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ture, identification, and drug susceptibility testing have been developed, and several in-house and commercial genotyping methods for 
speeding drug resistance detection have become available. Despite these significant achievements in drug development and diagnostics, 
drug-resistant TB continues to be difficult to diagnose and treat. Significant international efforts are still needed, especially in the field 
of clinical and operational research, to translate these encouraging developments into effective patient cure and make them readily 
available to resource-constrained settings, where they are most needed.
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Introduction
Tuberculosis (TB) continues to cause more deaths 
worldwide than any other infectious disease. The 
World Health Organization (WHO) estimated that in 
2011, there was 8.7 million cases of TB, with nearly 
1  million deaths among HIV-negative cases and 
0.43  million deaths associated with HIV infection.1 
More than 99% of deaths and 95% of new TB cases 
occur in middle- and low-income countries.2 Together 
with the AIDS pandemic, the emergence of multidrug-
resistant (MDR) TB contributed substantially to the 
resurgence of TB towards the end of the 20th-century, 
just when the disease was thought to be on the verge 
of elimination. MDR-TB poses a serious problem 
worldwide because its definition implies simultane-
ous resistance to the two most effective drugs avail-
able for treating TB, including isoniazid (INH) and 
rifampicin (RIF). The last reported data on global 
TB drug resistance shows the highest MDR-TB rates 
ever observed.3

Shortly after the advent of TB chemotherapy in 
the late 1940s, drug-resistant strains of the causative 
agent, Mycobacterium tuberculosis, were noted to 
emerge upon mono-therapy, a finding that promoted 
the early design and administration of combined drug 
schemes. Today, drug-resistant TB is difficult to diag-
nose and treat. It poses a challenge not only to the 
clinical management of individual patients but also 
to the success of rational public health interventions 
designed to control the disease. One such interven-
tion, and a primary one, is the directly observed ther-
apy, short course (DOTS) strategy, which includes 
universal administration of standardized therapeutic 
schemes containing first line anti-TB drugs, including 

INH, RIF, pyrazinamide, and ethambutol. The global 
implementation of DOTS has contributed to reduce 
global TB rates but is insufficient to curb TB when 
implemented alone in settings with high levels of 
drug-resistant TB.4,5

Drug-resistant TB is a form of disease caused by 
tubercle bacilli with resistance to any anti-TB drug 
and can be classified in mono-, poly-, multi-, and 
extensively drug-resistant TB (see Box 1). MDR-TB 
is a major cause of treatment failure and its quantifi-
cation is regarded as a reliable measure of the drug 
resistance problem in a given setting. Standard six-
month schemes with first-line drugs are ineffective 
in MDR-TB cases, which require at least two-year 
treatments with less powerful, more harmful, and 
more costly second-line drugs. It should be empha-
sized, however, that all forms of drug-resistant TB 
are dangerous since administering a standard thera-
peutic scheme to an undetected case of mono-drug 
resistance to INH or RIF can easily lead to amplifica-
tion of drug resistance.6 For this reason, international 
organizations led by WHO currently recommend that 
the programmatic management of drug-resistant TB 
should address all its forms as a whole, from mono-
drug-resistant TB to extensively drug-resistant TB 
(XDR-TB).7

Globally, 3.7% of new TB cases and 20% of previ-
ously treated TB cases were estimated to be MDR-TB 
cases in 2011. There were an estimated 310,000 (range 
220,000–400,000) MDR-TB cases among notified 
TB patients with pulmonary TB. Nearly 60% of these 
cases were reported in India, China, and the Russian 
Federation (Fig.  1). Extensively drug-resistant TB 
(XDR-TB) has been identified in the 84 countries 

Mono drug-resistant TB: disease caused by M. tuberculosis strains resistant to a
single drug (most commonly isoniazid or streptomycin mono-resistant strains)

Poly-resistant TB: disease caused by M. tuberculosis strains resistant to two or more
drugs, except those which are simultaneously resistant to isoniazid and rifampicin (most
commonly resistant to isoniazid and streptomycin)
Multidrug-resistant TB (MDR-TB): disease caused by M. tuberculosis strains resistant
to at least isoniazid and rifampicin

Extensively drug-resistant TB (XDR-TB): disease caused by multidrug-resistant M.
tuberculosis strains with additional resistance to at least one fluoroquinolone and one
of the three injectable second line anti-TB drugs (kanamycin, amikacin and capreomycin)

Box 1. Classification of drug-resistant tuberculosis.
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Figure 1. New (above) and previously treated (below) cases of tuberculosis with multidrug-resistant tuberculosis in the world.a 
Notes: *MDR-TB multidrug-resistant tuberculosis (resistance to, at least, isoniazid and rifampicin). Figures are based on the most recent year for which 
data have reported, which varies among countries. The boundaries and names shown and the designations used on this map do not imply the expression 
of any opinion whatsoever on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, 
or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines for which there may not 
yet be full agreement.
Source: World Health Organization, Global Tuberculosis Report 2012.1

where it was investigated (Fig. 2). The average pro-
portion of MDR-TB cases with XDR-TB is 9.0% 
(6.7%–11.2%).1

The clinical management of drug-resistant TB 
cannot be addressed as an independent entity because 
it is closely dependent upon laboratory diagnosis, 
programmatic guidelines/interventions, and epide-
miological setting. Within this broad scope, the pres-
ent review depicts the global situation of MDR-TB, 
describes the problems associated with the clini-
cal management of drug-resistant TB in resource 

constrained settings, and analyzes the availability of 
efficient, easy to implement, and affordable diagnos-
tic tools and therapeutic approaches.

Global Distribution of High Burden 
Countries for MDR-TB
High burden countries for MDR-TB are defined as 
those with 4,000 or more incident MDR-TB cases 
per year, and/or at least 10% of MDR-TB among 
newly registered TB cases. The 27 countries with 
high MDR-TB burden account for 86% of all 
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MDR-TB cases worldwide. Only 4 are found in 
Africa, despite the fact that this continent contributes 
to the TB pandemic with 9 of the 22 high TB bur-
den countries. The other high burden countries for 
MDR-TB are located in Asia and the former Soviet 
Union. These countries likely had wider access than 
African countries in administering anti-TB drugs 
under poor-quality management, thus promoting the 
development of bacillary drug resistance. The wide-
spread presence of M. tuberculosis strains of the 
Beijing genotype family in Eastern European and 
Asian countries seems to be another factor favoring 
the emergence of MDR-TB there. Reputedly, Beijing 
strains have selective advantages over other strains 
for disseminating in the community and developing 
drug resistance.8

