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Abstract
Sequences of the full genomes of 259 clinical isolates of Mycobacterium tuberculosis, obtained from foreign-born and Japan-born patients in

Tokyo, Japan, were determined, and a phylogenetic tree constructed by concatenated single-nucleotide polymorphism (SNP) sequences.

The 259 isolates were clustered into four clades: Lineage 2 (East Asian or “Beijing” genotype; n = 182, 70.3%), Lineage 4 (Euro-

American, n = 46, 17.8%), Lineage 1 (Indo-Oceanic, n = 23, 8.9%), and Lineage 3 (East African-Indian, n = 8, 3.1%). Of the 259, 36

(13.9%) were resistant to at least one drug. There was no multi-drug-resistant isolate. Drug resistance was greater for the strains in

Lineage 2 than the non-Lineage 2. The proportion of Lineage 2 isolates was significantly smaller in foreign-born (n = 43/91, 47.3%) than

in Japan-born (n = 139/168, 82.7%) patients, whereas the proportion of Lineage 1 isolates was significantly larger in foreign-born (n = 19/

91, 20.9%) than in Japan-born (n = 4/168, 2.4%) patients. We also found eight SNPs specific to the typical Beijing sub-genotype in Lineage

2, including 4 non-synonymous SNPs. Of the 259 isolates, 244 had strain-specific SNP(s) and small (1–30-bp) insertions and deletions

(indels). The numbers of strain-specific SNPs and indels per isolate were significantly larger from foreign-born (median 89, range 0–520)

than from Japan-born (median 23, range 0–415) (p 3.66E-15) patients. These results suggested that M. tuberculosis isolates from foreign-

born patients had more genetic diversity than those from Japan-born patients.
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Introduction
The World Health Organization has estimated that there are

8.6 million newly diagnosed patients and 1.3 million tuberculosis
(TB)-associated deaths worldwide each year [1]. The highest TB

burden region is in Asia, with 58% of the estimated numbers of
patients in 2013 [1]. All Asian countries except for Japan are
categorized as high or relatively high burden countries, defined
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as �100 patients per 100 000 population [1]. The national
surveillance of Japan (http://www.mhlw.go.jp/english/wp/wp-

hw5/dl/23010226e.pdf) showed that the TB prevalence rate in
Tokyo was 25 patients per 100 000 population and more than

twice that of rural areas. Foreign-born individuals account for
over 10% of the total population of Shinjuku, one of the central
parts of Tokyo, with most coming from high/relatively high

burden countries, including, in descending order, China (36.9%
of the foreign-born residents), Korea (30.8%), Vietnam (6.3%),

Nepal (5.7%), and Burma (Myanmar) (3.4%). To date, however,
there has been no epidemiological study of foreign-born TB

patients in Tokyo.
The purpose of this study is to clarify whether Mycobacterium

tuberculosis isolates from foreign-born TB patients in Japan have
the potential risk of spreading to other residents in Japan. Whole
ious Diseases. Published by Elsevier Ltd. All rights reserved
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TABLE 1. Country/region of origin of foreign-born patients

and length of stay in Japan

Areas and countries/regions,
and time of stay in Japan

Foreign patients n [ 91

n %

Country/region
Asia
China 22 24.2
Korea 18 19.8
Philippines 10 11.0
Burma (Myanmar) 8 8.8
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genome sequencing is a powerful epidemiological tool in TB

epidemiology [2,3]. This study, therefore, was designed to
determine the entire genome sequences of 259 clinical isolates of

M. tuberculosis obtained from foreign-born and Japan-born resi-
dents in Tokyo. Comparisons showed bacterial genome differ-

ences in TB strains obtained from foreign- and Japan-born hosts.

Materials and methods

Nepal 7 7.7
Vietnam 4 4.4
Indonesia 3 3.3
India 3 3.3
Mongolia 3 3.3
Taiwan 2 2.2
Iran 1 1.1

Europea 4 4.4
Africab 3 3.3
Americac 3 5.5

Time of stay in Japan (month)
<1 2 2.2
1–6 8 8.8
7–36 34 37.4
<37 27 29.7
Unknown 20 22.0

aEuropean countries were France (n = 2),UK (n = 1), and Russia (n = 1).
bAfrican countries were Ethiopia (n = 1), Somalia (n = 1), and Nigeria (n = 1).
cAmerican countries were Peru (n = 2) and the USA (n = 1).
Patients and bacterial strains
Of TB patients admitted to a hospital (National Center for
Global Health and Medicine; NCGM) in Tokyo from January
2001 through June 2012, 91 were foreign born and culture

confirmed. Bacterial strains obtained from the patients were
kept in storage. Patients’ gender, age, nationality, and period of

stay in Japan were documented. They comprised 56 (61.5%)
males and 35 (38.5%) females, mean age 32.1 years; of these, 20

