005;49:3192-7.

World Health Organization. Guidelines for surveillance of drug resistance in
tuberculosis. 583 WHO/HTM/TB/2009.422. 4th ed. Geneva, Switzerland: WHO;
2009.

Kamerbeek ], Schouls L, Kotk A, van Agterveld M, van Soolingen D, Kuijper S,
Bunschoten A, Mothuizen H, Shaw R, Goyal M, van Embden ]. Simuitaneous

18.

20.

21.

22,

23.

24.

25,

26.

27.

- 187 -

detection and strain differentiation of Mycobacterium tuberculosis for diag-
nosis and epidemiology. J Clin Microbiol 1997;35:907—14.

. Brudey K, Driscoll JR, Rigouts L, Prodinger WM, Gori A, Al-Hajoj SA, Allix C,

Aristimufio L, Arora ], Baumanis V, Binder L, Cafrune P, Cataldi A, Cheong S,
Diel R, Ellermeier C, Evans JT, Fauville-Dufaux M, Ferdinand S, Garcia de
Viedma D, Garzelli C, Gazzola L, Gomes HM, Guttierez MC, Hawkey PM, van
Helden PD, Kadival GV, Kreiswirth BN, Kremer K, Kubin M, Kulkarni SP, Liens B,
Lillebaek T, Ho ML, Martin C, Martin C, Mokrousov I, Narvskaia O, Ngeow YF,
Naumann L, Niemann S, Parwati 1, Rahim Z, Rasolofo-Razanamparany V,
Rasolonavalona T, Rossetti ML, Riisch-Gerdes S, Sajduda A, Samper S,
Shemyakin 1G, Singh UB, Somoskovi A, Skuce RA, van Soolingen D,
Streicher EM, Suffys PN, Tortoli E, Tracevska T, Vincent V, Victor TC,
Warren RM, Yap SF, Zaman K, Portaels F, Rastogi N, Sola C. Mycobacterium
tuberculosis complex genetic diversity: mining the fourth international spoli-
gotyping database (SpolDB4) for classification, population genetics and
epidemiology. BMC Microbiol 2006;6:23.

Supply P, Mazars E, Lesjean S, Vincent V, Gicquel B, Locht C. Variable human
minisatellite-like regions in the Mycobacterium tuberculosis genome, Mol
Microbiol 2000;36:762—71.

. Filliol I, Motiwala AS, Cavatore M, Qi W, Hazbdén MH, Bobadilla del Valle M,

Fyfe ], Garcia-Garcia L, Rastogi N, Sola C, Zozio T, Guerrero Ml, Leén CI,
Crabtree ], Angiuoli S, Eisenach KD, Durmaz R, Joloba ML, Rendén A, Sifuentes-
Osornio ], Ponce de Leén A, Cave MD, Fleischmann R, Whittam TS, Alland D.
Global phylogeny of Mycobacterium tuberculosis based on single nucleotide
polymerphism (SNP) analysis: insights into tuberculosis evolution, phyloge-
netic accuracy of other DNA fingerprinting systems, and recommendations for
a minimal standard SNP set. J Bacteriol 2006;188:759—~72.

Ajbani K, Rodrigues C, Shenai S, Mehta A. Mutation detection and accurate
diagnosis of extensively drug resistant tuberculosis: report from a tertiary care
center in India. J Clin Microbiol 2011;49:1588-90.

Ali A, Hasan R, Jabeen K, Jabeen N, Qadeer E, Hasan Z. Characterization of
mutations conferring extensive drug resistance to Mycobacterium tuberculosis

-isolates in Pakistan. Antimicrob Agents Chemother 2011;55:5654—-9.

Khanna A, Raj VS, Tarai B, Sood R, Pareek PK, Upadhyay DJ, Sharma P, Rattan A,
Saini KS, Singh H. Emergence of extensively drug-resistant Mycobacterium
tuberculosis clinical isolates from the Delhi region in India. Antimicrob Agents
Chemother 2010;54:4789-93.

Sun Z, Chao Y, Zhang X, Zhang J, Li Y, Qiu Y, Liu Y, Nie L, Guo A, Li C. Charac-
terization of extensively drug resistant Mycobacterium tuberculosis clinical
isolates in China. J Clin Microbiol 2008;46:4075—7.

Gagneux S. Fitness cost of drug resistance in Mycobacterium tuberculosis. Clin
Microbiol Infect 2009;15(Suppl. 1):66—8.

Murase Y, Maeda S, Yamada H, Ohkado A, Chikamatsu K, Mizuno K, Kato S,
Mitarai S. Clonal expansion of multidrug resistant and extensively drug resis-
tant tuberculosis. Japan Emerg Infect Dis 2010;16:948—54.

de Steenwinkel JE, Ten Kate MT, de Knegt G}, Kremer K, Aarnoutse RE,
Boeree M]J, Verbrugh HA, van Soolingen D, Bakker-Woudenberg IA. Drug
susceptibility of Mycobacterium tuberculosis Beijing genotype and association
with MDR TB. Emerg Infect Dis 2012;18:660--3.

