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Abstract: Tuberculosis TB is considered a sobering example of inequity. It is a disease predominantly of the socially and 

economically disadvantaged. This neglect is evidenced by lack of political support, scarce financial resources for TB 

programs, and little or no leadership. 

The emergence and spread of multidrug-resistant tuberculosis (MDR-TB) is threatening global TB control and it 

represents a major challenge for clinical care and operational management. Worldwide, 3.7% of new cases and 20% of 

previously treated cases are estimated to have MDR-TB. Unfortunately, since only a quarter of patients with MDR-TB are 

treated according to established standards and the proportion of treatment success does not exceed 50%, extensively drug-

resistant tuberculosis (XDR-TB) has already been reported in 84 countries and totally drug resistant cases have been 

recently described. 

In most low- and middle-income countries drug sensitivity testing is not performed for new cases or for most patients 

requiring retreatment. Therefore, patients with underlying drug resistance will receive retreatment with first line drugs and 

can be predicted to have higher rates of failure and relapse. 

The development of genotypic methods has generated a genuine revolution in the diagnosis of DR-TB. The polymerase 

chain reaction allows for the specific identification of M. tuberculosis and the detection of drug resistance in a matter of 

hours instead of weeks. Unfortunately these techniques are expensive and not available in most high burden countries. 

Despite the enormous number of cases of TB worldwide, the therapeutic arsenal to treat this disease continues to be very 

limited, especially for cases with extensive drug resistance. However, for the first time in decades, the pipeline of new 

anti-TB agents is now growing again inasmuch as new drugs and combination of drugs with interesting potential efficacy 

to treat TB, MDR-TB and XDR-TB have appeared during the last few years. 
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INTRODUCTION 

 The emergence and spread of multidrug-resistant 
tuberculosis (MDR-TB, defined as the simultaneous 
resistance at least to isoniazid and rifampin), an emergent 
problem increasing worldwide year by year, is threatening 
global TB control and it represents a major challenge for 
clinical care and operational management [1, 2]. 

 An estimated 5% of all new cases of tuberculosis 
diagnosed in 2006 were multidrug resistant. This represents 
an increase of 12% since 2004 and 56% since 2000 [3-5]. 
Globally in 2011, there were an estimated 630, 000 cases of 
MDR-TB (range, 460,000- 790,000) among the world’s 12 
million prevalent cases of TB [6]. While the number of new 
cases of MDR-TB notified in the 27 high MDR-TB burden 
countries is increasing and reached almost 60,000 worldwide 
in 2011, this is only one in five (19%) of the notified TB 
patients estimated to have MDR-TB. In the two countries 
with the largest number of cases, India and China, the figure 
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is less than one in ten [6]. Worldwide, 3.7% of new cases 
and 20% of previously treated cases were estimated to have 
MDR-TB. India, China, the Russian Federation and South 
Africa have almost 60% of the world’s cases of MDR-TB. 
The highest proportions of TB patients with MDR-TB are in 
Eastern Europe and central Asia. 

 Unfortunately, since only a quarter of patients with 
MDR-TB are treated according to established standards and 
the proportion of treatment success does not exceed 50% [6], 
extensively drug-resistant tuberculosis (XDR-TB), defined 
as MDR-TB plus resistance to any antituberculosis 
fluorquinolone and any second line injectable drug 
(amikacin, kanamycin or capreomycin) has already been 
reported in 84 countries; the average proportion of MDR-TB 
cases with XDR-TB is 9.0% [6]. Totally drug resistant cases 
(i.e. Mycobacterium tuberculosis strains with resistance to 
all the drugs tested) have been recently described in Italy, 
Iran, and India [7, 8]. 

 Unfortunately, as it happens with drug susceptible TB, 
most of the MDR-TB cases occur in developing countries, 
with limited or no resources for diagnosis or access to 
second line drugs for treatment of resistant cases. As would 
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be expected, countries with ample resources for diagnosis 
and treatment of MDR-TB cases are those with the lowest 
rates of drug resistant cases. A global effort towards equality 
is an urgent and essential need if we are going to attain 
control of this MDR-TB pandemic. 

HISTORY AND PATHOGENESIS OF MDR-TB 

 Resistance to TB drugs emerged soon after their 
introduction in the 1940´s, but the problem was considered 
as minor since it accounted for only a small proportion of 
treatment failures. Furthermore, clinical trials suggested that 
empirical standard treatment without routine baseline testing 
for drug susceptibility produced outcomes similar to those 
obtained where such testing was applied and individualized 
treatment was given [9]. The introduction of rifampicin in 
the early 1970´s allowed for the first time the 
implementation of ambulatory short-course chemotherapy, a 
regimen that included three or four drugs given over six to 
nine months [10, 11]. This generated the notion that finally 
TB could be, like smallpox, not only controlled but also 
eliminated worldwide, which led to budgetary reductions for 
TB control programs, including those from developed 
countries. As should have been expected, tuberculosis 
resurged during the 1990´s even in industrialized countries 
[12]. As a consequence, the World Health Organization 
(WHO) declared TB as a global emergency in 1993, 
focusing especially on developing countries where 95% of 
cases occurred [13]. 

