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Abstract
From decadesʼ tuberculosis (TB) affecting individual and a huge number of people die every year. It causes ill-health among millions of
individuals each year and ranks as the second leading cause of death from an infectious disease worldwide. The number of TB deaths has
been unacceptably increased to a large extent and most cases are preventable if people get in time access to health care for a diagnosis
and the right treatment. Multi-drug resistance is the fact that in TB patients are growing rapidly and difficult to treat. Treatment of MDR-TB
is more complicated and longer than treatment of TB with no resistance. With advancements in the therapy of TB, now ideal treatments
have been developed and many combination therapies are well recommended for MDR. The development of MDR-TB can be caused by
a treatment that is inadequate, given the drug susceptibility pattern of the MTB strain. Few cohort studies provided information on
treatment regimens and drug resistance profiles before treatment and at failure or recurrence or genotyping information at failure or
recurrence. To monitor the development of acquired drug resistance, we suggest that given sufficient resources are available, TB
treatment cohort studies or surveillance systems measure both the drug resistance profile and genotype information before starting
treatment and at failure or recurrence. The emergence of MDR-TB and XDR-TB, the need for new TB drug regimens and rapid DST is
intuiting globally. In future, more research with a focus on MDR and TB is required to avoid and counteract its associated complications.
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well as any fluoroquinolone and any of the second-line anti-TB

INTRODUCTION

injectable drugs (amikacin, kanamycin or capreomycin)5. Even
more ominous are reports of XDR-MTB strains that also

Tuberculosis (TB), caused by the bacteria Mycobacterium
tuberculosis, is notorious for its lethality to humans . It causes

demonstrate in vitro resistance to other second-line drugs,

ill-health among millions of people each year and ranks as the

including

second leading cause of death from an infectious disease

fluoroquinolones, thioamides, serine analogs and salicylic acid

worldwide. The latest estimates included in this report are that

derivatives10,11.

1,2

aminoglycosides,

cyclic

polypeptides,

there were 8.6 million new TB cases in 2012 and 1.3 million TB

Treatment needs to be continued for a minimum of

deaths3. Tuberculosis is the major infectious disease killing

20 months with four effective drugs, with the discontinuation

nearly two million people, mostly in developing countries,

of the injectable medication at the end of 8 months of

every year. The increasing incidence of Mycobacterium

therapy if there is a good clinical response to the intensive

tuberculosis strains to the most cost effective anti TB drugs is

phase of treatment12. If drug resistance or side effects

the major factor contributing to the current TB epidemic.

preclude inclusion of one or more of these drugs, then, in

Drug-resistant strains have involved mainly due to incomplete

descending order of preference, para-amino salicylate or

or improper treatment of TB patients. The resistance of

group 5 antibiotics are recommended to provide a minimum

Mycobacterium tuberculosis to anti TB drugs is caused by a

of four effective drugs13. The long treatment courses are
expansive and difficult to tolerate. In a population of rural

4

chromosomal mutation in encoding drug targets .
TB organisms that are resistant to the antibiotics used in

Bangladeshi HIV-negative patients with pulmonary MDR-TB,

its treatment are widespread and occur in all countries

without extensive additional resistance and who were not

surveyed. Drug resistance emerges as a result of inadequate

previously treated with second-line drugs, a 9-month regimen

treatment and once TB organisms acquire resistance, they

that include gatifloxacin, pyrazinamide, ethambutol and

can spread from person to anyone in the same way as

clofazimine and included an initial intensive 4-month phase

drug-sensitive TB . The development of drug resistance by

that also included treatment with kanamycin, prothionamide

MTB is a major concern. Drug-resistant MTB strains were first

and high-dose H, resulted in a relapse-free cure rate of almost

recognized soon after the introduction of streptomycin in

88% with a reasonable rate of adverse effects. Outcomes were

1944 and subsequently, resistance to other TB medications

not as good in patients treated with an ofloxacin based

was demonstrated. Spontaneous mutations that impart drug

regimen as in the gatifloxacin-treated group14. This study

resistance to MTB occur at predictable rates6. Resistant strains

suggests that some patients with MDR-TB may be treated

are perpetuated by inappropriate treatment inadequate

successfully

therapeutic regimen, poor patient compliance due to

recommended by Lienhardt et al.15. Figure 1 illustrates various

5

with

a

shorter

intolerable adverse drug effects or treatment default because

organs/systems

of inadequate support from local TB services7-9.

mechanism involved in MDR.

affects

regimen

than

currently

pulmonary tuberculosis and

The proportion of TB cases with drug-resistance: About
3.7% of new tuberculosis (TB) patients in the world have

Drug-resistant tuberculosis: The current MDR-TB epidemic is

multidrug-resistant strains (MDR-TB).

Levels are much

the result of decades of neglect for a significant infectious

higher in those previously treated about 20%. The frequency

disease, lack of resources for national TB control programs,

of MDR-TB

countries.

poor case detection and inadequate/inappropriate therapy

Multidrug-resistant TB (MDR-TB) is caused by organisms that

varies

substantially

between

in high-burden countries. Initial outbreaks of MDR-TB in

are resistant to the most effective anti-TB drugs (isoniazid and

developed countries were associated with very high mortality

rifampicin). MDR-TB results from either infection with

rates both in HIV-negative and HIV-coinfected patients.

organisms which are already drug-resistant or may develop in

Optimization of treatment regimens together with rapid

the course of a patient's treatment. About 9% of MDR-TB cases

diagnosis and DST for rst and second-line drugs significantly

also have resistance to two other classes of drugs or

improved the clinical outcome. Recent advances in the

extensively drug-resistant TB (XDR-TB). By March 2013, 84

diagnosis of MDR-TB and aggressive empirical treatment of

countries had reported at least one XDR-TB case. Extensively

patients with several drugs in the initial phase of therapy have

drug-resistant TB (XDR-TB) is a form of TB caused by organisms

further improved the prognosis MDR-TB. However, in

that are resistant to isoniazid and rifampicin (i.e., MDR-TB) as

developing countries, the prognosis is still largely poor due to
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Int. J. Pharmacol., 13 (7): 746-761, 2017

Pulmonary
tuberculosis

Tuberculosis and
MDR target various
Organ/systems

MDR

CNS

Lungs

Skin

Various organ
System
defect

Chest pain, productive
Cough, long cough
Appetite loss, fatigue
Night sweats, pallor

Fig. 1: Organs/system effects the pulmonary tuberculosis and mechanism involved in MDR
inadequate laboratory support that is critical for successful

the scope of this review; management of latent TB infection,

management of MDR-TB patients. Rapid and cost-effective

appropriate dosing regimens for pediatric TB16.