TB is unquestionably associated with poor 
resource settings. The World Bank ranks countries 
according to their annual gross national income per 
capita in low, lower-middle, upper-middle, and high 
income economies.9 Understandably, most countries 
with high TB burden are in the low income group. 
This is not the case for high burden MDR-TB, for 
which 70% of the countries are classified as middle 
income economies, and there is even other which has 
reached the high-income economy group (Box 2). 
Only 7 countries with a high burden for MDR-TB are 
classified in the low income group, which is encour-
aging in regards to the financial costs of efforts needed 
to alleviate the global MDR-TB situation. Indeed, 
diagnosis and treatment of MDR-TB are much more 
expensive and require more infrastructure and higher 

At least one case reported

No cases reported

Not applicable

Figure 2. Countries reporting at least one case of extensively-drug-resistant tuberculosis by the end of 2011.
Source: World Health Organization, Global Tuberculosis Report 2012.1

Low income economy (<1,026 USD; 7 countries) 

Bangladesh, DR Congo, Ethiopia, Kyrgyzstan, Myanmar, Nigeria, Tajikistan  

Lower-middle income economy (1,026–4,035 USD; 10 countries) 

Armenia, Georgia, India, Indonesia, Pakistan, Philippines, Republic of Moldova, Ukraine, 
Uzbekistan, Viet Nam

Upper-middle income economy (4,036–12,475 USD; 9 countries) 

Azerbaijan, Belarus, Bulgaria, China, Kazakhstan, Latvia, Lithuania, Russian Federation, 
South Africa 

High income economy (>12,475 USD; 1 country)

Estonia 

Box 2. The 27 high burden MDR-TB countries classified according to their economies.9
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qualified human resources than standard strategies 
for controlling TB in low-resource countries, which 
are mainly based on sputum microscopic examina-
tion and first-line drug regimens. The fact that most 
countries with high MDR-TB burden have better 
economies contributes, but is not sufficient, to allevi-
ate the complex MDR-TB problem in large areas of 
the world. Along with economic constraints, there are 
technical, human resource, administrative, and socio-
cultural issues that hinder the implementation of 
sound strategies for controlling MDR-TB in middle 
income countries. In addition, these countries seldom 
qualify for significant financial support from inter-
national aid organizations. Even when they receive 
support to launch or reinforce a given management 
strategy, sustainability based on their own resources 
is often jeopardized by bureaucracy, political mis-
management, or other domestic constraints.

Treatment Regimens  
for Drug-Resistant TB
The current treatment of drug-resistant TB is based 
on either standardized regimens or individualized 
schemes designed according to results of drug sus-
ceptibility testing. Management options depend on 
financial resources as well as on strengths and weak-
nesses of the TB program in each setting. Limiting 
issues are largely related to health administration 
efficiency, human resource competence, laboratory 
infrastructure, equipment maintenance, and sustain-
ability of supply importation, among others.

Pharmacological characteristics of first- and 
second-line drugs currently used for treating drug-
resistant TB are shown in Tables 1 and 2. The most 
frequent drug resistance profiles and treatment regi-
mens suggested by the WHO are summarized in 
Table  3.7,16 Mono-resistant and poly-resistant TB 
are, by definition, easier to manage than MDR-TB 
because at least one of two potent drugs, ie, INH or 
RIF, is still available for inclusion in the therapeutic 
scheme. MDR-TB cases with additional resistance to 
only one of the XDR-defining drugs (ie fluoroquino-
lones and injectable second-line drugs) show worse 
outcomes than other forms of MDR-TB; thus, these 
cases are regarded as pre-XDR-TB.10 Understandably, 
XDR-TB is the most difficult form to treat because 
the most active groups of second-line anti-TB drugs 
are ineffective in these cases. The emergence of TB 

cases with resistance extended beyond the defini-
tion of XDR-TB has been recently documented and 
allegedly classified as a new form of drug-resistant 
TB. However, drug susceptibility testing for many 
second-line drugs is still difficult to standardize and 
there is not sufficient evidence relating in vitro resis-
tance to such drugs with clinical outcome. For these 
reasons, WHO experts do not endorse the coining of 
terms such as “totally drug-resistant TB” to define 
those extremely severe cases of TB.11

Treatment of mono- and poly-drug 
resistant TB
The most common forms of mono-resistant TB are 
INH and streptomycin resistance. The latter resis-
tance reflects the widespread use of streptomycin in 
the past and does not represent a main threat to TB 
management since this drug is currently not included 
in standardized regimens. RIF mono-resistance is 
less frequent but much more dangerous because it is a 
strong predictor of MDR-TB and, even as monodrug-
resistance, it predicts treatment failure.12

In countries with limited resources, systematic drug 
susceptibility testing is not typically performed, drug 
resistance remains largely undetected, and cases of 
treatment failure and relapse are empirically treated. 
Hence, there is little evidence-based data regard-
ing treatment outcomes of mono-drug resistant TB. 
An early review on clinical trials performed in Sub-
Saharan and East Asian countries showed very low 
rates of treatment failure for INH-resistant TB when 
treated with 6-month regimens containing RIF, similar 
to the 2% failure observed under a highly proficient 
TB program in San Francisco, USA.13,14 In contrast, a 
recent meta-analysis found much higher failure rates 
for retreatment of INH-resistant TB (18%–44% in six 
cohort studies).15

TB patients with previously undetected INH-
resistance who undergo standard anti-TB treatment 
regimens are at risk of drug resistance amplification at 
the beginning of the second phase, which consists of 
INH and RIF only. If bacteriological conversion does 
not occur one month later, ie, by the fourth month 
after the onset of treatment, drug susceptibility test-
ing is imperative. Drug regimens recommended by 
the WHO for INH-resistant TB last 9 months. They 
consist in an initial 3-month phase which includes 
RIF, pyrazinamide, and ethambutol, with/without 
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streptomycin or a fluoroquinolone, followed by a 
6-month continuation phase which typically includes 
RIF and ethambutol.16 However, the level of evidence 
for any INH-resistant disease treatment is relatively 
weak and practices vary globally.

Standardized treatments for mono-RIF resistant 
TB extend longer, for 12–18 months, depending on 
the clinical presentation and the clinical/radiological/
bacteriological evolution. Close medical follow-up 
is mandatory to avoid drug resistance amplification. 
Drug schemes typically include a 3-month initiation 
phase with INH, ethambutol, pyrazinamide, one fluo-
roquinolone, and streptomycin.16

Among poly-resistant TB, the most frequent 
combination is simultaneous resistance to INH plus 
streptomycin, which is managed using the same ther-
apeutic schemes as used for INH-monoresistant TB. 
Other combinations are rare, can be detected only in 
settings where drug susceptibility testing is available, 
and no recommendation on standardized treatment 
based on evidence is available for these cases.

