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Genotypic analysis was performed on 48 Mycobacterium tuberculosis complex strains collected from a hospital
in Dhaka city. Deletion analysis showed that the isolates were all M. tuberculosis; 13 of them were found to be
of the “ancestral” type, while 35 were of the “modern” type, indicating that both endemic (ancestral type) and
epidemic (modern type) strains cause tuberculosis in Bangladesh. Genotyping based on the spoligotype and
variable-number tandem repeats (VNTR) of mycobacterial interspersed repetitive units (MIRU) was also done.
A total of 34 strains (71%) were grouped by spoligotyping into nine different clusters; the largest comprised 15
isolates of the Beijing genotype, whereas the remaining eight clusters consisted of two to five isolates.
MIRU-VNTR typing detected 32 different patterns among 44 tested strains, and the 15 Beijing strains were
further discriminated by MIRU-VNTR typing (7 distinct patterns for the 15 isolates). These results indicate
that MIRU-VNTR typing, along with spoligotyping and deletion analysis, can be used effectively for molecular
epidemiological studies to determine ongoing transmission clusters; to our knowledge, this is the first report
about the type of strains prevailing in Bangladesh.

Despite global efforts to combat tuberculosis (TB), the dis-
ease remains a major public health problem worldwide, espe-
cially in developing countries such as Bangladesh. Key factors
in the control of TB are rapid detection and adequate therapy
to arrest further transmission. Outbreaks of infectious disease
often result from exposure to a common source of the etiologic
agent (9). Generally, the etiologic agent causing an outbreak of
infection is derived from a single cell whose progeny are ge-
netically identical or closely related to the source organism. In
epidemiological terms, the organisms involved in the outbreak
are clonally related. DNA fingerprinting techniques now exist
which identify specific strains of Mycobacterium tuberculosis
(22). These techniques, along with conventional approaches,
have become powerful tools in TB epidemiology. Unfortu-
nately, epidemiological data for Bangladesh are scarce. Hence,
monitoring the control of TB by epidemiological investigation
is of utmost importance.

Large-scale genotyping of M. tuberculosis using IS6110 re-
striction fragment length polymorphism is labor-intensive and
requires culturing of the slow-growing mycobacteria, and the
results are sometimes difficult to compare among laboratories.
After the completion of the genome sequence of M. tubercu-
losis H37Rv, comparative-genomics approaches greatly en-
hanced our understanding of the mechanisms of insertion and
deletion of DNA and the resulting distribution of variable
regions around the genomes of tubercle bacilli (4, 6, 7). Based
on this knowledge, a deletion analysis system has been devel-
oped to differentiate the members of the M. tuberculosis com-

plex (4, 23). There are 20 variable regions, of which 14 regions
of difference (RD1 to RD14) were found to be absent from
bacillus Calmette-Guérin (BCG) Pasteur relative to M. tuber-
culosis H37Rv (2, 7, 10). Six regions, H37Rv-related deletions
(RvD1 to RvD5 and M. tuberculosis specific deletion 1 (TbD1),
are absent from the M. tuberculosis H37Rv genome relative to
other members of the M. tuberculosis complex. Based on the
presence or absence of the TbD1 region, M. tuberculosis strains
can be divided into “ancestral” and “modern” types. The Bei-
jing, Haarlem, and African strains responsible for major epi-
demics are modern types (4, 16).

Spoligotyping is a PCR-based method which allows simulta-
neous detection and strain differentiation of M. tuberculosis
present in clinical specimens without the need for culture (13).
The method is based on strain-dependent hybridization pat-
terns of in vitro-amplified DNA with multiple spacer oligonu-
cleotides. This region contains multiple short 36-bp direct re-
peats (DRs) and nonrepetitive spacers, which are 35 to 41 bp
in length, interspersed between the DRs. Spoligotyping is a
rapid method that allows large numbers of isolates to be han-
dled in a short time. The DRs are extremely well conserved
among M. tuberculosis complex strains, making spoligotyping a
specific method for the detection of M. tuberculosis complex
members (13).

Recently, a typing method based on variable-number tan-
dem repeats (VNTR) of genetic elements named mycobacte-
rial interspersed repetitive units (MIRU) in 12 human mini-
satellite-like regions of the M. tuberculosis genome has been
developed (20, 28). MIRUs are composed of 40- to 100-bp
repetitive DNA sequences, dispersed in 41 intergenic regions
of the M. tuberculosis complex genome (18, 29, 30). Twelve of
these sites display polymorphisms in MIRU copy number
among nonrelated M. tuberculosis isolates. Typing using MIRUs
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is a PCR-based method where strains can be typed by a nu-
merical code corresponding to the numbers of MIRUs in the
different loci. Here, we apply a combination of all three dif-
ferent genotyping methods to a random collection of isolates
of M. tuberculosis from Bangladesh.