methods for culture and DST of M. TB strains have recently

Overall, the last decade has been associated with the

been developed that are suitable for resource-poor countries.

most encouraging advances in TB therapeutics since the

The new anti-TB drugs that are in various stages of

1960s but these breakthroughs have still to impact on the

development also offer hope that we will not soon run out of

stubbornly high global burden of TB disease. Long-term

treatment options against TB and MDR-TB4. There are

investment, political commitment and scientific Endeavor will

legitimate grounds for optimism that recent advances in TB

be crucial to ensure that progress is sustained and the benefits

drug development will result in achievement of some priority

of recent advances reach those in the greatest need17. With

goals in the management of active TB. The recent licensing of

the continuing rise in the occurrence of drug-resistant strains

aquiline and the encouraging performance of sterilizing drugs

of bacteria, new approaches to combating infections caused

such as the 8-methoxyfluoroquinolines and nitroimidazoles in

by these bacteria are desperately needed, particularly for

Phase IIb clinical trials are concrete signs of progress towards

Gram-negative bacteria. The one drug-one target model has

shorter therapy. However, this optimism should be tempered

limited viability and combination therapy is the norm in the

with a degree of caution. A regimen less than 6months in

treatment of many cancers, viral infections such as HIV and

duration with proven efficacy against drug susceptible-TB are

tuberculosis treatment. The use of combination therapy or

still awaited. Management of TB-HIV co-infection remains

other drug cocktails such as antibiotic/adjuvant combinations

difficult, particularly in resource-poor settings where the

for the treatment of other MDR bacterial infections is an

disease burden is highest. The precise role of new medicinal

attractive alternative to the development of new antibiotics,

products in the management of MDR-TB remains undefined

which has been demonstrated to almost invariably lead to the

and Phase III clinical trials will not report for several

emergence of resistance following a short time in the clinic.

years. Extrapolating conclusions from Phase II studies is

The use of antibiotic-adjuvant combinations presents several

compromised by uncertainty surrounding the validation of

advantages over the development of new antibiotics, namely

surrogate endpoints. Several additional questions are beyond

the decreased likelihood of resistance development.
748
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Fig. 2: Different stages of MDR with different therapeutic strategies
Several approaches have been discussed here, including
the recent events towards traditional adjuvants such as
$-lactamase inhibitors and efflux pump inhibitors, new
approaches such as interference of the bacterial response to
the presence of antibiotics by the targeting of bacterial
signaling pathways and the use of high throughput screening
of previously approved drugs to identify compounds with
unanticipated adjuvant activity. There are issues with the
use of any drug combinations, most notably drug-drug
interactions and optimized drug ratios and dosing regimens
to match the absorption, distribution, metabolism and
excretion properties of each compound. However, the lack
of novel antibiotic classes being developed, the significant
problem of resistance acquisition to therapeutic approaches
that rely solely on a single bacteriostatic/bactericidal
mechanism and the clinical success of antibiotic/adjuvant
combinations such as Augmentin makes the adjuvant
approach an extremely attractive avenue to the development
of novel therapeutics to treat multidrug-resistant bacterial
infections18. Various MDR stages along with potential
therapeutic strategies are shown in Fig. 2.

Epidemiology of drug-resistant TB: According to the WHO
global report 2013 shows latest estimates included in this
report are that there were 8.6 million new TB cases in 2012
and 1.3 million TB deaths. Most of these TB cases and deaths
occur among men but the burden of disease among women
is also high. In 2012, there were an estimated 2.9 million cases
and 410 000 TB deaths among women as well as an estimated
530 000 cases and 74 000 deaths among children. About 75%
of these cases were in the African Region. Globally in 2012,
approximately 450 000 people developed MDR-TB and there
were an estimated 170 000 deaths from MDR-TB. Most TB
cases and deaths occur among men but TB remains among
the top three killers of women worldwide. The number of TB
deaths is unacceptably large given that most are preventable
if people can access health care for a diagnosis and the right
treatment is provided. Short-course regimens of first-line
drugs that can cure around 90% of cases have been available
for decades3.
The CDC report 2012 shows that a total of 9,951 new
tuberculosis (TB) cases were reported in the United States, an
incidence of 3.2 cases per 100,000 populations. This represents
749
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a decrease of 6.1% from the incidence reported in 2011 and is

estimates, the incidences of TB of all forms stand at 247 per

the 20th consecutive year of declining rate. A total of 127

100,000 populations, respectively. The prevalence and

cases of multidrug-resistant TB (MDR-TB) were reported in

mortality of Tuberculosis of all forms are estimated to be

2011. Drug-susceptibility test results for isoniazid and rifampin

224 and 18 per 100,000 populations respectively. In the year

were reported for 97.0% and 96.8% of culture-confirmed TB

2012 Ethiopia registered 147,592 cases of TB. According to

cases in 2010 and 2011, respectively. Among these cases, the

latest estimates, Ethiopia stands 9th in the list of High Burden

percentage of MDR TB for 2011 (1.6%) was greater than the

Countries for TB. It is estimated that MDR-TB represents about

percentage for 2010 (1.3%). The percentage of MDR TB cases

16% of new TB cases and 12 of re-treatment cases 3.

among persons without a previous history of TB was 1.3% in
2011. For individuals with a previous history of TB, the

Treatment of drug resistant TB: Treatment of MDR-TB is more

percentage with MDR TB was 8.2% in 2011. One case of

complicated and longer than treatment of TB with no

extensively drug-resistant TB has been reported for 2013 .

resistance. The main indications for TB culture and DST in

According to a study conducted in German 2008 In 177 (4%)

search for MDR-TB are: Retreated cases who fail to respond to

of 4,557 culture-positive TB cases, Mycobacterium tuberculosis

category II regimen, Chronic cases, new cases that contact

isolates were identified as MDR-TB; an additional 7 (0.15%)

cases of known or suspected MDR cases and unclear

19

met criteria for XDR-TB . About 3.7% of new tuberculosis

treatment failure with good compliance. The prevention of

(TB) patients in the world have multidrug-resistant strains

MDR can only be achieved through proper TB case detection,

(MDR-TB). Levels are much higher in those previously treated

rational diagnosis, standard treatment and, most of all,

about 20%. The frequency of MDR-TB varies substantially

successful follow-up and high adherence of patients. An

between countries. WHO estimates that there were about

effective DOTs program is the best weapon against MDR.