Treatment of MDR-TB
Several years ago, the WHO defined the five groups of 
anti-TB drugs potentially useful for MDR-TB.16 This 
classification, which has been the basis for subsequent 
updated guidelines, is currently under revision.7,17 
A slightly modified list is shown in Box 3.

The basis of current MDR-TB treatment consists 
of a combination of one injectable agent (kanamycin/
amikacin or capreomycin) and one fluoroquinolone 
(levofloxacin or moxifloxacin) associated with at 
least three potentially active drugs according to the 
patient’s previous drug scheme and, if available, 
the results of drug susceptibility testing. A typical 
standardized regimen for MDR-TB consists of an 
8-month initial phase of cycloserine, ethionamide, 
and pyrazinamide or PAS (in addition to a fluoroqui-
nolone plus a second line injectable drug), and a con-
tinuation phase with oral agents for approximately 
14–16 months (Box 4).

If the patient already received second-line drugs, 
there is an enhanced risk of amplifying the resistance 
to these drugs and eventually of generating XDR-TB. 
PAS should be used rather than pyrazinamide, and 
capreomycin instead of injectable aminoglycosides, 
until results of susceptibility tests to second-line drugs 
are available. There is little flexibility for personalized 

treatments beyond these schemes since they must 
be restricted within the frame of drug classification. 
Truly personalized treatments are those administered 
to patients with pre-XDR- and XDR-TB.5,16,18

The prognosis of MDR-TB does not necessarily 
differ between high and low income countries when 
patient management is performed under strict pro-
grammatic conditions.19 By 2011, approximately half 
of countries globally reported outcomes of at least 
one MDR-TB case under programmatic management 
of drug-resistant TB. The average success rate (cured 
patients plus finished treatment) according to the 
WHO oscillated between 48%–54%.1 Specifically, 
21 of the 27 countries with a high MDR-TB burden 
reported outcomes for 2009 cohorts. The proportion 
of successful treatments varied considerably among 
the 21 countries, independently of their income. 
When classified according to low, lower-middle, 
upper-middle, and high income economies, no signif-
icant differences were observed between categories 
regarding average success rates (Table 4).

Treatment of XDR-TB
The treatment of XDR-TB depends on bacteriological 
results and the history of previous treatments for TB, 
which typically include second-line drugs. The results 
of susceptibility testing to second-line drugs are not as 
reliable as the results of susceptibility to RIF and INH. 
Although there are no standardized schemes, treat-
ment generally includes an injectable drug (imipenem, 
meropenem-clavulanate), moxifloxacin (considered 
to be the most effective fluoroquinolone), linezolid, 
clofazimine, and the drugs in groups 1–4 considered 
as possibly still effective. Some new drugs are avail-
able for patients enrolled in compassionate treatment 
programs.20 It should be stressed, however, that the use 
of these drugs is limited to a small number of patients 
who must be hospitalized under isolated conditions 
and under strict medical control. In any case, the prog-
nosis of these severe forms of TB is somber and cure 
rates are below 50%.

The Bangladesh regimen
A alternative regimen for MDR-TB, which is cheaper 
and much shorter than current standard MDR-TB 
treatments, is currently being applied in Bangladesh.21 
Drugs used throughout the entire Bangladesh regi-
men include clofazimine, ethambutol, pyrazinamide, 
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Table 2. Second-line anti-TB drugs used in the treatment of drug-resistant TB.

Drug Daily dose via Presentation Adverse effects Use in pregnancy Central nervous system penetration Dose in renal failure
Kanamycin/amikacin 
(full cross-resistance  
is common but not  
universal)

15 mg/kg/d IM o EV  
in slow perfusion

Ampoules, 1 g  
(kanamycin); ampoule,  
500 mg (amikacin)

Ototoxicity 
Nefrotoxicity

Contra-indicated Low levels even with injured meninges Adjust dose according to creatinine clearance; 
usual dose post-hemodialysis

Capreomycin 15 mg/kg/d IM Ampoules, 1 g Ototoxicity 
Nefrotoxicity

Contra-indicated Does not trespass meninges Adjust dose according to creatinine clearance; 
usual dose post-hemodialysis

Ethionamide/ 
prothionamide

15 mg/kg/d oral Tablets, 250 mg Metallic taste 
Nausea, vomiting  
Hepatotoxicity (2%) 
Neurotoxicity 
Hypothyroidism

Contra-indicated (teratogenic  
for laboratory animals)

Reaches serum levels 250–500 mg/d when creatinine  
clearance , 30 mL/min and on hemodialysis  
treatment

Cycloserine/terizidone 10–15 mg/kg/d oral Capsules, 250 mg Neurotoxicity: convulsions  
Depresion, psicosis

Can be used in the absence  
of alternative drugs

Reaches serum levels Adjust dose according to creatinine clearance; 
500 mg/d post-hemodialysis

PAS (p-amino salicylic) 150–200 mg/k/d oral Tablets, 0.5 and 1 g,  
powder 4 g

Digestive intolerance 
Rash 
Hypothyroidism 
Toxic hepatitis

Yes Trespasses meninges Usual doses

Levofloxacin 750 mg/d oral Tablets, 500 and 
750 mg;Ampoules  
500 mg EV; do not 
administer with  
antiacids

Tendinitis (most frequently  
affecting the Achilles tendon) 
Neurotoxicity: convulsions,  
excitability, delirium, QT prolongation 
Gastrointestinal disorders 
Rash 
Photosensitivity

Can be used in the absence  
of alternative drugs

16%–20% of serum levels Adjust dose according to creatinine clearance 
(it is not eliminated by hemodialysis  
treatment)

Moxifloxacin 400 mg/d oral Tablets, 400 mg Tendinitis (most frequently  
affecting the Achilles tendon) 
Neurotoxicity: convulsions,  
excitability, delirium, QT prolongation 
Gastrointestinal disorders 
Rash 
Photosensitivity

Can be used in the absence  
of alternative drugs

Comparable to other fluoroquinolones  
in animal models

Adjust dose according to creatinine clearance 
(it is not eliminated by hemodialysis 
treatment)

Table 3. Most frequent drug resistance profiles and treatment regimens suggested by the World Health Organization.7,16

Isolate resistance profile Initial phase Continuation phase
Monoresistant to INH 3* RIF + Z + E + S/Lfx 6 RIF + E
Monoresistant to RIF 3 INH + E + Z + (S/Lfx) 9-12 INH + E (+Lfx)
Polyresistant to INH and S 3 RIF + Z + E + Lfx 6 RIF + E
Multidrug-resistant without previous treatment  
with second-line drugs