MATERIALS AND METHODS

Mycobacterial strains and genomic DNA. A total of 48 cases of TB were
investigated (Table 1). Samples were collected randomly from patients attending
the Institute of Diseases of Chest and Hospital (IDCH) between 1999 and 2000.
IDCH is a national facility for the diagnosis and treatment of TB in Dhaka city.
Treatment is free, and the hospital serves a large segment of the city’s popula-
tion. It also handles a substantial number of patients with complications referred
from other hospitals and Thana Health Complexes in and outside Dhaka city.

Twenty-six of the patients were from different parts of Dhaka city (Table 1).
Others were from different regions of Bangladesh outside Dhaka (Table 1). Most
of them (�70%) were from a low socioeconomic condition. Thirty-six were male,
and 12 were female. Their ages ranged from 16 to 60 years (the mean age was 34
years). Twenty-two patients had a scar present, indicating that they were vacci-
nated with BCG during their childhood. Twenty patients had no scar, and the
result was not recorded for the other six. All of the patients were sputum
microscopy positive and culture positive. Thirty-three samples were from previ-
ously diagnosed patients who had been treated with antitubercular drugs for
certain periods. Fifteen of the isolates were primary isolates. Drug sensitivity
testing was performed on 39 samples.

Genomic DNA was obtained by resuspending mycobacterial colonies in 100 to
200 �l of distilled H2O and incubating them at 85°C for 30 min. After centrif-
ugation of the suspension, the supernatant containing the DNA was removed
and stored at �20°C until further use.

RD PCR analysis. RD PCR analysis was done using the methods described by
Brosch et al. (4). Sequences inside or flanking RD and RvD regions were

TABLE 1. Patient characteristics

Strain Age (yr) Sexa Treatment history BCG scar
Sensitivityb to:

Origin
INH RMP EMB SM

TB1 28 M Previously treated Present ND ND ND ND Dhaka
TB2 30 M Previously treated Present S S S S Dhaka
TB6 18 M New case Absent S S S S Dhaka
TB8 25 M New case Present ND ND ND ND Dhaka
TB9 60 M New case Absent S S S S Dhaka
TB10 50 M Previously treated Present ND ND ND ND Patuakhali
TB11 30 M New case Present ND ND ND ND Dhaka
TB12 56 M New case Present S S S S Natore
TB14 52 M Previously treated Present R R R R Rangpur
TB16 20 F New case Present ND ND ND ND Gazipur
TB19 50 F New case Present S S S S Dhaka
TB20 16 M New case Absent ND ND ND ND Narayanganj
TB21 22 M New case Absent S S S S Narayanganj
TB23 35 M New case Present S S S S Kishoreganj
TB24 20 F New case Absent ND ND ND ND Dhaka
TB27 26 M New case Present S S S S Dhaka
TB29 22 F New case Present S S S S Dhaka
TB30 20 F New case Absent S S S S Dhaka
TB32 35 F New case Present ND ND ND ND Dhaka
MA1 30 M Previously treated Not known S S S S Dhaka
MA2 32 F Previously treated Absent S S S S Dhaka
MA5 42 M Previously treated Absent S S S S Dhaka
MA6 32 M Previously treated Absent R R S S Shariatpur
MA7 50 M Previously treated Absent R R S S Noakhali
MA9 33 M Previously treated Absent R R S S Munshiganj
MA11 27 M Previously treated Present S S S S Comilla
MA12 38 F Previously treated Absent R S S R Dhaka
MA13 33 F Previously treated Absent S S S S Dhaka
MA16 35 M Previously treated Absent R R R R Dhaka
MA17 46 M Previously treated Not known R S R S Narayanganj
MA19 25 M Previously treated Present R S S S Narayanganj
MA20 40 M Previously treated Absent R R R R Kishoreganj
MA25 55 M Previously treated Present S R S R Dhaka
MA27 50 M Previously treated Present S R S S Shariatpur
MA28 40 M Previously treated Absent R R S R Narsingdi
MA29 30 M Previously treated Present R S S S Kishoreganj
MA31 31 M Previously treated Absent R R R R Narayanganj
MA32 28 M Previously treated Absent S S S S Dhaka
MA35 23 M Previously treated Present S S S R Dhaka
MA36 50 M Previously treated Not known S S S S Dhaka
MA37 45 M Previously treated Present S S S S Habiganj
MA38 39 M Previously treated Absent ND ND ND ND Comilla
MA39 22 F Previously treated Present R R S R Gazipur
MA41 45 M Previously treated Absent R S S S Dhaka
MA42 22 M Previously treated Present R S R R Shariatpur
MA45 17 F Previously treated Not known S S S S Dhaka
MA46 40 M Previously treated Not known S S S S Dhaka
MA48 20 F Previously treated Not known R S S S Dhaka