(22.0%), 46 (50.5%), 21 (23.1%), and 4 (4.4%) were aged 15–24,
25–34, 35–54, and >54 years, respectively. Two age-/gender-

matched Japan-born patients were selected at random for each
foreign-born patient. Another 168 isolates were obtained from
Japan-born patients, comprising 113 (67.3%) males and 55

(32.7%) females, mean age 32.9 years; of these, 44 (26.2%), 66
(39.3%), 49 (29.2%), and 9 (5.4%) were aged 15–24, 25–34,

35–54, and >54 years, respectively. Foreign-born patients were
from 19 different countries/regions, and their median time of

stay in Japan was 36 months (interquartile range 12–102
months) (Table 1). A total of 259 isolates ofM. tuberculosis were

obtained, one from each patient. These isolates were tested for
drug susceptibility using Vite Spectrum SR (Kyokuto Pharma-

ceutical Industrial, Tokyo, Japan), which is a conventional pro-
portion method on egg-based medium.

Whole genome sequencing of M. tuberculosis isolates,
mapping of sequencing reads, and single-nucleotide
polymorphism calling
Genomic DNA of all isolates from the 259 TB patients was
extracted by standard procedures [4]. Paired-end multiplexed

Illumina sequencing using MiSeq (Illumina Inc., San Diego, CA,
USA) andmapping of sequence reads was performed as described
[5]. Briefly, generated paired-end reads from each genome were

assembled with CLC Genomics Workbench ver. 6.5 (CLC Bio,
Aarhus, Denmark). The output Illumina reads generated in this

study were submitted under accession number DRA001219.
Sequencing reads from each isolate were mapped to the

M. tuberculosis reference genome H37Rv (AL123456). The
average length of individual mapped sequence reads was 229.9

(range 129.3–246.2). Median genome sequence coverage was
57.9 of the reference genome (range 21.5–1472.2,
Clinical Microbiology and Infection © 2014 European Society of Clinical Microbiology and In
Supplementary Table 1). Single-nucleotide polymorphisms
(SNPs), small (1–30-bp) insertions and deletions (indels), struc-

tural variants, and large (>30-bp) indels were called in the CLC
genomics workbench. Whole genome sequences of 18 strains

were obtained from the National Center for Biotechnology In-
formation database: Beijing_NITR203, CCDC5180, CCDC5079,
CDC1551, CTRI-2, EAI5, EAI5-NITR206, Erdman, F11, KZN605,

KZN1435, KZN2407, H37Ra, H37Rv, RGRB327, RGTB423,
UT205, and 7199-99. SNPs of the 18 strains against H37Rv were

called using by MUMmer, a software for large-scale DNA and
protein sequences [6]. The identified SNPs (coverage >11 and

frequency >95%) were concatenated to obtain concatenated SNP
sequences to be aligned with MAFFT [7].

Phylogenetic analyses
A dataset was comprised of the 259 clinical isolates and the 18
published strains. Maximum-likelihood and neighbor-joining

methods were used for phylogenetic analyses. A maximum-
likelihood tree was generated from aligning SNPs with

PhyML3.0 [8] using general time reversible (GTR) model. The
best maximum-likelihood tree was selected by using TREE-

PUZZLE (http://www.tree-puzzle.de) and CONSEL (http://
www.is.titech.ac.jp/~shimo/prog/consel). A neighbor-joining
tree was constructed using the GTR model with a bootstrap

support analysis (100 iterations) in MEGA 5.07 [9].