8 K + Lfx + Cs + Eto + Z 14-16 Lfx + Cs + Eto + Z

Multidrug-resistant with previous treatment  
with second-line drugs

8 Cm + Mfx + Cs + Eto + PAS 16 Mfx + Cs + Eto + PAS

Extensively drug-resistant Individualized treatment using remaining potentially active drugs 
of groups I to IV plus group V drugs, and including, if possible, 
one injectable drug in the initial phase

Note: *Months of treatment.
Abbreviations: INH, isoniazid; RIF, rifampicin; Z, pyrazinamide; E, ethambutol; S, streptomycin; Lfx, levofloxacin; K, kanamycin; Cm, capreomycin;  
Cs, cycloserine; Eto, ethionamide; Mfx, moxifloxacin; PAS, para-aminosalicylic acid.

and high-dose gatifloxacin. Kanamycin, prothion-
amide, and high-dose isoniazid are used only during 
the intensive phase. This initial phase extends for at 
least 4 months or until sputum smear conversion. The 
continuation phase lasts only 5 months. The original 

study showed a cure rate over 80% in 206 patients 
treated with this regimen. To date, the scheme has 
been applied to more than 400 patients with follow-
ups of 6–24 months after completion of therapy and 
87% cure rates (Van Deun A, personal communication, 
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Table 2. Second-line anti-TB drugs used in the treatment of drug-resistant TB.

Drug Daily dose via Presentation Adverse effects Use in pregnancy Central nervous system penetration Dose in renal failure
Kanamycin/amikacin 
(full cross-resistance  
is common but not  
universal)

15 mg/kg/d IM o EV  
in slow perfusion

Ampoules, 1 g  
(kanamycin); ampoule,  
500 mg (amikacin)

Ototoxicity 
Nefrotoxicity

Contra-indicated Low levels even with injured meninges Adjust dose according to creatinine clearance; 
usual dose post-hemodialysis

Capreomycin 15 mg/kg/d IM Ampoules, 1 g Ototoxicity 
Nefrotoxicity

Contra-indicated Does not trespass meninges Adjust dose according to creatinine clearance; 
usual dose post-hemodialysis

Ethionamide/ 
prothionamide

15 mg/kg/d oral Tablets, 250 mg Metallic taste 
Nausea, vomiting  
Hepatotoxicity (2%) 
Neurotoxicity 
Hypothyroidism

Contra-indicated (teratogenic  
for laboratory animals)

Reaches serum levels 250–500 mg/d when creatinine  
clearance , 30 mL/min and on hemodialysis  
treatment

Cycloserine/terizidone 10–15 mg/kg/d oral Capsules, 250 mg Neurotoxicity: convulsions  
Depresion, psicosis

Can be used in the absence  
of alternative drugs

Reaches serum levels Adjust dose according to creatinine clearance; 
500 mg/d post-hemodialysis

PAS (p-amino salicylic) 150–200 mg/k/d oral Tablets, 0.5 and 1 g,  
powder 4 g

Digestive intolerance 
Rash 
Hypothyroidism 
Toxic hepatitis

Yes Trespasses meninges Usual doses

Levofloxacin 750 mg/d oral Tablets, 500 and 
750 mg;Ampoules  
500 mg EV; do not 
administer with  
antiacids

Tendinitis (most frequently  
affecting the Achilles tendon) 
Neurotoxicity: convulsions,  
excitability, delirium, QT prolongation 
Gastrointestinal disorders 
Rash 
Photosensitivity

Can be used in the absence  
of alternative drugs

16%–20% of serum levels Adjust dose according to creatinine clearance 
(it is not eliminated by hemodialysis  
treatment)

Moxifloxacin 400 mg/d oral Tablets, 400 mg Tendinitis (most frequently  
affecting the Achilles tendon) 
Neurotoxicity: convulsions,  
excitability, delirium, QT prolongation 
Gastrointestinal disorders 
Rash 
Photosensitivity

Can be used in the absence  
of alternative drugs

Comparable to other fluoroquinolones  
in animal models

Adjust dose according to creatinine clearance 
(it is not eliminated by hemodialysis 
treatment)

February 2013). Overall drug-resistance rates in 
Bangladesh are low and patients previously treated 
with second-line drugs are excluded from this regimen. 
Thus, before a wide recommendation of this very con-
venient regimen is made, more evidence should be 
gathered, particularly from areas with higher back-
ground drug-resistance than Bangladesh.

A difficult issue: management  
of adverse drug reactions
Adverse drug reactions frequently occur in patients 
treated with second-line anti-TB drugs. The man-
agement of these situations requires expertise and 
availability of ancillary drugs. The problem became 
evident as a programmatic challenge as soon as the 

1. First line drugs: ethambutol, pirazinamide 

2. Injectable agents: streptomycin, kanamycin, amikacin, capreomycin 

3. Fluoroquinolones: levofloxacin, moxifloxacin

4. Bacteriostatic oral agents: cycloserine/terizidon, ethionamide/prothionamide, 
    p-aminosalicylic acid (PAS) 

5. Miscelaneous agents (efficacy discussed): clofazimine, linezolid, amoxicillin-
    clavulanate, imipenem/cilastatin, meropenem/clavulanate, high dose isoniazid; 
    bedaquiline

Box 3. Antituberculosis drugs with potential activity against MDR-TB.
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Table 4. Percentage of successful treatments in 2009 
MDR-TB cohorted cases under programmatic manage-
ment of drug-resistant TB in 21 of the 27 countries with 
high burden of MDR-TB classified according to their econ-
omies (data downloaded on May 3, 2013 from www.who.
int/tb/data).

Country No. patients % success
Lower income
  Bangladesh 167 62.8
  DR Congo 177 32.7
  Ethiopia 73 53.6
  Kyrgyzstan 545 35.4
  Myammar 64 73.0
  Takijistan 52 71.1
Lower middle income
  Armenia 134 51.0
  Georgia 503 53.7
  India 715 52.8
 P akistan 74 60.8
 P hilippines 394 53.8
  Ukraine 3299 27.4
  Uzbekistan 464 61.4
 V ietnam 101 73.3
Upper middle income
  Bulgaria 43 18.6
  China 260 46.1
  Latvia 131 58.7
  Lithuania 322 30.0
  South Africa 4654 42.2
  Kazakhstan 3897 73.1
High income
  Estonia 85 41.1

Notes: Lower income countries (n:6) Mean (SD): 54.8% (15.9); lower 
middle income countries (n:8) Mean (SD) 54.3% (12.2); upper middle 
income countries (n:6) Mean (SD): 44.8% (17.8).