a M, male; F, female.
b INH, isoniazid; RMP, rifampin; EMB, ethambutol; SM, streptomycin; R, resistant; S, sensitive; ND, not done.
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obtained from the websites http://genolist.pasteur.fr/TubercuList/ and http:
//www.sanger.ac.uk/Projects/M bovis/. Primers that would amplify �500-bp frag-
ments were designed by using the Primer3 website http://www-genome.wi.mit
.edu/cgi-bin/primer3-www.cgi. A detailed list of all primer sequences used in this
study is available at http://www.pnas.org/cgi/data/052548299/DC1/1. PCR ampli-
fications with mixtures containing, per reaction, 1.25 �l of 10� PCR buffer [600
mM Tris HCL (pH 8.8), 20 mM MgCl2, 170 mM (NH4)2SO4, 100 mM �-mer-
captoethanol], 1.25 �l of 20 mM nucleotide mix, 50 nM each primer, 1 to 10 ng
of template DNA, 10% dimethyl sulfoxide, 0.2 U of Taq polymerase (Gibco-
BRL), and sterile distilled water to 12.5 �l were performed on a PTC-100
amplifier (MJ Inc.) with an initial denaturation step of 90 s at 95°C followed by
35 cycles of 30 s at 95°C, 1 min at 58°C, and 4 min at 72°C. Sequence analysis of
the katG codon 463 polymorphism was done as described previously (4).

Spoligotyping. Spoligotyping was performed as previously described by Ka-
merbeek et al. (13) with minor modifications. The DR region was amplified by
PCR with oligonucleotide primers derived from the DR sequence. Mycobacterial
genomic DNA was extracted from cultured cells as described previously (14, 15).
Twenty-five microliters of the following reaction mixture were used for the PCR:
12.5 �l of HotStarTaq Master Mix (Qiagen; this solution provides a final con-
centration of 1.5 mM MgCl2 and 200 �M each deoxynucleoside triphosphate), 2
�l of each primer (20 pmol each), 5 �l of DNA solution (ca. 10 ng), and 3.5 �l
of distilled water). The mixture was heated for 15 min at 96°C and subjected to
30 cycles of 1 min at 96°C, 1 min at 55°C, and 30 s at 72°C. The amplified product
was hybridized to a set of 43 immobilized oligonucleotides, each corresponding
to one of the unique spacer DNA sequences within the DR locus. After hybrid-
ization, the membrane was washed twice for 10 min in 2� SSPE (1� SSPE is 0.18

TABLE 2. Deletion analysis and spoligotyping of Bangladeshi strain

Strain
Presence of regiona:

RD 1 RD 2 RD 3 RD 4 RD 5B RD 6 RD 7 RD 8 RD 9 RD 10 RD 11 RD 12 RD 13 RD 14 15-Be RvD1 RvD2 RvD3 RvD4 RvD5 TbD 1

Block 1
TB1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1
TB32 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1
MA25 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1
MA31 1 1 0 1 1 1 1 1 1 1 2 1 1 1 0 1 1 1 1 1 1
TB16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1
TB29 1 1 0 1 0 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1
TB23 1 1 1 1 0 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1
TB21 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1
TB27 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1
TB30 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1
TB19 1 1 1 1 0 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1
TB2 1 1 1 1 0 1 1 1 1 1 0 1 1 1 0 1 1 0 1 1 1
TB20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1

Block 2
TB8 1 1 0 1 1 1 1 1 1 1 0 1 1 1 ND 1 0 1 1 1 0
MA9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 0 1 1 0
MA36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 0 1 1 0
TB24 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 0
MA5 1 1 1 1 1 1 1 1 1 1 2 1 1 1 0 1 0 1 1 1 0
MA29 1 1 0 1 1 1 1 1 1 1 1 1 1 1 ND 1 0 0 1 1 0
MA39 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 0 0
MA41 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 0 1 1 0

Block 3
MA6 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0
MA11 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0
MA19 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0
MA35 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0
MA42 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0
MA45 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0
MA46 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0
MA17 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0
MA27 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0
MA32 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0
MA37 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0
TB6 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0
MA1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0
MA16 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0
MA28 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0

Block 4
TB9 1 1 0 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0
TB10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0
MA2 1 1 0 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0
MA7 1 1 0 1 1 0 1 1 1 1 1 1 1 1 0 1 0 0 0 1 0
MA12 1 1 0 1 1 0 1 1 1 1 1 1 1 1 0 1 0 0 0 1 0
MA13 1 1 0 1 1 0 1 1 1 1 1 1 1 1 0 1 0 0 0 1 0
MA20 1 1 0 1 1 0 1 1 1 1 2 1 1 1 0 1 0 0 1 1 0
TB14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0
TB12 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0
MA38 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 0
MA48 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 0
TB11 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0

a 0, region not present; 1, region present; 2, both internal and flanking primers give product. IS-Be � IS 6110 Beijing strains; ND, not determined.
b ., spacer not present; X, spacer present.
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M NaCl, 10 mM NaH2PO4, and 1 mM EDTA [pH 7.7])–0.5% sodium dodecyl
sulfate at 60°C and then incubated in 1:4,000-diluted streptavidin-peroxidase
conjugate (Boehringer) for 45 to 60 min at 42°C. The membrane was washed
twice for 10 min in 2� SSPE–0.5% sodium dodecyl sulfate at 42°C and rinsed
with 2� SSPE for 5 min at room temperature. Hybridizing DNA was detected
by the enhanced chemiluminescence method (Amersham) (32, 33) and by expo-
sure to X ray film (Hyperfilm ECL; Amersham) as specified by the manufacturer.

