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Amita Jain, Rajesh Mondal, Shashikant Srivastava**, Rajendra Prasad*, Kamlesh Singh*& R.C. Ahuja*

Departments of Microbiology, *Clinical Epidemiology Unit, Chhatrapati Sahuji Medical University &
**Department of Microbiology, Sanjay Gandhi Postgraduate Institute of Medical Sciences Lucknow, India

Received July 3, 2007

Background & objectives: Ethambutol (EMB) resistance, thought to be occurring due to mutations in
embB gene of Mycobacterium tuberculosis on the rise is a cause of grave concern. The present study
was planned to investigate the presence of EMB resistance in M. tuberculosis isolates and to look for
prevalent mutations in embB gene.

Methods: A total of 591(283 from new and 308 from previously treated cases) sputum samples from
the same number of pulmonary tuberculosis cases were cultured. Isolates were tested by 1 per cent
proportion method for resistance to isoniazid, rifampicin streptomycin and ethambutol. Minimum
inhibitory concentration (MIC) of EMB was measured by absolute concentration method. Ten randomly
selected isolates were subjected to single strand conformational polymorphism (SSCP) and direct DNA
sequencing to look for mutation in 364 bp segments of embB gene.

Results: Of 353 isolates of M. tuberculosis from 591 sputum samples, 62 (17.58%) were resistant to
EMB, of which, 16 (25.8%) showed initial resistance and 46 (74.2%) acquired. Mono resistance to
EMB was rare. Only two isolates showed resistance to EMB alone. From 62 EMB resistant isolates,
88.7 per cent (55) were resistant to INH, 82.2 per cent (51) to rifampicin and 61.2 per cent (38) were
resistant to streptomycin. Co-resistance to isoniazid and rifampicin (multidrug resistant, MDR-TB)
with EMB resistance was seen in 41(66.1%) isolates. High level of EMB resistance was seen in 16.5
per cent isolates. SSCP showed altered mobility in 8 of 10 isolates tested. Among the 8 mutants, 4 had
known mutations at codon Met 306 being replaced by Val/ Leu. The second most frequent mutation
encountered was at codon Phe 287 being replaced by Val, Cys or Leu (novel mutations). Sequence
analysis revealed 10 novel mutations in codon 221, 225, 227, 271, 272, 281, 282, 287, 293 and 294 within
embB gene.

Interpretation & conclusions: Presence of high frequency of EMB resistance, occurrence of high level
EMB resistance, co-existence of MDR-TB with EMB resistance and novel mutations in emb B gene of
M. tuberculosis clinical isolates reported highlight the need to work on larger samples to identify the
diagnostic marker of EMB resistance in mycobacteria.
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Ethambutol (EMB) has been used as a primary
drug for the treatment of tuberculosis since 1966 in
combination with other drugs'. It is also advocated
for use in treating Mycobacterium avium infections
in HIV/TB patients, infections due to mycobacteria
other than tuberculosis (MOTT) and even multidrug
resistant tuberculosis®. Further, streptomycin has
been replaced by ethambutol as a key drug in the
intensive phase of tuberculosis chemotherapy as it is
less expensive and patient’s compliance is better with
this drug’. Although initial resistance to EMB was not
commonly reported in the early years of its discovery,
global initial prevalence was reported to be between
0-4.2 per cent®.

EMB targets the mycobacterial cell wall through
interaction with arabinosyl transferases involved in
arabinogalactan (AG) and lipoarabinomannan (LAM)
biosynthesis®¢. It specifically inhibits polymerization of
cell wall arabinan, thereby leading to accumulation of
B-D-arabinofuranosyl-1-monophosphoryldecaprenol
(DPA)". AG deprivation is also responsible for
accumulation of mycolic acid in M. smegmatis, a
result consistent with the finding that EMB causes
declumping and morphological changes®. Molecular
studies suggest that arabinosyl transferases are
encoded by homologous genes belonging to the emb
operon and have been identified in M. smegamtis,
M. tuberculosis and M. leprae as embC, embA and
embB®'°. Mutations leading to replacement of amino
acid residues are found to be present in EMB-resistant
organisms. Most studies have shown that 65 per cent of
EMB resistant clinical isolates harbour mutations at the
306 aminoacid positions in emb B gene, making it the
ethambutol resistance determining region (ERDR)*!!.
Identification of additional mutations occurring in
EMB-resistant organisms will be useful in further
understanding of the mechanisms of resistance to this
primary antituberculosis agent.