DOTS plus projects was launched.22 In many devel-
oping countries, second-line drugs for treating drug-
resistant TB are provided free of cost by the Public 
Health System, while ancillary drugs are not. Thus, 
adverse drug reactions result in a lack of adherence 
for patients who cannot afford expensive medicines 
such as corticosteroids. In addition, therapeutic drug 

monitoring, which plays an important role in the 
management of adverse drug reactions, is virtually 
unavailable in developing countries.

Treatment costs
According to a recent review, the main factors influ-
encing treatment costs are the choice of second-line 
drugs included in the treatment regimen and the 
model of care chosen (hospitalization versus ambula-
tory care). The outpatient model of care is more cost-
effective than the inpatient model. Again, it should 
be stressed that ambulatory treatment, a convenient 
choice for managing MDR-TB, is far from ideal for 
treating XDR-TB, where drug combinations must be 
meticulously handled and monitored to avoid further 
resistance amplification to the few drugs that remain 
potentially active in these cases.23

Quality-assured medicines for treating drug-
resistant TB are expensive. The cost of a 24-month 
drug regimen that includes capreomycin, moxifloxa-
cin, cycloserine, ethionamide, and pyrazinamide 
ranges between 3,950 and 5,250 USD, depending on 
the manufacturer. According to WHO guidelines, the 
cost of the cheapest 24-month regimen, which includes 
kanamycin and levofloxacin, amounts to 2,268 USD.

Medicines with lower prices, but that are not 
quality-assured, are available on the market and have 
become a tempting option for low and medium income 
countries. Unfortunately, these less expensive medi-
cines are often low-standard or even adulterated. This 
type of drug may not reach therapeutic levels, and in 
this way promote amplification of the resistance pat-
tern of the patient’s infecting strain. In fact, the wide-
spread use of these drugs in low-resource settings is 
one of the factors putting the success of global efforts 
to control resistant TB at risk.24–26

Russia, India, China, and South Africa, four of the 
five newly developed BRICS economies, account for 

Initiation phase (8 months): Kanamycin (o Capreomycin) + Levofloxacin (or
moxifloxacin) + Cycloserine + Ethionamide + Pyrazinamide (or PAS)

Continuation phase (14–16 months): Levofloxacin (or moxifloxacin) + Cycloserine +
Ethionamide + Pyrazinamide (or PAS) 

Box 4. Standardized regimen for MDR-TB.
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more than 60% of drug-resistant TB cases worldwide. 
Market expansion of TB medicines and the expected 
subsequent lowering of prices depend on the com-
mitment of these countries to produce and/or acquire 
quality-assured drugs. In particular, China and India 
are important producers of second-line drugs, but 
only part of their production is quality-assured. 
These countries are making considerable efforts 
to fully adjust their pharmacological industries to 
the international quality standards according to the 
WHO.27

Through the Global Drug Facility, the WHO medi-
ates the acquisition of quality-assured second-line 
TB drugs using a pooled procurement mechanism 
to make lower prices available in the global market. 
Currently, many national TB control programs ben-
efit, at least partially, from this international effort 
to facilitate access to quality-assured drugs. Several 
international donors, such as the Gates Foundation, 
UNITAIDS, and PEPFAR, play a crucial role as 
external sources of funding for countries with the 
lowest income economies. As described above, many 
countries with a high burden of MDR-TB have bet-
ter economic profiles than countries with a high TB 
burden. Thus, most should be able to afford, at least 
partially, the purchase of quality-assured second-line 
TB drugs.28

New anti-TB agents
The search for new anti-TB agents has been neglected 
for decades on the assumption that the disease was 
close to elimination. The emergence of MDR-TB 
in the 1990s and of XDR-TB in the 2000s fostered 
research on anti-TB drug development. New drugs, 
drug combinations, and re-purposed drugs potentially 
useful for treating MDR/XDR-TB have been recently 
proposed and are currently under evaluation.29,30 Some 
can be prescribed to a limited number of patients in 
resource-constrained settings within the frame of 
compassionate use programs supported by interna-
tional aid organizations.

The discovery of ofloxacin inaugurated a new gen-
eration of anti-TB drugs. The use of this compound 
in patients with intractable TB was first described 
in 1985.31 Ofloxacin belongs to a group of fluorated 
quinolones with strong anti-TB activity, which 
inhibit microbial DNA replication and transcription 

by interfering with DNA gyrase. Newer generation 
fluoroquinolones with demonstrably higher anti-TB 
activity, including levofloxacin and moxifloxacin, are 
already incorporated into standard regimens for drug-
resistant TB.

Linezolid was approved in 2000 for human use as 
an antimicrobial agent and is especially active against 
Gram-positive bacteria. Like cycloserine, it belongs 
to the oxazolidinone group of compounds that act by 
inhibiting microbial protein synthesis. Linezolid has 
been successfully included in the therapeutic schemes 
of patients failing MDR-TB treatment. Two major 
disadvantages, including toxicity upon prolonged use 
and high cost, preclude its generalized prescription 
in resource-constrained settings, where it is mainly 
reserved for treatment of XDR-TB.32 Allegedly, costs 
and toxicity can effectively be reduced by lowering 
doses to a quarter of the usual dose.33 Additionally, 
an inexpensive generic version of the compound has 
been released in India with good therapeutic results.34 
Linezolid analogs with higher anti-TB activity 
and lacking adverse effects, such as PNU-100480 
(sutezolid), are currently under evaluation in human 
volunteers.35–37

Clofazimine is an example of repositioned drug.30 
Described in 1957 as an anti-TB drug, this lipophilic 
riminophenazine was used with success in treating 
leprosy and included in standard regimens for this 
disease. The recent emergence of MDR/XDR-TB 
has renewed interest in its anti-TB activity, and the 
drug has been evaluated in therapeutic combinations 
for these forms of TB. Overall, variable success and 
no severe side effects were reported.38,39 Clofazimine 
has also been included in the successful Bangladesh 
scheme described above.21

Other drugs repurposed for anti-TB treatment are 
the broad spectrum beta-lactam antibiotics. In partic-
ular, two carbapenems, imipenem, and meropenem, 
showed moderate efficacy in an experimental model 
of M. tuberculosis infection as well as in combination 
treatment of MDR- or XDR-TB.40–44

Nitroimidazopyrans are novel small molecules 
derived from metronidazole. They are active against 
TB by inhibiting the synthesis of mycolic acids. OPC-
6783 (delamanid) and PA-824 are already in advanced 
clinical trials.45–47 Delamanid is expected to be 
approved by the US Food and Drug Administration.28 
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Another new compound interfering with bacilli cell 
wall synthesis is SQ109.48 Although this molecule is 
derived from ethambutol, it shows no cross resistance 
with it. Interestingly, synergy has been demonstrated 
between SQ109 and the linezolid analogue PNU-
100480, which shows promise for the combined use 
of these novel drugs.49 SQ109 is currently under eval-
uation in clinical trials.50