Buu TN, Huyen MN, Lan NT, Quy HT, Hen NV, Zigno! M, Borgdorff MW,
Cobelens FG, van Soolingen D. The Beijing genotype is associated with young
age and multidrug-resistant tuberculosis in rural Vietnam. Int J Tuberc Lung Dis
2009;13:900-6.



MB Derma, 204 : 67-73, 2013.

QIFE " RAFEOIANT
NEFEEIEE L TON U RDIKEE L BEER

U 3T

Key words : #BERERNIFM, ~ 2 07 7 — Y (macrophage), & \WH (Mycobacterium leprae)
B a3, Ridley-Jopling 4348

Abstract /N>t f&\E, Mycobacterium leprae ®iREREE & L, WFEETR T 2 18ER
RIETHD. EMERBHREZIIBL, ThoDERIBEHOFRS L bEED. 50E
BHRICENGEFEAEEL, AP LLVEEHRTI2BO S WEERNEREBEr 20
BRRGS S UREHESRICECEDS. -7, FREABMB BRI LREET,
BED S WESRNSEEEEOZERIC L v BB FE G & B LR HIRERIEEY & 5
h3. BiETESVWENS(EE BETUSVEDHEESHATIZCGERTH S
RIBHEAGEEED T, BBPSVEOKE, REEBORKEREL TN RER
T3 AR/EE, UIrrEYYy, F7V, 70773 LIlL3BHIGABREN TTHN
3.
BEESLVERICE, BEE - MEOEN, KB ESNBBEEERLLERTHS.
BARTIE, BEREMHEED 1930 FHX~1906 FL THHATVWAZ L, S, HAEPMEE

AFRIATT

LTHEELERETHD.

oI

N VHEEMBHO—ETH 5 5V H (My-
cobacterium leprae ; M. leprae) 1= & B 18k RREE
THAH". BHRERISE T, ZhEbwEcs
TLEEORERCVEZHRTHAL I LIZL D, B
OEEKIHTIEEBEL ) DBEORE - KIiE
X BMBREE, BICRERE L T 0%
BWRKELRMEERY, KR -2 D% o T
i WEEWICIRFBEBORERFPEHN TS
5.

N VIROREOBRIIIRBEISE L, WHF
BERROEEZRAT A LPLETH S,

* Rie Roselyne YOTSU, T162-8655 BLETHRH
BEAW1-21-1 EVEBREEPREE S S —
AR AR

** Norihisa ISHII, T189-0002 ¥4 IUT FEM
4-2-1 BEVBBIERREFHR NV £ YRRt
V=, kv I—k

- 188 -

TG & R

NYEVFEOREBEETH 5 5 VHIZET EHR
M 30~33CThs. BENIXNTLALRL, B
TNIBD TEG 720, AR OVEICKE -
HENCRE SN D Z EPREICH T2 (PR
BY). BB THHREEME L /EIE, Wi
AV, REOIEBIEEFE B X ORE R
WA LMREAICEET S, L, BECIEE
Flire OREREDERTELD, LTL
SYREBERH oL Vo TRIER LW, 72
EREEIIRE~BTEE R

R ERBSE
BEDOLVWEIIH T HREN B EERBICLY
ERIZERTH A, ZOREBIREOENICE
DWTHE T - 72 D #% Ridley-Jopling 23
THhah(RL HI1).
DVWEICH T AMRERENITEAERIMLT
67



BARE

BRBE

HITH T HRESHL EITx 9 HRERL

Rizbe 3l A B ERMEERSE

L NY e VROFRIE L RE

R 1L NUEUVRORESE

ENnTnL,

AL (tuberculoid type ; TT) T, MRaik
RIFEO—EHFRo THB Y, EHIENH, EBIEHK
B, BRI LR EREL EERE L,
% OBERBITIZIZ - L TRIHAEEEDA
PE23d % (1K 3).

ZOMBOREHERLEDLE L ONERHE
(borderline group) TH 1, LL BITEWHH 5\
& TT BNZEwA2CBL (K 4), BBE!, BT &
(Fo)icmEans. 2B, BEDHIREHE
(indeterminate group ; 1) &IN5,

—H T, BELEOBIS TR - BRERYES
T 20008 L TWHO O EXH L. =
DHETIE, REF2PLOBFICI VS HAE
(multibacillary ; MB) & A% %! (paucibacillary ;
PB)24$E 3 4. MB I Ridley-Jopling -3 ®
LL, BL, BB, —#® BT 2, PBiX I, TT, —&
DBT IZZENETIhFEETH (K ]).