PCR and MIRU analysis. PCRs were carried out by using the PCR reagent
system (Gibco-BRL). Five microliters from fivefold-diluted DNA solutions was
added to a final volume of 50 �l containing 0.2 �l of DNA polymerase (1 U), 0.2
mM each dATP, dCTP, dGTP, and dTTP, 5 �l of PCR buffer, 0.4 �M (2 �M for
locus 7) primers and 1 to 3.5 mM MgCl2. The primers and MgCl2 concentrations
used were as described by Mazars et al. (20). The PCR fragments were analyzed
by agarose gel electrophoresis with 1.5% agarose. The sizes of the amplicons
were estimated by comparison with 50- and 100-bp ladders. The MIRU copy

number per locus was calculated by using the conventions described by Supply et
al. (30).

RESULTS

Deletion analysis. Forty-eight strains isolated from pulmo-
nary TB patients were investigated by PCR-based deletion
analysis using the 20 variable regions. Most of the RD regions
were present in all the strains tested. RD1, RD2, RD4, RD7,
RD8, RD9, RD10, RD12, RD13, RD14 and RvD1 were
present in all strains (Table 2). The presence of these 10 RD
regions, which are strictly conserved in M. tuberculosis, indi-
cates that all the strains tested belonged to the species M.

TABLE 2—Continued

Presence of spacerb:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

X X X X X X X X X X X X X X X X X X X X X X X X X X X X . . . . X . X X X X X . X X X
X X X X X X X X X X X X X X X X X X X X X X X X X X X X . . . . X . X X X X X . X X X
X X X X X X X X X X X X X X X X X X X X X X X X X X X X . . . . X . X X X X X . . . .
X X X X X X X X X X X X X X X X X X X X X X X X X X X X . . . . X . X X X X X . . . .
X X X X X X X X X X X X X X X X X X X X X X X X X X X X . . . . X . X X X X X X X X X
X X X X X X X X X X X X X X X X X X X X X X . X X X X X . . . . X . . . . . . . . . .
X X X X X X X X X X X X X X X X X X X X X X . X X X X X . . . . X . X X X X X X X X X
X . . X . X X X X . . . . . . . . X X X X X X X X X X X . . . . X . X X X X X X X X X
X . . X X X X X X X X X X X X X X X X X X X X X X X X X . . . . X . X X . . . X X X X
X . . X X X X X X X X X X X X X X X X X X X X X X X X X . . . . X . X X . . . X X X X
X X X . . . . . . . . . . . . . . . . . . . . . . . X X . . . . X . X X . X X X X X X
X X X . . . . . . . . . . . . . . . X . . . . . . . . . . . . . . . . . . . X X X X X
X X X X X X X X X X . X X X X X X X X X X X X X X X X . . . . . . . X X X X X . X X X

X X X . . . . X X X X X X X X X . . . . . . . . . . . . . . . . . . X X X X X X X X X
X X X . . . . X X X X X X X X X X X X X . X . . . . . . . . . . . . X X X X X X X X X
X X X . . . . X X X X X X X X X X X X X . X . . . . . . . . . . . . X X X X X X X X X
X X X . . . . X X X X X X X X X X X X X X X . . . . . . . . . . . . X X X X X X X X X
X X X . . . . X X X X X X X X X X X X X X X . . . . . . . . . . . . X X X X X X X X X
X X X . . . . X X X X X X X X X X X X X X X . . . . . . . . . . . . X X X X X X X X X
X X X . . . . X X X X X X X X X X X X X X X . . . . . . . . . . . . X X X X X X X X X
X X X . . . . X X X X X X X X X X X X X X X . . . . . . . . . . . . X X X X X X X X X

