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Abstract

Background: This study was set out to investigate the magnitude, patterns and molecular characterization of drug-resistant
Mycobacterium tuberculosis strains at a tertiary referral hospital in Bangladesh.

Methods: Pulmonary tuberculosis (TB) patients admitted at National Institute of Diseases of the Chest and Hospital from
February 2002 to September 2005 with or without previous history of TB and/or other complications were randomly
interviewed. Among 265 participants enrolled, M. tuberculosis isolates from 189 patients were finally tested for susceptibility
to rifampicin (RMP), isoniazid (INH), ethambutol (ETM) and streptomycin (STM). Genotyping of M. tuberculosis was done
using deletion analysis and spoligotyping.

Results: Eighty-eight percent (n = 167) of the patients had history of previous anti-TB treatment while the remaining 12%
were new TB cases. Of the 189 isolates, 9% were fully susceptible to the first line anti-TB drugs and 73.5% were multi-drug
resistant TB. Other susceptibility results showed 79.4%, 77.2%, 76.7% and 78.8% resistance to INH, RMP, ETM and STM
respectively. Multi-drug resistance was significantly higher among the 130 (78%) patients with previous history of anti-
tuberculosis treatment (95% confidence interval, p = 0.001). Among the 189 analyzed isolates, 69% were classified as
‘‘modern’’ M. tuberculosis strains (i.e. TbD1- strains, lacking the M. tuberculosis-deletion region TbD1), whereas the remaining
31% were found to belong to the ‘‘ancestal’’ TbD1+ M. tuberculosis lineages. One hundred and five different spoligotype
patterns were identified in which 16 clusters contained 100 strains and 89 strains had unique pattern. Strains with a
spoligotype characteristic for the ‘‘Beijing’’ cluster were predominant (19%) and most of these strains (75%) were multi-drug
resistant (MDR).

Conclusions: A high level of drug resistance observed among the re-treatment patients poses a threat of transmission of
resistant strains to susceptible persons in the community. Proper counseling of patients and attention towards the
completion of the anti-TB treatment is needed.
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Introduction

Tuberculosis (TB) is a disease of global importance. The

emergence of resistance to anti TB drugs, and particularly

multidrug-resistant tuberculosis (MDR-TB), has been identified

as one of the major obstacles to global TB control [1]. MDR-TB,

defined as TB caused by organisms that are resistant to at least

isoniazid (INH) and rifampicin (RMP), two most potent first-line

anti-TB drugs, continues to further worsen the current global TB

situation. Besides, advent of human immunodeficiency virus (HIV)

has heightened this disease burden both in industrial and

developing countries [2,3]. World Health Organization (WHO)

has estimated that over 500,000 cases of MDR-TB occur annually

worldwide and two million people die of TB each year [4,5].

TB is a major public health problem in Bangladesh. In 2008,

the World Health Organization (WHO) ranked Bangladesh sixth

among the world’s 22 high-burden TB countries and 9th among 25

high priority MDR and extensively drug resistant (XDR) TB

countries. In 2007, an estimated 353,103 new cases, 1,587,797 of

which were sputum smear-positive (SS+) TB cases occurred and

more than 70,900 TB-related deaths occurred. The TB mortality

rate (45 deaths per 100,000 population) in Bangladesh is higher

than the Southeast Asian region (31 deaths per 100,000

population).

Although Bangladesh is a low-HIV/AIDS-prevalence country,

the National Tuberculosis Control Programme (NTP) is introduc-

ing more collaborative TB-HIV/AIDS-related activities as well as

managing MDR TB. The level of drug resistance is considered as
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an epidemiological indicator to assess the achievement of the

NTP, as well as it measures the extent of resistant bacteria

prevailing in the community. However, data on the prevalence of

drug resistant TB in Bangladesh are scarce and very limited

surveillance exists for these strains. In the recent past, a

community based survey in a rural and urban set up reported

that among the identified TB cases about 48.4% of M. tuberculosis

isolates were resistant to at least one of the first line anti-TB drugs

while multidrug resistance was observed in 5.5% of isolates [6]. In

the 1990s, primary anti tubercular drug resistance in a hospital

based study in Dhaka was as follows: INH 16%,RMP 11%,

streptomycin (STM) 7% and ethambutol (ETM) 4%. MDR TB

was found in 5% cases [7]. A recent estimation made by WHO

showed approximately 2.2% of new and 14.7% of previously

treated patients suffer from MDR TB in Bangladesh [8].

The genotyping of M. tuberculosis strains is important for TB

control because it allows the detection of suspected outbreaks and

the tracing of transmission chains. It is also important to monitor

species diversity, as well as to identify secondary infections [9].

Deletion analysis, a PCR-based technique, has been shown to

be more effective in differentiating members of the M. tuberculosis

complex as well as larger phylogenetic clusters within M. tuberculosis

and is based on the presence or absence of 20 regions of difference

(RD) in the genomes of members of M. tuberculosis complex [9,10].

