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Programme (RNTCP).[2] The treatment of MDR‑TB in the 
public sector involves the Programmatic Management of 
Drug‑resistant TB (PMDT) rolling out the Directly Observed 
Treatment, Short‑course (DOTS)‑Plus program. The RNTCP 
recommends a standardized six drug regimens for MDR‑TB 
patients (Category IV) involving 6–9 months of kanamycin, 
ethionamide, levofloxacin, cycloserine, pyrazinamide, 
and ethambutol followed by 18 months of ethionamide, 
levofloxacin, cycloserine, and ethambutol (total duration 
24–27  months). Para‑amino‑salicylic acid  (PAS), 
moxifloxacin, and capreomycin are available only as 

INTRODUCTION

Tuberculosis  (TB) is the leading infectious cause of 
death in India with about two people dying of the 
disease every 3 min.[1] There are an estimated 2.2 million 
new cases annually in the country. The proportion of 
multidrug‑resistant TB  (MDR‑TB)  (i.e.,  resistant to at 
least isoniazid and rifampicin) cases is about 2.2% in 
new cases and 11–19% in retreatment cases.[2] There are 
an estimated 99,000 annual incident cases of MDR‑TB 
in India of which about 64,000 are from the TB cases 
notified to the Revised National Tuberculosis Control 
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reserve drugs to be used in case of intolerance and/or 
resistance to any second‑line drugs.[3]

However, the above regimen does not take into account 
the local epidemiological pattern of drug resistance for 
Mumbai and its immediate surroundings. There have 
been several reports of increasing levels of resistance to 
fluoroquinolones and other first‑ and second‑line agents 
among MDR‑TB patients, especially in Mumbai.[4] As 
per World Health Organization  (WHO) guidelines for 
MDR‑TB, an effective regimen should have at least four 
effective drugs including a second‑line injectable and a 
fluoroquinolone.[5]

Most patients with drug‑resistant TB (DR‑TB) we encounter 
in our practice in Mumbai have resistance not just to 
isoniazid and rifampicin (i.e., MDR‑TB) but, in addition, 
to several other first‑ and second‑line drugs. We attempted 
to analyze the impact of prescribing the standardized 
Category IV MDR regimen to all patients receiving drug 
susceptibility testing  (DST) at our tertiary care referral 
microbiology laboratory. Our intention was to determine 
in how many patients this standardized regimen would 
be appropriate  (i.e.,  at least four effective drugs) and 
how many of them would end up receiving suboptimal 
regimens with the potential of consequent amplification 
of drug resistance.

MATERIALS AND METHODS

Our mycobacteriology laboratory receives about 
30,000 samples for culture from both private and public 
sectors. However, DST requests are approximately 
3500–4000. All samples sent for TB culture and DST 
to our microbiology laboratory between January 2012 
and December 2012 were reviewed. We have a Level II 
mycobacterial laboratory. This laboratory was accredited 
for performing the first‑  and second‑line DST by the 
College of American Pathologists in 2006. It has also 
received accreditation by the National Accreditation Board 
of Laboratories. The Central TB Division, Government 
of India, granted accreditation for the first‑line DST in 
2012 and the second‑line DST in 2013. It is accredited 
at perform to perform DST for 13 drugs, viz., isoniazid, 
rifampicin, ethambutol, streptomycin, pyrazinamide, 
ethionamide, ofloxacin, moxifloxacin, PAS, kanamycin, 
amikacin, capreomycin, and clofazimine. It also serves 
as a reference laboratory for Mumbai and its immediate 
surroundings. TB culture is performed by the liquid culture, 
i.e., mycobacterial growth indicator tube (MGIT) method 
with DST also being performed via the same methods. 
The critical concentrations used for the MGIT‑DST of the 
anti‑TB drugs tested (13 in all) are as follows: Streptomycin 
1  mcg/ml; isoniazid 0.1  mcg/ml; rifampicin 1  mcg/ml; 
ethambutol 5 mcg/ml; kanamycin 2 mcg/ml, ethionamide 
5 mcg/ml; PAS 4 mcg/ml; ofloxacin 2 mcg/ml; moxifloxacin 
0.25 mcg/ml; amikacin 1 mcg/ml; clofazimine 0.5 mcg/ml; 
capreomycin 2.5 mcg/ml, and pyrazinamide 100 mcg/ml.

All samples confirmed MDR on MGIT‑DST testing and 
also tested for the second‑line drugs (i.e., drugs used in 
DOTS‑Plus regimen) from January 2012 to December 2012 
were included for analysis. Susceptibility to moxifloxacin 
was taken as a surrogate marker for susceptibility to 
levofloxacin  (as levofloxacin is not tested). Cycloserine 
susceptibility testing is not done at Hinduja Hospital 
due to its inherent unreliability. However, all samples 
were assumed to be susceptible to cycloserine in the 
final analysis of a number of effective drugs available. 
It is important to note that DST is only performed on 
request of the treating physician and not on all culture 
positive samples. While there is a possibility of bias 
with all samples not being tested for drug resistance, this 
was a study on only MDR‑TB samples and not on drug 
susceptible ones who would have responded well to the 
first‑line drugs.