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X X X X X X X

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X X X X X X X

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X X X X X X X

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X X X X X X X

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X X X X X X X

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X X X X X X X

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X X X X X X X

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X X X X X X X

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X X X X X X X

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X X X X X X X

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X X X X X X X

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X X X X X X X

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X X X X X X X

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X X X X X X X

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X X X X X X X

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X X X X X X X

X X X X X X X X X X X X X X X X X X X X X X X X X . . . . . . X . . . . X X X X X X X
X X X X X X X X X X X X X X X X X X X X X X X X X . . . . . . X . . . . X X X X X X X
X X X X X X X X X X X X X X X X X X X X . . . . X X X X X X X X . . . . X X X X X X X
X X X X X X X X X X X X X X X X X X X X . . . . X X X X X X X X . . . . X X X X X X X
X X X X X X X X X X X X X X X X X X X X . . . . X X X X X X X X . . . . X X X X X X X
X X X X X X X X X X X X X X X X X X X X . . . . X X X X X X X X . . . . X X X X X X X
X X X X X X X X X X X X X X X X X X X X . . . . X X X X X X X X . . . . X X X X X X X
X X X X X X X X X X X X X X X X X X X X . . . . X X X X X X . X . . . . X X X X X X X
X X X X X X X X X X X X X X X X X X X X X . . . X X X X X X . X . . . . X X X X X X X
X X X . . X X X X . X X X . X X X X X X X X X X X X . X X X X X . . . . X X X X X X X
X X X . . X X X X X X X X X X X X X X X X X X X X X X X X X X X . . . . X X X X X X X
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X . . . . X X X X X X X
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tuberculosis (4). The RD3 region was absent in 29 strains, and
the product amplified using the second set of internal primers
was smaller in 2 strains. RD11, was also absent from 8 of 48
strains tested. The RD3 and RD11 regions correspond to

prophages phiRv1 and phiRv2 of M. tuberculosis H37Rv (7).
RD5, which contains the genes plcA to plcC that encode pro-
teins with phospholipase C activity, was absent from five
strains. Such genes have been identified as hot spots for inser-

TABLE 3. MIRU-VNTR analysis of M. tuberculosis isolates

Strain
Copy no. at MIRU locus: Cluster

2 4 10 16 23 24 26 27 31 39 40 Spoligotype MIRU-VNTRs

Block 1
TB1 2 3 3 0 6 2 2 0 5 1 3 ST1
TB32 2 5 4 3 7 2 2 3 5 1 3

MA25 2 5 6 2 6 2 2 3 3 1 3 ST2 MI1
MA31 2 5 6 2 6 2 2 3 3 1 3

TB16 2 2 4 3 5 2 2 3 5 2 3

TB29 2 5 3 3 4 2 2 3 5 3 3

TB23 2 5 3 4 6 2 3 5 3 3 2

TB21 2 5 4 4 6 2 2 3 5 3 3

TB27 2 5 3 1 6 2 2 3 5 3 4 ST3
TB30 2 5 3 1 5 2 2 3 5 3 4

TB19 2 4 4 4 7 2 2 1 5 2 3

TB2 2 2 0 0 5 2 2 1 5 3 3

TB20 2 5 4 3 6 2 2 3 5 1 3

Block 2
TB8 2 2 6 3 5 1 6 3 5 3 3

MA9 ND ND ND ND ND ND ND ND ND ND ND ST4
MA36 ND ND ND ND ND ND ND ND ND ND ND

TB24 2 2 6 4 5 1 7 3 5 2 3 ST5
MA5 2 2 5 4 5 1 8 3 5 3 3
MA29 2 4 4 4 5 1 8 3 6 3 3
MA39 2 2 6 4 5 1 6 3 4 2 3
MA41 2 2 6 4 5 1 7 3 4 2 3

Block 3
MA6 2 2 3 3 5 1 5 3 5 3 3 ST6 MI2
MA11 2 2 3 3 5 1 5 3 5 3 3
MA19 2 2 3 3 5 1 5 3 5 3 3
MA35 2 2 3 3 5 1 5 3 5 3 3
MA42 2 2 3 3 5 1 5 3 5 3 3
MA45 2 2 3 3 5 1 5 3 5 3 3
MA46 2 2 3 3 5 1 5 3 5 3 3

MA17 2 2 3 3 5 1 7 3 4 3 3 MI3
MA27 2 2 3 3 5 1 7 3 4 3 3

MA32 2 2 3 3 5 1 6 3 4 3 3 MI4
MA37 2 2 3 3 5 1 6 3 4 3 3

TB6 2 4 3 3 5 1 5 3 5 3 3

MA1 2 2 2 3 5 1 5 3 5 3 3

MA16 2 2 3 3 5 1 5 3 5 2 3

MA28 2 2 3 3 5 1 2 3 5 3 3

Continued on following page
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tion of the mobile element IS6110 (35). Homologous recom-
bination of two copies of IS6110 oriented in the same direction
may cause deletion of the intervening sequences, and this
mechanism contributes to the hypervariability of such genomic
regions (5). RD6, containing IS1532 (10), was absent from 10
strains. These four regions were found to be absent from some
of the M. tuberculosis strains investigated previously (4).

In a large number of the isolates tested (35 isolates), the
TbD1 region was deleted, indicating that they are all modern
strains of M. tuberculosis. However, 13 of 48 strains were found
to harbor the TbD1 region (Table 2). As expected, the pres-
ence or absence of RvD regions was variable. RvD1 was
present in all 48 strains, whereas RvD2 and RvD3 were highly
variable in their presence. RvD2 and RvD3 were absent from
27 and 24 strains, respectively, with both RvD2 and RvD3
being deleted from 21 strains. Strains belonging to the Beijing
cluster (see below) were shown to lack both RvD2 and RvD3,
consistent with previous findings (4). Like RD5, RvD2 also
contains a plc gene (plcD), and it has been shown that deletions
in the RvD2 region can be as large as 20 kb in some M.
tuberculosis strains (12). RvD2 and RvD3 are located very
close to each other on the chromosome of M. tuberculosis
H37Rv at positions 1989 and 1997 kb, respectively. As such,
the constant absence of region RvD2 and RvD3 from M. tu-
berculosis strains belonging to the Bejing cluster suggests that
these two regions may have been removed by a single deletion
of a larger chromosomal region. RvD4 was present in 45
strains and absent from 3 strains. RvD5 was absent from one of
the strains tested.