0.5 million new MDR-TB cases in the world in 2011.About 60%

There are not enough second line options to cope with the

of these cases occurred in Brazil, China, India, the Russian

widespread surge of MDR and XDR TB for established and

19

proven MDR, anti-TB drugs efficient for MDR (Second-line TB

5

Federation and South Africa alone .
The Africa region had approximately one-quarter of the

drugs) will gradually be accessible in Ethiopia. It is however of

worldʼs cases (27%) and the highest rates of cases and deaths

crucial importance that this “last chance” second line drugs

about population (255 incident cases per 100000 on average,

are used in a very rational way to maintain their effectiveness.

more than double the global average of 122.) The TB

If they are not properly used, resistance will extend to these

incidence rate at country level ranges substantially, with

second-line drugs. Every health worker has to be aware that,

around 1000 or more cases per 100 000 people in South

beyond these second-line TB drugs, there is no another option

Africa1. According to a study conducted in Uganda 2013 is

left and the presence of untreatable infectious TB in the

ranked 16th among the 22 countries with the highest TB

community would be a serious threat for all, especially health

burden, with an incidence of 299 and a mortality rate of

workers. Recently many occupational and working conditions

84 cases per 100,000 per year. MDR-TB prevalence among

have been assumed to be a leading cause to initiate many

new and previously treated patients in Kampala is 1.1% and

diseases. Like dental amalgam caused many problems due to

11.7%, respectively . Ethiopia ranks 7th in the list of the

mercury toxicity22. Such complications need to be addressed

worldʼs 22 high burden countries for TB with incidence

on time. The treatment for MDR is complex, very long and

estimated at 379/100,000 for all forms of TB and 168/100,000

expensive; severe side effects are quite common and the

for smear positive tuberculosis. The Annual Risk of TB Infection

success rate is lower than with common TB (non-MDR). MDR-

is estimated at 2.2%. Tuberculosis (TB) is one of the leading

TB patients should be treated with a combination of second

20

infectious diseases in Ethiopia. According to the national

line drugs and, if advisable, fist line TB drugs that still have

routine report and the global TB report 2012, more than

proven efficacy. Regimens should consist of drugs with either

155,000 new TB cases of all forms are annually notified.

certain or almost certain, effectiveness. The treatment should

Drug-resistant TB has also become a major challenge of the TB

be standardized or individually adjusted by the result of Drug

control program in Ethiopia. According to the first national

Sensitivity Testing. Since susceptibility to all TB drugs cannot

drug resistance survey completed in 2005, the rate of MDR-TB

be assessed routinely and as an overall result may not be

is 1.6 and 11.8% among new and previously treated cases,

available for several weeks, five or six drugs are recommended

respectively21. According to the WHO global report 2013

initially. The first phase, which injectable drug, should be a
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Table 1: Structures of first-line antituberculosis drugs
Drugs
Isoniazid

Several approaches have been discussed here, including
the recent events towards traditional adjuvants such as
$-lactamase inhibitors and efflux pump inhibitors, new
approaches such as interference of the bacterial response to
the presence of antibiotics by the targeting of bacterial
signaling pathways and the use of high throughput screening
of previously approved drugs to identify compounds with
unanticipated adjuvant activity. There are issues with the
utilization of any drug combinations, most notably drug-drug
interactions and optimized drug ratios and dosing regimens
to match the absorption, distribution, metabolism and
excretion properties of each compound. However, the lack of
novel antibiotic classes being developed, the significant
problem of resistance acquisition to therapeutic approaches
that rely solely on a single bacteriostatic/bactericidal
mechanism and the clinical success of antibiotic/adjuvant
combinations such as Augmentin makes the adjuvant
approach an extremely attractive avenue to the development
of novel therapeutics to treat multidrug-resistant bacterial
infections18.
The current MDR-TB epidemic is the result of decades of
neglect for a significant infectious disease, lack of resources
for national TB control programs, poor case detection and
inadequate/inappropriate therapy in high-burden countries.
Initial outbreaks of MDR-TB in developed countries were
associated with very high mortality rates both in HIV-negative
and HIV-co-infected patients. Optimization of treatment
regimens together with rapid diagnosis and DST for first- and
second-line drugs, significantly improved the clinical outcome.
Recent advances in the diagnosis of MDR-TB and aggressive
empirical treatment of patients with several drugs in the initial
phase of therapy have further improved the prognosis
MDR-TB. However, in developing countries, the prognosis is
still largely poor due to inadequate laboratory support that is
critical for successful management of MDR-TB patients. Rapid
and cost-effective methods for culture and DST of MTB
strains have recently been developed that are suitable for
resource-poor countries. The new anti-TB drugs that are in
various stages of development also offer hope that we will not
soon run out of treatment options against TB and MDR-TB4.
Combinations of first-line and second-line drugs are
useful for the treatment of multidrug-resistant and extensively
drug-resistant tuberculosis according to results of drug
susceptibility
testing.
Second-line
drugs include
aminoglycosides (kanamycin and amikacin), cycloserine,
terizidone, ethionamide, prothionamide, capreomycin,
aminosalicylic acid and fluoroquinolones (including ofloxacin,
levofloxacin, gatifloxacin and moxifloxacin). The percentage of
patients with multidrug-resistant tuberculosis who are cured