In particular, M. tuberculosis can be divided into ‘‘ancestral’’ and

‘‘modern’’lineages based on M. tuberculosis-specific deletion region

1 (TbD1) that is present in ancestral, TbD1+ M. tuberculosis strains

and is absent in modern, TbD1- M. tuberculosis strain.

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. Spoligotyping is

based on the polymorphism in the direct repeat (DR) locus of the

mycobacterial chromosome. The DR locus is one of the most well

studied loci of the M. tuberculosis genome showing considerable

strain-to-strain polymorphisms [11]. The DR locus comprises a

series of 36-bp DR elements interspersed with unique spacer

sequences, which vary in size from 35 to 41 bp [12]. Clinical

isolates can be differentiated by the presence or absence of one or

more spacers.

The objective of the study was to investigate the magnitude,

pattern of drug resistance as well as to provide the molecular

characterization of the strains responsible for drug resistant

pulmonary tuberculosis (PTB) for further comparison and strain

tracing among the patients of a reference hospital, the National

Institute of Diseases of the Chest and Hospital (NIDCH), Dhaka.

Materials and Methods

The study protocol was reviewed and approved by the Research

Review Committee and the Ethics Review Committee of the

International Centre for Diarrhoeal Disease Research, Bangladesh

(icddr,b). The participants were enrolled into the study only after

receiving informed written consent from themselves or from their

parents/guardians if they were child (,18 years of age). An assent

was also obtained from participants between 11–18 years of age.

The study was carried out at the inpatient department of

NIDCH, the only tertiary referral hospital for TB and chest

disease in Bangladesh, located in the central part of Dhaka

Metropolitan City. Patients from all over the country mostly as

referral cases attend this health facility. According to the national

TB control guideline suspected MDR-TB cases from all over the

country usually referred to this health facility [13]. Thus, the

patients visiting this health facility can give an idea of the MDR-

TB situation of the country. The study subjects were grouped

according to their geographical locations. As it is a government-

subsidized hospital, most of its patients are of low socioeconomic

status.

We randomly interviewed and enrolled the cases from the PTB

patients admitted during the study period of February 2002 to

September 2005 at NIDCH with or without previous history of

TB and/or other complications like haemoptysis, pleural effusion,

cachexia, anti-TB drug intolerance, ailing patients etc. We

included all Category-II failure cases, every 5th patient with

Category-I failure and every 20th patient with TB and other

associated complications. The patients were diagnosed as having

PTB on the basis of presenting symptoms, clinical signs, two acid-

fast bacillus (AFB) smear-positive sputum samples and chest X-ray,

if necessary. The patients were being treated with recommended

standardized treatment regimen according to the patient category

following the national TB control guidelines.

The pulmonary TB patients were interviewed by a trained

medical doctor using structured questionnaires. Clinical informa-

tion including their demographic data, presenting signs and

symptoms, history of prior diagnosis and treatment of TB,

duration of previous anti-TB treatment, exposure to TB cases in

the family and BCG vaccination were obtained from each patient.

New TB patients were those cases who never had treatment for

TB or who had taken anti-TB drugs for less than one month.

Previously treated TB patients were patients who had received at

least one month of anti-TB therapy. Patients who relapsed after

having successfully completed treatment in the past, patients who

failed treatment, patients who returned after interrupting treat-

ment and chronic TB cases (had failed at least one retreatment

course) were also included in this category. Cases of relapse,

treatment failure, treatment interruption and chronic TB were

identified according to the definition of WHO [14].

All in vitro laboratory procedures were done at the Tuberculosis

Laboratory of icddr,b at Dhaka. One spot sputum specimen was

Figure 1. Flow diagram of tuberculosis patient at enrolment.
doi:10.1371/journal.pone.0040545.g001
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collected from each patient. Sputum AFB smear and culture were

done on all the collected specimens and only those found to be

culture positive were included in the study. Concentrated sputum

smears were examined for AFB using the Ziehl-Neelsen staining

under light microscope. Sputum specimens were decontaminated

following the Petroffs’ NaOH method [15]. The supernatant was

discarded and 2 loopfuls of palette were inoculated on 2

Lowenstein Jensen (L-J) slants. These slants were incubated at

37uC for 8 weeks and the inoculated slants were examined once

every week for contamination as well as growth of visible

mycobacterial colony. Sputum was considered culture negative

when no visible mycobacterial colony was grown on either of the

L-J slants within 8 weeks of incubation at 37uC.

The standard proportion method of Canetti et al. was followed

to test for susceptibility of M. tuberculosis isolates to INH (0.2 mg/l),

RMP (40 mg/l), ETM (2 mg/l) and STM (4 mg/l) [16]. Isolate

was considered resistant to a given drug when any growth of 1% or

more above the control was observed in each drug- containing

quadrant plate. DST reports of the patients were provided to the

health facility to ensure the management according to the

sensitivity profile.