Spoligotyping. All 48 isolates were analyzed by spoligotyping
(Table 2). A cluster was defined as two or more isolates from
different patients with identical spoligotype patterns, whereas
nonclustered patterns were referred to as unique. The largest
cluster (ST6) consists of 15 strains, one cluster contains five
strains (ST5), and there are seven other clusters (ST1, ST2,

ST3, ST4, ST7, ST8, and ST9) comprising two strains each.
Fourteen isolates (29%) exhibited unique (nonclustered) pat-
terns. All strains of the largest cluster comprising 15 isolates
contained only 9 of the 43 spacer sequences tested. They
showed a spoligotype pattern with hybridization only to the
3	-terminal spacer 35 to 43, which is characteristic of the Bei-
jing genotype. In all strains identified as the Beijing type, RD3,
RvD2, and RvD3 regions were found to be absent by deletion
analysis. We examined 46 strains for the presence of the Bei-
jing genotype-specific IS6110 in the dnaA-dnaN region (16).
This marker was present only in the largest cluster of strains
identified as Beijing members by spoligotyping and deletion
analysis (Table 2).

The 48 isolates analyzed by deletion analysis and spoligotyp-
ing were organized in four blocks according to their degree of
relatedness (Table 2). Block 1 comprised the 13 ancestral
strains having TbD1 present. M. bovis strains usually lack
spacer sequences 39 to 43 (16). The spoligotypes of three
strains in block 1, MA25 and MA31, lacking spacers 40 to 43,
and TB29, lacking spacers 34 to 43, highly resembled those of
M. bovis, but the presence of region RD9 and some other RD
regions that are not contained in the genome of M. bovis
confirmed that these strains were indeed M. tuberculosis
strains.

All 13 strains in block 1 belonged to phylogenetic group 1
defined by Sreevatsan et al. (27) based on the katG codon 463
(CTG) sequence polymorphism. It is noteworthy that the great
majority of these strains (85%) carried spacer 33, which was
absent from all other tested M. tuberculosis strains, whereas
spacers 29 to 32 were missing (Table 2). It seems that this
particular combination is a characteristic part of the spoligo-
types common in M. tuberculosis strains that have region TbD1
still present; therefore they have been named ancestral M.
tuberculosis strains (4).

In contrast, block 2 contains eight strains from phylogenetic

TABLE 3—Continued

Strain
Copy no. at MIRU locus: Cluster

2 4 10 16 23 24 26 27 31 39 40 Spoligotype MIRU-VNTRs

Block 4
TB9 2 2 5 3 5 1 5 3 2 2 3 ST7 MI5
TB10 2 2 5 3 5 1 5 3 2 2 3

MA2 2 2 4 3 6 1 6 3 3 2 1 ST8 MI6
MA7 2 2 4 3 6 1 6 3 3 2 1

MA12 2 2 4 2 6 1 6 3 3 2 1 ST9 MI7
MA13 2 2 4 2 6 1 6 3 3 2 1

MA20 2 2 0 2 6 1 6 3 3 2 1

MA38 ND ND ND ND ND ND ND ND ND ND ND

MA48 ND ND ND ND ND ND ND ND ND ND ND

TB14 2 2 4 3 5 1 6 3 3 2 4

TB12 2 2 5 3 5 1 5 3 3 2 3

TB11 2 2 3, 4 3 5 1 5 3 3 2 3, 5

Vertical bars correspond to spoligotype (ST) and MIRU-VNTR (MI) clusters. ND, not determined.

VOL. 42, 2004 GENOTYPIC ANALYSIS OF M. TUBERCULOSIS IN BANGLADESH 679



group 1 with TbD1 deleted. These isolates showed high simi-
larity in their spoligotype pattern for spacers 23 to 43 to those
from Beijing strains, which are regrouped in block 3. The
major difference between the spoligotypes of strains from
block 2 and the Bejing strains in block 3 is that many of the
spacers from 1 to 22 are still present in strains from block 2
whereas they are absent from Bejing strains, which character-
istically harbor only spacers 35 to 43 (Table 2).

Block 4 contains strains of phylogenetic group 2 or 3 of
Sreevatsan et al. (27), showing the katG463 (where 463 is the
codon number) sequence CGG. Interestingly, all these strains
lacked spacers 33 to 36 but had the flanking spacers present.
This spoligotype signature is typical of strains from phyloge-
netic groups 2 and 3 (4, 25). According to data from a large
spoligotype collection, strains with this characteristic combina-
tion (spacer 32 present, spacers 33 to 36 absent, and spacer 37
present) represent the great majority of M. tuberculosis strains
isolated throughout the world (26).