Structure
H
N

O

NH2

N
O

Parazinamide

N

NH2

N

Ethambutol

Rifampin

HO
O H
O

O

OH
OH OH
NH
N

O
O

OH

N
N

O

minimum of 6 months and initial treatment may be extended
if the patient does not convert both smear and culture. The
entire treatment period is 18-24 months after smear and
culture conversion23. The names and structures of various
antituberculosis drugs are summarized in Table 1.
The development of MDR-TB can be caused by a
treatment that is inadequate, given the drug susceptibility
pattern of the MTB strain. The information can be used to
advocate the need for adequate treatment of patients, based
on drug resistance profiles. Few cohort studies provided
information on treatment regimens and drug resistance
profiles before treatment and at failure or recurrence or
genotyping information at failure or recurrence. To monitor
the development of acquired drug resistance, we suggest that
given sufficient resources are available, TB treatment cohort
studies or surveillance systems measure both the drug
resistance profile and genotype information before starting
treatment and at failure or recurrence. This would enable
future larger studies to assess the risk of resistance
development due to inappropriate treatment9. With the
continuing rise in the occurrence of drug-resistant strains of
bacteria, new approaches to combating infections caused by
these bacteria are desperately needed, particularly for
Gram-negative bacteria. The one drug-one target model has
limited viability and combination therapy is the norm in the
treatment of many cancers, viral infections such as HIV and
tuberculosis treatment. The use of combination therapy or
other drugs such as antibiotic/adjuvant combinations for the
treatment of other MDR bacterial infections is an attractive
alternative to the development of new antibiotics, which has
been demonstrated to almost invariably lead to the
emergence of resistance following a short time in the clinic.
The use of antibiotic-adjuvant
combinations presents
several advantages over the development of new antibiotics,
namely the decreased likelihood of resistance development.
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DOTs are a proven, cost-effective TB treatment strategy.
A combination of technical and managerial components,
DOTs quickly makes infectious cases non-infectious and
breaks the cycle of transmission. Using DOTs also prevents the
development of drug-resistant strains of TB that are often
fatal and very expensive to cure. Multi-drug-resistant TB is
both an individual tragedy and a reflection of poor program
performance. The top priority is to prevent the emergence of
MDR-TB by ensuring a low default rate of cases treated with
first-line anti-TB drugs. If MDR-TB has emerged in a particular
area, it should be treated in addition to improving the core
treatment. In this situation, accurate and reliable drug
susceptibility testing, methods to support patients to ensure
direct observation of complete treatment and the use of
maximally effective regimens must be ensured. Patients with
MDR-TB have a good chance for a cure with second-line drugs,
hence the treatment, if it is to be provided, should be
optimally selected and administered. Second-line drugs
should not be kept in reserve and the treatment observation
must be ensured6.
Extensively drug-resistant tuberculosis (XDR-TB) is a type
of multidrug-resistant tuberculosis (MDR-TB) that is resistant
to two of the first-line drugs isoniazid and rifampicin as well as
to the second-line medications that include a fluoroquinolone
such as ciprofloxacin and at least one of the injectable drugs
which may be an aminoglycoside such as amikacin or
kanamycin or a polypeptide-like capreomycin or a thioamides
such as ethionamide or cycloserine or p-aminosalicylic acid.
Because the treatment regimen for TB is long and complex,
many patients are unable to complete the course of therapy,
enabling their disease to develop drug-resistance. Once a
drug-resistant strain has developed, it can be transmitted
directly to others. The XDR TB is resistant to the front-line
drugs and two or more of the six classes of second-line drugs,
this makes it virtually untreatable and infected people are
particularly at a greater risk. Therefore, XDR TB could have a
bigger impact on developing nations because there is a high
prevalence of HIV and lack of capacity to quickly and
efficiently diagnose and identify the disease. To prevent
XDR-TB, there is an urgent need for new diagnostic tools and
new and more efficient anti-TB drugs and vaccines to be
developed26. The XDR-TB strains have arisen due to the
mismanagement of individuals with MDR-TB. The global
epidemic of drug-resistant tuberculosis is due to a
combination of acquired resistance and initial transmission.
Because XDR-TB is resistant to the most powerful first-line and
second-line drugs, patients are left with treatment options
that are much less efficient and often have worse treatment
outcomes27.

is estimated to be no more than 69%, even when treated for
more than 18 months with directly observed treatment24,25.
Updated guidelines now recommend that 4 or more
drugs with limited or highly probable effectiveness against TB
should be included in treatment regimens. The selection of TB
drugs is structured such that treatment options proceed from
group 1 through to group 5. Among the group 1 drugs,
pyrazinamide or ethambutol can be selected for MDR-TB
cases. However, the World Health Organization (WHO) does
not recommend ethambutol, citing its limited efficacy against
MDR-TB. The effectiveness of rifabutin for MDR-TB is unclear
and this agent is thus not routinely included in MDR-TB
regimens. Having selected the group 1 drugs, one injectable
group 2 drug should then be chosen as part of the regimen.
The concomitant use of 2 or more injectable drugs is not
recommended. Also, the WHO does not recommend
streptomycin for MDR-TB because streptomycin-resistance
rates are high as is the frequency of ototoxicity, compared
with other injectable drugs. Capreomycin is not available in
Korea and can only be purchased from the Korea Orphan Drug
Center. Capreomycin is also very expensive. Kanamycin and
amikacin have nearly 100% cross-resistance. Amikacin is
usually injected intravenously (even though intramuscular
injection is possible) and therefore kanamycin is the drug of
choice for MDR-TB in Korea. The WHO recommends
kanamycin as the first injectable drug for MDR-TB. The
concomitant use of 2 or more fluoroquinolones is not
recommended. At this stage in the regimen design, only 3 or
fewer agents have been selected (pyrazinamide, one
injectable drug or one fluoroquinolone). Hence, group 4 drugs
should also be included in the regimen. In Korea, the open
group 4 drugs include prothionamide, cycloserine and
para-aminosalicylic acid. These can be selected by drug
susceptibility results, previous treatment history and
the resistance pattern in the region. Prothionamide is
the preferred choice, followed by cycloserine then
para-aminosalicylic acid. The WHO has recommended an
empirical regimen for MDR-TB comprising pyrazinamide,
one injectable agent (kanamycin), one fluoroquinolone
(moxifloxacin or levofloxacin), prothionamide and either
cycloserine or para-aminosalicylic acid (if cycloserine cannot
be used). Ethambutol may be utilized but is not included in
the count of effective drugs. Traditionally the recommended
treatment duration for MDR-TB has been 18 to 24 months,
including a period of 12‒18 months after culture conversion.
According to a recent meta-analysis of 9,153 MDR-TB patients,
an intensive phase of at least eight months and a total
duration of at least 20 months are recommended in patients
without any previous MDR-TB treatment13.
752
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The emergence of XDR-TB raises concerns about the

injectable agent should be given for at least six months and

possibility of epidemics of virtually untreatable TB. Such

the whole treatment duration is minimum 18 months beyond

epidemics could result in excessive mortality and substantial

sputum conversion. WHO advises that injectable drugs in the

financial and infrastructure burden for public health and TB

treatment of XDR-TB to be continued for the extended

control programs. The XDR TB is much more expensive to

duration of 12 months or possibly the whole treatment30.

treat, with hospitalization costs. A major outbreak of XDR TB in

Currently, the most potent drug in group 5 is linezolid and it

the United States would constitute a substantial drain on

should thus always be included in XDR-TB. The Recent

public health resources and could quickly deplete the existing

prospective trial has shown that Linezolid is effective for

state and local TB budgets and have an adverse impact on

achieving

progress toward TB elimination. Treatment failures and

treatment-refractory XDR-TB. Linezolid added to the regimen

subsequent death are more common among patients with

of patients failing standard XDR-TB treatment has been

XDR-TB and the drugs available to treat XDR TB are associated

demonstrated to improve culture conversion but longer-term

with

outcomes are unknown and cost and toxicity are major

serious adverse effects. Because persons who are

culture

conversion

among patients with

concerns31,32.

infected with HIV or who have other immune-compromising
conditions (e.g., diabetes) are more vulnerable to progressing
to active TB disease, infection with XDR TB is of particular

Mechanism of resistance: A drug resistance mechanism in

concern among these persons. In countries with high rates of

MTB is crucial for the development of rapid methods for

HIV and limited health-care resources, substantial numbers of

drug resistance detection and new anti-TB drugs to treat

XDR TB cases are likely to present28.