The diarylquinoline R207910 was first described 
in 2005. It is derived from the structure of the anti-
malarial quinolines but has specific anti-mycobacterial 
activity by inhibiting the proton pump of myco-
bacterial ATP synthase.51 R207910 is also known 
as TMC207, the ‘J’ compound, and more recently, 
bedaquiline. At the end of 2012, it was licensed in 
the United States for use in MDR-TB with the warn-
ing of cardiac arrhythmias associated with a pro-
longed QT interval. It has a potent anti-TB activity 
but interferes with RIF; therefore, these drugs should 
not be combined for treating pansusceptible TB.52 
Regimens including bedaquiline showed higher effi-
cacy but also higher toxicity than standard regimens 
for MDR-TB.53,54

One approach to anti-TB therapeutic development 
consists of using mouse models of infection to com-
pare assorted combinations of new and old drugs, 
aimed at achieving an enhanced bactericidal activ-
ity and shortening treatment duration.55 The most 
promising schemes are then applied in clinical tri-
als as candidates for standardized drug-resistant TB 
regimens.56 The synergy between the ethambutol-like 
SQ109 and the linezolid-derived PNU-100480 is a 
successful outcome of this approach.49

The so-called early bactericidal activity is cur-
rently being assessed as a measure of the efficacy of 
new drugs, or drug combinations, when administered 
for a brief period to volunteer patients with pulmonary 
TB before starting conventional anti-TB treatment. It 
consists of comparing the decrease in counts of viable 
M. tuberculosis bacilli (expressed as colony-forming 
units) observed in sequential sputum specimens from 
patients with different experimental drug schemes.57 
In a paradigmatic study, the combination of pyrazin-
amide plus moxifloxacin plus PA824 achieved maxi-
mum early bactericidal activity.55 Provided that results 
like this are further validated, they may approach 
the goal of a single standard regimen for treating 

pansusceptible TB as well as drug-resistant TB. This 
kind of regime would be the most useful in resource-
constrained settings where drug susceptibility testing 
is not available.55 The widespread emergence of drug 
resistance, however, is a predictable outcome of the 
standardized application of this type of scheme in the 
absence of proper laboratory monitoring.

Briefly, a wide spectrum of new and repurposed 
drugs has proven useful for treating drug-resistant 
TB in recent years. Much effort is still needed, par-
ticularly in the field of clinical research, to translate 
these promising achievements into effective patient 
cures and make them readily available in resource-
constrained settings. Certain limitations still need 
to be addressed, especially those inherent to the 
TB drug market, that discourage pharmaceutical 
companies, including patent protection, unfavor-
able investment-return relation, and exiguous profit 
opportunity.28

Role of the Laboratory in the 
Management of Drug-Resistant TB
The clinical management of drug-resistant TB primar-
ily aimed at treating and curing individual patients, 
is closely dependent on programmatic interventions 
designed to control the disease in the community. 
Indeed, administration of effective treatment implies 
the fulfillment of several requisites, particularly labo-
ratory support. The laboratory plays a key role not only 
in the detection of individual drug-resistant TB cases 
but also in the monitoring of treatment and in the sur-
veillance of drug resistance levels in the community. 
Thus, for appropriate management of drug-resistant 
TB, both at the clinical and the programmatic level, 
there is an urgent need to strengthen laboratory capac-
ity, proficiency, and safety in resource-constrained 
settings, and most importantly, to attain political will 
to ensure sustainability of these improvements.7

In many low resource countries, current labo-
ratory diagnosis of TB relies largely upon direct 
microscopic observation of stained sputum smear. 
Mycobacterial culture and drug susceptibility test-
ing of the isolated M. tuberculosis bacilli, which are 
the basis of drug-resistant TB diagnosis and surveil-
lance, require highly qualified human resources and 
biosafety level 3 laboratory facilities. Typically, in 
many low, and even in medium, resource countries, 

http://www.la-press.com


Drug resistant tuberculosis in low-resource settings

Clinical Medical Insights: Therapeutics 2013:5	 129

these conditions are fulfilled only in reference 
laboratories.2

Phenotypic drug susceptibility testing
The proportion method for M. tuberculosis drug sus-
ceptibility testing allows the calculation of the pro-
portion of resistant bacilli grown on solid medium in 
the presence of a drug at a given concentration.58 As 
this 50-year-old test is accurate and relatively inex-
pensive compared with modern culture systems, it is 
still applied as the gold standard in many countries, 
particularly in those with medium and low income.

Drug susceptibility testing on solid medium is labor 
intensive, requires expertise, and takes 6–8 weeks to 
produce results. Semi-automated culture systems on 
liquid media were developed in the 1980s, which 
shortened turn-around-times to 2–3 weeks. Among 
these, the BACTEC TB-460  radiometric system 
proved to be highly reliable and for two decades was 
considered the gold standard for M. tuberculosis cul-
ture and drug susceptibility testing in high income 
countries.59,60

Due to radioactive waste contamination, BACTEC 
TB-460 was withdrawn from the market and a new gen-
eration of liquid culture systems based on fluorescent 
technology was developed, first in a manual version, the 
Mycobacterial Growth Indicator Tube (MGIT).61 The 
BACTEC MGIT-960 system is based on the same tech-
nology but the tubes are incubated and automatically 
monitored every hour for fluorescent emission within 
an apparatus. Although other non-radiometric systems 
have been released, BACTEC MGIT-960 is the most 
commonly used worldwide for M. tuberculosis culture 
and drug resistance detection.62–64 Complementary 
to liquid culture systems are novel disposable lat-
eral flow immunochromatographic devices for rapid 
(15 minutes) M. tuberculosis complex identification.65 
The use of liquid culture systems combined with rapid 
species identification has been recently endorsed by 
the WHO.66

Automated liquid culture systems are still highly 
labor-intensive, expensive, and dependent upon 
highly sophisticated equipment. Simpler and cheaper 
in-house assays for rapid culture and drug susceptibil-
ity testing have been proposed for use in low resource 
settings. Two of these methods are based on the micro-
scopic observation of early mycobacterial growth 

either in solid (thin layer agar method, TLA) or liquid 
enriched culture medium (microscopic observation 
broth drug susceptibility assay, MODS).67–69 Typical 
M. tuberculosis growth can be detected as early as 
7–9  days post-inoculation using conventional light 
microscopy for TLA or an inverted microscope for 
MODS. This specific colony morphology also allows 
preliminary species identification. Both methods have 
comparable performances.70 MODS has been recently 
endorsed by the WHO for use in patients at risk of 
drug resistance in resource-constrained settings.71

Other non-commercial rapid culture approaches 
applied to drug susceptibility testing are based on 
colorimetric detection of bacterial metabolic activ-
ity using redox indicators. Tetrazolium salts and 
resazurin are most frequently applied in a microti-
ter plate format using enriched liquid medium. The 
Griess reagent is used in solid medium for revealing 
M. tuberculosis nitrate reductase activity. There is 
abundant literature on the adequate performance of 
these tests for rapidly detecting drug resistance.72–75 
Colorimetric redox methods and the nitrate reduction 
assay have been endorsed by the WHO for drug resis-
tance detection.76,77

The nitrate reduction assay is the most attractive 
non-commercial test for ready implementation in 
medium and low resource settings where conventional 
culture on solid medium is already being performed. 
It is inexpensive, requires minimal training, integrates 
easily into the laboratory workflow, does not intro-
duce biohazards associated with handling of liquid 
culture, and does not require special equipment such 
as the inverted microscope used in MODS.