In silico genotyping
M. tuberculosis lineages were defined based on large sequence
polymorphism and SNP markers [10,11]: RD239 for Lineage 1
fectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 248.e1–248.e8
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(Indo-Oceanic), RD105 for Lineage 2 (East Asian or Beijing),

RD750 for Lineage 3 (East African-Indian), 7-bp deletion in
pks15/1 and/or t1388g in katG for Lineage 4 (Euro-American),

and RD711 for Lineage 5 (West African I) and RD702 for
Lineage 6 (West African II). An insertion in the dnaA-dnaN

region [12] was also used to identify Lineage 2. Isolates
belonging to the typical (“modern”) Beijing sub-genotype in
Lineage 2 were those with an insertion categorized as an

IS6110 insertion in the noise transfer function (NTF) chro-
mosomal region (H37Rv position 3493689-3493990) [13,14],

and with a Gly58Arg substitution in mutT2 [7,8,15–18]. IS6110
was detected as a structural variant (an insertion) in the dnaA-

dnaN and/or NTF regions since IS6110 sequence could not be
determined by short sequence reads of MiSeq in this study. The

remaining isolates of Lineage 2 were defined as being in the
atypical (“ancestral”) Beijing sub-genotype. Substitutions in
other mutator genes, including ogt and mutT4 [7,8,15–18],

were analyzed.
Spoligotyping was performed in silico, with a spoligo-

international-type (SIT) number determined by the interna-
tional spoligotyping database (SITVIT and SpolDB4.0).

Statistics analysis
Data were summarized as mean, median, range, and inter-
quartile range, as appropriate, and compared using Fisher’s exact

test and the nonparametric Mann-Whitney U-test. All tests were
two-sided, and p <0.05 was considered statistically significant.

Ethical considerations
This study protocol was reviewed and approved by the ethics

committee of NCGM (approval number NCGM-G-001467-
00). Patient information was made anonymous and tightly

controlled according to the Japanese government ethics
guidelines.
Results
In silico genotyping of isolates
A maximum-likelihood tree was constructed from the 259
M. tuberculosis isolates from foreign- and Japan-born patients,
and the 18 published strains (Fig. 1). The tree was congruent

with the tree selected by CONSEL (Supplementary Fig. 1 and
Supplementary Table 2) or constructed with the neighbour-

joining method (Supplementary Fig. 2). Phylogenetic analysis
revealed four clades, in good agreement with four of the line-

ages categorized by genotyping based on large sequence poly-
morphism/SNP markers and an insertion in the dnaA-dnaN

locus, as indicated by previous studies [2,3]. Of the 259 isolates,
182 (70.3%) were of Lineage 2 (East Asian or Beijing), 46
Clinical Microbiology and Infection © 2014 European Society of Clinical Microbiology and Infect
(17.8%) of Lineage 4 (Euro-American), 23 (8.9%) of Lineage 1

(Indo-Oceanic), and 8 (3.1%) of Lineage 3 (East African-Indian).
Of the 182 isolates belonging to Lineage 2 (East Asian or

Beijing), 81 (44.5%) belonged to the typical Beijing sub-genotype
in Lineage 2, i.e. they had structural variants of the NTF region

and mutations of Gly58Arg in mutT2. These 81 isolates were
sub-clustered in the whole genome phylogenic tree (Fig. 1). The
remaining 101 (55.5%) isolates of Lineage 2 belonged to the

atypical Beijing sub-genotype in Lineage 2, i.e. they had neither
an insertion in the NTF region nor a Gly58Arg substitution in

mutT2. These 101 isolates were also sub-clustered in the whole
genome phylogenic tree (Fig. 1). Substitutions in other mutator

genes, ogt and mutT4, are shown in Supplementary Table 1.
Two of the isolates did not belong to any cluster in the

phylogenic tree (Fig. 1). Both had characteristic markers for
Lineage 2 (East Asian or Beijing), including an insertion in the
dnaA-dnaN locus and a deletion of Rv0069-0075 including the

RD105 locus, but both had different spoligo patterns than the
Beijing genotype (Supplementary Table 1). Neither of these

isolates had an insertion in the NTF region or mutations in
mutT2, ogt, and mutT4.

Spoligotypes could be determined for 248 of the 259 iso-
lates, but not for the other 11. Eighteen spoligotypes obtained

from 152 isolates had known SIT numbers, whereas 84 spoli-
gotypes from 96 isolates had unknown SIT numbers

(Supplementary Table 3).