Genomic DNA was extracted by re-suspending mycobacterial

colonies in 100–200 ml of distilled H2O and incubating at 85uC for

30 min. After centrifugation of the suspension, the supernatant

containing the DNA was taken and stored at –20uC until further

use. PCR analysis was done using previously described methods

[9]. Sequences inside or flanking RD9 and TbD1 regions were

obtained from the web sites http://genolist.pasteur.fr/

TubercuList/and http://www.sanger.ac.uk/Projects/M_bovis/.

Primers were designed by using the Primer3 web site http://

www-genome.wi.mit.edu/cgi-bin/primer3-www.cgi that would

amplify ,500 bp fragments. PCRs were performed on a PTC-

200 amplifier (MJ Inc.) and run on agarose gel. In all PCR, DNA

from H37RV and known ancestral and modern M. tuberculosis

strains were included as the control.

Spoligotyping was performed as previously described by

Kamerbeek et al. [11] with minor modifications. The direct

repeat (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

[17,18,19]. Twenty-five microlitres of the following reaction

mixture were used for the PCR: 12.5 ml HotStarTaq Master

Mix (Qiagen; this solution provides a final concentration of

1.5 mM MgCl2 and 200 mM each dNTP), 2 ml each primer

(20 pmol each), 5 ml DNA solution (approx. 10 ng), and 3.5 ml

distilled water). 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. Detection of

hybridizing DNA was by the chemiluminescent ECL method

(Amersham) [9,19]and by exposure to X-ray film (Hyperfilm ECL:

Amersham) in accordance with the instructions of the manufac-

turer.

Data were entered using the software package SPSS 17.0 and

checked for errors. Pearson’s chi-square test was used to determine

statistical associations between isolates and drug resistance patterns

with SPSS software. A P value of ,0.05 was considered evidence

of a significant difference.

Results

During the study period a total of 265 smear positive PTB

patients were enrolled and interviewed. Out of the 265 patients,

sputum samples from 197 (74%) were positive on culture and 68

(26%) were negative on culture. However, among the 197 culture-

positive cases 189 isolates were identified as M. tuberculosis complex

whereas the remaining 8 of the isolates were found to be

nontuberculous mycobacteria (NTM). Thus, anti-TB drug sus-

ceptibility results from a total of 189 isolates were included in the

current study (Figure 1). Geographical locations were available for

171 patients. Among them half of the patients were from Dhaka

division, the remaining 39(23%), 18(11%), 11(6%), 3(2%), 7(4%),

and 9(5%) were from Chittagong, Barisal, Khulna, Rangpur,

Sylhet and Rajshahi divisions respectively [Table 1] (Figure 2).

Characteristics of the patients as shown in Table 2; 142(75%)

were males and 47(25%) were females, with a male to female ratio

of 3:1. The mean age of these patients was 32.8 years (range: 12–

70). Seventy eight percent of the patients were below 45 years of

age. Among the available data, 10% of the patients had history of

exposure to TB patient within the family and an additional 34%

had exposure to TB patients other than family members. Eighty-

eight percent (n = 167) had a history of previous anti-TB treatment

while the remaining 12% had never received anti TB treatment.

Forty one percent of 161 patients had history of completion of

anti-TB treatment and 59% did not complete the treatment

previously.

As shown in Table 3, the overall drug susceptibility patterns

showed that of the 189 subjects investigated, 172(91%) were

infected with M. tuberculosis strains that were resistant to at least one

of the four first-line anti-TB drugs tested, and MDR was detected

in 139(74%) isolates. Resistance to STM was observed in

149(79%), to INH in 150(79%), to RMP in 146(77%), and

145(77%) cases showed resistance to ETM. Overall mono-

resistance was observed as follows: against STM in 10(5%), INH

in 1(0.5%), against RMP in 2(1%) and against ETM in 4(2%)

subjects. Alarmingly, 122(65%) isolates were found to be resistant

to all four anti-TB drugs. MDR was significantly higher among the

patients with history of anti-TB treatment previously (95%

confidence interval, p = 0.001). MDR TB was also high among

males (75%) and in patients with age below 45 years (76%), which

was not statistically significant. MDR TB cases were almost

equally distributed in all the divisions except Rangpur where all

three TB cases were found to be MDR. There was no significant

difference between MDR and non-MDR strain distribution

among the divisions.

Table 1. Distribution of ‘ancestral’ and ‘modern’ M. tuberculosis strains within divisions.

