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Spoligotyping was performed to study the population structure of Mycobacterium tuberculosis complex strains
(n � 224) from Bangladesh. Strains were split into principal genetic group 1 (PGG 1 [75.0%]) and PGG 2 and
3 (25%). Forty-nine strains with a new spoligotype signature and considered as south or southeast Asian-linked
emerging clones were designated as “Matlab type.”

Spoligotyping is a powerful and simple fingerprinting tech-
nique for simultaneous detection and differentiation of Myco-
bacterium tuberculosis complex (MTC) (12, 15). The discrimi-
natory power of spoligotyping is less than that of IS6110
restriction fragment length polymorphism typing (16). How-
ever, spoligotyping is more efficient for differentiating MTC
strains with a small number of IS6110 copies, including Myco-
bacterium bovis (2). Limited genotypic information about clin-
ical isolates of MTC is available from Bangladesh (1, 6). There-
fore, this study was planned to search for the existence of
internationally-recognized phylogenetic clades of MTC in Ban-
gladeshi tuberculosis (TB) patients and to identify any new
spoligotyping signature(s) phylogeographically specific for
Bangladesh.

During a period from July 2001 through November 2003,
224 MTC strains were isolated from nonhospitalized TB pa-
tients of selected urban (Dhaka) and rural (Matlab) areas of
Bangladesh. These strains were genotyped using the standard
spoligotyping technique (20). Spoligotype patterns were re-
corded as octal and binary formats in Excel spreadsheets and
compared with the SpolDB4 database (5). A spoligotype-based
unrooted dendrogram of all the isolates (n � 224) was built
(Fig.1) (14) using the Taxotron software (11).

Age and gender information was available from 211 of 224
TB patients (47 rural and 177 urban). The male (n � 63)/

female (n � 148) ratio was 1.42, and mean age was 36.5 years
(range, 15 to 83 years; standard deviation, 16.1 years). Thirty
percent of patients were within the 15- to 24-year age group.

Using the standard spoligotyping format, 193 (86.0%) of 224
isolates were clustered into 31 shared types (ST) containing
from 2 to 34 strains, whereas 31 strains (14.0%) were unique.
After matching with the SpolDB4 database (available online
from http://www.pasteur-guadeloupe.fr:8081/SITVITDemo),
these strains (n � 224) were further clustered into four major
clades or lineages (Fig. 1). Seventy-five percent of all strains
belonged to principal genetic group 1 (PGG 1) (18), which
includes Beijing, East African-Indian (EAI), and Central
Asian (CAS), whereas 25.0% belonged to PGG 2 and 3.

EAI is the most prevalent clade and constitutes about
44.20% of all isolates (n � 99; 30 from rural and 69 from urban
TB patients). Based on the absence of specific spacers of the
direct repeat region, most strains of the EAI clade could be
classified into EAI1 to EAI5 (Fig. 1). Within the EAI clade, 49
strains had a new spoligotype signature and were designated
EAI6-Bangladesh 1 (EAI6-BGD1). Other known EAI sub-
clades, such as EAI2 (ST 19; Manila) (7), EAI4 (ST 139;
Vietnam), and EAI8 (ST 109; Madagascar) (8), were not found
in this study. Other EAI variants are likely to be present in
Bangladesh.

The sublineage EAI6-BGD1 was designated “Matlab type”
after the name of the rural field site Matlab, where these
strains were first isolated and subsequently isolated from both
rural and urban areas. Known as an “ancient” TB clade (4),
strains of the EAI clade are predominant in Bangladesh,
arguing in favor of the historical presence of endemic strains in
this country. It is also evident from the comparison of this
study with results from a previous one (17; Rigouts et al.,
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FIG. 1. Comparison of 224 MTC strain spoligotypes from this study with those in the Spo1DB4 database. (A) Dendrogram built using Taxotron
(P. A. D. Grimont, Taxolab, Institut Pasteur, 1994–2000 [Jaccard index and unweighted-pair group method using average linkages]). (B) ST
designation number of spoligotype according to SpolDB4 nomenclature. Two-isolate clusters appear with smaller letters. (C) Binary description
of spoligotypes. (D) Isolate number designation. M, Matlab, rural area; S, urban area. (E) Clade/subclade designation. Except for T1, LAM,
T-PRT, and X2, which cluster with PGG 2 and 3, all other branches cluster with PGG 1 isolates.
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unpublished data) (n � 510) obtained in another setting in
Bangladesh that the emergence of an endemic new lineage of
the large EAI superfamily designated as “Matlab type” can be
defined. Indeed, our observation about the endemic nature of
the “Matlab type” was also evident from an independent study
conducted in the Sunamganj District of Bangladesh (19). TB
patients of this district are mostly farmers having little contact
with people from other parts of the world. The “Matlab type”
strains were detected from 26% of TB patients of this district.

The W-Beijing family is the second most prevalent clade
(prototype ST 1) and constitutes about 15.2% of the strains
included in this study (n � 34: 7 from rural TB patients and 27
from urban TB patients) (Fig. 1). Its origin in Asia is not yet
precisely dated, but it could be ancient, arguing that these
strains belong to PGG 1, as assessed by katG-gyrA polymor-
phism (18). However, a recent study documented a single-
nucleotide polymorphism located within the nitrate reductase
(narGHJ) operon promoter that clusters Beijing together with
PGG 2 and 3 organisms (10).