Genotypic drug resistance detection
Mycobacterium tuberculosis develops resistance to 
different drugs through spontaneous mutations in 
target genes. These chromosomal mutations occur 
at different rates for different drug targets and are 
selected under environmental pressure. Genotypic 
methods for detecting M. tuberculosis resistance are 
based on the identification of the gene mutations best 
known to confer drug resistance.78,79 For instance, 
most RIF-conferring mutations are concentrated in 
the core region of the rpoB gene of M. tuberculosis, 
making this small chromosomal segment an ideal tar-
get for genotypic detection of RIF-resistance. This is 
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not the case for INH, where resistance is related to 
two (or more) genes and as many as one every four 
INH-resistant isolates may not carry any known asso-
ciated mutation. High levels of isoniazid resistance 
are generally conferred by mutations in the katG 
gene, whereas low resistance levels are associated 
with mutations in the promoter region of the inhA 
gene. Fluoroquinolone resistance is strongly associ-
ated with mutations in a small segment of the gyrA 
gene, and thus this segment is a suitable target for 
genotypic detection of quinolone resistance. Simi-
larly, amikacin- and capreomycin-resistant isolates 
generally carry mutations in the rrs gene. In general, 
frequencies of drug-associated mutations fluctuate 
between geographic regions.

A widely used solid phase format is the line probe 
assay or solid-phase hybridization assay. The method 
is based on PCR amplification of mycobacterial DNA 
from a sample or culture followed by reverse hybrid-
ization to specific probes previously immobilized on 
nitrocellulose or plastic strips. A color detection sys-
tem allows visualization of the hybridized DNA as a 
band on the strip.

The INNO-LiPA Rif TB Assay (Innogenetics, 
Ghent, Belgium), the first commercial test of this 
kind, has been on the market for some time. It detects 
RIF-resistant M. tuberculosis either isolated in cul-
ture or directly from clinical samples and can deliver 
results within one working day.80,81 The strips con-
tain ten oligonucleotide probes immobilized on its 
surface, of which one is specific for M. tuberculosis 
and the other nine represent either wild or mutated 
segments of the core rpoB region. The fact that RIF 
resistance is considered to be a reliable surrogate 
marker for MDR-TB in most regions of the world 
makes this test a valuable tool for rapidly identifying 
MDR-TB suspects. Evidence of its overall excellent 
performance is presented in a systematic review and 
meta-analysis.82

A more recent option with a similar format and 
performance is the GenoType MTBDR (Hain Life-
sciences, Nehren, Germany) series of assays for the 
rapid identification of M. tuberculosis and resistance 
to RIF and INH. Successive generations of the assay 
have been released to improve accuracy mainly by 
enhancing the spectrum of gene targets included as 
probes. Performance of the newer generation Geno-
Type MTBDRplus for detecting RIF resistance is 

comparable to that of INNO-LiPA Rif TB.83,84 Results 
can be obtained in 1–2 days directly from smear posi-
tive sputum samples. Adequate performance for detec-
tion of INH resistance and screening of MDR-TB was 
documented when the test was evaluated in a high-
volume public health laboratory.85

The ultimate generation GenoType MTBDRsl 
(Hain Life Sciences), which is complementary of the 
previous test, has been designed to detect resistance 
to ethambutol and, most importantly, to XDR-TB 
defining second-line drugs. The assay includes probes 
that target the gyrA gene (for detection of fluoroqui-
nolone resistance-associated mutations), the rrs gene 
(for detection of mutations associated with resistance 
to the injectable drugs capreomycin and amikacin), 
and the embB gene (for detection of mutations asso-
ciated with ethambutol resistance).86,87 In a recent 
meta-analysis, this test showed adequate accuracy for 
detecting resistance to fluoroquinolones, amikacin, 
and capreomycin, but was insufficiently accurate for 
detecting resistance to kanamycin and ethambutol. 
Lack of data precluded evaluation of assay perfor-
mance on clinical specimens.88

Line probe assays for rapid screening of patients at 
risk of MDR-TB have been endorsed by the WHO.89 
For the Genotype MTBDRsl assay, however, WHO 
experts stated that the assay may be used as rule in 
testing for XDR-TB. However, they did not find it 
suitable to replace conventional phenotypic drug sus-
ceptibility testing, identify individual drugs as can-
didates for treatment, or defining XDR-TB cases for 
surveillance purposes.90

The uneven performance of genotyping assays for 
detecting resistance to different drugs is not related to 
test format but to substantial gaps in scientific knowl-
edge on mechanisms leading to the development of 
drug resistance. These gaps cannot be filled by using 
next-generation sequencing technologies, which are 
evolving quickly and show promise for rapid and 
affordable diagnostic solutions in clinical diagnosis. 
The issue will remain open, and genotypic detection 
assays will be imperfect until genetic mechanisms of 
drug resistance are more thoroughly understood.2,79

Commercial genotyping assays are very expensive 
and their use is out of reach for most low and medium 
income settings. Non-commercial methods have been 
proposed for detection of MDR-TB and show prom-
ising results, including line probe assays and those 
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based on multiplex allele-specific PCR. These in-
house methods are relatively simple to perform and 
affordable in medium-resource settings.91,92 However, 
some proficiency in molecular biology is required 
as well as separate room facilities for conducting 
the different steps of the PCR reaction. In particular, 
care should be taken to avoid amplicon contamina-
tion, especially when DNA is amplified directly from 
clinical specimens. As it occurs with any PCR-based 
detection test, the sensitivity is highly dependent 
upon the DNA extraction method chosen, the DNA 
content, and the presence of inhibitors in the sample.