Genotyping by MIRU-VNTR. Forty-four of the 48 isolates
were also typed using the MIRU-VNTR typing method. This
detected 32 different patterns (Table 3), 19 of which were
grouped into seven clusters. The largest cluster comprised
seven strains (MI2), and six clusters comprised two strains
each. Twenty-five strains had unique patterns. The 15 Beijing
strains clustered in block 3 by spoligotyping were divided into
seven different MIRU genotypes. Eleven of them were
grouped into three MIRU-VNTR patterns, and two groups
comprised two identical strains. The remaining four had
unique MIRU patterns (Table 3). Unexpectedly, most of the
strains (38 strains) failed to give a PCR product with primers
for the MIRU 20 locus and only 6 strains gave similar-sized
bands (data not shown). Since the reason for the failure of
amplification at this locus remains unclear, the results of
MIRU locus 20 were not included in the present MIRU-
VNTR typing analysis. Another unusual finding was that TB11
isolates gave double bands of different sizes for MIRU loci 10
and 40 (Table 3). Although it is possible that the patient was
coinfected with two different strains, this result is still surpris-
ing, given that the DNA was prepared from a single colony.
Both MIRU 10 and 40 are highly polymorphic.

DISCUSSION

The aim of this study was to characterize the strains causing
TB in Bangladesh by using three different molecular typing
methods: RD-based deletion analysis, spoligotyping, and
MIRU-VNTR typing. A total of 48 strains were studied, which
were clinical isolates from adult pulmonary TB patients treated
in a hospital in Dhaka during different periods. Deletion anal-
ysis using RD1 to RD14 revealed that all the samples investi-
gated were M. tuberculosis. The use of primers internal to the
RD regions, in parallel with primers flanking these regions,
allowed us to identify possible false-positive or false-negative
PCR amplification and contributed to the reproducibility and
accuracy of the results. One very interesting finding of the
study was that 13 of the 48 M. tuberculosis strains tested had the
TbD1 region intact, indicating that a considerable number of
such strains transmit TB in Bangladesh. TbD1, the “M. tuber-
culosis specific deletion 1” was originally identified as a
2,153-bp region that was specifically lacking from the mmpL6

genes of almost all M. tuberculosis strains (4). In contrast, all
other members of the M. tuberculosis complex have this 2.1-kb
region present. However, a few M. tuberculosis strains included
in the initial analysis contained the TbD1 region, and these
strains were named ancestral type M. tuberculosis strains be-
cause they belong to a lineage of strains that divided from all
other M. tuberculosis strains before the deletion of TbD1 oc-
curred (4). From an evolutionary standpoint, it seems that this
group of strains is quite distant from all other M. tuberculosis
strains, which is also reflected by the particular spoligotypes of
these isolates. As shown in Table 2, most of these strains have
the following spoligotype signature, i.e., absence of spacers 29
to 32, presence of spacer 33, and absence of spacer 34. The
finding that this section of the spoligotype is conserved in most
ancestral M. tuberculosis strains allows one to predict the pres-
ence or absence of TbD1 by simple analysis of the spoligotype.

By consulting the spoligotype database at the Pasteur Insti-
tute of Guadeloupe, which contains more than 3,300 spoligo-
types from M. tuberculosis strains isolated in different parts of
the world (26), it is possible to identify strains that resemble
ancestral M. tuberculosis strains. However, the number of iso-
lates with such spoligotypes is small. The few ancestral M.
tuberculosis strains that have previously been analyzed had a
very low copy number of IS6110 and were isolated from East
African or Indian patients (16); it has been suggested that such
strains may originate from foci of endemic infection (4, 24).
Bangladesh has long been a region where TB is endemic. The
large number of ancestral-type M. tuberculosis strains (13 of 48,
represented in block 1 of Table 2) identified in the present
study suggests that, indeed, these strains belong to the endemic
strain pool, and that they have probably persisted in this region
for a considerable time. Unfortunately, it is difficult to calcu-
late with precision the time that has elapsed since their diver-
gence from the putative common ancestor. However, some
indication is available now from studies of mummified human
remains. Zink et al. recently analyzed mycobacterial DNA
sequences from Egyptian mummies that were at least 2,500
years old and were characterized by spinal and rib lesions
pathognomonic for TB (36). Interestingly, the spoligotypes of
these amplified mycobacterial DNAs showed many character-
istics of “modern” M. tuberculosis strains of genetic group 2 or
3, similar to the ones depicted in block 4 of Table 2, i.e.,
absence of spacers 33 to 36 and presence of the flanking spac-
ers 32 and 37. Considering the clonal structure of the M.
tuberculosis strain population (31), with little or no exchange of
genetic material between different lineages of M. tuberculosis,
this observation suggests that the branches of ancestral and
modern M. tuberculosis strains, both prevalent in Bangladesh,
separated more than 2,500 years ago and represent phyloge-
netically quite distinct populations of M. tuberculosis strains
present in the same geographical region.