The CAS family represents 15.0% of the isolates (n � 34: 2
from rural and 32 from urban TB patients) (Fig. 1). Prototypic
ST 26, predominant in this study, is popularly known as the
Delhi type, which is prevalent in north India (3). Other well-
represented variants like CAS 1 signatures, ST 794 (n � 7), ST
1120 and ST 288 (CAS2; n � 2), and the newly described ST
2149 (n � 3) were also detected in this study. This family is also
prevalent in Pakistan, Sudan, and Libya (3, 9). The CAS 2
variant (ST 288) was also detected at a lower frequency in

Bangladesh. No specific strains of the CAS clade localized to
Bangladesh were detected.

PGG 2 and 3 (also designated as modern TB) represented
one-quarter (25.0%) of the strains (Fig. 1). Twenty-one strains
(4 from rural and 17 from urban TB patients) of this group
could not be assigned to any clade designation, and, hence,
were termed “T.” The Latin-American and Mediterranean
(LAM) clade is the second most prevalent clade in modern TB
isolates. Other spoligotype signatures within PGG 2 and 3 have
been designated as “European low IS6110 copy” clade or “X
clade” (21). This group is represented here as ST 137 (proto-
type of the X2) and could be related to T-PRT, also known as
the “Portuguese type” (prototype, ST 244). It is predominant
in Portugal and Brazil (5). The Portuguese entered the Indian
subcontinent (part of which is current Bangladesh) at the end
of the nineteenth century (13). Mycobacterial interspersed re-
petitive unit typing of ST 244 strains from Portugal and Ban-
gladesh confirmed the likely existence of a common ancestor of
today’s clones (T. Zozio, N. Rastogi, and C. Sola, unpublished
observations). Besides, a few other patterns, such as MANU 2,
X3, S, and LAM3, were also found in this study (Fig 1).

Comparison of the 224 spoligotypes of MTC strains of this
study with those in the SpolDB4 database is shown in Table 1,
which contains a total of 720 spoligotyping data on isolates
from Bangladesh from the present and previous studies (17; L.
Rigouts and F. Portaels unpublished data). Most spoligotyping
patterns described in this study suggest that the genotypes

TABLE 1. Detailed results on nomenclature and distribution of STs of MTC clinical isolates in this study and other studies in Bangladesha

ST
Absolute count

in SpolDB4
databaseb

% in SpolDB4
database

Relevant geographic origin(s) in
SpolDB4 database

Absolute count in:

% in
BangladeshThis study

(n � 224)

Other Bangladesh studies (n �510)

SpolDB4 database
alonec

After introduction
of result file
(increase)d

1 3,839 9.37 Far east Asia 32 121 (L.R., 67; ZR, 54) 121 26.59
292 74 0.18 Bangladesh 11 62 (L.R., 24; Z.R., 38) 62 13.63
1406 2 0.00 Bangladesh 2 2 (L.R., 2) 4 (�2) 0.88
11 347 0.85 India 7 14 (L.R., 2; Z.R., 12) 14 3.08
48 256 0.62 India, Somalia, Bangladesh 9 41 (L.R., 16; Z.R., 25) 41 9.01
236 108 0.26 India, southeast Asia 5 6 (L.R., 6) 11 (�5) 2.42
1389 9 0.02 Bangladesh 2 7 (L.R., 7) 9 (�2) 1.98
882 18 0.04 Bangladesh 6 12 (L.R., 7; Z.R., 5) 13 (�1) 2.86
591 31 0.08 India, Bangladesh, Malaysia 3 1 (L.R., 1) 4 (�3) 0.88
138 76 0.19 India, Bangladesh, Malaysia, Somalia 8 26 (L.R., 5; Z.R., 21) 26 5.71
1400 7 0.02 Bangladesh 3 7 (L.R., 2; Z.R., 5) 7 1.54
26 543 1.32 India, Pakistan 13 54 (L.R., 8; Z.R., 46) 54 11.87
794 3 0.01 Pakistan 9 0 9 (�9) 1.98
288 61 0.15 India, Bangladesh 3 2 (L.R., 2) 5 (�3) 0.44
53 2,580 6.29 Europe, Africa 7 24 (L.R., 7; Z.R., 17) 24 5.27
52 403 0.98 Ubiquitous 2 1 (L.R., 1) 3 (�2) 0.66
1560 2 0.00 Europe, Bangladesh 3 0 3 (�3) 0.66
244 44 0.11 Portugal, Brazil, Bangladesh 5 9 (Z.R., 9) 9 1.98
137 754 1.84 North America, Great-Britain 3 0 3 (�3) 0.66
42 1,300 3.17 South America, Mediterranean

basin, Africa
8 28 (L.R., 9; Z.R., 19) 28 6.15

1176 11 0.03 Indonesia, Georgia 5 0 5 (�5) 1.10

a Comparison was done on 2004 November 27 2004 against 40,987 spoligotypes. Some spoligotypes appear to be present only in Bangladesh, whereas others are also
found in different south Asian countries as well as in Europe.

b Representing a total of 40,987 spoligotypes present on 24 November 2004.
c L.R. and Z.R. represent data submitted by Leen Rigouts and Zeaur Rahim, respectively. n � 720 spoligotypes from Bangladesh recorded in the SpolDB4 database.
d After introduction of the file of results from this study. (The total is 455.) File counts do not include part of the results of L. Rigouts and F. Portaels included in

the SpolDB4 database but not analyzed here.
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described here, indeed, represent true discovery of genetic
diversity.

In conclusion, our study is the first to describe the popula-
tion structure of MTC and also reports a new and specific
subclade of the EAI family named “Matlab type,” which may
be suggestive of new south or southeast Asian-linked emerging
genotypes.

The International Centre for Diarrheal Disease Research, Bangla-
desh, and Gates-Government of Bangladesh provided necessary funds
for this research.

We are grateful to David Moore for carefully reading the manu-
script.
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