 The primary cause of an uncontrolled and increasing TB 
epidemic worldwide has been the neglect of TB control 
programs. This neglect is evidenced by lack of political 
support, scarce financial resources, and little or no leadership 
[11]. As mentioned, by the early 1990´s the incidence of TB 
had increased, following not only budgetary cuts, but also 
the growing HIV epidemic and prevailing poverty. 
Simultaneously, poor adherence to unsupervised ambulatory 
treatment regimens fostered the development of increasing 
numbers of MDR-TB cases [12]. 

 It was promptly noted however that there were no data on 
the magnitude of the problem. For this reason, WHO and the 
International Union Against Tuberculosis and Lung Disease 
(IUATLD) began the Global Project on Anti-tuberculosis Drug 
Resistance Surveillance in 1994. The study showed that the 
prevalence of multidrug resistance among new patients was 
generally low, the median value being 1%. However, there were 
several “hot spots”, i.e. countries or regions where the 
prevalence of multidrug resistance among new TB patients 
exceeded 3%; a sobering finding was that drug resistance was 
found in all 72 countries included in the survey [14]. 

 MDR-TB results from poor TB management; its 
prevalence is up to ten times higher in previously treated 
patients than in new patients. A poorly functioning TB 
program can create MDR-TB much faster than it can be 
treated, even if unlimited resources are available. 

The DOTS Strategy and the Standardized First Line 
Drugs Regimens 

 The main selection factor for MDR-TB is inadequate 
drug treatment, which is prevented with the Directly 

Observed Therapy-Short (DOTS) strategy in the treatment of 
new cases. Most countries of the world have now adopted 
the DOTS strategy, as recommended by the WHO. This 
strategy advocates standard initial 6-month regimens for new 
cases that include rifampin, isoniazid, ethambutol and 
pyrazinamide, and a reinforced regimen for previously 
treated cases [15]. This regimen was originally known as 
Category 1 treatment by the WHO (although the WHO does 
not use this term anymore, it is still known as Category 1 in 
many countries); for cases that are not cured with this 
regimen, the WHO recommends a reinforced first-line drugs 
regimen, also known as Category 2. This reinforced regimen 
includes streptomycin, isoniazid, rifampin, pyrazinamide, 
and ethambutol for 2 months, isoniazid, rifampin, 
pyrazinamide, and ethambutol for 1 month and isoniazid and 
rifampin plus ethambutol for 5 months. It is important to 
point out that this Category 2 regimen was never validated 
through a clinical trial and has been the motive of intense 
controversy and rejection by many countries and scientific 
societies because it favors many of the ideal conditions for 
drug resistance amplification in a drug resistant strain [15-
17]. In fact, the WHO does not recommend this regimen 
anymore for treatment failures, although it does recommend 
it for relapses and patients that have defaulted treatment. 
This regimen will certainly be phased out when every TB 
program around the world is capable of offering the 
appropriate strategies for diagnosis and treatment of 
retreatment cases presented in this review. 

 Overall, these standardized first line drugs regimens, 
especially the category 1 regimen, have proven to be 
effective in patients with drug-sensitive TB; in patients with 
drug-resistant strains, their efficacy is much lower, both in 
clinical trials and under program conditions [15]. 

 In most low- and middle-income countries that have 
adopted the DOTS strategy, drug sensitivity testing is not 
performed for new cases or for most patients requiring 
retreatment [18]. Therefore, patients with underlying (and 
undetected) drug resistance will receive the same 
standardized treatments, and can be predicted to have higher 
rates of failure and relapse. 

 This leads to a major area of controversy in the treatment 
of MDR-TB: the use of standardized or individualized 
regimens to treat MDR-TB in countries with limited 
resources. In high-income countries with a low incidence of 
TB and sufficient financial, technical and human resources, 
MDR-TB treatment with individualized regimens is based on 
drug susceptibility tests. 

 Advocates of individualized treatment for the control of 
MDR-TB argue that empirical short-course chemotherapy 
regimens can amplify the problem of MDR-TB in patients 
already infected with strains resistant to one or more drugs 
[19]. In a recent ecological study [14] that included data 
from 103 countries, results show that, among the 20 
countries where prevalence of initial multidrug resistance 
exceeded 3% and have used the standardized initial regimens 
previously mentioned, failure rates averaged 5.0%, and 
relapse rates averaged 12.8%, compared with an average of 
1.6% (p <0.0001) and 8.1% (p <0.0002), respectively for the 
83 countries where initial multidrug resistance prevalence 
was less than 3%. In 92 countries using the standardized first 
line drugs retreatment regimen, failure rates were 2.7%, 
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3.8%, 6.2%, and 8.1% in quartiles of increasing prevalence 
of acquired multidrug resistance (p<0.0001). Failure and 
relapse with initial therapy, and the proportion of all patients 
treated who required first line drugs retreatment, were all 
significantly higher in countries where the prevalence of 
initial multidrug resistance exceeds 3%, the WHO criterion 
for designation as an MDR-TB “hot zone”. In all countries, 
first line drugs retreatment outcomes were poor—with high 
rates of default, failure, and mortality—which are important 
given the large number of patients requiring retreatment in 
all countries. These results suggest that the currently 
recommended regimens for previously untreated or new 
cases are adequate in countries where the prevalence of 
initial multidrug resistance is less than 3%. But the findings 
raise concerns about using the same regimens in countries 
where initial multidrug resistance prevalence exceeded 3% 
[14]. These findings suggest that the standardized initial 
treatment for new cases should also be critically reexamined 
for these settings. In the long term, these standardized 
regimens may be contributing to amplification of multidrug 
resistance. The high rates of retreatment failure in countries 
with a more than 3% rate of initial multidrug resistance, and 
extremely high rates among patients who failed initial 
therapy in countries with high rates of acquired multidrug 
resistance, presumably reflect underlying multidrug 
resistance [14]. The continued use of the same regimen will 
result in unacceptably high rates of failure [20, 21], with 
amplification of resistance [16, 17]. The standardized 
retreatment regimen requires urgent reappraisal because of 
very poor treatment outcomes—in all countries, but 
particularly in countries with higher prevalence of multidrug 
resistance. 