For the purpose of this study, we had studied the drug 
susceptibility patterns of samples from patients without 
the knowledge of the source of these patients (public or 
private). Details of prior treatment were also not available 
to us. However, an average of 25–30% of samples received 
is generally from the RNTCP.

RESULTS

DST was performed on a total of 3651 samples in 2012. 
A  total number of samples detected to be MDR which 
were also tested for the second‑line drugs were 1539, 
all of which were included in our analysis. Of these, 
1233 (80.1%) samples were pulmonary while 306 (19.9%) 
were extrapulmonary.

Of the 1539  samples, 464 were MDR‑TB  (30.14%), 
867  (56.33%) were MDR‑TB with fluoroquinolone 
resistance, and 198 (12.8%) were extensively drug‑resistant 
TB  (XDR‑TB)  (MDR  +  at least 1 fluoroquinolone 
resistance + 1 second‑line injectable resistance). Of the 
198 XDR‑TB samples, only 4 were pure XDR‑TB while 194 
had resistance to other second‑line drugs beyond XDR‑TB.

When the individual drug susceptibility patterns of drugs 
used in the DOTS‑Plus regimen was analyzed; among the 
1539 samples, 14% were kanamycin‑resistant, 66% were 
moxifloxacin‑resistant, 58.5% were ethionamide‑resistant, 
77.6% were pyrazinamide‑resistant, and 73.4% were 
ethambutol‑resistant.

Table  1 shows the percentage of patients who would 
receive one, two, three, four, five, and six effective drugs 
in the standardized regimen. Thus, the average number of 
susceptible drugs per sample was 3.07 ± 1.29 (assuming 100% 
cycloserine susceptibility). Taking four effective drugs to be 
the cut or an effective regimen, the number of samples which 
would receive 4 or more effective drugs from the standardized 
DOTS‑Plus regimen would be 516 (33.5%). The number of 
MDR‑TB cases which would receive three or less effective 
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drugs from the standardized DOTS‑Plus regimen would be 
1023 (66.5%). Thus, almost two‑thirds of the MDR‑TB cases 
would receive an inadequate regimen.

Susceptibility levels for moxifloxacin, PAS, and 
clofazimine  (currently included only as reserve drugs 
and not part of the standardized regimen) were 34%, 86%, 
and 99%, respectively.

DISCUSSION

India bears the burden of much of the world’s DR‑TB. 
Estimated number of MDR‑TB cases in India among the 
notified pulmonary cases was 64,000 in 2012, overtaking 
China’s estimate of 59,000 for the same period. A number 
of notified/diagnosed MDR‑TB cases were 16,588 while 
a number of patients put on treatment for MDR‑TB were 
14,143. Almost 2.2% of new TB cases and almost 11–19% 
of retreatment cases of TB in India have MDR‑TB.[2] This 
is much more as of 2014.

Mumbai is India’s commercial capital and one of the most 
densely populated (population ‑ 12,478,447) and congested 
cities  (population density  >20,000 persons/km2). The 
proportion of MDR‑TB cases in new as well as previously 
treated cases is much higher compared to national 
estimates. A study by D’souza et al.[6] in 2009 showed that 
almost 24% of new cases and 41% of previously treated 
cases had MDR‑TB. Further, of the 24% new cases, 20% 
had amplified resistance to 3–4 drugs while only 4% had 
resistance to just isoniazid and rifampicin. A  report by 
Almeida et al.[7] in 2003 had reported that almost 51% of 
cases at Hinduja Hospital had MDR compared to 2% at a 
rural center. Although a referral bias may partly explain 
such high MDR‑TB rates, as ours is a reference laboratory 
for Mumbai, it might be somewhat reflective of the 
disease profile of the city although it might be improper to 
extrapolate these findings to the whole country. Atre et al.[8] 
in 2011 also showed over 20% of new cases in Mumbai had 
MDR‑TB with Beijing strain and female being risk factors 
for having MDR‑TB at onset of therapy in new cases.

Category IV treatment via DOTS‑Plus has been rolled out 
in India by RNTCP for MDR‑TB since 2007. DOTS‑Plus was 
started in Maharashtra from 2008 onward and the Capital 
of Mumbai from the year 2010. By the end of the year 
2011, only 6994 patients had been started on Category IV 

treatment throughout the country. However, the situation 
improved significantly in the next year and by the end of 
2012, around 20,136 patients had been started on Category 
IV treatment.[9] As of 2013, about 2610 patients were on 
Category IV treatment in Mumbai itself.