MDR-TB/XDR-TB patients4. The ever-increasing drug use in

Culture conversion guides the recommended total

response to growing TB incidences has resulted in a steady

duration of treatment. Despite emerging evidence that shorter

evolution of M. tuberculosis strains that are progressively

regimens may be efficacious, WHO guidelines recommend

resistant to the available drugs. Besides the matter of selective

continuing therapy for a minimum of 18 months after culture

survival, recent studies show that exposure of bacterial cells to

conversion. Extension of treatment of 24 months may be

sub-lethal levels of bactericidal antibiotics promotes cellular

indicated in chronic cases with extensive pulmonary damage.

mutagenesis leading to increased mutations in other drug

The length of therapy for XDR tuberculosis has not been

resistance genes33. The first-line drugs, INH and RIF are the

established and is often based on individual clinical

backbone of treatment for TB. If resistance develops to either

presentations. Good outcome is seen with treatment of at

of the two drugs, the patients can still be successfully

least 18 months for oral agents and of at least 8 months after

managed with the available drugs, although treatment

culture conversion for injectable drugs in most cases the

duration is increased, particularly for infections caused by

regimen does not contain 5 effective drugs and clinician may

RIF-resistant strains. Among clinical M. Tuberculosisisolates,

have to adopt reinforcing strategies like extending the

mono-resistance to INH is common while mono-resistance to

duration of treatment with the injectable agent or extending

RIF infrequently occurs4.

the duration of the whole regimen with the addition of other

Early molecular studies identified katG (encoding

29

drugs which have questionable activity against MDR-TB .
Standardized

treatment

polymerase) genes as major targets conferring resistance of

Regiment, comprising of 6 drugs (kanamycin, levofloxacin,

MTB to INH and RIF, respectively4,6. Resistance to INH occurs

ethionamide, cycloserine, pyrazinamide and ethambutol)

more frequently than for most anti-TB drugs, at a frequency of

during 6-9 months of the intensive phase and four drugs

1 in 106 bacilli in vitro34. Mechanism of resistance to isoniazid

(levofloxacin, ethionamide, cycloserine and ethambutol)

is the occurrence of mutations in its activator, KatG, whereas

during the 18

of

the

category

catalase-peroxidase) and rpoB (encoding b-subunit of RNA
IV

months

regimen

continuation phase.

mutations in the inhA gene represent the second most

P-aminosalicylic acid is included in the regimen as a substitute

common mechanism35. Mutations in the promoter region of

drug if any bactericidal drug (kanamycin, levofloxacin,

inhA, causing over expression of InhA or by mutations at the

pyrazinamide or ethionamide) or the two bacteriostatic

InhA active site, lowering InhA affinity for INH. KatG mutation

(ethambutol and cycloserine) drugs are not tolerated. This

can be associated with inhA mutations, leading to higher

Catagory IV regimen is highly suitable for high TB prevalent

levels of INH resistance 34. KatG, a catalase-peroxidase involved

nations as well as low to middle-income countries. An

in the degradation of harmful reactive oxygen intermediates,
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is required to convert the prodrug isoniazid into its bioactive
form. While the most frequently detected resistance mutations
in katG at amino acid position 315 only confer a low fitness
cost and do not abolish the function of KatG other, more
deleterious mutations in this gene were shown to be
associated with compensatory mutations in the regulatory
region of ahpc. The resulting over-expression of the ahpC
gene product, another peroxidase, is believed to compensate
for the loss of KatG activity partly35,36. Resistance to RMP occurs
at a frequency of 10G7 to 10G8 as a result of mutations in the
beta subunit of RNA polymerase encoded by the gene
rpoB. Mutations at positions 531, 526 and 516 in rpoB are
among the most frequent (96%) in RMP-resistant strains32.
M. tuberculosis strains resistant to rifampicin are also resistant
to isoniazid35.
Mutations are situated within rpoAandrpo C, encoding
"- and $ʼ-subunits of the RNA polymerase, respectively and
alleviate the fitness cost associated with resistance mutations
in rpoB, the $-subunit of the RNA polymerase and target of
Rifampicin. Drug-resistant TB can be “acquired” de novo
during treatment or it can occur through the transmission of
already resistant strains; the latter being referred to as
“primary resistance.” Primary resistance poses a particular
challenge as less than 20% of the estimated MDR-TB cases in
the world are believed to be adequately diagnosed, mainly
due to the lack of appropriate laboratory infrastructure in
low-income areas that bear the highest disease burden36.
Drug-resistant TB has microbial, clinical and programmatic
causes. From a microbiological perspective, the resistance
is caused by a genetic mutation that makes a drug ineffective
against the mutant bacilli. An inadequate or poorly
administered treatment regimen allows drug-resistant
mutants to become the dominant strain in a patient infected
with TB37.

Strategy need to be implemented to achieve the 2015 targets
for reductions in disease burden and the associated funding
requirements, have been described in Global Plans developed
by the Stop TB Partnership38. Tuberculosis prevention and
control has been established from the time where TB has
identified as one of the major public health problems in
Ethiopia for about five decades. The effort to control
tuberculosis began in the early 1960s with the establishment
of TB centers and sanatoriums in three major urban areas in
the country. These centers practically had not a significant
impact on reducing the burden of the disease in the country.
The Central Office of the National Tuberculosis Control
Programme was established in 1976. In 1992 a standardized
and well-organized TB program, incorporating directly
observed short-course treatment, was implemented in a few
pilot areas of the country. At present, tuberculosis control
strategy in Ethiopia relies on WHO recommended Stop TB
Strategy and it has been implemented in the country since
200623.
The Federal Ministry of Health of Ethiopia has taken a
number of commendable initiatives in addressing major
public health problems including drug susceptible and
resistant TB in the country, that improving access to the
neediest through the deployment of Health Extension
Workers, construction of additional health facilities, building
a nationwide diagnostic capacity for drug-resistant TB and
successfully conducted the first population-based TB
prevalence survey in 2011. The results of the study have been
instrumental in providing a robust estimate of the TB burden
against the previous estimates which had overestimated the
actual magnitude of the disease and it has been shown that
AFB smear microscopy alone detected only a small proportion
of TB cases, while chest X-rays proved a sensitive tool for TB
screening. Based on evidence from around the world and the
lessons from the National TB Prevalence Survey and other
operational research projects of limited scope, it could be
argued that the investigation has an important place and can
play a critical role in providing the evidence base for all the
stages of program planning, implementation and monitoring
and evaluation. Operational research is fundamental to
maximize the advances already achieved in TB control through
the strengthening of programs and health services and
alleviation of risks and determinants39.
In February 2009, the MDR-TB treatment program in