 Successful programs in both industrialized and 
developing countries indicate that a DOTS strategy when 
treating new cases prevents the appearance of MDR-TB. 
However, a common erroneous assumption is that DOTS by 
itself can reduce MDRTB once it has occurred. Actually 
there is no evidence that has causally linked the use of 
DOTS alone to observed declines of MDRTB. In fact, the 
claim that DOTS can reduce rates of MDR-TB is not 
supported by the large body of evidence that patients with 
MDR-TB have poor outcomes with short-course 
chemotherapy [22-27]. Untreated and untreatable sputum 
smear positive TB has a very high case fatality. However, 
patients may survive and disseminate drug resistant M. 
tuberculosis for years; if drug susceptible disease is treated 
and cured, resistant organisms will ultimately predominate. 
New York City is cited as an example of successful control 
of MDR-TB, yet this success cannot be attributed only to the 
strongly enforced directly observed treatment strategy; as 
important were the implementation of comprehensive 
interventions that included massive investments in 
infrastructure, infection control, improved case detection, 
and effective treatment of active cases of MDR-TB [13]. 

WORLD EFFORTS TO CONTROL MDR-TB 
GLOBALLY 

 In 1999, WHO created a working group on “DOTS-Plus 
for multidrug-resistant tuberculosis” to address the 
management of MDR-TB under program conditions [28]. 
This initiative was designed to assess the feasibility and cost-

effectiveness of treating MDR-TB in low-income and 
middle-income countries. The WHO Green Light 
Committee, implemented in 2000, serves as a technical 
advisory body to the Stop TB Partnership and WHO. Its 
primary tasks are: reviewing applications from countries that 
wish to benefit from quality-assured, second-line anti-TB 
drugs at reduced prices, promoting technical assistance to 
countries throughout the application and implementation 
processes and monitoring and evaluating GLC-approved 
programs to assess their progress and continued adherence to 
WHO guidelines; it also assists WHO with developing 
policy to control MDR-TB. It is comprised of representatives 
from institutions with specific programmatic, clinical, 
advocacy, and scientific and managerial expertise. 

 Many experts emphasize that effective treatment of new 
cases will prevent the emergence of MDR-TB, and for this 
reason, countries with limited resources should invest those 
scarce resources in treatment of drug susceptible cases, 
especially given that, even in high burden countries, MDR 
cases constitute a small proportion of total TB cases. Quite 
the opposite, other experts argue that it is unethical to 
abandon patients with MDR-TB and maintain that, if 
untreated, MDR-TB strains will become dominant and 
undermine global TB control [29] and that, to deny treatment 
to patients with MDR-TB is to violate their human rights 
[11]. Empirical evidence of the feasibility of treating MDR-
TB with a high rate of success in resource limited regions 
already exists. A pilot project involving community-based 
treatment of MDR-TB in northern Lima, Peru [30] proved 
that it was possible to cure MDR-TB on an outpatient basis 
in a country where TB was endemic, an experience that has 
now been replicated elsewhere [31]. However, it has been 
possible, in these isolated instances, to secure the resources 
needed to ensure compliance over the long period of 
treatment and manage the frequent side-effects of second 
line drugs. Unfortunately, a common mistake is to 
extrapolate results from a model, atypical region that has 
been successful in treating MDRTB to a whole country. 
Differences between these usually heavily funded and highly 
successful regions and the rest of the country are frequently 
greater than differences between countries [32]. 

 Current strategies for MDR-TB control consider 
essentially the prevalence of primary multidrug resistance 
(MDR in new cases), but not the total burden in a country. In 
some high-prevalence countries, the proportion of re-
treatment cases is considerable and related to a high burden 
of multidrug resistance, despite primary drug resistance rates 
that are still low. For this reason, any control framework 
should take into account the prevalence of all drug resistant 
cases in order to make a realistic estimate of the overall 
problem in the community [33]. 

 Taking into account all these factors, the essential 
components for the implementation of a DOTS-Plus strategy 
can then be summarized as follow: 

1. An efficient, effective and integrated TB control 
program 

2. First-line and second-line anti-TB drugs provided free 
of charge to each patient with MDR-TB 

3. Early diagnosis and free treatment of antituberculosis 
drugs side effects 
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4. Drug susceptibility tests for first line and second-line 
anti-TB drugs, not charged to the patients 

5. Appropriately designed regimens for MDR-TB 

6. A reporting system for data management, monitoring 
and evaluation of individual and aggregated data on 
MDR-TB cases 

7. Community-based strategies, with the participation of 
local governments in order to enhance adherence to 
the regimens 

8. The adequate training and organization of health 
professionals responsible for the care of MDR-TB 
patients 

TUBERCULOSIS AND MDR-TB: AN EXAMPLE OF 

SOCIAL INEQUITY 

 TB is considered a sobering example of inequity. It is a 
disease predominantly of the socially and economically 
disadvantaged, since its incidence is exacerbated by 
socioeconomic factors, inconsistent and/or inadequate 
treatment practices and immigration from countries in which 
the disease is endemic [34, 35]. Reducing inequalities in TB 
incidence in the world is, therefore, a goal that needs to be 
addressed, especially since the recent global financial crisis 
is expected to exacerbate these health inequalities [36, 37]. 

