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Resumen

La farmacologia de los farmacos utilizados para tratar la
tuberculosis resistente representa un pilar fundamental
en la lucha contra las cepas multirresistentes (MDR) y
extremadamente resistentes (XDR). El articulo presen-
tado explora los avances recientes en estrategias tera-
péuticas, incluyendo el desarrollo de medicamentos de
segunda linea y agentes innovadores, que ofrecen un
renovado optimismo para una intervencion eficaz. Se
hace hincapié en la comprension de la eficacia de los
farmacos, los perfiles de seguridad y el disefio de tera-
pias combinadas Optimas adaptadas a las necesidades
individuales de cada paciente. Ademas, se destaca la
importancia de la colaboracion global, la inversion con-
tinua en investigacion y la innovacion tecnoldgica como
pilares esenciales para abordar el creciente desafio de
la resistencia a la tuberculosis. Las futuras orientaciones
se centran en mejorar la accesibilidad al tratamiento, op-
timizar los regimenes farmacologicos y fomentar el de-
sarrollo de soluciones sostenibles que se ajusten a los
patrones de resistencia en evolucion, prometiendo un
impacto transformador en los esfuerzos de salud global
contra la tuberculosis.
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Summary

The pharmacology of drugs used to treat resistant tu-
berculosis represents a critical cornerstone in the ba-
ttle against multidrug-resistant (MDR) and extensively
drug-resistant (XDR) strains. The presented article explo-
res recent progress in therapeutic strategies, including
the development of second-line medications and inno-
vative agents, which offer renewed optimism for effective
intervention. Emphasis is placed on understanding drug
efficacy, safety profiles, and the design of optimal com-
bination therapies tailored to individual patient needs.
Furthermore, the importance of global collaboration,
continued investment in research, and technological in-
novation is underscored as essential pillars for addres-
sing the escalating challenge of tuberculosis resistance.
Future directions focus on enhancing accessibility to
treatment, optimizing drug regimens, and fostering the
development of sustainable solutions that align with evol-
ving resistance patterns, promising a transformative im-
pact on global health efforts against tuberculosis.
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Introduction
Historical Context

Mycobacterium tuberculosis is the main etiologic
agent of Tuberculosis (TB), historically referred to as
the ‘white plague’, which precipitated considerable
global mortality throughout the 19th century. How-
ever, in the early beginning of the mid-20th century,
a marked reduction in tuberculosis prevalence and
associated fatalities was observed, particularly in
industrialized nations. The reported decrease was
mainly attributed to ameliorations in socioeconomic
conditions and living standards (Saavacool, 1986).
Furthermore, the introduction of streptomycin, pa-
ra-amino salicylic acid (PAS), and the availability of
isoniazid marked the start of the contemporary period
of effective treatment for the ailment in the mid-1940s.
Subsequently, with the advent of ‘short-course’ treat-
ment, the curative potential for tuberculosis was real-
ized. Despite the continued widespread prevalence
of tuberculosis in developing nations such as India
during the late 1970s, a prevailing optimism exist-
ed within developed countries regarding the poten-
tial elimination of tuberculosis as a significant public
health concern (Sharma SK, Mohan A, 2013).

The early 1980s witnessed a global resurgence of tu-
berculosis, primarily due to the emergence of Human
Immunodeficiency Virus (HIV) infection and the ac-
quired immunodeficiency syndrome (AIDS). Several
factors in low-income countries, including increased
poverty, uncontrolled urbanization, and the destabi-
lization of healthcare infrastructure and tuberculosis
control programs, also contributed to the resurgence
(Bloom, 1992; CDC, 1992; RossMan & MacGregor
1995). Furthermore, in the early 1990s, an outbreak
of a drug-resistant tuberculosis strain in New York re-
sulted in an 80% mortality rate among affected pa-
tients. The co-infection of HIV and tuberculosis, along
with the spread of drug-resistant tuberculosis, se-
verely aggravated the situation, prompting the World
Health Organization (WHO) to declare tuberculosis a
global emergency in 1993 (Natarajan A. et al., 2020).

The latter portion of the 1990’s years was marked by
the reemergence of drug-resistant tuberculosis (DR-
TB), including rifampicin resistant TB (RR-TB) and
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multidrug-resistant tuberculosis (MDR-TB), character-
ized by resistance to Rifampicin and Isoniazid, which
has presented a significant threat (Sharma SK, Mohan
A., 2006; Central TB Division, 2012). The first decade
of the 21st century has been ravaged by extensively
drug-resistant TB (XDR-TB), defined as MDR-TB plus
resistance to at least one drug from each of the two
important classes of second-line agents, fluoroquino-
lones (levofloxacin or moxifloxacin) and injectables
drugs namely amikacin, capreomycin or kanamycin
(Dheda K et al.,, 2010; Sharma SK, Mohan A, 2013;
Seung KJ et al., 2015). Recently, concern has been
expressed regarding the occurrence of extremely
drug-resistant TB (XXDR-TB), super XDR-TB, totally
drug-resistant TB (TDR TB) from some parts of the
world (Migliori GB et al., 2007; Velayati AA, Masjedi
MR et al., 2009; Velayati AA, Farnia P. et al., 2009).