Division Dhaka (%) Barisal (%) Khulna (%) Sylhet (%) Chittagong (%) Rajshahi (%) Rangpur (%) Total (%)

Ancestral 33 (39.3) 02 (11.1) 03 (27.3) 06 (85.7) 08(20.5) 03(33.3) 01(33.3) 56 (32.7)

Modern 51 (60.7) 16 (88.9) 08 (72.7) 01 (14.3) 31(79.5) 05(66.7) 2(66.7) 115 (67.3)

Total (%) 84(49.1) 18 (10.5) 11 (6.4) 7 (4.1) 39 (22.8) 9 (5.3) 3 (1.8) 171(100)

doi:10.1371/journal.pone.0040545.t001
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Figure 2. Map of Bangladesh showing the locations of TB cases.
doi:10.1371/journal.pone.0040545.g002
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The genomic region of difference 9 (RD9) is strictly conserved

in M. tuberculosis and absent from the Mycobacterium africanum -

Mycobacterium bovis within the M. tuberculosis complex [9]. In all 189

isolates this region was present and the isolates thus confirmed as

M. tuberculosis. The presence of the TbD1 region was observed in

59 strains (31%) indicating that these strains belong to the

‘‘ancestral’’ M. tuberculosis type while 130 (69%) strains had the

TbD1 region deleted and thus belonged to the ‘‘modern’’ type

(Table 4). Modern strains were found to be higher among patients

with age ,45 years (p,0.03). Males comprise of 48(34%)

ancestral strains and 94(66%) modern strains. Among previously

treated TB cases ancestral and modern strains were 53(32%) and

114(68%) respectively. Highest levels of ancestral strains (33) were

found in Dhaka division, whereas 8 and 6 were found in

Chittagong and Sylhet divisions respectively. In other divisions

the number of ancestral strains was low. Similarly the highest

number of modern strains (51) was found in Dhaka division.

Interestingly ancestral strains were predominant in Sylhet division

and in all other divisions modern strains predominated (Table 1).

A univariate analysis showed that a significant difference (p = .006)

was found between presence of ancestral and modern strains.

Spoligotyping is a rapid and convenient method that ensures the

identification of clades of strains. To determine the strain lineage

present in the sample, 189 isolates were spoligotyped and the

binary outcomes compared with those existing in SpolDB4

database. In the present study, typing of 189 strains resulted in

105 different spoligotype patterns. One hundred strains were

grouped into 16 clusters and 89 (47%) strains displayed unique

profile. A cluster was defined as two or more strains from different

patients with identical spoligotype patterns, on the other hand

non-clustered patterns were referred to as unique. As shown in

Table 4, the largest cluster comprised 36 (19%) strains, which were

referred to as ‘Beijing’ family (octal spoligotype code

000000000003771) and this group was found most predominant.

Interestingly, 27 (75%) strains of the ‘Beijing’ family were found to

be MDR (not statistically significant). Thirty (16%) of the isolates

were of T type which corresponds to a group of TbD12 M.

tuberculosis strains that mainly showed octal patterns

777777777760771, 777767777760771, 717777777760771 or

777777777760601 (Table 4). Among the ancestral TbD1+ M.

tuberculosis strains eighteen isolates showed patterns belonging to

the East African Indian (EAI) spoligotypes represented in

SpolDB4, including EAI5, EAI1_SOM, EAI3_InD, EAI6_BGD1,

EAI undefined. The characteristics of EAI spoligotypes are the

presence of spacer 33, as well as the absence of spacers 28–32, and

spacer 31. The remaining clusters contained 2 to 6 strains in each

group, which include Central Asian strain type 1 (CAS1 or Dehli),

LAM, MANU2, H and U families.

Discussion

MDR-TB usually develops during treatment of fully sensitive

TB when the course of antibiotics is interrupted and concentra-

tions of active drugs in the body are insufficient to kill 100% of

bacteria. This can happen for a number of reasons: Patients may

feel better and halt their antibiotic course, drug supplies may run

out or become scarce, or patients may forget to take their

medication from time to time. Although mutations that cause

resistance to certain drugs may also cause lower fitness in the

mutated M. tuberculosis strains, selected mutation sites may allow

MDR M. tuberculosis strains to spread from person to person as

readily as drug-sensitive TB and in the same manner [20].