The present study was therefore planned to find the
presence of EMB resistance in M. tuberculosis isolates
obtained from cases of pulmonary tuberculosis.
Mutations in embB gene of EMB resistant isolates of
M. tuberculosis were also studied in a few randomly
selected isolates.

Material & Methods

Sample collection, history taking and sample
processing: A total of 591 (283 from new and 308 from
previously treated cases) sputum samples collected
from the same number of patients with pulmonary

tuberculosis who were referred to the Department of
Microbiology, Chhatrapati Sahuji Medical University,
Lucknow, were enrolled consecutively during 2002
and 2004. Patients were interviewed to determine
their prior history of anti-tuberculosis drug intake.
The study protocol was approved by the institutional
ethical committee. Sputum samples were checked for
presence of acid fast bacilli (AFB) by smear microscopy
according to Revised National Tuberculosis Control
Programme (RNTCP) guidelines'> and cultured on
Lowenstein-Jenson (L-J) media after decontamination
by Petroff’s method. The culture bottles were
incubated at 37°C and read weekly for eight weeks.
No growth after eight week of incubation was treated
as negative. Growth of M. tuberculosis was confirmed
by colony appearance, niacin production, catalase
activity at 68°C, pH 7 and susceptibility to p-nitro-
benzoic acid'. Drug susceptibility testing (DST) for
all M. tuberculosis isolates was performed by 1 per
cent proportion sensitivity testing methods' against
streptomycin (4 pg/ml), isoniazid (INH) (0.2 pg/
ml), rifampicin (40pg/ml) and ethambutol (4pg/ml).
External quality control was provided by Tuberculosis
Research Center, Chennai. Resistance noted in isolates
from patients who gave positive history of taking
antitubercular treatment in the past was defined as
acquired resistance, while the rest were labelled as
initial resistance.

Minimum inhibitory concentration (MIC) of EMB
was determined by absolute concentration method,
using different drug concentrations i.e., 2, 4, 8, 10
and 20 pg/ml on L-J medium. Interpretation of results
was done after 28 days of incubation at 37°C. M.
tuberculosis H37Rv was used as control in each set of
experiment. MIC of EMB >20 pg/ml was defined as
high level resistance to ethambutol.

Molecular procedures: Genomic DNA was extracted
from mycobacterial cultures by the method described
by Jain et al'®. DNA isolated from M. tuberculosis
H37Rv strain was used for control. The 364 bp region
ofthe M. tuberculosis embB gene was amplified by PCR
using primers — 5 - CCGACCACGCTGAAACTG
- 3" and 5" GTAATACCAGCCGAAGGGATCCT-3"
in such a way that spanned the ERDR, emb B gene,
codon 189-310". PCR was performed according to
standard reaction mixture with the following cycling
parameters'’ : denaturation at 94°C for 1 min, annealing
at 62°C for 1 min, extension at 72°C for 1 min. Each
reaction was preceded by an initial denaturation at
94°C for 1 min and terminated with a final extension at
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72°C for 5 min. Amplified PCR product was analyzed
on 1.5 per cent agarose gel stained with ethidium
bromide. PCR for SSCP was carried out with addition
of a-P3-CTP for radiolabelling. All the radioactivity
experiments were carried out in radio hazard chamber.
For single strand conformational polymorphism
(SSCP)-PCR same cycling parameters were used as
described above. Final PCR product was analyzed
on 1.5 per cent agarose gel stained with ethidium
bromide. In each set of reaction one negative control
(sample without template DNA) and one positive
control (M. tuberculosis H37Rv DNA) was included.
PCR product was gel-eluted from low melting agarose
by previously described methods'®. After heating for 5
min at 96°C with an equal volume of loading buffer
(0.05% bromophenol blue, 0.05% xylene cyanol and
95% formamide), PCR product was snap-cooled and
immediately loaded onto the gels (6% polyacrylamide
gel containing 5% glycerine). Electrophoresis was
done at 200 V for 3 h (gel plates were cooled at 10°C).
The gels were exposed on Kodak X-ray film. After 4 h
of exposure, the film was developed in an automated
developer. The experiment was performed twice to
confirm the polymorphism profile.