 There is a strong negative association between Gross 
Domestic Product (GDP) per capita and TB outcomes, a 
finding in accordance with previous research on TB [38-41] 
and other health outcomes [34] (Fig. 1). 

 Despite the overall wealth and level of economic 
development within a nation, income inequality increases the 
numbers of individuals within a country that have limited 
access to healthcare. Another potential explanation of the 
effect of income inequality on TB is that income inequality 
results in increased urban poverty, which is associated with 
well-known risk factors for TB, such as overcrowding and 
polluted environments [34, 42]. The Gini coefficient is 
a measure of statistical dispersion that can be used to 
measure the inequality in the levels of income. A coefficient 
of zero would represent perfect equality where everyone 
would have exactly equal income while a coefficient of 100 
expresses maximal inequality where only one person would 
have all the income. In general, countries with lower Gini 
coefficients have lower TB rates. As expected, countries 
with greater income inequality have higher TB rates (Fig. 2). 

 Political will must emerge to challenge the systematic  
problem of neglected diseases research, as the lack of a 
profitable market for diseases primarily affecting people in 
developing countries meant that research and development had 
come to a standstill for decades. Only 1% of the new 
medications developed between 1975 and 1999 were treatments 
for tuberculosis and tropical diseases, despite these diseases 
causing 11% of the global disease burden [43-45]. Developing 
countries are struggling with the growing and costly challenge 
of multidrug-resistant (MDR) and extensively drug-resistant TB 
[46]. Eliminating these disparities in the quality of tuberculosis 
care is the best way towards global TB control, and as a 
consequence of MDR-TB. Treatment of pansensitive TB costs 
less than $10 US, while diagnosis testing and treatment of MDR 
costs run in the thousands of dollars. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Scatter plot of the association between the baseline (2000) logged gross domestic product (GDP) and tuberculosis (TB) prevalence 

for WHO Euro region in 2005 (reproduced with permission from the Eur Respir J 2012; 40: 925-930). 



468    Current Respiratory Medicine Reviews, 2012, Vol. 8, No. 6 Laniado-Laborín et al. 

 Considerable efforts by civil society organizations in 
recent years have helped make MDR-TB a public health 
priority. As with HIV, it required challenging notions that 
MDR-TB was untreatable in resource-limited settings and 
that it would divert attention and resources from treating 
drug-susceptible TB. Although MDR-TB is now an 
international priority with an agreed-upon global plan to 
universal access to treatment [47], too little practical 
progress has been made over the last decade. It is ethically 
unacceptable that only 10% of the patients with MDR-TB 
are diagnosed and receive appropriate treatment under 
programmatic conditions [46]. There is also an unknown 
number of MDR-TB patients treated outside the scope of 
national TB programs, with unorthodox regimes and drugs 
of indefinite quality that increase the risk of developing more 
extensive drug resistance. 

 Most of the laboratory tests needed to diagnose MDR-TB 
requires specialized and very costly equipment and reagents; 
this constitutes an enormous obstacle for their 
implementation in developing countries, which as 
mentioned, usually have the highest burden of drug resistant 
TB cases. Also, the cost of second-line drugs remains high at 
around $4,500 on average per patient. Currently, the MDR-
TB drug market is too small and fragmented and barely 
attracts manufacturers. Price reductions from economies of 
scale will be realized only when more patients are put on 
treatment, but the vicious circle of high costs dissuading 
countries from addressing MDRTB— meaning limited 

patient numbers keep prices high—needs to be overcome 
[48, 49]. 

 In conclusion, poverty and socioeconomic inequalities 
are barriers that deny access to state of the art diagnostic 
methods and treatment for the majority of MDR-TB patients 
in an even greater degree than that for drug susceptible TB. 
As long as these inequities persist or at least are markedly 
reduced it will be impossible to achieve real global control of 
drug resistant tuberculosis. 

NEW CHALLENGES IN THE DIAGNOSIS AND 
TREATMENT OF MDR-TB 

Drug Susceptibility Testing to Isoniazid and Rifampin 

for All TB Patients 

 Definitive diagnosis of drug-resistant TB requires M. 
tuberculosis isolation and drug susceptibility testing (DST). 
The possibility of drug-resistant TB should be considered at 
the time of specimen collection; sputum or other specimens 
should be then processed for culture and DST. Ideally DST 
to isoniazid (H) and rifampin (R) should be carried out in 
every case diagnosed with TB including new cases; 
previously treated patients obviously constitute an urgent 
priority. Once resistance to R is proven, DST to 
antituberculosis fluorquinolones (FQ) and second line 
injectable agents should be the next diagnostic step. This 
would allow a more opportune diagnosis of XDR-TB and 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Scatter plot of the association between baseline Gini coefficient2000 and tuberculosis (TB) incidence for WHO Euro region in 2004. 