The results of our study show a high level drug resistance among

the admitted patients of the tertiary reference hospital, the

National Institute of Diseases of the Chest and Hospital situated

in Dhaka city. The results are comparable with the results of the

study involving randomly selected patients having clinical and/or

radiological features of tuberculosis attending the same hospital

[21,22]. Among 363 cases, resistance rates for INH, RMP, EMB

and STM were 76.3%, 71.6%, 27.6% and 55.7% respectively with

a total of 221(60.9%) cases detected as MDR-TB [22]. Our study

also shows very high level of MDR cases (73.5%) among the

referred cases attending this tertiary institution. Global report on

multidrug and extensively drug-resistant TB surveillance and

response by WHO in 2010 highlighted the results of a population

based case study by the Damian Foundation, Bangladesh, which

showed that 28% of the 599 previously treated cases notified in

2008 had confirmed MDR-TB, with particularly high risk of

MDR-TB among cases failing treatment [23]. Among cases that

failed an initial treatment regimen, 58% had MDR-TB. Among

those that failed a Category II retreatment regimen, 91% had

MDR-TB [8]. This indicates the higher degree of drug resistance

among patients who received anti-TB treatment previously or

those having chronic TB. In previously treated patients, the

chances of resistance to any drug is over 4-fold higher, and of

MDR-TB over 10-fold higher, in comparison to untreated patients

[24]. The number of previously treated cases in the country

correlate with the overall prevalence of drug resistance, as drug

resistance is more commonly found in cases with previous history

of anti-TB medication. Cases with previous treatment ranged from

4.4% to 26.9% of all registered patients under DOTS programmes

Table 2. Socio demographic characteristics of TB patients.

Characteristics Subcategory number (%)

Mean age (yrs) 32.8

Sex (n = 189) Male 142 (75.1)

Female 47 (24.9)

Smoking (n = 173) Yes 90 (52.0)

No 83 (48.0)

Area (n = 171) Rural 96 (56.1)

Urban 75 (43.9)

Age (n = 189) ,45 yrs 148 (78.3)

$45 yrs 41 (21.7)

Occupation (n = 166) Unemployed 24 (14.5)

Self employed 74 (44.6)

Service 34 (20.5)

Business 10 (6.0)

Housewife 24 (14.5)

Income (n = 120) #3000 TK 84 (70)

.3000 TK 36 (30)

Educational status (n = 175) Illiterate 39 (22.3)

Secondary 114 (65.1)

Higher 22 (12.6)

History of TB contact (n = 179) Yes 61 (34.1)

No 118 (65.9)

Presence of TB patient in family (n = 171) Yes 17 (9.9)

No 154 (90.1)

Previous history of TB Rx (n = 161) Completed 66 (41)

Not Completed 95 (59)

doi:10.1371/journal.pone.0040545.t002
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in countries with a high burden of TB [24]. In case of China and

India, the two largest high-TB burden countries, 20% of sputum

smear-positive cases had prior history of treatment [25]. Retro-

spective chart review based on positive cultures isolated in a high

volume mycobacteriology laboratory in Christian Medical College

Vellore, India between 2002 and 2007 examined 47 XDR, 30

MDR and 117 susceptible controls. Drug resistant cases were less

likely to be extrapulmonary, and mostly had received previous

treatment regimens [26].

In this study almost half of the study subjects were from the

Dhaka division, the number of MDR cases was higher in this

location than other areas of Bangladesh. The results of our study

showed that males were more commonly infected with TB (75%),

including MDR-TB (75%) than females. This trend is also

observed in some other studies [27,28]. In Western Europe

MDR-TB cases were more common in males while, there was no

association of MDR-TB with the male gender in Eastern Europe

[29,30]. One of the underlying causes for high rate of MDR-TB

among males is believed to be the reduced adherence of males to

treatment compared to females. Another important finding of our

study was the higher incidence of MDR-TB among the patients

below the age of 45 years (76%). This finding has also been

observed in other studies [30,31,32]. This is possibly due to the

exposure of elderly persons to the organisms in the past, when the

circulating bacilli were susceptible, and during the process of

treatment, resistance was acquired while young patients are more

likely to have acquired the bacilli more recently when they were

more likely to be resistant. However, to confirm the findings of this

study it is important to perform a molecular epidemiological study

with a larger sample size.

In this study the strains were also characterized by deletion

analysis and spoligotyping. Deletion analysis using RD9 revealed

that all the samples investigated were M. tuberculosis. Screening for

TbD1, the ‘M. tuberculosis specific deletion region 19 was done for

all the samples. The TbD1 analysis employed in this study showed

that the majority of the isolates (69%) belonged to the TbD1-

modern strains, whereas this region was found intact among 59

(31%) samples and these strains were named ancestral type M.

tuberculosis strains because they belong to a lineage of strains that

divided from all other M. tuberculosis strains before the deletion of

TbD1- occurred [9,33]. The percentage of modern strain was

higher in this study than the study conducted in rural area of

Bangladesh [34]. Multi drug resistance was significantly higher

among the modern type strains than the ‘ancestral’ strains (data

not shown).

In our study the most predominant spoligotype of strains was

the Beijing genotype, it represented about 19% (36 strains) of all

isolates. The majority of the Beijing family members originated

from the province of Beijing in China, and strains of this family are

highly prevalent in many Asian countries [35,36]. Rate of infection

Table 3. Drug susceptibility pattern for M. tuberculosis clinical isolates.