Automatic nucleotide sequencing was done to
identify single nucleotide polymorphism with ABI PRISM
Dye Terminator Cycle Sequencing kit (Perkin Elmer,
Massachusetts, USA) and the ABI PRISM 310 automatic
sequencer (Applied Biosystems, California, USA).
Nucleotide sequences were translated to amino acids using
Bio Edit software, version 7.0.5.2. (www.bioedit.ncsu.edu).
The nucleotide sequence and translated amino acids
were aligned with the Clustal W function of the Bio
Edit Sequence Alignment Tool and compared with the
corresponding sequence of M. tuberculosis H37Rv
sequence (accession number NP-218312).

Reproducibility: All experiments were performed twice
to confirm the polymorphism profile and sequence data
with reverse primers including drug susceptibility test.

Results

Of 368 mycobacterial isolates (166 from new cases,
202 from treated cases), 353 were M. tuberculosis and
15 were MOTT (mycobacteria other than tuberculosis).
MOTT were not further typed/tested. Of the 353 M.
tuberculosis isolates 62 (17.5%) were found to be
EMB resistant, of which 16 had initial and 46 had
acquired resistance. Mono resistance to EMB was rare.
Only two isolates showed resistance to EMB alone.
Co-resistance with INH, rifampicin and streptomycin

was common. Of the 62 EMB-resistant isolates, 88.7
per cent (55) were resistant to INH, 82.2 per cent (51)
were resistant to rifampicin and 61.2 per cent (38) were
resistant to streptomycin. Fifty (80.6%) EMB resistant
isolates were resistant to INH and rifampicin (MDR-
TB) both (Table I).

MIC range of EMB resistant isolates were in
between 4 to >20ug/ml. Only 10 of 62 (16.1%) EMB-
resistant isolates showed high level EMB resistance
(MIC >20 pg/ml). Of the 41 EMB resistant MDR
isolates, 6 (14.6%) had high level of EMB resistance
(Table II).

Ten randomly selected EMB resistant isolates were
subjected to SSCP and DNA sequencing to look for
mutations in 364 bp fragments of embB gene. Altered
mobility was seen in only 8 isolates when compared with
M. tuberculosis H37RV genome (Fig.). Two isolates did not

Table I. Summary patterns of anti-tuberculosis drug resistance in
all isolates

New cases  Treated Total
n (%) cases n (%)
n (%)
Total tested 283 308 591

Culture positive
M. tuberculosis*

166 (58.6) 202 (65.5) 368 (62.2)
159 (57.2) 191 (62.0) 353 (59.7)

Any drug R 48 (29.6) 84 (43.9) 132(37.3)
R to STM 138.0)  8(41) 21(5.9)
R to INH 3(1.8)  420)  7(1.9)
R to RMP 1(0.61) 0 1(0.28)
R to EMB 0 2(1.0) 2(0.56)
R to INH + RMP 2(12)  3(15)  5(1.4)
Rto INH + RMP + EMB 9(55 10(52) 19(5.3)
Rto INH +RMP + STM 2(12)  11(5.7)  13(3.6)
R to STM + INH + RMP

EMEB 8(4.9) 23(12.0) 31(8.7)
Rest to STM + INH + EMB 0 2(1.0) 2(0.56)
R to INH + EMB 1(0.61) 1(0.52)  3(0.84)
R to STM + INH 7(43) 16(82)  23(6.5)
R to STM + EMB 2(12)  3(15)  5(1.4)
R to RMP + EMB 0 1(0.52) 1(0.28)
Any R to STM 32(19.7) 63(32.9) 95(26.9)
Any R to INH 32(19.7) 70 (36.6) 102 (28..8)
Any R to RMP 22(13.8) 48(25.1) 70 (19.8)
Any R to EMB 20(12.3) 42(214) 62(17.5)