(reproduced with permission from the Eur Respir J 2012; 40: 925-930). 
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avoid the use of inefficient drug regimens that would only 
extend the degree of resistance. 

Decreasing Turnaround Times for Culture and DST 
Results 

 Isolation in culture provides for all subsequent testing, 
including identification and antibiotic susceptibility assays. 
The time-honoured proportions method (Canetti, Rist, 
Grosset, 1963 [50] is still considered the gold standard for 
detection of drug resistance to first and second line drugs 
(FLD, SLD), with the exception of pirazinamide. Despite its 
high accuracy and reproducibility for H and R, (and to a 
lesser scale for FQ and SLD, its prolonged turnaround time 
(60 to 120 days) constitutes a major disadvantage of this 
method. Even with direct inoculation from smear positive 
specimens (2+ or 3+), minimal turnaround time for detection 
of resistance to isoniazid and rifampin is about 30 days. 

 Clearly there was an urgent need to shorten the 
turnaround time for diagnosis of drug resistance in order to 
avoid the further clinical deterioration of MDR-TB cases 
being treated with inadequate FLD based regimens 
(generating even more extensive drug resistance) and what is 
more important from epidemiological point of view, to 
interrupt the chain of transmission of drug resistant strains in 
the community by reducing the time during which the patient 
is infectious; there is ample evidence that a patient with 
MDR-TB will remain infectious in spite of being treated 
with FLD regimens [51]. 

Rapid Phenotypic DST 

 The commercial system BACTED 460-TB® was the first 
automated system available for mycobacterial testing [52]; it 
is a radiometric method that allows much shorter turnaround 
times in comparison with the proportions methods; it became 
the state of the art for DST during the 1990´s, but its use has 
been now virtually abandoned due to the inconvenience of 
disposing of the radioactive C14 used in the assay. It was 
substituted by the BACTEC MGIT-960® system, also an 
automated method with short turnaround times. The MGIT-
960® has become a sort of standard method for detection of 
drug resistance to FLD, including pirazinamide. This method 
uses a liquid media (Middlebrook 7 H9) with a fluorescent 
sensor to detect bacterial growing. Depending of the 
concentration of mycobacteria in the sample cultivated, it 
takes an average of 3 weeks from time of inoculation to 
reporting of drug susceptibility [52, 53]. Most often, the 
“indirect susceptibility method” is used, in which growth is 
first isolated in pure culture from clinical specimens, with 
subsequent inoculation of drug-containing broth. The direct 
inoculation of processed samples of AFB positive sputa 
allows the obtention of DST in an average of 11 days, saving 
at least a week of waiting time in relation to the conventional 
indirect inoculation [54-56]. However, direct testing of 
clinical specimens is problematic due to the potential for 
bacterial contaminants and other nontuberculous species, 
resulting in assay failure rates of up to 15%. For this reason, 
most laboratories rely on the indirect method for 
susceptibility testing. One important limitation of these 
automated diagnostic systems is the high cost of the 
reagents. 

 There are more affordable phenotypic methods used 
mainly in developing countries, that WHO recently validated 
under stringent laboratory protocols in reference or national 
laboratories in selected settings [57]. These methods for 
rapid detection of resistance to isoniazid and rifampin 
include the MODS assay, the CRI (Colorimetric Redox 
Indicator) and nitrate reductase assay (Griess method). In 
spite of their economic advantage and in some cases 
technical simplicity, the time for diagnosis of DR-TB was 
not shortened substantially compared with other phenotypic 
methods but they still might be valuable tools in countries 
with limited resources for laboratory diagnosis of DR-TB. 

 It is important to point out that the reliability and 
reproducibility of phenotypic drug testing for most SLD 
(including ethionamide, prothionamide, cycloserine, 
terizidone, p-aminosalicylic acid, clofazimine, amoxicillin-
clavulanate, clarithromycin, linezolid) and even for FLD like 
ethambutol and pyrazinamide, is poor and varies from one 
laboratory to another [58]. 

 It is also important to emphasize that even the fastest 
phenotypic DST systems will have a 10-15 day turnaround 
time in ideal conditions, and though faster than the 
traditional proportions method, is still far from being optimal 
for clinical decision making. 

Rapid Genotypic DST 

 The development of genotypic methods generated a 
genuine revolution in the diagnosis of DR-TB. The 
polymerase chain reaction (PCR) based molecular methods 
(originally developed in 1983) allow for the specific 
identification of M. tuberculosis and the detection of drug 
resistance in a matter of hours instead of weeks. Line probe 
assays (LPAs) are based on reverse hybridization of 
oligonucleotides with specifically designed probes. Two 
methods are currently available for clinical use and results 
can be obtained within 24 hours: Line Probe Assay (LiPA)® 
and the more recent GenoTypeMTBDRplus and 
GenoTypeMTBDRsl® (FLD and SLD respectively). 
GenoType MTBDRplus has the capacity to detect resistance 
to isoniazid and rifampin in clinical isolates and sputum 
samples based on the detection of the most frequent 
mutations associated to isoniazid and rifampin resistance 
(katG, inhA genes for isoniazid and rpoB gene for rifampin). 
Sensitivity and specificity for detection of rifampin 
resistance is over 98% but slightly lower for the detection of 
isoniazid resistance due to the existence of other mutations 
associated with isoniazid resistance not detected by the 
assay. Also, a small proportion of strains resistant to 
rifampin harbour mutations different to that of the rpoB gen; 
resistance associated to those mutations will be detected 
through phenotypic methods and not by molecular 
techniques designed specifically to detect the rpoB mutation 
[59]. 