Lineage comparisons between foreign-born and Japan-
born patient isolates
The distribution of isolates among M. tuberculosis lineages
differed significantly between foreign- and Japan-born patients

(Table 2). The largest number of isolates from foreign-born
patients belonged to Lineage 2 (East Asian or Beijing), Lineage

4 (Euro-American), and Lineage 1 (Indo-Oceanic), whereas the
majority of isolates from Japan-born patients belonged to
Lineage 2. In patients with Lineage 2, most of the isolates from

foreign-born patients were of the typical Beijing sub-genotype
(67.4%), whereas most of the isolates from Japan-born pa-

tients were of the atypical sub-genotype (62.8%). Of the isolates
from foreign-born patients, the majority from patients born in

East Asian countries or regions including China, Korea,
Mongolia, and Taiwan were of typical Beijing sub-genotype in

Lineage 2, whereas most isolates from patients born in non-East
Asian countries were of Lineage 1 or 4 (Supplementary
Table 4). As shown in Fig. 1(b), there were clusters (sub-

clades) comprising isolates specific to either foreign- or Japan-
born patients (indicated as F and J in Fig. 1(b)). Whereas

there were clusters comprising isolates shared by both groups,
which were especially represented by typical Beijing sub-

genotype in Lineage 2, and Lineage 4. No significant change in
ious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 248.e1–248.e8



FIG. 1. Maximum-likelihood phylogenic trees of

259 clinical isolates and 18 published strains

based on whole genome analysis. Radial and

rectangular tree layouts are shown in (a) and (b),

respectively. Branches are colored according to

isolates from foreign-born patients (pink: born in

China, Korea, Mongolia and Taiwan; blue: other

countries and regions), Japan-born (green) and

published strains (black). Clinical isolates in oval

(a) and square brackets (b) belong to indicated

lineages/sub-lineages. Bootstrap values are

shown in the phylogenic trees. All lineages and

two sub-genotypes in Lineage 2 were identified

as clusters of isolates with over 0.7 bootstrap

support. *Two isolates in (a) and (b) that could

be categorized as of the atypical Beijing sub-

lineage, but Rv0069-0075 was deleted rather

than RD105. “F” and “J” in (b) indicate clusters

comprising isolates specific to foreign- or Japan-

born patients, respectively. Scale bar indicates

nucleotide substitutions per site.
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distribution of isolates from East Asia-, non-East Asia-, and
Japan-born patients among lineages was detected between

2001–2008 and 2009–2012 (Supplementary Fig. 3), although
the proportion of isolates from East Asia- and Japan-born
TABLE 2. Distribution of isolates from foreign- and Japan-born

patients among Mycobacterium tuberculosis lineages

Lineage

Isolates from patients

Foreign born Japan born

pan % n %

Lineage 2 43 47.3 139 82.7 5.80E-09
Typical Beijing 29 67.4 52 37.2 1.01E-03
Atypical Beijing 14 32.6 87 62.8 1.01E-03

Lineage 4 23 25.3 23 13.7 0.030891
Lineage 1 19 20.9 4 2.4 1.87E-06
Lineage 3 6 6.6 2 1.2 0.043065

aStatistical analysis done using Fisher’s exact test.

Clinical Microbiology and Infection © 2014 European Society of Clinical Microbiology and In
patients belonging to typical Beijing sub-genotype in Lineage 2
decreased, and that from Japan-born patients belonging to

atypical Beijing sub-genotype in Lineage 2 increased, from
2001–2008 to 2009–2012.

Foreign-born patients infected with typical Beijing sub-
genotype isolates in Lineage 2 were from eight countries: China
(n = 14), Korea (n = 4), Mongolia (n = 3), Vietnam (n = 3), Burma

(Myanmar) (n = 2), Indonesia (n = 1), India (n = 1), and France
(n = 1), whereas foreign-born patients infected with typical Beijing

sub-genotype isolates in Lineage 2 were from four countries:
China (n = 5), Korea (n = 7), Iran (n = 1), and the USA (n = 1).

Isolates belonging to Lineage 1 (Indo-Oceanic, n = 23) were much
more common in foreign-born patients; of the 19 patients infected

with these isolates, eight were from the Philippines, six from
Burma (Myanmar), two from Nepal, and one each from China,
Taiwan, and Vietnam.
fectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 248.e1–248.e8
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Drug susceptibility
Among the 259 clinical isolates, 36 (13.9%) were resistant to at
least one drug: isoniazid (n = 6), isoniazid + streptomycin (n = 4),

isoniazid + streptomycin + ethambutol (n = 3), isoniazid +
streptomycin + ethambutol + ethionamide (n = 2), streptomycin