Drug-resistant TB prevention and control: The overarching
goal of the Stop TB Strategy is to achieve 2015 global targets
for reductions in the burden of disease caused by TB. The
target set within the United Nations Millennium Development
Goals (MDGs) is that TB incidence should be falling by 2015.
Besides incidence, four other TB indicators are included in
the MDG monitoring framework: The prevalence rate, the
mortality rate, the case detection rate (the number of notified
cases divided by the estimated number of incident cases in
the same year, expressed as a percentage) and the treatment
success rate (the percentage of TB patients who are
successfully treated). The Stop TB Partnership adopted the
MDG target and also set global targets to halve TB prevalence
and death rates by 2015 compared with their levels in 1990.
The scale at which interventions included in the Stop TB

Ethiopia was initiated as a pilot project at St. Peter Hospital in
the capital city. The treatment comprised of a standard
regimen of kanamycin, levofloxacin, cycloserine, ethionamide
and Para-aminosalicylic acid. Following the successful pilot in
2009, the treatment program expanded to the northern part
754

Int. J. Pharmacol., 13 (7): 746-761, 2017
of Ethiopia at Gondar University Hospital in November 2010.

more toxic

Later, a third treatment center was opened at the ALERT

1

treatments . The WHO recommendations for the treatment

hospital also located in Addis Ababa in 2011. These sites were

of multidrug-resistant or extensively drug-resistant

all renovated with the support of several partners to make

tuberculosis include second-line drugs and treatment

them suitable for MDR-TB treatment. The expansion of

duration of 18-24 months or longer15. These guidelines are

treatment sites reduced the waiting list for over 250 patients

based on low-grade evidence, expert opinion and little

in 2009 to less than 100 at the beginning of 2012. The Ethiopia

observational data and do not have proof based on data from

treatment policy requires admission of patients during the

randomized controlled trials. Implementation of these

intensive phase for 4-8 weeks, to one of the three MDR

guidelines results in a wide range of treatment regimens that

hospitals. Patients are only discharged after sputum smear

are dependent on the availability of drug-susceptibility testing

conversion. During the continuation phase, patients get their

cost physician preference and drug availability in developing

treatment from selected peripheral health facilities and take

countries. Thus, new regimens for multidrug-resistant or

treatment under the supervision of a treatment supporter.

extensively drug-resistant tuberculosis that are shorter, more

and

less

effective

than are

standard

tolerable and more efficient and have been trialed under

Despite all efforts to rapidly set up the services and increase

programmatic conditions are urgently needed4. To abolish

access to diagnosis and treatment, there is still not enough

obstacles to effective treatment of TB in HIV-positive

admission capacity to take up the WHO estimated numbers of

individuals and new therapies are required for improved

MDR-TB patients. To accelerate scale-up of MDR treatment,

treatment of persons with latent tuberculosis infection from

the FMOH considers the introduction of the ambulatory model

both drug-sensitive and drug-resistant strains of MTB before

of care. Sites that will be selected for ambulatory care are

it converts into active disease40,42.

those with minimum TB control requirements in place, which
include well-ventilated TB clinics, admission capacity for a

Fluoroquinolone: Fluoroquinolones are broad-spectrum

small number of patients in case of side effects, staff trained

antimicrobial

on MDR-TB and TB IC as well as equipped with personal

drugs

that

target DNA gyrase. Several

members of this class have been used as second-line drugs

protective materials40.

for the treatment of MDR-TB25. Due to their excellent oral
bioavailability, bactericidal activity against M. tuberculosis,

Need to advance drugs against drug-resistant TB: All four of

lack of cross-resistance with existing anti-TB drugs and

the most effective first-line oral medicines (rifampicin,

favorable safety and tolerability profile, they have been

isoniazid, pyrazinamide and ethambutol) must be taken

employed off-label against MDR-TB and are now regarded as

together during the first two months of treatment and two

cornerstone agents for this disease8.

(rifampicin and isoniazid) for a subsequent four months in the
continuation phase, causing issues with patient adherence.

Moxifloxacin: Study Investigated from John Hopkins

When given in sub-optimum programmatic conditions, these

University replacement of ethambutol or isoniazid with

regimens are associated with high rates of non-adherence and

moxifloxacin or gatifloxacin in the first-line regimen has the

increased mortality and can create chronic cases of infectious

potential to improve treatment. Replacement of ethambutol

drug-resistant tuberculosis. Thus, a priority for drug

with moxifloxacin or gatifloxacin, each at 400 mg, is further

development has been for new tuberculosis drugs that will

supported by the results of three recent Phase II trials. They

shorten regimens. Potent sterilizing medications that can

described greater culture conversion with moxifloxacin at

shorten treatment duration to 2 months or less would improve

8 weeks and shorter time to culture conversion with

adherence and reduce program supervision and distribution

moxifloxacin during the first 2 months17,25. The technique of

costs. Furthermore, drugs that would reduce both total

examining EBA has also been used to study moxifloxacin.

lengths of therapy and frequency of drug intake would be

Two moxifloxacin EBA studies have demonstrated that

ideal4,41.

moxifloxacin has EBA superior to that of rifampin and perhaps
comparable to that of isoniazid43. A chemical structure of

The new drugs are needed to tackle the growing
global problem of multidrug-resistant

and

moxifloxacin is shown in Fig. 3.

extensively

drug-resistant tuberculosis. Patients with multidrug-resistant
tuberculosis need a combination of second-line and third-line

Gatifloxacin: The OFLOTUB trial shows two phase 3 trials of

anti-tuberculosis drugs, which are much more expensive,

shorter duration first-line tuberculosis treatment have now
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Fig. 7: Chemical structure of TMC-207 (Bedaquiline)
Fig. 4: Chemical structure of Gatifloxacin
effective daily-half dosage46. The only currently marketed
O
N

N

oxazolidinone, linezolid, has a MIC range of 0.125-1mg mLG1,
O

with an MIC50 of 0.5 mg mLG1 and an MIC90 of 1 mg mLG1. As a
Me

F

result, it has been used outside of labeled indications in
difficult-to-treat cases of MDR- and XDR-TB8.

O

Fig. 5: Chemical structure of Linezolid

PNU 100480 (Sutezolid): It is classified in oxazolidinones with
current investigations in Phase I and more potent activity

completed patient enrolment and treatment and replaced
Ethambutol with gatifloxacin in a four-month regimen44.
Newer generation fluoroquinolones significantly improve cure
or treatment completion among XDR-TB patients. Among
predominantly second-line treatment-naïve MDR-TB patients,
high relapse-free cure rates with good tolerance have been
achieved by the inclusion of gatifloxacin 400-800 mg once
daily for at least nine months45. A chemical structure of
gatifloxacin is shown in Fig. 4.

against Mycobacterium tuberculosis than LZD which is the
only currently

marketed

oxazolidinone46.