*Denominator for calculating drug resistance. R, resistant; STM,
streptomycin; INH, isoniazid; RMP, rifampicin; EMB, ethambutol

Table II. Level of ethambutol resistance in clinical M. tuberculosis
isolates

MIC level (ul /ml) 2 4 8 10 20 >20 Total
Isolates resistant to EMB 0 13 11 23 5 10 62

MDR with EMB resistance 0 6 9 17 3 6 41
EMB, ethambutol; MDR, multi drug resistant
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show altered mobility pattern hence were not sequenced.
Mutations were seen in all eight isolates. Five isolates had
mutations in more than one loci and three had mutations
at single locus. Among the 8 mutants, 4 had mutation at

Mobility
shift

Hz; Ry w

ERM-7 ERM-10 ERM-12 ERM-13 ERM-14

Fig. Mobility shift in emb B gene as seen by SSCP. Lane 1= M.
tuberculosis H, R, W= wild type strains showing no mutation,
strain numbers. ERM 7 - ERM 14 showing mobility shift.

codon Met 306 being replaced by Val/ Leu (previously
reported accession numbers AY 198118, AY 198119).
The second most frequent mutation encountered was at
codon Phe 287 being replaced by Val, Cys or Leu (novel
mutations) followed by other mutations viz., Ala221Gly,
Ala225Ser, Val227Gly Ala271Val, Ser272Cys, Ser272lle,
Ala281Pro, Val282Leu, [1e293 Asn, [1e293 Asn, Gly294Ser,
Gly294Asp,Ala310Thr, Ala310Asp and Asp311Asn (Table
III). Seven of the eight isolates had at least one previously
reported mutation while one EMB resistant isolate had 3
novel mutations only. The mutations in codon 221, 225,
227,271,272, 281,282, 287, 293 and 294, encountered in
our isolates were novel mutations within the embB gene of
M. tuberculosis.

Discussion

Only a few reports available from India have
reported variation in frequency of EMB resistance from
different geographic area. A study by Paramasivan ez al*
stated that EMB resistance was 3.2-4.6 per cent among
new cases of tuberculosis in two districts of Tamilnadu'.

Table I11. Molecular characteristics of eight EMB-resistant M. tuberculosis isolates with mutations at emb B locus

Isolateno. EMB MIC  Base change  Amino acid change Accession Resistance Resistance  Resistance Ac/In EMR
(png/ml) no.** to STM to RMP to INH resistance
ERM-3 10 ATG—GTG Met306Val* S R R Ac
ERM-4 >20 ATG—GTC Met306Val* R R R In
ERM-7 >20 GCG—AGC Ala225Ser EF376189 R R R Ac
GCG—-GTG Ala271Val
GCG—CCG Ala281Pro
ATT—>AAC I1e293Asn
ATG—GTC Met306Val*
GCG—ACC Ala310Thr*
ERM-9 20 ATG-TTG Met306leu* R R R Ac
ERM-10 >20 GCG—GGC Ala221Gly EF376190 R R R Ac
GTG—>GGC Val227Gly
TTT->GTG Phe287Val
GCG—>GAT Ala310Asp*
ERM-12 >20 AGC—-TGC Ser272Cys EF376191 R R R Ac
TTT->TGC Phe287Cys
GGC—>AGC Gly294Ser
ERM-13 >20 GCG—AGC Ala225ser EF376192 R R R Ac
GCG—->GTG Ala271Val
GCG—CCG Ala281Pro
ATT—>AAC [1e293Asn
ATT—>AAC Ala310Thr*
ERM-14 20 AGC—ATT Ser272Ile EF376193 R R R In
GTG—CTG Val282Leu
TTT->CTG Phe281Leu
GGC—GAT Gly293Asp
GTG—AAC Asp311Asn*

*Mutations reported earlier, ** only accession numbers of novel mutations reported in present study are listed here. STM, streptomycin;
RMP, rifampicin; INH, isoniazid; EMB, ethambutol; R, resistant; S, sensitive; In, initial; Ac, acquired
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A recent study reported overall 14.2 per cent EMB
resistance in M. tuberculosis isolates®® while previous
studies from Jaipur?' and Gujarat* region reported 2.0
and 2.5 per cent EMB resistance respectively. Acquired
and initial EMB resistance reported from Jodhpur was
39.4 and 6.6 per cent respectively?. Current high level
of acquired drug resistance to EMB reflected irregular
use of this drug in the area over several years.