Susceptibility Pattern Sub category Total patients (%) New patients (%)
Previously treated
patients (%)

n = 189 n = 22 n = 167

Fully susceptible 17 (8.9) 03 (13.6) 14 (8.4)

Any resistance

Any STM 149 (78.8) 15 (68.2) 134 (80.2)

Any INH 150 (79.4 ) 12 (54.5) 138 (82.6)

Any RMP 146 (77.2) 11 (50.0) 135 (80.8)

Any ETM 145 (76.7 ) 10 (45.5) 135 (80.8)

Mono resistance

Mono STM 10 (5.3) 4 (18.2) 6 (3.6)

Mono INH 1 (0.5) 00 1 (4.5)

Mono RMP 2 (1.1) 00 2 (1.2)

Mono ETM 4 (2.1) 1 (4.5) 3 (1.8)

Any two resistance

STM + INH 3 (1.6) 1 (4.5) 2 (1.2)

STM + RMP 1 (0.5) 1 (4.5) 00

STM + ETM 1 (0.5) 00 1 (0.6)

INH + RMP 4(2.1) 1(4.5) 3 (1.8)

INH + ETM 2 (1.1) 00 2 (1.2)

RMP + ETM 3 (1.6) 1 (4.5) 2 (1.2)

Any three resistance

STM + INH + RMP 6 (3.2) 1 (4.5) 5 (3.0)

STM + INH + ETM 5 (2.6 ) 1 (4.5) 4 (2.4)

STM + RMP + ETM 1(0.5) 00 1 (0.6)

INH + RMP + ETM 7 (3.7) 00 7 (4.2)

All resistant 122 (64.6) 7 (31.8) 115 (68.9)

MDR 139 (73.5) 9 (40.9) 130 (77.8)

doi:10.1371/journal.pone.0040545.t003
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with Beijing family strains are higher in Asia than those in the

more distant countries, suggesting that the Beijing family may have

radiated from the Beijing area to other regions. Almost all of the

Beijing isolates were from the patients who were previously treated

with antitubercular drugs for certain periods. Previous data

showed that Beijing strains are often associated with drug resistant

TB [37,38,39,40]. Majority of the Beijing strains (75%) were found

to be MDR in this study. Previous study showed that 31% strains

were of Beijing type which is higher than what has been found in

this study [33]. In addition to the prevalent Beijing family strains,

the second most frequently occurring strains showed spoligotype

characteristic of the ‘‘T’’ family. Among the T family, T1 was most

predominant (70%) in which spacer 33 to 37 along with spacer 4,

5 were absent. Among the T family 21 isolates were MDR.

Although the T family is one of the most prevalent types, it

remains an ill-defined family of M. tuberculosis that is found

worldwide [41,42]. It has been suggested from our study findings

that strains of this family are also prevalent in Bangladesh. Our

results suggest that emergence of drug resistant M. tuberculosis

strains belonging to the ‘Beijing’ and the ‘T’-types remains a

serious threat to the local TB control program.

At the time of planning of this study we didn’t have an accurate

idea of drug resistance nationally. As the NIDCH had patients

from all over the country, the intention was to get deeper insights

into the drug sensitivity profile and the strain pattern in a cohort of

patients admitted to this tertiary referral hospital. In our NTP

treatment strategy, patients with PTB are usually treated in

outpatient department (DOTS corner) unless the patient is

seriously ill or associated with other complications or non

responsive to the applied chemotherapy. According to the national

TB control guideline suspected MDR-TB cases from all over the

country are usually referred to NIDCH. Thus, the patients visiting

this health facility are representative of the country as a whole.

However, it should be mentioned that among the enrolled

patients, re-treatment cases and chronic TB cases were frequent,

which might have contributed towards the relatively high number

of patients with drug resistant TB identified, that therefore may

not reflect the community status.

In summary, the drug-resistance rate of PTB, especially MDR-

TB, was higher in patients with previously incomplete anti-

tuberculosis treatment at a tertiary referral hospital in Bangladesh.

A high level of drug resistance among the re-treatment TB patients

poses a threat of transmission of resistant strains to susceptible

persons in the community. For these reasons molecular charac-

terization and determination of individual drug resistance of

patient isolates is of importance. Proper counseling of patients and

attention towards the completion of the anti-TB treatment are

needed. In TB prevalent areas, more studies on anti-TB drug

resistance preferably population based continuous surveillance

should be carried out.

Acknowledgments

We are thankful to all the staff of NIDCH for their support throughout the

study period. Our sincere gratitude to the subjects who participated in this

study to make it a success.

Author Contributions

Conceived and designed the experiments: SB AMM. Performed the

experiments: MKMU. Analyzed the data: SB RK TA MTR AH WA RB.

Wrote the paper: SB MKMU MTR AH TA. Performed the field work: SB

AMM.

References

1. (2009) Operational manual for the management of multidrug-resistant TB(MDR
TB) National Tuberculosis Control Programme, Bangladesh First Edition.