A chemical

structure of PNU 100480 is shown in Fig. 6. The anti-TB
activity of PNU-100480 was first reported in1996.Recent
experiments in the murine model show it to be more active
than linezolid even when serum concentrations are
considerably lower. A long-term experiment demonstrated
that the addition of PNU-100480 at 160 mg kgG1 shortened the
duration of treatment necessary to prevent relapse,
suggesting that PNU-100480 has a sterilizing activity that

Oxazolidinone: The oxazolidinones exert their anti-TB activity

could improve the treatment of drug-susceptible as well as

by inhibiting protein synthesis through a novel mechanism by
blocking the formation of the ribosomal initiation complex8,17.

drug-resistant TB8.

Linezolid: Linezolid is the first oxazolidinone antimicrobial

Diarylquinoline

agent
that demonstrated in vitro activity against both
drug-susceptible and drug-resistant isolates of MTB without
showing cross-resistance with the standard anti -Tuberculosis
agents25. A chemical structure of linezolid is shown in Fig. 5.
High maximal serum concentration, MIC90 for Mycobacterium
tuberculosis (0.5-1 mg LG1) and excellent penetration into
bronchial mucosa and MIC of LZD along with the slow
growth of Mycobacterium tuberculosis contribute to

TMC-207(Bedaquiline): TMC207 (formerly R207910) is a

25,46

diarylquinoline compound with a new mechanism of action
by inhibiting mycobacterial adenosine triphosphate
synthase46,47. A chemical structure of TMC207 is shown in
Fig. 7. The target of TMC207 relied on sequence analysis of a
single mutant of MTB and two mutants of M. smegma is that
were resistant to the drug and binding of TMC207 to the
oligomeric and proteolipid subunitc of mycobacterial ATP
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O2N

synthase leads to inhibition of ATP synthesis, which
subsequently results in bacterial death45. TMC207 is highly
potent against both drug-susceptible and drug-resistant
strains of MTB (first and second line drugs)48. Minimal
Inhibitory Concentration (MIC) ranging from 0.002 to
0.06 µg mLG1 and with a MIC50 of 0.03 µg/m47. The preclinical
trial of the early bactericidal and sterilizing activity of
TMC207 has been obtained in the mouse model. The daily
administration of TMC207 (25 mg kgG1) to experimentally
infected mice reduced the bacillary load by approximately
2.5-3.0 log10 per month. The drug, administered alone, was as
active as the standard daily regimen of rifampicin plus
isoniazid plus pyrazinamide; when substituting each first-line
drug with TMC207, the activity of each combination
containing TMC207 was significantly improved about that of
the standard regimen47. Ability to rapidly decrease bacillary
load (EBA) of aquiline was assessed in newly diagnosed
sputum positive patients. A total of 75 patients were
randomized; they were given once daily either aquiline
(25,100 or 400 mg) or 600 mg rifampicin or 300 mg isoniazid
for 7 days. TMC-207 at a dose of 400mg daily demonstrated
late (5-7 days) bactericidal activity similar to that of isoniazid
or rifampin 41. According to a study conducted by Tianyu
Zhang et al. in 2011 shows TMC207 has strong sterilizing
activity and may enable treatment of DR-LTBI in 3-4 months48.
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Fig. 8: Chemical structure of OPC-67683
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Fig. 9: Chemical structure of PA-824
with primary end-points based on time to sputum culture
conversion in the first six

months and secondary

endpoints based on the durability of culture conversion out
to 30 months17.
PA-824: The PA-824 is a nitroimidazole that has sterilizing
activity against drug-susceptible and drug resistant TB and
both active and dormant organisms induced in the hypoxic
condition in vitro. The MIC46 of PA-824 is 0.015-0.25 mg mLG1.
A chemical structure of PA-824 is shown in Fig. 9. PA-824

Nitroimidazole: The anti-TB effect of this class was identified

demonstrates dose-dependent bactericidal and sterilizing

in the 1990s and is principally due to inhibition of mycolic acid
synthesis in the mycobacterial cell wall17. Currently, two
nitroimidazoles are in clinical development. These are the
nitroimidazole-oxazine PA824, which is being developed by
the TB Alliance and the dihydroimidazole-oxazole OPC67683,
which is being developed by Otsuka Pharmaceutical 43.

activity in a murine model of TB. At a daily dose of 100 mg kgG1
in mice, it has a bactericidal activity which approaches that of
isoniazid and sterilizing activity comparable to that of
rifampicin. The combination of PA-824 with rifampicin and
pyrazinamide results in more rapid lung culture conversion
than the standard first-line regimen of isoniazid, rifampicin
and pyrazinamide8. In South Africa, a partially blinded Phase

OPC-67683

(Delamanid):

The

OPC-67683

is a

IIa

nitroimidazole-oxazole developed after members of the
class were identified in a screen for mycolic acid synthesis
inhibitors. Like the related nitroimidazole-oxazine, PA-824, it
appears to undergo reductive nitro activation and inhibits
ketomycolic acid synthesis as at least one of its mechanisms
of action8. A chemical structure of OPC-67683 is shown in
Fig. 8. The OPC-67683 is a nitroimidazole-oxazole with
cross-resistance to PA-824 without cross-resistance to
current anti-TB drugs. It is more potent than PA-824
in vitro (4-16 times) and in vivo with a MIC range of
0.006-0.024 g mLG1 and minimal bactericidal dose which
resulted in a 2 log10 reduction in CFU of 2.5 mg kgG1 in mice,
compared with 50 mg kgG1 for PA-824 in a similar model46. A
Phase III study of demand in MDR-TB is now underway

clinical

monotherapy

study
at

demonstrated that oral PA-824

200, 600, 1000 or 1200mg caused an

average drop of 0.1 log10 CFU mLG1 sputum during the first
two weeks of DS-TB treatment, only slightly below that of
RHZE17.
Pyrrole (LL3858): The LL-3858 was
with reporting

of

the

discovered in 2004

potential killing of both drug

susceptible and drug-resistant Mycobacterium tuberculosis
bacilli in vitro and in vivo (murine/mice

model) via

unknown target and mechanism of action46. Additive activity
in combination with first-line drugs in the murine model was
also described8. A chemical structure of Pyrrole (LL3858) is
shown in Fig. 10.
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methicillin-resistant strain that causes skin and soft tissue

N

N

infections. The capuramycin class of antibacterial antibiotics

CF3

inhibits the TL-1 enzyme which is essential for the

Me

construction of the cell wall and is present only in bacteria.

NH

O

Because the TL-1 enzyme is absent in eukaryotic cells, it is an
attractive target for antibiotic development. Despite the
ubiquity of TL-1 in bacteria, capuramycin and its analogs,

N

including SQ641 are remarkably specific for Mycobacteria and
certain Gram-positive bacteria, making it a promising

Fig. 10: Chemical structure of Pyrrole (LL3858)

Me
Me

candidate for a future regime25.