The WHO currently does not recognize the term “to-
tally drug-resistant” for TB, as it lacks a clear defi-
nition. Consequently, such cases are classified as
XDR-TB by the WHO, primarily due to the technical
challenges and limitations associated with in vitro
drug susceptibility testing (DST). A consensus on
appropriate methods, critical drug concentrations for
resistance definition, and the reliability and reproduc-
ibility of results for conventional DST has been es-
tablished only for the drugs that define MDR-TB and
XDR-TB (WHO, 2008a). The reproducibility and reli-
ability of DST for other second-line drugs have not yet
been established and require further correlation with
clinical treatment responses. Therefore, the WHO ad-
vises against using these latter results to guide treat-
ment decisions (WHO, 2008b).

In 2015, an estimated 10.4 million people developed
TB, including 580.000 with MDR-TB or rifampicin-re-
sistant TB (RR-TB), and 1.4 million died from the
disease. However, it is noteworthy that despite these
scenaries, approximately 6.1 million new tuberculosis
cases were documented during that same period, in-
dicating a substantial issue of underreporting (WHO,
2016). While an estimated 10.8 million individuals
globally contracted tuberculosis in 2023, an increase
from 10.7 million in 2022, the annual number of those
developing multidrug-resistant/rifampicin-resistant tu-
berculosis (MDR/RR-TB) remained relatively stable
between 2020 and 2023, following a gradual decline
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from 2015 to 2020. In 2022, an estimated 410,000
individuals worldwide developed MDR/RR-TB. While
the treatment success rate for those diagnosed with
MDR/RR-TB has shown consistent improvement, it
continues to be critically low. This rate reached 63%,
an increase from 60% in 2019 and 50% in 2012
(WHO, 2024).

MDR/RR-TB continues to emerge and proliferate
due to two primary factors: suboptimal management
of tuberculosis treatment and direct interpersonal
transmission. The majority of individuals afflicted with
tuberculosis achieve remission through a six-month
treatment regimen, provided with sufficient support.
However, improper or erroneous administration of
anti-tuberculosis medications, the utilization of inef-
ficacious drug formulations (including monotherapy,
substandard pharmaceuticals, or inadequate storage
conditions), and premature cessation of treatment
can induce drug resistance. This resistance subse-
quently facilitates transmission, particularly within
densely populated environments such as correctional
facilities and healthcare institutions. Patients suffering
from pulmonary tuberculosis are capable of dissem-
inating the disease via expectoration, sternutation,
or mere vocalization. Infection can be acquired by
inhaling a minimal quantity of these microorganisms
(WHO, 2024).

Pharmacological Therapy

Comprehensive drug susceptibility testing is para-
mount to identify resistance to specific antitubercular
medications, thereby guiding the choice of effective
drugs. This is often complemented by an assessment
of prior exposure to TB medicines, as previous treat-
ment failures or incomplete courses can influence
subsequent resistance patterns and the likelihood of
successful treatment. A detailed patient history, en-
compassing comorbidities, allergies, and tolerance to
various medications, is also crucial. Beyond the in-
dividual patient, the drug-resistance profile of close
contacts can inform treatment decisions, particularly
in cases where transmission within a household or
community is suspected. This epidemiological link
can help predict potential resistance patterns in the
patient (WHO, 2024a).
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Age plays a significant role, as certain drugs may
have different safety or efficacy profiles in pediatric
versus adult populations. The extent of pulmonary TB
disease, including the presence of cavitation or ex-
tensive lung involvement, can influence the duration
and intensity of treatment required. Furthermore, the
localization of extrapulmonary TB lesions, such as
those affecting the bones, joints, central nervous sys-
tem, or lymph nodes, may necessitate specific drug
penetration properties or longer treatment durations
due to the inherent challenges in achieving therapeu-
tic drug concentrations in these sites (Golden MP,
Vikram HR, 2005; Moule MG, Cirillo JD, 2020; Vishnu
Sharma M et al., 2022; WHO, 2024a).

The WHO’s emphasis on individualized treatment un-
derscores the complexity of managing MDR/RR-TB,
highlighting the need for a comprehensive assess-
ment of each patient’s unique circumstances to op-
timize treatment outcomes and minimize the risk of
further resistance development (WHO, 2024a).