The modern M. tuberculosis strains comprise representatives
of major epidemics like the Beijing, Haarlem, and African
clusters. The majority of M. tuberculosis strains of the Beijing
family originated from the province of Beijing in China, and
strains of this family were found to dominate in neighboring
countries such as Mongolia, South Korea, Thailand, and Viet-
nam (1, 34). In contrast to the dominance of the Beijing ge-
notype in many Asian countries, a low frequency (3%) of this
genotype was reported among the strains from India (21).
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Strains of the Beijing family have also been found in Europe,
Africa, and the United States. The “W” strain, which caused a
large outbreak of multidrug-resistant TB in New York and
other U.S. cities, belongs to the Beijing family (16).

In the neighboring countries in Asia, rates of infection with
the Beijing family strains are higher than those in the more
distant countries, suggesting that the Beijing family may have
radiated from the Beijing area to other regions. The factor
which was responsible for the selection and dissemination of
the Beijing strains is not known, but there is evidence that
Beijing strains, like strain HN878, are hypervirulent, as dem-
onstrated by the unusually early death of infected immuno-
competent mice (19). Beijing strains are more common in
areas where BCG vaccination coverage is extensive. Most
countries in Southeast Asia have used BCG vaccination for the
past two to six decades. It has been suggested that BCG vac-
cination may have favored the selection of M. tuberculosis
strains that resist BCG-induced immunity (11). The high prev-
alence of Beijing-type M. tuberculosis strains in Bangladesh
may be linked to a similar phenomenon.

The samples for this study were collected from patients
coming to a hospital from different parts of Dhaka city and also
from areas outside Dhaka. There was no apparent epidemio-
logical link among the strains shown to be identical by both
spoligotyping and MIRU typing. Strains in the same cluster
came from patients from different regions of the country. Al-
though it is difficult to draw conclusions about the transmission
pattern of TB in a particular area of Bangladesh, these results
suggest that a number of cases may be due to recent transmis-
sion. Beijing strains were isolated from patients from different
regions of Bangladesh, suggesting that these virulent strains
are aggressively spreading throughout the country. Almost all
of the strains of Beijing type were from patients who were
previously treated with antitubercular drugs for certain peri-
ods. Many of them were from patients whose treatment had
failed. Due to lack of information about the previous episode
and the treatment history, it was not possible to confirm
whether these were cases of reactivation or reinfection. Of 15
Beijing strains, 8 were found to be resistant to one or more
antitubercular drugs, although we cannot differentiate between
primary and secondary drug resistance since all patients were
previously treated with antitubercular drugs. In earlier work, it
has been shown that Beijing strains are often associated with
drug-resistant TB (3, 8, 17, 21). Further studies using a larger
sample size in a particular area are needed to investigate the
incidence of Beijing-type strains in Bangladesh and to deter-
mine the transmission dynamics of TB caused by these virulent
strains in the community. It is also of interest that drug resis-
tance appears less common among ancestral strains, where
only two cases were found among the 13 strains examined
(Tables 1 and 2).

Most of the strains (38 strains) gave no PCR product with
primers for MIRU locus 20; only 6 strains have two copies of
the MIRU 20 locus present (data not shown). These results are
very different from those of other studies done elsewhere (20,
28, 30) and should be further investigated. Since the MIRU 20
locus is less polymorphic and more than 90% discrimination
can be obtained without its use, we have excluded MIRU 20
from our present analysis. Fifteen strains in the Beijing cluster
identified by spoligotyping were further discriminated by

MIRU-VNTR analysis. Eleven of them clustered into four
groups, each consisting of two to seven strains, and four were
found to have unique patterns. All MIRU-VNTR patterns of
Beijing family strains were highly similar, differing only in copy
numbers for one or two loci, indicating that M. tuberculosis
isolates grouped into the Beijing family by spoligotyping also
have a similar grouping pattern when other genetic markers
like MIRU-VNTR typing are used. As shown in Table 2, this
study also revealed that most spoligotype patterns of M. tuber-
culosis strains contain characteristic signatures which are spe-
cific for certain subpopulations. These characteristic signatures
correlate strongly with the results of deletion analysis and the
presence of katG463 alleles. The correct identification of clin-
ical isolates and the appropriate estimation of the phylogenetic
relatedness among various M. tuberculosis strains prevalent in
a given geographic area is of utmost importance for epidemi-
ological investigations and represents a prerequisite for the
identification of emerging clones. As such, it is evident that
MIRU-VNTR analysis has the potential to discriminate among
the strains prevailing in Bangladesh and, in combination with
spoligotyping and RD analysis, fulfills the above-mentioned
requirements for performing effective molecular epidemiolog-
ical studies.
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