Role of ethambutol in treating MDR-TB can be
challenged as co-existence of ethambutol and rifampicin
resistance is frequently noted. However, a survey
done for more than 40 yr by Tuberculosis Research
Center, Chennai reported that addition of ethambutol
to treat streptomycin and INH resistant isolates in
post rifampicin era, in short course chemotherapy
regimen gave excellent result with 91 per cent cure rate
among TB patients, when treated with rifampicin and
ethambutol in addition to kanamycin®*. We also noted
that high level ethambutol resistance was infrequent.
More so, frequency of high level ethambutol resistance
in MDR and non-MDR isolates was almost same. This
may partially explain the successful use of this drug in
MDR-TB cases. Ethambutol is also used in category 11
and III of Directly Observed Treatment Short course
(DOTS) regimens®. Continuous monitoring of high-
level ethambutol resistance and follow up of response
to treatment in category II and III will be helpful to
draw guidelines regarding use of EMB in category
IT and category III subjects. Worldwide studies have
reported that 50-60 per cent of EMB resistant strains
have mutations in embB gene®'%!"*?" In addition to
the documented mutation at amino acid position 306
of the embB gene, we observed five novel mutations.
These can provide important information regarding
prevalence of any particular type of codon replacement
in Indian isolates, which are known to be genetically
different. The most frequent mutation observed to date
was within ERDR, i.e., codon Met 306 being replaced
by Val/ Ile/ Leu. Also, 4 of our isolates showed this
mutation. This mutation may result in increased
hydrophobicity of the surrounding region, suggesting
inaccessibility of EMB to its binding site!’. An other
most frequent mutation encountered by us was at codon
Phe287 being replaced by Val/ Cys/ Leu. Multiple
amino acid replacements in embB gene were reported
previously’. The occurrence of multiple mutations in
these strains that affect the same codon and produce
different amino acid replacements, can be a hallmark
of Darwinian selection by antibiotic pressure!'. Except
mutations seen in codon 306, 310 and 311 others

were not described earlier and are registered as new
mutations in the ERDR region of embB gene. Several
studies have reported an association of high degree
EMB resistance and mutation in the gene responsible
for ethambutol resistance®''. However, our limited
experience is not sufficient to prove any significant
association. Earlier reports suggested that targeting
amino acids are 239-311'7 and 300- 500" of the embB
gene, but our results suggested that alterations could
also be present from 223-311 codon of the embB
gene. Presence of mutation at Met306 was found to be
associated with moderate to high level EMB resistance
and this is consistent with previous studies®***. In the
present study, we reported 5 novel mutations in embB
gene, which was also associated with high level of
ethambutol resistance like Met 306 mutations. Further
analysis of such isolates can explain the mechanism
which would trigger these mutations associated with
high level of EMB resistance. In the present study
2 of 10 isolates did not show change in mobility
as such SSCP is not a very sensitive technique to
look for mutations. As SSCP is commonly used for
the detection of single point mutation in the genes.
Sensitivity of this techniques depends on temperature,
pH and fragment lengths of amplified products. Under
optimal conditions, approximately 80 to 90 per cent of
the potential base exchanges are detectable by SSCP.
Ideally these isolates should also be sequenced to rule
out presence of mutations in embB gene.