W5 5 WER (lepromatous leprosy type s LL) T

3, EAENHEOFKH LIS EERTH 3 (K

2). FEHEIMIIIZEIL 220D, BAICE HRDOFEHIIOVWETH B2, WD HVIIH
AXRREICHE G -0 - RER), EFEIEE BRIBEMELAN) ORERERBEL TWDB720,

NorURETIOQAT 7=

68 MB Derma No.204 2013

- 189 -



alb

2 cld

LL 4 (MB) 0 [ FR & 93 B %
a 23 mAMEDHAONKIRE
9 i (L 7 —<)
b 23 Bt Lo BIR%E
P REE (LT —<)
¢ RIS, PR BRI
B M o B 7 o Rl AR
(subepidermal clear zone) %*
HY, TOTRIZIEWL VI
A b ok g &
BT A (HE #efa, 200 ).
d 1 BHO L VHEDTERAN

WCTETET A (Fite Hefs, 200

= 3. a
TT £ (PB) D EIR & 7R EAR AR
a 35 B TROBHEEET O 5 RIKFLE
b LR EMESY) Y RCEEhTWAEAE
B nRa e Py 3ERE (HE $efa, 100 £5)

MB Derma No.204 2013 69

- 190 -



B 5.

N VHFIRERIE LA EHTES.
SWEHOBFRICIZBARRIE L ERREDON S
5ELTw3,

1. BRA®RE

ERIZ AL VEIEE, F9Fvro77 -T2
HhAENns(M6)"™ . 20K, <~r7u077—
VORI L2383 L T\ A toll-like receptor?
(TLR2)IZ& 5T, BWHEREORERS % 2
ML, RIEETA PAL VR vy =Tz
ERHEINS, ZRICHLT, vruTyr—Y
DOHEBEDEF HLEH TH 5 coronin, actin
binding protein, 1A (CORO1A) X, &SI h/-5

X 4. BL # (MB) DEERK & kg .
a 48 BBHOTE. EENBFETEEEANANEEE. — Sz R OERER D 2.
b AR ASEIRICETE S A (HE $:£, 100 f%).

BT 4 (MB/PB) DK & E R R
a: TROBERGZEY, EFWREOERISIER
TAHEIRBE
b :EEEMiE BRI, V) SRk O L R
MEP3ERE (HE 4@, 100 1%)

alb

b

WEARRDRAE 77 TV — L DEIZETL,
42 DOHLEZZ O 4 VYV — L EDOBER
T4 2070, SVWEIRTEEY VT E2FT
W WIREBIZAR Y, =207 7 —TVATOHEEDN
WEEE b, LLEIBETIE, ZOREIER-
B, FENZERRGES X UOBRT 2 mEM
BE~CERT S,

HARBEISIZBWT, SVWHOREICES T
5TLR2E, w2707 7—YREHFEYR— T
% COROIA OHEMBRIZL > T, SBWHOE)RE
BERESNDEZEZ LN, FhzHELTY
HEFIZOVWTIRAHTH .
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= 6.
SWEowrsu7 7 —YRNT
OBIEE (A v+ v iFak,
77 : 57, 2008 X Y BIH)

2. HEERE

2/u7 7y —VHICMYATRSVEIZL Y
FY—AIZAY, 7atyry7oBRcHs s
n, FEEHEEAPUR (major histocompatibility
complex ; MHC, & b Tlid human leukocyte an-
tigen s HLA) &AL T, v zu 7y —IHifigR
HICERINLEEZOLNA. HLA-A(H B W
X B, C) &fEE LM LS N7z b WEBRIUR
X, CD8" T MifaZiEHE(LSE, 75— THilgk
LTHOVWEBERICE <. —%, HLA-DP(H 5w
13 DQ, DR) &fE& L THimILE Nz b WSk
VRLY b—~7(HLA-A L ELBETHRT L
ER%5)13, CD4™ THIRRZEMRILSE, o T
MR OREEERILIEsAL - THIRBE L
<. 1

EHIT, BVHOFREILIY) —HoOY IO
77— VEU(EAFEESIZEA LR W) D CDla
R M DR IRHRAL (dendritic cells) 25&EME L L, BT
D=y a7 7 —YOEEALE RIS, CD4™ T
BaB L OTCD8" T MifasEH LS, HWEIIH
THRBRISZEALT S,

<2707 7—VILHBRBEIEORIUTDH

T B RESERISEN, WE S OBEERED,
TTHRRBHEHEAO TTEHIZ L ) EHFOBRR (BT
B DBBEIBWTROLNERIETHA.