(n = 14), rifampicin + streptomycin (n = 1), rifampicin +
levofloxacin (n = 1), ethionamide (n = 1), levofloxacin (n = 3), and
para-amino salicylic acid (n = 1). The majority of these drug-

resistant isolates had a mutation(s) associated with isoniazid-
resistance; i.e. all 15 isoniazid-resistant isolates had a mutation

including −15c/t upstream ofmabA, S315T in katG, and g609a in
mabA; one of two rifampicin-resistant isolates had S450L in rpoB,

but another had nomutation in rpoB; and twoof four levofloxacin-
resistant isolates had amutation inA90V in gyrA, but the remaining

two had no mutation in gyrA. There was no multi-drug-resistant
isolates (resistant to isoniazid + rifampicin). Most drug-resistant
isolates’ drug resistance was greater for the strains in Lineage 2

(East Asian or Beijing n = 31, 17.0%) than the non-Lineage 2 (n = 5,
6.5%) (p <0.05, Fisher’s exact test). There was no significant dif-

ference in the proportions of typical (10 of 81, 12.3%) and atypical
Beijing sub-genotype in Lineage 2 (21 of 101, 20.8%) isolates

resistant to drug. Of the isolates from foreign- and Japan-born
patients, 8 (8.8%) and 28 (16.7%), respectively, were resistant to

at least one drug, a difference that was not statistically significant.

Whole genome SNP analysis
A total of 359 240 SNPs and indels were called across the 259

isolates, using manual setting (coverage >11 and frequency
>95%). Of these SNPs and indels, 315 166 (87.7%) were coding

region SNPs and indels. Of these 315 166 coding region SNPs
and indels, 202 999 non-synonymous substitutions (64.4%)

were identified. The numbers of SNPs and indels detected in
individual isolates ranged from 338 to 2321. Little difference (p

>0.05, Mann-Whitney U test) was observed between the
numbers of the SNPs and indels of the isolates from foreign-
born (median 1494, range 608–2278) and Japan-born (median

1479.5, range 338–2321) patients.
Three SNPs (two coding regions and one intergenic region)

and one indel against H37Rv were shared in common across all
259 isolates. These two coding regions SNPs included a synon-

ymous substitution of a477g in Rv1514c and a non-synonymous
substitution of a430c in Rv1321. The SNP in the intergenic re-

gion was an a-to-c substitution at H37Rv position 459 399. The
shared indel across all the isolates was a frameshift mutation in
Rv3655c (deletion at H37Rv position 4 095 002).

All 81 of the typical Beijing sub-genotype isolates in Lineage 2
had eight SNPs in their coding regions, whereas the remaining

178 isolates, belonging to the non-Beijing sub-genotype and the
other lineages, did not. The eight SNPs specific to the typical

Beijing isolates included five non-synonymous (Rv0245 (c308t),
Clinical Microbiology and Infection © 2014 European Society of Clinical Microbiology and Infect
Rv1027c (g178a), Rv1160 (mutT2) (g172c), Rv2180c (g747a),

and Rv3758c (a250g)) and three synonymous (Rv0044c
(a525g), Rv0237 (c1075t), and Rv0512 (g549a)) SNPs. How-

ever, no SNP specific to atypical Beijing isolates was identified.
Of the 259 isolates, 244 had “strain-specific SNPs and

indels,” with each unique to one strain. The numbers of these
strain-specific SNPs and indels in individual isolates ranged from
1 to 520. The numbers of strain-specific SNPs and indels

differed significantly (p 3.66E-15 Mann-Whitney test) between
isolates from foreign-born (median 89, range 0–520) (Fig. 2(a))

and Japan-born (median 23, range 0–415) patients (Fig. 2(b)).
These between-group differences were observed when

comparing isolates belonging to the typical Beijing (p = 1.05E-4),
atypical Beijing (p = 0.02), and Lineage 4 (Euro-American)

(p = 1.73E-6) (Fig. 2(c)) lineages.
Discussion
To our knowledge, this study is the first to show an impact of

foreign-born TB patients on genetic diversity and bacteriolog-
ical properties of M. tuberculosis isolates in a middle TB burden
country such as Japan. The genomic features of M. tuberculosis

isolates differed between foreign-born and Japan-born patients
in Japan, due to differences between the two groups in their

lineage distributions and the numbers of strain-specific SNPs
and indels. These results indicate that M. tuberculosis isolates

from foreign-born patients were not transmitted extensively to
Japan-born patients, although isolates mainly belonging to

clusters in Lineage 2 and Lineage 4 would transmit between
these two groups (Fig. 1(b)) and these isolates had the potential

risk of spreading to others in Japan. The larger numbers of
strain-specific SNPs and indels in the isolates from foreign-born
patients also indicated that the isolates originated from many

countries, not only Japan, although this would be expected even
if it had not been reported.