A few studies have also reported embB mutations
in EMB susceptible M. tuberculosis isolates®-°,
Association between embB mutations and resistance
to increasing number of other antitubercular drugs is
highly significant®®. The exact mechanism of EMB
resistance is not yet clearly understood. Some of the
mutations reported here may be single nucleotide
polymorphism, unrelated to EMB resistance. SSCP
is not a very sensitive method and sequencing of
the embB gene of all phenotypic EMB-resistant M.
tuberculosis isolates, whether showing mobility shift
or not on SSCP along with sequencing of a fair number
of EMB sensitive isolates can give an idea about its
role and significance.

In conclusion, our results showed presence of high
EMB resistance in clinical M. tuberculosis isolates,
occasional occurrence of high level ethambutol
resistance, co-existence of MDR with EMB resistance
and novel mutations in embB gene. Further studies are
required to be done on a larger sample using better
molecular techniques to confirm these findings.



10.

I1.

12.

13.

14.

15.

JAIN et al: NOVEL MUTATIONS IN EMB B GENE OF M. TUBERCULOSIS 639

References

Riska PF, Jacobs WR Jr, Alland D. Molecular determinant of
drug resistance in tuberculosis. Int J Tuberc Lung Dis 2000; 4 :
S4-10

Letty MA, Nair S, Berche P, Escuyer V. A Single point
mutation in the emb B gene is responsible for resistant to
ethambutol in Mycobacterium smegmattis. Antimicrob Agents
Chemother 1997; 41 : 2629-33

Rabrijaona L, Boiser P, Ratsirahonana O, Razafinimanana J,
Rakotomanana F, Ratsitorahina M. Replacement of streptomycin
by ethambutol in the intensive phase of tuberculosis treatment:
no effect on compliance. /nt J Tuberc Lung Dis 1999; 3 : 42-6.

Cohn DL, Bustreo F, Raviglione MC. Drug resistant tuberculosis:
Review of the worldwide situation and the WHO/IUATLD global
surveillance project. Clin Infect Dis 1997; 24 : S121-30.

Belanger AE, Besra GS, Ford ME, Mikusova K, Belisle JT,
Brennan PJ, et al. The emb CAB genes of Mycobacterium
avium encode an arabinosyltranferase involved in cell-wall
arabinan biosynthesis that is the target for antimycobacterial drug
ethambutol. Proc Natl Acad Sci USA 1996; 93 : 11919-24.

Takayama K, Klburn JO. Inhibition of synthesis of
arabinogalacton by ethambutol in Mycobacterium smegmatis.
Antimicrob Agents Chemother 1989; 33 : 1493-9.

Wolucka BA, McNeil MR, de Hoffmann E, Chojnacki
T, Brennan PJ. Recognition of lipid intermediate for
arabinogalactan / arabinomannan biosynthesis and its relation
to mode of action of ethambutol on Mycobacteria. J Biol
Chem 1994; 269 : 23328-35.

Kilburn JO, Greenberg J. Effect of ethambutol on viable cell
count in M. smegmatis. Antimicrob Agents Chemother 1997,
11 : 534-40.

Sreevatsan S, Stockbauer KE, Pan X, Kreiswirth BN,
Moghazeh SL, Jacobs WR, et al. Ethambutol resistance
in Mycobacterium tuberculosis: critical role of mutations.
Antimicrob Agents Chemother 1997, 41 : 1677-81

Telenti A, Phillip W J, Srevaatsan S, Bernasconi C, Stockbauer
KE, Wiles B, et al. The emb operon, a gene cluster of M.
tuberculosis involved in resistance to ethambutol. Nature Med
1997; 3 : 567-70.

Ramaswamy SV, Amin AG, Goksel S, Stager SJ, Dou SJ,
Sahley EL, et al. Molecular genetic analysis of nucleotide
polymorphism associated with ethambutol resistance in
human isolates of Mycobacterium tuberculosis. Antimicrob
Agents Chemother 2000; 44 : 326-36.

Revised National Tuberculosis Control Programme. Manual
for laboratory technician. New Delhi: Central TB Division
Director General of Health Services; 1997.

Petroff SA. A new rapid method for isolation and cultivation
of tubercle bacilli from sputum and faeces. J Exp Med 1915;
21 :38-42.