2. Chadha VK (1997) Global trends of tuberculosis NTI Bulletin 33: 11–18.

3. Swaminathan S, Nagendran G (2008) HIV and tuberculosis in India. J Biosci 33:

527–537.

4. (2007) World Health Organization. Stop TB partnership 2007–2008 XDR and
MDR Tuberculosis Global response plan. WHO/HTM/TB/2007387.

5. (2008) Anti-tuberculosis drug resistance in the world. Fourth global report. The

WHO/IUATLD global project on anti-tuberculosis drug resistance surveillance,

2002–2007. WHO/HTM/TB/2008394.

6. Zaman K, Rahim Z, Yunus M, Arifeen S, Baqui A, et al. (2005) Drug resistance
of Mycobacterium tuberculosis in selected urban and rural areas in Bangladesh.

Scand J Infect Dis 37: 21–26.

7. Miah MR, Ali MS, Saleh AA, Sattar H (2000) Primary drug resistance pattern of
mycobacterium tuberculosis in Dhaka, Bangladesh. Bangladesh Med Res Counc

Bull 26: 33–40.

8. (2010) Multidrug and extensively drug-resistant TB (M/XDR-TB), global report
on surveillance and response. WHO/HTM/TB/20103.

9. Brosch R, Gordon SV, Marmiesse M, Brodin P, Buchrieser C, et al. (2002) A

new evolutionary scenario for the Mycobacterium tuberculosis complex. Proc

Natl Acad Sci U S A 99: 3684–3689.

10. Parsons LM, Brosch R, Cole ST, Somoskovi A, Loder A, et al. (2002) Rapid and
simple approach for identification of Mycobacterium tuberculosis complex

isolates by PCR-based genomic deletion analysis. Journal of clinical microbi-
ology 40: 2339.

11. Kamerbeek J, Schouls L, Kolk A, van Agterveld M, van Soolingen D, et al.

(1997) Simultaneous detection and strain differentiation of Mycobacterium

tuberculosis for diagnosis and epidemiology. J Clin Microbiol 35: 907–914.

12. Hermans PW, van Soolingen D, Bik EM, de Haas PE, Dale JW, et al. (1991)
Insertion element IS987 from Mycobacterium bovis BCG is located in a hot-spot

integration region for insertion elements in Mycobacterium tuberculosis complex
strains. Infect Immun 59: 2695–2705.

13. (2009) National Guidelines and Operational Manual for Tuberculosis Control.

National Tuberculosis Control Programme, Bangladesh Fourth Edition.

14. (2003) World Health Organization (WHO). Guidelines for surveillance of drug
resistance in tuberculosis. WHO/CDS/TB/2003320 Geneva: WHO.

15. Petroff S (1915) A new and rapid method for the isolation and culture of tubercle

bacilli directly from the sputum and faeces. J Exp Med 21: 38–42.

16. Canetti G, Fox W, Khomenko A, Mahler HT, Menon N K, et al. (1969)

Advances in techniques of testing mycobacterial drug sensitivity, and the use of

sensitivity tests in tuberculosis control programmes. Bull World Health

Organization 41.

17. Kolk AH, Schuitema AR, Kuijper S, van Leeuwen J, Hermans PW, et al. (1992)

Detection of Mycobacterium tuberculosis in clinical samples by using
polymerase chain reaction and a nonradioactive detection system. J Clin

Microbiol 30: 2567–2575.

18. Kox LF, Rhienthong D, Miranda AM, Udomsantisuk N, Ellis K, et al. (1994) A

more reliable PCR for detection of Mycobacterium tuberculosis in clinical
samples. J Clin Microbiol 32: 672–678.

19. Van Soolingen D, De Haas P, Hermans P, Groenen P, Van Embden J (1993)

Comparison of various repetitive DNA elements as genetic markers for strain
differentiation and epidemiology of Mycobacterium tuberculosis. Journal of

clinical microbiology 31: 1987.

20. Borrell S, Gagneux S (2009) Infectiousness, reproductive fitness and evolution of

drug-resistant Mycobacterium tuberculosis. Int J Tuberc Lung Dis 13: 1456–
1466.

21. Mostofa Kamal SM, Mahmud AM, Ahsan CR, Islam MR, Sarwar G, et al.
(2009) Use of Mycobacterial Culture for the Diagnosis of Smear Negative TB

Cases Among New Outpatients at NIDCH, Dhaka. Bangladesh J Med

Microbiol: 23–26.

22. Mostafizur R, Kamal SMM, Mohammed FR, Alam MB, Ahasan HN (2009)

Anti-tuberculosis drug resistance pattern among different category of tubercu-
losis patients. J Medicine 10: 45–47.