 The GenoType MTBDRsl
®

 can detect resistance to 
fluoroquinolones, amikacin/capreomycin and ethambutol 
through mutations in the genes gyrA, rrs and embB. The 
overall sensitivity for fluoroquinolones, amikacin, 
capreomycin and ethambutol was, respectively 90.2%, 
83.3%, 86.8% and 59.0% with specificity close to 100% 
[59]. WHO does not recommend its use due to its low 
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sensitivity for SLD; limitations for its use in resource 
constrained settings include the need of especially trained 
personnel, adequate installations and high cost of the assay. 
A comparative cost analysis was done in a developing 
country (Peru) among the MODS, Griess and Genotype 
MTBDRplus techniques; the estimated costs for each test 
were USD $5.33, $5.58 and $63.50, respectively. In a 
programmatic level, the use of the Griess and MODS is 
overwhelmingly more economical than the Genotype, so the 
possibility of using this later assay would be very limited in 
high-burden regions and limited resources [60]. 

 Recently a new technique, the Xpert® MTB/RIF has 
become clinically available; it was designed for point of-
treatment use in low-income countries [61]. The 
XpertMTB/RIF (GeneXpert  system, Cepheid, Sunnyvale, 
California) is an automated molecular test for TB case 
detection and rifampin resistance. In a recent study the 
XpertMTB/RIF demonstrated sensitivities of 98.2% and 
72.5% for detecting TB in smear-positive and smear-
negative tuberculosis, respectively. The test’s specificity was 
99.2% in patients without TB. This new technology is very 
simple to use requiring only electricity and personnel with 
minimal training. Is based on a single-use sample-processing 
cartridge that integrates real-time PCR technology; the assay 
requires a single manual step with minimal sample 
manipulation (sputum liquefaction/inactivation with a 
reagent and its transfer into the test cartridge). The analysis 
is completed automatically by the instrument in about 2 
hours [61]. The method was endorsed by WHO in December 
2010 and a policy statement was released in 2011 [62]. The 
negotiated prices between international donors, a non profit 
organization and the producer, has reduced the cost per test 
to USD $9.98 for public institutions from a list of 145 
countries with high burden of MDR-TB and low income 
economies. A four cartridge machine has a cost of ~USD 
$17,000 plus the costs of yearly manteinance [63, 64]. 

 The XpertMTB/Ri  opens the possibility for cost-
effective point of-treatment application in developing 
countries where MDR-TB prevalence is high and resistance 
to rifampin a strong predictor of MDR-TB. For example, in a 
patient with a history of FLD treatment for TB, and 
symptoms suggestive of relapse, the XpertMTB/Rif  in just 
two hours after the sputum sample is delivered to the 
laboratory, could provide the physician with information 
regarding the presence of M. tuberculosis and its sensitivity 
or resistance to rifampin. If the strain was resistant the 
patient would not be treated again with the same FLD 
regimen received in the past, due to the high probability of 
harbouring an MDR strain; depending on the patient clinical 
status, he or she could either start immediately with an 
empirical SLD regimen or wait for the definitive DST to be 
completed (by phenotypic or genotypic methods) to design 
and individualized regimen. 

 The main limitations of the Xpert  are: a) it only detects 
resistance to rifampin (will also not detect those mutations 
that occur outside of the rpoB core region, mutations that 
amount to ~5% of total mutations that confer resistance to 
rifampin), b) its lower capacity of detection when the 
prevalence of rifampin resistance is low, although sensitivity 
has improving in the new version of the Xpert ; and c) the 
cost and some practical issues to be considered in developing 

countries such as electricity supply and air conditioning 
(required for proper operation of the device). 

 In conclusion, there are now a variety of methods 
available for rapid diagnosis of DR-TB with an ample range 
of costs and detection times. Molecular methods are the 
fastest but also the most expensive. It may be necessary for 
each high burden country to evaluate the cost-benefit of 
implementing molecular methods that though costly, can 
significantly reduce the time to diagnosis compared with 
conventional methods; as a consequence this will curtail the 
transmission of drug resistant strains in the community, a 
fundamental element towards the control of drug resistant 
tuberculosis. 

CHALLENGES IN THE TREATMENT OF MDR-TB 

 As is well known, tuberculosis treatment must be based 
on two significant bacteriological considerations: regimens 
that include multiple drugs to avoid the selection of resistant 
mycobacteria and the need for prolonged duration of 
treatment to ensure the elimination of all bacteria, regardless 
of their metabolic rate (active or latent). Treatment of MDR-
TB then must include at least 4 and up to 5 drugs that has 
never been used by the patient and/or have proven to be 
effective by reliable DST´s. The regimen should include 
drugs in an order based on their bactericidal and sterilizing 
profile as well as their potential toxicity. Antituberculosis 
drugs are traditionally classified in 5 groups (Table 1) [65]. 