H
N

H
N

Future prospective of the new advances of anti-TB drugs:

Me

The most important challenge in TB drug development is the
difficulty in identifying new compounds with activity against

Fig. 11: Chemical structure of SQ109

M. tuberculosis. Regimens against TB should kill both the
rapidly growing mycobacteria

and

the

persisting

Diamine (SQ109): The SQ109 is a 1, 2-ethylenediamine that

mycobacteria in lesions . New chemotherapeutic advances

targets MmpL3 in MTB. The MmpL3 is a mycolic acid

may arise from optimizing the use of existing anti-TB drugs,

transporter required for incorporation of mycolic acid into the

repurposing existing antibiotics for use as anti-TB drugs or

MTB cell wall. The SQ109 is in Phase II clinical trials for DS-TB.

the discovery and development of new chemical entities.

A chemical structure of SQ109 is shown in Fig. 11. The SQ109

Among the drugs currently in clinical trials for TB are

had both the best antibacterial activity and the most

examples from each category (Table 2)8. Development of new

promising toxicity, MTD and PK parameters of all of the active

medicines is a complex, lengthy and expensive process,

drug compound. The SQ109 is an ethylenediamine identified

involving a series of stages (discovery, lead identification and

by screening a library of ethambutol derivatives. It has a MIC

lead optimization), ultimately leading to preclinical

44

1

development41.

of 0.16-0.64 mg mLG , which does not appear to be affected
by resistance to ethambutol. The mechanism of action of

The emergence of MDR- and XDR-TB has spurred interest

SQ109 remains to be fully elucidated. The induction of Rv0341

in the development of new drugs. Recently, the first report of

implicates inhibition of cell wall synthesis but, in addition to

phase 2 clinical trial of TMC207 for the treatment of MDR-TB

the lack of evidence of cross-resistance, gene expression

has been published. Adding TMC207 to standard therapy for

analysis suggests it may not be the same as that of

MDR-TB reduced the time to conversion to a negative sputum

ethambutol8,17. It kills MTB inside macrophages at a level

culture as compared with placebo. TMC207, a first-in-class

equivalent to INH and superior to EMB. At its MIC, it reduces

diarylquinoline, has a unique mechanism of action targeting

intracellular MTB by 99%. Intracellular activity is important

the c subunit of adenosine triphosphate synthase and exhibits

because MTB is facultative intracellular pathogens: They are

a long half-life. TMC207 plus rifapentine plus PZA gave once

phagocytosed by pulmonary macrophages but halt the

weekly was more active than the current standard regimen of

maturation of the phagosome to create a protected cellular

RMP plus INH plus PZA gave five times per week in murine TB,

niche for their replication.

suggesting that it has the potential to be used to develop a
fully intermittent once-weekly regimen. The PA-824 is a novel

Capuramycins (SQ641): The SQ641, a semisynthetic antibiotic,

nitroimidazole-oxazine, inhibits mycolic acid and protein

is the lead drug candidate selected from a 7000-compound

biosynthesis and kills non-replicating MTB as well. The PA-824

library of semisynthetic nucleoside-based translocase 1 (TL-1)

Enhances bactericidal activity of RMP and PZA in a murine

inhibitors developed as potential treatments for bacterial

model of TB. The combination of PA-824, moxifloxacin and

infections. It is particularly active against MTB causing

PZA cured mice more rapidly than the first-line regimen of

tuberculosis, non-tuberculosis mycobacterial pneumonia

RMP, INH and PZA in a murine model of TB, implying the

and pneumonia caused by

pneumonia,

potential to shorten the duration of TB treatment. Other

Crohnʼs disease and Staphylococcus auras, including the

imidazole-oxazole, diamine and pyrrole compounds are being

Streptococcus
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Table 2: New Anti- TB drug candidates in clinical development
Drugs

Class

Mechanism (s) of action

Rifapentine

Rifamycine

Inhibition of RNA synthesis

Target
DNA-dependent RNA polymerase

Moxifloxacin
Gatifloxacin

Fluoroquinolone
Fluoroquinolone

Inhibition of DNA synthesis
Inhibition of DNA synthesis

DNA gyrase
DNA gyrase

TMC207
PA-824

Diarylquinoline
Nitroimidazo-oxazine

Inhibition of ATP synthesis
Inhibition of cell wall lipid synthesis,

F1F0 proton ATP synthase
Unknown

inhibition of protein synthesis, indirect
effects of nitric oxide generation (?)
OPC-67683

Nitroimidazo-oxazole

Inhibition of cell wall lipid synthesis,
inhibition of protein synthesis, indirect

Unknown

SQ109

Diethylamine

effects of nitric oxide generation (?)
Inhibition of cell wall synthesis

Unknown

Linezolid

Oxazolidinone

Inhibition of protein synthesis

Ribosomal initiation complex

PNU-100480
AZD5847
LL-3858

Oxazolidinone
Oxazolidinone
Pyrrole

Inhibition of protein synthesis
Inhibition of protein synthesis
Unkown

Ribosomal initiation complex
Ribosomal initiation complex
Unkown

fluoroquinolines and nitroimidazoles in Phase IIb clinical trials
are concrete signs of progress towards shorter therapy.
Long-term investment, political commitment and scientific
endeavor will be crucial to ensure that progress is sustained
and the benefits of recent advances reach those in the
greatest need.

investigated in clinical phase 1 or 2 drug trials as well, yet none
of the compounds will have passed phase 3 to be available
before the year 20117.
CONCLUSION
The emergence of MDR-TB and XDR-TB, the need for new
TB drug regimens and rapid DST is intuiting globally. The
prospect of new TB regimens is exciting because patients
have had to rely on a single lengthy treatment option for
decades. New DST assays to detect resistance can be
developed before repurposed drugs come to market and
early in the implementation of new medicines. New
drugs are needed that have strong, synergistic and
complementary activities against various M. tuberculosis
subpopulations to shorten TB treatment, be effective against
MDR-TB/XDR-TB, new combinations of new and old drugs to
(or “intending to”) avoiding misuse of the new compounds
and prevent the emergence of different resistance. This calls
for the development of a broader drug pipeline and a new
paradigm
for
the identification of novel TB drug
combinations. The recent licensing of aquiline and the
encouraging performance of sterilizing drugs such as the
8-methoxyfluoroquinolines and nitroimidazoles in Phase IIb
clinical trials are concrete signs of progress towards shorter
therapy. Long-term investment, political commitment and
scientific endeavor will be crucial to ensure that progress is
sustained and the benefits of recent advances reach those in
the greatest need.
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