For patients diagnosed with MDR/RR-TB who have
no documented fluoroquinolone resistance and have
not previously undergone second-line drug treat-
ment, a 9-month all-oral regimen is recommended.
This regimen includes bedaquiline (administered for
six months) in conjunction with levofloxacin/moxiflox-
acin, ethionamide, ethambutol, high-dose isoniazid,
pyrazinamide, and clofazimine. The latter six drugs
are administered for an initial four months, with the
potential for extension to six months if sputum smear
positivity persists. This initial phase is succeeded
by a five-month treatment period comprising levo-
floxacin/moxifloxacin, clofazimine, ethambutol, and
pyrazinamide. Ethionamide may be substituted by a
two-month course of linezolid (WHO, 2016a; WHO,
2024a). However, pregnancy was an exclusion criteri-
on for the shorter MDR-TB treatment regimen studies.
Two of the core components of the shorter MDR-TB
regimens — the injectable agent and ethionamide (or
prothionamide) — are usually contraindicated in preg-
nancy. Interrupting these medicines from the short-
er MDR-TB treatment regimen could seriously com-
promise its effectiveness (WHO, 2016a). A 9-month
regimen with linezolid instead of ethionamide shall
be used in pregnant women, unlike the regimen with
ethionamide (WHO, 2022).
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Conversely, for patients diagnosed with MDR/RR-TB
who do not meet the criteria for, or have not achieved
a favorable therapeutic outcome from, the aforemen-
tioned 6-month or 9-month regimens, or whose TB
disease is attributable to M. tuberculosis strains ex-
hibiting XDR-TB, or who demonstrate intolerance to
pivotal therapeutic components, extended individual-
ized regimens represent viable treatment modalities
for RR-TB or MDR-TB. These regimens typically ex-
tend over a duration of 18 months or more and may
be either standardized or tailored, incorporating the
pharmaceuticals listed in Chart 1. Such regimens
are generally formulated to include a minimum com-
plement requisite of second-line anti-tuberculosis
agents, chosen based upon their presumed efficacy,
which is inferred from the patient’s medical history or
drug-resistance profiles. For individuals afflicted with
RR-TB or MDR-TB, a regimen encompassing at least
five efficacious anti-TB drugs during the intensive
phase is recommended (WHO, 2016a; WHO, 2024a).

This therapeutic approach mandates the inclusion of
pyrazinamide and four critical second-line drugs: one
from Group A, one from Group B, and a minimum of
two from Group C. In instances where the prescribed
minimum of effective drugs cannot be attained as de-
lineated above, an agent from Group D2 and supple-
mentary agents from Group D3 may be incorporated
to achieve a total of five. Furthermore, for patients
with RR-TB or MDR-TB, it is advised that the regimen
be supplemented with high-dose isoniazid and/or eth-
ambutol (WHO, 2016a; WHO, 2024a).

In 2022, the World Health Organization (WHO) issued
a conditional recommendation for a 6-month treat-
ment regimen consisting of bedaquiline, pretomanid,
linezolid (600 mg), and moxifloxacin (BPaLM) for
patients diagnosed with multidrug-resistant/rifampi-
cin-resistant tuberculosis (MDR/RR-TB). This regimen
is designated as the preferred option for the major-
ity of patients afflicted with this condition. This rec-
ommendation prioritizes BPaLM over the previously
employed 9-month or extended 18-month regimens.
Drug susceptibility testing (DST) for fluoroquinolo-
nes is strongly advised for individuals with MDR/
RR-TB. While the initiation of BPaLM should not be
postponed pending DST results, these results should
subsequently guide the decision regarding the reten-
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tion or cessation of moxifloxacin from the regimen. In
cases of confirmed fluoroquinolone resistance, BPalL
(excluding moxifloxacin) should be commenced or
maintained. However, this recommendation does not
apply to pregnant and breastfeeding women owing to
limited evidence on the safety of pretomanid (WHO,
2022; WHO, 2024a). Thus for pregnant women, it is
recommended that a longer individualized regimen
be used which can allow the inclusion of four or more
effective second-line TB medicines with no known
teratogenic properties.

Chart 1. Medicines recommended for the treatment of RR-TB
and MDR-TB.

Groups Drugs

Levofloxacin
Group A. Fluoroquinolo-

nes Mox.ifloxac'in
Gatifloxacin

Amikacin

Group B. Second-line Capreomycin

injectable agents Canamycin

(Streptomycin)*
Ethionamide/prothionamide
Group C. Other core Cycloserine/terizidone
second-line agents Linezolid

Clofazimine

Pyrazinamide
D1 Ethambutol
High-dose isoniazid

Group D. Add-on agents D2 Bedagquiline
(not part of the core MDR- Delaminid
TB regimen)
p-aminosalicylic acid
Imipenem-—cilastatin
D3 P

Meropenem
Amoxicillin-clavulanate

(Adapted from WHO, 2016a).

*For the treatment of RR-TB and MDR-TB, streptomycin is included
as a substitute for second-line injectable agents when aminogly-
cosides or capreomycin cannot be used and susceptibility is highly
likely. In the absence of susceptibility testing, streptomycin is not
indicated.
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CONCLUSION

In conclusion, the pharmacology of drugs used to
treat resistant tuberculosis underscores the complex-
ity of combating this challenging disease. Advances
in drug development, such as second-line medica-
tions and novel therapeutic agents, have provided
hope for treating multidrug-resistant (MDR) and ex-
tensively drug-resistant (XDR) tuberculosis. These ef-
forts demand careful attention to drug efficacy, safety
profiles, and optimal combination therapies to ensure
successful outcomes while minimizing adverse ef-
fects. As resistance continues to evolve, it is imper-
ative that ongoing research, global cooperation, and
innovation pave the way for more effective, accessi-
ble, and sustainable solutions to combat tuberculosis
resistance worldwide.
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