Table 1. Antituberculosis Drugs with Potential Activity in 

MDR-TB 

 

Group 1 First line drugs ethambutol, pirazinamide 

Group 2 Fluoroquinolones levofloxacin, moxifloxacin 

Group 3 Injectable agents kamamycin, amikacin, capreomycin 

Group 4 
Bacteriostatic oral 
agents 

cycloserine/terizidon, 
ethionamide/protionamide, p-
aminosalicylic acid (PAS) 

Group 5 
Miscellaneous 
agents (debated 
efficacy) 

clofazimine, linezolid, amoxicillin-
clavulanate, imipenem/cilastatin, 
meropenem/clavulanate, high dose 
isoniazid 

 
 First line drugs (Group 1) that are still effective 
according to DST´s will be included (basically pyrazinamide 
and ethambutol), then only one drug from both group 2 
(fluorquinolones) and group 3 (SLD injectables) will be 
added since drugs in those groups share bacterial target sites 
of action and frequently have cross resistance with drugs 
within the group. Every MDR-TB treatment regimen should 
include a new generation fluorquinolone (high doses of 
either levofloxacin or moxifloxacin) unless there is proof of 
resistance; is important to emphasize however, that although 
class cross resistance is common for fluoroquinolones and 
injectables, it not infrequent that a MTB strain will be 
resistant to one fluorquinolone or injectable but susceptible 
to another. If we need more drugs to create the regimen we 
then choose a drug from group 4 (oral second line agents); 
finally, if it is absolutely necessary we can include drugs 
from group 5, for which (except for thiacetazone) there are 
no clinical trials data to document their efficacy; this has 
been reported only from in vitro studies or animal models. 
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For this reason, drugs from group 5 have been designated as 
reserve drugs due to their low antituberculosis activity and 
frequent adverse reactions and toxicity. 

 An important issue regarding treatment for MDR-TB is 
that a drug that is been employed in a regimen that is failing 
should not be included in the new regimen even if in the 
DST´s the strain is reported as susceptible. In that case the 
drug could be used as an additional drug, but not count as 
one of the four effective drugs that the regimen must include. 
There is a current trend that favours the inclusion of 
pyrazinamide in MDR-TB regimens. The theoretical basis 
for its use is that pyrazinamide is always used under the 
“protection” of H and R in FLD regimens and then only for 
two months, usually before the emergence of resistance. 
Although this might sound as a solid argument, confirmation 
of drug susceptibility is complex or unreliable, even with the 
automated methods. Therefore if pyrazinamide is added to 
the regimen it should not be counted as part of the minimal 
number of effective drugs. 

 Currently, treatment strategy for MDR-TB offers two 
general approaches to treatment on the basis of existing 
program capabilities: 

• Standardized treatment in which all patients with 
MDR-TB receive the same treatment regimen derived 
from predominant patterns of resistance in the 
community in the absence of a complete panel of 
drug susceptibility tests for given case. An alternative 
to this approach is an individually designed empirical 
treatment based on the patient’s previous history of 
anti-TB treatment with consideration of DST data 
from a representative patient population 

• Individualized treatment in which patients with 
MDR-TB receive culture-based DST, and treatment 
regimens are then tailored accordingly 

 Regardless of which strategy is used, the therapeutic 
cornerstone in MDR-TB is the combination of an injectable 
agent and a fluoroquinolone plus at least 2 or 3 drugs with 
potential activity according to treatment drug history and 
DST results. As mentioned, pyrazinamide could be 
considered as an add on, but not count as one of the minimal 
number of effective drugs. 

 A typical standardized regimen for MDR-TB comprises 
an initial phase of at least 6 months, or until 4 months after 
culture conversion, comprising an injectable 
(kanamycin/amikacin or capreomycin) plus a 
fluoroquinolone (levo or moxifloxacin) associated to 
ethionamide, pyrazinamide and cycloserine or PAS, 
followed by a continuation phase with the oral agents for 
about 12 to 18 months [65]. 

NEW ANTITUBERCULOSIS DRUGS 

 Despite the enormous number cases of TB worldwide, 
the therapeutic arsenal to treat this disease continues to be 
very limited, especially for cases with extensive drug 
resistance. One of the reasons for this situation was that in 
the 1970´s unfortunately it was though without good data 
that TB, as with other infectious diseases, was on the brink 
of being eliminated and drug development research was not 
a priority anymore. 

 For the first time in decades, the pipeline of new anti-TB 
agents is now growing again. New drugs and combination of 
drugs with interesting potential efficacy to treat TB, MDR-
TB and XDR-TB have appeared during the last few years. 

 Tsukamura’s published in 1985 [66] the antituberculosis 
activity of the fluorated quinolone ofloxacin in patients with 
intractable TB; it was the first on a class of potent anti-TB 
drugs that inhibit the bacterial DNA gyrase, thereby 
inhibiting DNA transcription and replication. Twenty years 
later, Andries reported a new drug, derived from antimalarial 
quinolines that targeted the proton pump related to ATP 
synthase of M. tuberculosis [67]. The compound originally 
denominated R207910, then TMC207 and finally 
bedaquiline, showed early on a promissory activity against 
TB and DR-TB, although its interaction with rifampin 
precludes its use in combination with the most important 
FLD drug for pan-susceptible TB [68]. 