RERED S HIN R

BEZRCHHBREOEENH 729 2T, 5
WHEPERICBATLE, ITTHREENHX,
ZLOBETOVHITHER I N A (BRIER). HE
BENn 5 WEIZOWTIIERRE TR I N
A, I21ZL, BALPOME (BIEHD S \VIXTE
FRIFEREL &) T CDla B OB IR A E AL
SN WEE, BERRERSAEEIIRY, N
LUREREL, TORETCHESREINLD
TREVPEHENSHTVEY. Zh o EER
B THBEZRLE LEZRESETHEZ Eh
b, NrEUROFERERIIE, MREERENE
BELRRETRELLTVWAEEEZSL. ZOFKBEAD
HWHEICH T A MM RERORET, Ny
FWIZD VL OPDOHEERDLILNTE, Fh
AL 7- DA EIR L7z Ridley-Jopling 433812
LB (EL B, 28, SVHEHIITTAHEL A
DRFREDOREED, BREHREFICHAEEINLD
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2, HAIVIIMMORFICLEPIEARETH S,
TTEOEREBE T Thl BB I TIEY A b
v (IFN-7, IL-2, IL-12 %2 &) "B T
Y EMALL-w a7 7 — VREBEKIES
VEEREAL, BE L, SHIARLEA
hdro MR EY FA, EVICEEL, WEE
PERHT A, Thix Thl 34 b4 v &Mk
BEC Lo THRILSNARFERSTH Y,
B L T A HERE & Y ORI
BRI, AFEEHET L EICL ) RESE
RHUAD LD LT 5 EKBERSTH 5.
TT EIN Y & VR TH SN A5 E Mt A3 E
i, SR, VT4 FREE (S A mE IR

BIZEAS, 720 LS ORBAESEE LT T
EAEH SN T AY), RUAFELETHD

NBE LML 2R CHMREERES > 5 %
D, BREFMEOTCEV. BRPevruryr—
CHEERMBLICE Y 5 WELESEDITRAE LI
WY 5., RERILAVICHEMEEEZICRZY, B
RBEORE & 575, BHEALIC X HHBEED—
HIIATHNTH 5.

—7%., LL B OBk Th2 fifa, CD8™T i
fa, R4 +# A v (IL-4, IL-5, IL-10 7% &) 2%
B THAHY. Zo7-0MBEREIIRH S
phenolic glycolipid (PGL) 7 & O ¥ 14 7% A3 34 58
LTwhEENs, LWVEICKHT 5PUEELED
TTEITRIZEALZEDON VDA, LLET
I NDRDONEREL R TIRD—D7IA,
BanZ ll TEEINIZEEIAREOVE
DHERRIZE V. FOD, bVWE LSRR
PICELY AA =207 7—=U08mL, A
PECHERRE LT S EBRIERFERE 2 5.

B
-

RIEERIRE

WA DAFEORESR, LWEE DR
THRESY 5.

1) I#(PB)  HEMZKZIIZL, ERONE
FRRCHE NRESEOREIC) ¥\ HRe EORE
FEFEN MR E»RDOLN, AFEDLSVE
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bIRDE.

2) LLE(MB) : 5bVHEEZZSHID AAE~ S
077 —YaREe LTH b%n%ﬁﬂr
WHEE), ) v S5RidE L ALED R (H2).
ﬁ@@ﬁﬂ@#ﬁ&%@%ﬁb%%@%@é#,
B Ox FEFHEEO 2 WHEER DR (sube-
pidermal clear zone) & L T35 (K 2-¢c). HWHE
RSHRD, EHREENICRSED S VEIVS
(globi) (K 2-d).

3) TTEPB) ' ERFCHEELEMBSEMRE

SOV YRRV EEINTHEETAHE
BAEERFETH 5208, HEERLZRDOL &
BHTH 5 (K 3). REMREICHREMEEED
b, BVWHEITFERD W,

4) BL B jaikiR v LZRIROMEIk T b
BEHED, V3RO DHED B, SV
EZ G &56(@ 4).

5) BT #(MB/PB) : TT BicEPT 5. U v
NEREVEE, EMRSDRWREN, EHH
THb. LVHERDIBHHELRDLVWEEND
% (H5).

7,

ZHER

NV VRO O MERT LES, @
FKAHROBEE MEKT, EHEE, MELE
), @ LVHOKHE (EA X TRE, Jﬁﬂ%ﬁ%
PUBRM Gxts, PCRIE), @ WMEMBITR, 2#HE

THHT 5.

EHE WHO 254218 5 % £ 3 6F B & (multi-
drug therapy : MDT) 2222475, V77 ¥
¥V (RFP), Y7 7x=NVANK>Y(DDS, ¥
V), 7ua7 7P CLE)BRETH AL, #0
iy s A< (CAM), /%470 >
(MINO), ¥/ uviEbEHTHAHY.

1A Pl et

NYEVIFEE, HRBICASL EWE FEEER 22
FANOHBERECHLPAFEZETLIEETD
b, HRILZEBICT-E BREREE LTK
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