Recently, real-time PCR technology was shown to 
have enormous potential for application in the field of 
clinical diagnosis. Among other assays based on this 
technology, an outstanding development was recently 
released: the Cepheid GeneXpert System (Sunnyvale, 
CA, USA), which aims to change the paradigms of 
TB care and particularly of drug-resistant TB care.93 
In its present format, the assay detects TB and RIF 
resistance. The principle consists of a hemi-nested 
real-time PCR which amplifies a M. tuberculosis-
specific segment of the rpoB gene and molecular bea-
cons which detect wild-type or mutated sequences. 
The entire assay is automatically performed inside a 
disposable cartridge and therefore does not require 
stringent biosafety precautions or skilled personnel. 
Decontamination and liquefaction of the clinical 
sample and its transference into the disposable car-
tridge are the only manual procedures. These steps 
take about 15  minutes and require only minimal 
training and similar precautions as those in vigor for 
the preparation of a sputum sample for direct smear 
examination. The overall time to results is 2 hours. 
As the entire amplification occurs inside a hermeti-
cally sealed cartridge, the risk of amplicon contami-
nation is virtually nothing. The Xpert MTB/RIF may 
become a point-of-care tool for TB diagnosis in areas 
with high prevalence of drug resistance to first-line 
drugs. Optimal performance has been widely dem-
onstrated in pulmonary, extrapulmonary, and pediat-
ric TB.93–95 This procedure has been validated in low 
resource settings and endorsed by the WHO.96,97

However, if technologies such as the Xpert MTB/
RIF are to be widely implemented in low resource set-
tings, safe and standardized MDR-TB regimes should 
be designed and monitored and administered only in 
areas where resistance to second-line drugs is low. 

Culture and phenotypic drug susceptibility testing 
would be still required for specimens yielding RIF-
resistant results and for monitoring treatment. In fact, 
specific algorithms should be developed for applica-
tion of this powerful tool in each particular setting, 
taking into account the predominant profiles of drug 
resistance to second-line drugs. Apparatus and car-
tridges are being distributed by international spon-
sors at subsidized prices in low resource countries. 
However, some issues should be carefully considered 
if the assay is to be widely applied in low resource 
settings. These issues include sustainable cartridge 
provision, apparatus annual calibration, reliable elec-
tric power supply and functioning room air condi-
tioning, assuredly sustained availability of medicines 
(especially second line drugs), ready guidance by 
qualified medical personnel with expertise in manag-
ing drug-resistant TB, and quality-assured laboratory 
support for monitoring second line drug treatment, 
among others.

The availability of ready detection of drug-resistant 
TB where it is most needed is a huge step forward. 
However, the increasing numbers of available tests 
for detecting M. tuberculosis drug resistance to 
second-line drugs further complicates the manage-
ment of drug-resistant TB cases. No international 
consensus has been reached on standardized suscep-
tibility tests methods for second-line anti-TB drugs, 
even on issues such as critical concentrations and cri-
teria for interpreting results. International experts are 
periodically updating recommendations, but have not 
yet identified a test fulfilling ideal requirements on 
accuracy, reproducibility, ease of use, affordability, 
and turnaround time.77 To date, molecular drug resis-
tance detection methods speed detection but do not 
replace phenotypic drug susceptibility testing. Both 
approaches are complementary and should be inter-
preted while taking into account a patient’s medical 
history.98

Role of Care Delivery and Medical 
Information Systems
Recently, Mauch et al99 gathered evidence on TB care 
quality in countries from three continents, includ-
ing the ‘inverse care law’. This law enounces that 
‘the availability of good medical care tends to vary 
inversely with the need for the population served’. 
They concluded that diagnosis and treatment, even 
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when provided for free, do not grant a cure to all 
patients. Elemental barriers remain in the most 
poverty-stricken patients within each country such 
as costs related transportation, accommodation, and 
nutrition. Common sense interventions, including 
close follow-up or support for transport and food, are 
highly effective.100 Services should be decentralized 
and social security schemes should be made avail-
able to TB patients to amend long-dated social ineq-
uities related to TB care.101 These simple measures 
will help to prevent treatment default, drug resistance 
amplification, further suffering, death, and disease 
transmission.

A role for community-based management of 
drug-resistant TB has been proposed in areas where 
increasing MDR-TB burden exceeds the capacity 
of specialized hospitals.102 In terms of the need for 
care decentralization in certain settings, education on 
measures for community infection control must be 
provided, focusing on family protection (particularly 
to children and immunocompromised persons), venti-
lation, and use of separate rooms, among others.103,104 
There are gaps between sound interventions recom-
mended by the WHO and drug-resistant TB manage-
ment in the real world; creative thinking is needed 
to fill these gaps.105 The use of mobile phones for 
medication intake reminders and community-based 
networks/education, among others, are interesting 
initiatives in this sense.106–108

Electronic medical information systems are 
becoming increasingly accessible, even in remote 
rural areas of lower resource countries. Cell phone 
networks are increasingly supporting data services 
that allow internet access. These types of approaches 
would be most useful for: (i) tracking patients from 
diagnosis to therapy initiation, (ii) alerting patients 
who have been prescribed inadequate medicines, (iii) 
recalling patients who defaulted on treatment or were 
lost to follow-up, (iv) receiving laboratory results in 
real-time, (v) preventing duplicate records or mis-
identification by the use of unique patient identifica-
tion numbers, and (vi) tracking drug adverse effects 
and advising distant health professionals on the man-
agement of drug-resistant TB.109

Conclusions
The recent emergence of drug-resistant TB in large 
areas of the world has fostered the development of 

newer, more powerful tools for TB diagnosis and drug 
resistance detection. New devices close to point of care 
are generating a new demand for specific algorithms of 
integral TB care, which should be individually adapted 
to particular settings with particular facilities, capabili-
ties, drawbacks, and drug resistance prevalence rates.

The clinical management of drug-resistant TB 
remains an unresolved issue. New drugs and ingenious 
new drug combinations are becoming increasingly 
available, which show great promise for the successful 
treatment of drug-resistant TB. These achievements, 
which are the outcome of intense, lengthy, and costly 
research efforts, can be swiftly spoiled by misuse of 
such medications. International organizations and 
national health systems should strengthen the control 
of interventions, with emphasis on monitoring the 
rational administration of new and old drugs to avoid 
misuse and early generation of drug resistance.95

At the programmatic level, drug resistance surveil-
lance should take advantage of new diagnostic tools 
to cover the substantial number of drug-resistant TB 
cases that are estimated to remain undetected globally 
“for whom diagnostics and drugs are not purchased, 
budgeted, manufactured, or even projected. These 
invisible patients will continue to transmit TB (and 
MDR-TB) to their families and communities until 
their disease resolves spontaneously or they die”.110
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