 In-between these two important developments, an 
oxazolidinone called linezolid (the first drug in this category 
was cycloserine, discovered in 1955) was released in 2000 
for the treatment of Gram positive infections (mainly 
Staphylococcus aureus) and was utilized off-label for MDR-
TB. Linezolid inhibits protein synthesis, and has good 
activity against multidrug-resistant M. tuberculosis, but its 
potential toxicity and elevated cost makes it almost 
unaffordable in developing countries, where is mainly used 
in XDR-TB cases [69] Reduced dosage of linezolid (600 
mg/day and even a quarter of the regular dose, 300 mg a day) 
has still shown efficacy in treatment regimen for MDR and 
XDR-TB; this obviously would reduce the overall cost of 
treatment and make linezolid more affordable [70, 71]. 
Recently in India, patients with MDR and XDR-TB where 
successfully treated (89.7% culture conversion rate) with a 
generic, locally produced linezolid (cost per tablet less than 
$1 USD [72]. New oxazolidinones (PNU-100480 [sutezolid] 
and AZD-5847 [posizolid]) with an expected lower toxicity 
and even greater efficacy are under initial human studies [73, 
74]. 

 This decade has witnessed the rediscovery of old drugs 
with potential activity against DR-TB. Clofazimine, a very 
useful drug in the treatment of leprosy was rediscovered as a 
potential effective anti-TB drug. A systematic review 
recently published including 3,489 MDR-TB patients from 
10 different countries, showed that treatment regimens 
including clofazimine have had a pooled treatment success 
of 62% [75]. However, it is almost impossible to establish 
the individual efficacy of any drug from retrospective studies 
that analyze treatment regimens that include multiple agents. 
The so called “Bangladesh study” showed the effectiveness 
(87.9% relapse free after 2 years of follow-up) of a shortened 
regimen for MDR-TB including clofazimine plus 
gatifloxacin, ethionamide, pirazinamide, high dose isoniazid, 
ethambutol and kanamycin [76]. Obviously, before this 
shortened regimen is considered for widespread use, more 
evidence is needed. 

 The WHO’s group V of drugs include among others 
drugs like carbapenems (imipenem, meropenem) and 
clavulanate that have moderate activity against M. 
tuberculosis in the murine model [77]. A small clinical study 
that included XDR-TB patients with a history of multiple 
treatment regimens, showed some efficacy of salvage 
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regimens that included meropenem and clavulanate [78]. 
There is a report of a paediatric XDR-TB case successfully 
treated with the association of meropenem-clavulanate and 
linezolid [79]. 

 Other compounds with clinical potential of efficacy in 
TB treatment in the near future are the nitroimidazopyrans, 
compounds derived from metronidazole. Particularly two 
molecules, PA-824 [80] and OPC-6783 (delamanid) [81] are 
currently evaluated in Phase III clinical studies. 

 Another promising compound is SQ109, a drug derived 
from ethambutol; it has a similar mechanism of action 
(interferes with the synthesis of the bacterial cell wall) but 
without cross resistance with it. SQ109 has shown in vitro 
synergy with another compound, PNU-100480 [82]. Clinical 
trials are just getting underway for this drug. 

 An interesting, though controversial approach in 
tuberculosis treatment is the use in limited clinical trials, 
based on results in animal model, of combinations of new or 
new and older drugs, with the objective of increasing the 
bactericidal activity of the regimen. A murine model 
measuring sterilizing activity and relapse rate showed that 
the combination of bedaquiline, PA-824, PNU-100480, 
and/or clofazimine proved to be superior to the first-line 
regimen of rifampin, pyrazinamide, and isoniazid. The best 
combination in this study was that of bedaquiline-PNU-
100480. This type of combinations could eventually become 
an effective “universal” standardized regimen for DR-TB 
[83]. 

 In another prospective, early bactericidal activity (EBA) 
study that included new compounds, 80 treatment-naive, 
drug-susceptible patients with uncomplicated pulmonary TB, 
were randomized into 6 groups. During 14 days subjects 
were to receive one of the following regimens: bedaquiline, 
bedaquiline-pyrazinamide, PA-824-pyrazinamide, bedaquiline-
PA-824, PA-824-moxifloxacin-pyrazinamide, or unmasked 
standard antituberculosis as control. The maximum EBA was 
achieved by the combination of PA-824-moxifloxacin-
pyrazinamide. If further proven on larger scale, this kind of 
regimens may be suitable for treating both drug-sensitive and 
drug-resistant tuberculosis [84]. The goal of developing a 
regimen effective on drug-susceptible and drug-resistant M. 
tuberculosis would allow controlling both forms of the 
disease with a single treatment, a desirable goal in resource 
limited regions, where availability of DST are limited or 
non-existent. A foreseeable problem with this approach is 
the virtually unavoidable emergence of mycobacterial 
resistance after the introduction of any new antibacterial 
drug. 

 In conclusion, new and encouraging developments have 
appeared in recent years in the pharmacological horizon for 
the treatment of tuberculosis including DR-TB [85]. Strong 
international mobilization and political will drove a golden 
decade for global health; however, donor support has started 
to decline at a time when many patients still wait for 
treatment and the prices of needed newer medicines are on 
the increase due to patent protection [43]. The development 
of new anti-TB drugs has been slowed down by several 
obstacles. First of all, the TB drug market is associated with 
insufficient profit opportunity or investment return to 
motivate pharmaceutical companies to develop new drugs 

when the cost of developing a new drug is estimated at $115 
to $240 million USD [86]. To be profitable, market prices of 
new drugs must be relatively high, whereas the cost of the 
standard regimen is only about $11 USD per patient [87]. 
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