23. Organization WH (2008) Global tuberculosis control: surveillance, planning,
financing: WHO report 2008. Geneva.

24. Saltini C (2006) Chemotherapy and diagnosis of tuberculosis. Respiratory
medicine 100: 2085–2097.

25. (2008) The World Health Organization. Global tuberculosis control: surveil-
lance, planning, financing. WHO report 2008. Geneva. WHO/HTM/TB/

2008393.

26. Rahman M, Kamal S, Mohammed FR, Alam MB, Ahasan H (2009) Anti-
tuberculosis Drug Resistance Pattern among Different Category of Tuberculosis

Patients. Journal of Medicine 10: 45–47.

27. Kim S, Bai G, Hong Y (1997) Drug-resistant tuberculosis in Korea, 1994. The

International Journal of Tuberculosis and Lung Disease 1: 302–308.

28. Cox H, Kebede Y, Allamuratova S, Ismailov G, Davletmuratova Z, et al. (2006)

Tuberculosis recurrence and mortality after successful treatment: impact of drug
resistance. PLoS medicine 3: e384.

29. Chan ED, Iseman MD (2002) Current medical treatment for tuberculosis. Bmj

325: 1282–1286.

Multidrug-Resistant Tuberculosis in Bangladesh

PLoS ONE | www.plosone.org 10 July 2012 | Volume 7 | Issue 7 | e40545



30. Faustini A, Hall AJ, Perucci CA (2006) Risk factors for multidrug resistant

tuberculosis in Europe: a systematic review. Thorax 61: 158–163.

31. Djuretic T, Herbert J, Drobniewski F, Yates M, Smith EG, et al. (2002)

Antibiotic resistant tuberculosis in the United Kingdom: 1993–1999. Thorax 57:

477–482.

32. Kordy FN, Al-Thawadi S, Alrajhi AA (2004) Drug resistance patterns of

Mycobacterium tuberculosis in Riyadh, Saudi Arabia. Int J Tuberc Lung Dis 8:

1007–1011.

33. Banu S, Gordon SV, Palmer S, Islam MR, Ahmed S, et al. (2004) Genotypic

analysis of Mycobacterium tuberculosis in Bangladesh and prevalence of the

Beijing strain. J Clin Microbiol 42: 674–682.

34. Banu S, Uddin M, Islam M, Zaman K, Ahmed T, et al. (2012) Molecular

epidemiology of tuberculosis in rural Matlab, Bangladesh. The International

Journal of Tuberculosis and Lung Disease 16: 319–326.

35. Anh DD, Borgdorff MW, Van LN, Lan NT, van Gorkom T, et al. (2000)

Mycobacterium tuberculosis Beijing genotype emerging in Vietnam. Emerg

Infect Dis 6: 302–305.

36. van Soolingen D, Qian L, de Haas PE, Douglas JT, Traore H, et al. (1995)

Predominance of a single genotype of Mycobacterium tuberculosis in countries

of east Asia. J Clin Microbiol 33: 3234–3238.

37. Bifani PJ, Mathema B, Liu Z, Moghazeh SL, Shopsin B, et al. (1999)

Identification of a W variant outbreak of Mycobacterium tuberculosis via
population-based molecular epidemiology. JAMA 282: 2321–2327.

38. Diaz R, Kremer K, de Haas PE, Gomez RI, Marrero A, et al. (1998) Molecular

epidemiology of tuberculosis in Cuba outside of Havana, July 1994–June 1995:
utility of spoligotyping versus IS6110 restriction fragment length polymorphism.

Int J Tuberc Lung Dis 2: 743–750.
39. Kurepina NE, Sreevatsan S, Plikaytis BB, Bifani PJ, Connell ND, et al. (1998)

Characterization of the phylogenetic distribution and chromosomal insertion

sites of five IS6110 elements in Mycobacterium tuberculosis: non-random
integration in the dnaA-dnaN region. Tuber Lung Dis 79: 31–42.

40. Mistry NF, Iyer AM, D’Souza D T, Taylor GM, Young DB, et al. (2002)
Spoligotyping of Mycobacterium tuberculosis isolates from multiple-drug-

resistant tuberculosis patients from Bombay, India. J Clin Microbiol 40: 2677–
2680.

41. Singh UB, Suresh N, Bhanu NV, Arora J, Pant H, et al. (2004) Predominant

tuberculosis spoligotypes, Delhi, India. Emerg Infect Dis 10: 1138–1142.
42. Sola C, Filliol I, Gutierrez MC, Mokrousov I, Vincent V, et al. (2001)

Spoligotype database of Mycobacterium tuberculosis: biogeographic distribution
of shared types and epidemiologic and phylogenetic perspectives. Emerg Infect

Dis 7: 390–396.

Multidrug-Resistant Tuberculosis in Bangladesh

PLoS ONE | www.plosone.org 11 July 2012 | Volume 7 | Issue 7 | e40545