Allen B, Baker RJ. Mycobacteria: Isolation, identification
and sensitivity testing. London: Butterworth; 1915 p. 17.
Canetti G, Fox W, Khomenko A, Mahaler HT, Menon N
K, Mitchison DA, et al. Advances in techniques of testing
mycobacterial drug sensitivity and the use of sensitivity testes

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

in tuberculosis control programme. Bull World Health Organ
1969; 41 : 21-4.

Jain A, Tiwari V, Guleria RS, Verma RK. Quantitative evaluation
of mycobacterial DNA extraction protocol for Polymerase Chain
Reaction assay. Mol Biol Today 2002; 3 : 43-9.

Garg A, Srivastava S, Ayyagari A, Katoch VM, Dhole T. emb
B gene mutations associated with ethambutol resistance in
Indian strains of Mycobacterium tuberculosis. Curr Sci 2006;
91:1512-7

Sambrook I, Fritsch EF, Maniatis T. Molecular cloning: A
laboratory manual, 2" ed. New York: Cold Spring Harbor
Laboratory Press; 1989.

Paramasivan CN, Venkatraman P, Chandrashekhran V,
Sripad B, Narayanan PR. Surveillance of drug resistant in
tuberculosis in two district of Tamilnadu. Int J Tuberc Lung
Dis 2002; 96 : 478-84.

Gupta P, Jadaun GPS, Das R, Gupta UD, Srivastava K,
Chauhan A, et al. Simultaneous ethambutol and isoniazid
resistance in clinical isolates of Mycobacterium tuberculosis.
Indian J Med Res 2006; 123 : 125-30.

Gupta PR, Singhal B, Sharma TN, Gupta RB. Prevalence
of initial drug resistance in TB patients attending a chest
hospital. Indian J Med Res 1993; 77 : 102-3.

Trivedi SS, Desai SG. Primary antituberculosis drug resistance
and acquired rifampicin resistance in Gujarat India. Tubercle
1988; 69 : 37-42.

Mathur ML, Khatri PK, Base CS. Drug resistance in
tuberculosis patients in Jodhpur district. Indian J Med Sci
2000; 54 : 55-8.

Tuberculosis Research Center. Chemotherapy of drug resistant
tuberculosis: The tuberculosis research center experience for
40 years. Indian J Tuberc 2000; 47 : 201-10.

World Health Organization. Treatment of tuberculosis.
Guidelines for National Programmes, 3rd ed., Geneva: World
Health Organization; 2003 (WHO/CDS/TB/2003.313).

Lee HY, Myoung HJ, Bang HE, Bai GH, Kim SJ, Kim
JD, et al. Mutations in the emb B locus among Korean
clinical isolates of Mycobacterium tuberculosis resistant to
ethambutol. Yonsei Med J 2002; 43 : 59-64.

Alcaide F, Pfyffer GE, Telenti A. Role of embB in natural
and acquired resistance to ethambutol in Mycobacteria.
Antimicrob Agents Chemother1997; 22 : 2270-3.

Srivastava S, Garg A, Nyati, KK, Dhole TN, Dwivedi SK.
Nucleotide polymorphism associated with ethambutol
resistance in clinical isolates of Mycobacterium tuberculosis.
Curr Microbiol 2006; 53 : 401-5.

Mokrousov I, Otten T, Vyshevskiy B, Narvskaya, O. Detection
of emb306 mutations in ethambutol-susceptible clinical
isolates of Mycobacterium tuberculosis from Northwest
Russia:Implications for genotypic resistance testing. J Clin
Microbiol 2002; 40 : 3810-3.

Hazbon MH, Valle MB, Guerrero M1, Basil MV, Fiillol I, Cavatore
M, et al. Role of emb B codon 306 mutations in M. tuberculosis
revisited: a novel association on broad drug resistance and
IS6110 clustering rather than ethambutol resistance. Antimicrob
Agents Chemother 2005; 49 : 3794-802.

Reprint requests: Dr Amita Jain, Professor, Post Graduate Department of Microbiology, Chhatrapati Sahuji Medical University

Lucknow 226 003, India
e-mail: amita602002@yahoo.com