Several reports have described epidemiological differences
between foreign-born and native-born TB patients, although

these studies were performed in countries with low TB prev-
alence. Most of these studies found little transmission of TB

from foreign-born to native-born residents. M. tuberculosis
isolates from foreign-born patients were much less likely to be
clustered, with extensive transmission due mainly to autoch-

thonous strains in Madrid [19]. Although immigrants did not
transmit TB more than indigenous patients in Catalonia, Spain

[20], the most frequent infectious disease in immigrants to
Spain was latent TB (32.6%) [21]. US-born TB patients gener-

ated more secondary cases than TB-positive immigrants in San
Francisco (http://www.ingentaconnect.com/content/iuatld/ijtld/

2000/00000004/00000004/art00002). Although foreign-born
ious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 248.e1–248.e8
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FIG. 2. Numbers of strain-specific single-

nucleotide polymorphisms (SNPs) and in-

sertions and deletions (indels) in Mycobac-

terium tuberculosis isolates from (A) foreign-

born and (B) Japan-born patients. Of the

259 isolates, 244 had strain-specific SNPs

and indels. (C) Minimum to maximum

number of strain-specific SNPs and indels of

isolates in Lineage 1 (Indo-Oceanic),

Typical/Atypical Beijing sub-genotype of

Lineage 2 (East Asian or Beijing), Lineage 3

(East African-Indian), and Lineage 4 (Euro-

American) are represented by black lines.

Median numbers of strain-specific SNPs and

indels from foreign- and Japan-born patients

are represented as white and grey squares,

respectively. Significant differences among

foreign-/Japan-born groupings were present

in isolates belonging to the typical/atypical

Beijing sub-genotype in Lineage 2 and the

Lineage 4. *p <0.01; **p <0.05.
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TB patients constituted the majority of these patients in Canada

and Switzerland, there was little transmission to native-born
individuals [22,23]. TB also showed a low level of trans-

mission from immigrants to Germany with a high prevalence of
disease to the autochthonous population in Germany, with a

low prevalence of disease [24].
This is the first report describing the whole genome

sequence-based molecular epidemiology of M. tuberculosis iso-

lates obtained from foreign-born patients in Japan, although
there has been a comprehensive study on M. tuberculosis in an

urban area in Japan [25]. The lineage proportion of isolates
from our Japan-born patients was similar to that of previously

reported studies [26–30]; most belonged to the Beijing lineage,
especially the atypical Beijing sub-genotype. The proportion of

the atypical Beijing sub-genotype isolates is unique and endemic
to Japan and Korea, whereas the typical Beijing sub-genotype is
more common among other Asian countries [27,31].

We detected eight SNPs present in all 81 typical Beijing sub-
genotype isolates in Lineage 2 tested, but not in any of the other

178 isolates (Supplementary Table 5). Of these eight SNPs,
three—Rv0044c (a525g), Rv3758c (a250g), and Rv1160

(mutT2) (g172c)—were not included in the set of 51 SNPs
unique to typical Beijing strains [32]. Differences in detected

SNPs specific to typical Beijing sub-genotype isolates in Lineage
2 will be due to the size/setting of isolates examined in these

studies, e.g. the whole genome sequences of three typical
Beijing sub-genotype isolates were compared with those of
three atypical Beijing sub-genotype isolates in a previous study

[32]. Further studies will be necessary to determine whether
these SNPs are unique to typical Beijing sub-genotype strains.

The limitation of this study is that we did not get information
about foreign-born patients, including social activities in Japan.

We, therefore, could not demonstrate whether or not some
strains were transmitted between foreign- and Japan-born pa-

tients in Japan.
In conclusion, we showed that the proportions of genetic lin-

eages ofM. tuberculosis isolates differed in foreign-born and Japan-

born patients in Tokyo, with the genetic diversity of the former
being greater, indicating that foreign-born TB patients in Tokyo

carry many different strains reflecting the global distribution of
M. tuberculosis diversity. There were no prevalent isolates from

foreign-born TB patients in Tokyo. However, globally dissemi-
nated isolates may be introduced into Japan by foreign-born TB

patients, especially those from countries with high TB burdens.
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