The treatment regimens for MDR‑TB involve weaker and 
more toxic drugs for longer durations. The cure rates with 
these regimens vary from 38% to100% in different studies.
[10] The seminal study from USA[11] in a hospitalized setting 
showed a success rate of 65% while  Mitnick et al.[12] showed 
a success rate of almost 83% in a community‑based DOTS 
set up in Peru. As per WHO, the treatment success rates for 
MDR‑TB in the South‑East Asian Region is about 50–60%.
[2] Various studies including the two studies above showed 
that an individualized treatment regimen had a greater 
success rate than a standardized treatment regimen. The 
individualized treatments have shown to reduce amplification 
of resistance.[13,14] Further, in areas with high success rate of 
DOTS first‑line therapy, cases in whom DOTS first line has 
not worked, standardized regimens may not work in patients 
with suspected MDR‑TB at the outset.[15] While in countries 
with low exposure to the second‑line drugs, a standardized 
approach to MDR‑TB may well be justified, in countries such 
as India, with multiple treatment schemes in the private 
sector without adequate supervision, an individualized 
treatment regimen will offer the best results.[16‑20] Clearly, for 
MDR‑TB, one size does not fit all.

In any regimen, the local epidemiology and prevalent 
drug‑resistant patterns need to be considered. There 
is a wide variety in patterns of resistance among MDR 
and XDR‑TB patients which must be considered when 
designing their regimens. Standardized regimens are not 
effective for all patients. In our analysis, albeit in a bias 
setting, more than 50% of samples were already MDR‑TB 
with additional fluoroquinolone resistance. Further, almost 
three‑fourths of the samples were resistant to pyrazinamide 
and ethambutol. Fifty‑eight percent were also resistant to 
ethionamide. Hence, an empiric, standardized regimen 
involving above drugs is likely to be ineffective with in 
many cases the only susceptible drugs being kanamycin 
and probably cycloserine (almost a quarter of the samples). 
Almost 12.8% of the samples were XDR at evaluation. The 
above‑standardized regimen is thus unlikely to be effective 
in this population of patients and may amplify resistance.

As per the WHO guidelines,[5] the intensive phase of a treatment 
regimen for MDR‑TB should include at least four second‑line 
anti‑TB drugs that are likely to be effective. Our study showed, 
even assuming 100% susceptibility for cycloserine, almost 
two‑thirds of the samples will receive three or less effective 
drugs, which will make for an ineffective regimen. Such a 
regimen will only serve to amplify drug resistance to existing 
drugs to which the bacteria are susceptible such as kanamycin 
which will convert MDR‑TB into XDR‑TB.

The extended resistance patterns are by no means limited 
to Mumbai alone. Salvo et al.[21] showed in 2012 that in 

Table 1: Number of samples receiving differing number 
of effective drugs in the standardized directly observed 
treatment short‑course‑plus regimen (assuming all 
samples susceptible to cycloserine)
Number of effective drugs available Number of samples (%)
6 79 (5.1)
5 147 (9.6)
4 290 (18.8)
3 467 (30.3)
2 407 (26.5)
1 149 (9.7)
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MDR‑TB patients among refugees, almost 65% of the 
patients show additional resistance to at least one more 
second‑line drug such as ethionamide. Similar data have 
emerged from China as well.[22]

The reports from New Delhi by Singla et al.[23] show a cure 
of 61% with a culture conversion of almost 79%. However, 
the drug regimen was based on a pilot project run in the 
preceding 3 years at the same site that represented the local 
drug resistance epidemiology. For the DOTS‑Plus program to 
be effective in a country as diverse as India, local regimens 
must reflect the existing drug resistance epidemiology.

Our study shows that a high proportion of patients will 
have resistance to a number of the remaining first‑ and 
second‑line drugs. Hence, the upfront empiric regimen 
must reflect the same.

Based on the DST data from our laboratory, we would 
currently recommend a Category IV regimen for Mumbai 
comprising the following: Kanamycin, moxifloxacin, 
ethionamide, PAS, cycloserine, and clofazimine although 
resistance to ethionamide and moxifloxacin is 58.5% and 
66%, respectively but still markedly lower than resistance 
to pyrazinamide (77.6%) and ethambutol (73.4%). Ideally, 
we would recommend to continue this regimen until 
a DST is available following which the regimen can be 
individualized. This would probably have a better chance 
of success due to increase in number of effective drugs 
available. The pill burden of this proposed regimen will 
be eight tablets, one injection and PAS granules for the 
weight band of over 45 kg. The pill burden of the current 
standardized regimen is 13 tablets and one injection. Hence, 
the possibility of intolerance of the proposed regimen 
should not be greater than the one currently in place.

Complementing this, we must augment laboratory capacity 
so that there is minimal delay in diagnosis and where the 
second‑line DST is also done upfront, especially in a place 
like Mumbai with high levels of resistance to these drugs. 
This will allow patients to be provided with individualized 
treatment as soon as possible. The fact that the PMDT 
program is contemplating implementation of individualized 
treatment regimens is a step in the right direction. This 
may provide best chances of individual cure as well as 
reduction in the chances for resistance amplification and 
transmission of DR‑TB. As mentioned earlier, many studies 
have demonstrated that individualized regimens have the 
best success rates and may be the best way forward.

CONCLUSION

Our study shows that a high proportion of patients will 
have resistance to a number of the first and second-line 
drugs. Local epidemiology must be factored in while 
designing an empiric regimen to avoid amplification 
of resistance. Individualized treatment based on drug 
susceptibility testing may be the best way forward.
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