
ABSTRACT

Antimicrobial stewardship (AMS) aims to optimize antimicrobial use, improve outcomes, 
and limit resistance. Tuberculosis (TB), causing 10.8 million cases and 1.25 million deaths 
in 2023, contributes substantially to the global resistance burden but has rarely been 
integrated into AMS initiatives. This review evaluates how AMS principles apply to TB 
care. Key differences include long standardized combination regimens, predominance of 
outpatient management, and the central role of adherence, which limit conventional AMS 
approaches such as empiric therapy or treatment shortening. Diagnostic stewardship, 
rapid drug susceptibility testing, therapeutic drug monitoring, and outcome documenta-
tion are critical to prevent treatment failure and emerging resistance. We conclude that 
explicit integration of TB into national AMS strategies is essential to preserve the efficacy 
of existing and novel TB drugs and improve patient outcomes.
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INTRODUCTION

Tuberculosis (TB) caused an estimated 10.8 
million cases and 1.25 million deaths in 2023 
and is the leading cause of death from a sin-
gle infectious agent worldwide1. Drug-resis-
tant TB compromises treatment outcomes, 
places a heavy burden on health-care systems, 
and represents a major obstacle to achieving 
the targets of the World Health Organiza-
tion’s (WHO) End TB Strategy2.

Because the development of new compounds 
for TB treatment is slow and resource-
intensive, repurposed antibiotics such as flu-
orquinolones, linezolid, carbapenems, and 
clofazimine have become essential compo-
nents of regimens for drug-resistant disease3. 
Only in recent years have drugs such as 
bedaquiline, delamanid, and pretomanid 
been developed specifically for TB and now 
form the backbone of the short, all-oral regi-
mens recommended by the WHO for the 
treatment of multidrug-resistant or rifampi-
cin-resistant TB (MDR/RR-TB)4,5. Until 
recently, treatment of MDR/RR-TB required 
up to 18 months of multidrug combinations, 
with cure achieved in fewer than 70% of 
patients1. The advent of bedaquiline-
containing regimens has now enabled treat-
ment durations of 6-9 months with cure rates 
approaching 90%, comparable to those for 
drug-susceptible TB. Reports of emerging 
resistance to bedaquiline are therefore of par-
ticular concern, as they threaten to under-
mine these therapeutic advances6-8.

In this context, antimicrobial stewardship 
(AMS) plays an important role in preserving 
the effectiveness of both existing and newly 

developed drugs9. By promoting the rational 
use of antimicrobials, AMS seeks to improve 
patient outcomes while reducing toxicity, costs, 
and the emergence of antimicrobial resistance 
(AMR). In recent years, AMS programs have 
been implemented globally in response to the 
increasing threat of AMR. However, TB has 
rarely been explicitly included in these initia-
tives, despite accounting for a substantial pro-
portion of the global AMR burden10. This 
review summarizes the current state of AMS 
in TB and outlines practical pathways and 
future directions for embedding AMS across 
the continuum of TB care.

Interplay between TB and other 
bacterial infections

The interplay between TB treatment and the 
management of other bacterial infections 
illustrates the broader challenges of AMR. 
Fluoroquinolones are widely used for the 
treatment of common bacterial infections and, 
at the same time, represent a crucial compo-
nent of therapy for MDR/RR-TB. Prior treat-
ment with fluoroquinolones – for example, in 
patients with suspected pneumonia – has 
been associated with diagnostic and therapeu-
tic delays in pulmonary TB and with an 
increased risk of fluoroquinolone-resistant 
Mycobacterium tuberculosis11-13.

Conversely, extensive evidence shows that the 
use of fluoroquinolones, linezolid, and rifam-
picin promotes the emergence of AMR in bac-
terial species other than M. tuberculosis14-16. It 
is therefore reasonable to assume that the use 
of these agents in TB treatment may likewise 
contribute to rising AMR rates among other 
bacterial pathogens. These multifaceted, 
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bidirectional interactions between TB treat-
ment and the management of other suspected 
or confirmed bacterial infections highlight 
that AMS must always be implemented across 
diseases and bacterial species boundaries, 
with TB care forming an integral component 
of such efforts.

DIFFERENCES BETWEEN AMS IN TB 
AND CONVENTIONAL AMS

The relative underemphasis of AMS for TB 
can be partly explained by structural and 
clinical features that distinguish TB care from 
other infectious diseases (Table 1).

Historically, TB has been managed through 
vertical program structures – stand-alone, 
disease-specific national prevention and care 
programs with standardized protocols that 
operate largely outside broader health-system 
and AMS frameworks. This organizational 
separation has limited integration with wider 
AMS policies and practices, which are typi-
cally managed at the clinical level by AMS 
teams17. Moreover, while most AMS activities 
are concentrated in the hospital setting, TB 
care is predominantly delivered in outpatient 
and community settings, creating an addi-
tional challenge for alignment with conven-
tional AMS approaches.

Treatment strategies further underscore the 
differences between TB and conventional 
AMS. TB regimens are long, highly standard-
ized, and pathogen-specific, leaving little 
scope for individualized stewardship strate-
gies. In TB, microbiological confirmation is 
usually sought before starting therapy, 

whereas in many other infections, empiric 
broad-spectrum treatment followed by de-
escalation is frequent.

Likewise, while conventional AMS empha-
sizes shortening treatment duration, for 
example, by self-directed antibiotic reassess-
ments by prescribing clinicians, TB manage-
ment is bound to standardized, prolonged 
regimens18-20. Combination therapy is manda-
tory in TB to prevent AMR, whereas mono-
therapy is preferred whenever possible in 
most other bacterial infections. Institu-
tion-specific guidelines for the management 
of common infections are often developed to 
take into account local cumulative anti-
biograms guiding empiric antimicrobial 
choices for common infections, whereas in 
TB, local resistance patterns play a lesser role 
since empiric therapy is limited and stan-
dardized regimens dominate17,21-23.

Similarly, the transition from intravenous to 
oral therapy – a common AMS intervention 
in hospitals – is of limited relevance in TB, as 
initial intravenous treatment is reserved for 
selected patients with gastrointestinal absorp-
tion problems or those critically ill in inten-
sive care24-26.

Among AMS principles, treatment monitoring 
and outcome documentation play an excep-
tionally central role in TB, as they are critical 
to detecting inadequate response and pre-
venting AMR. This requires a combined 
assessment of clinical symptoms, weight gain, 
chest imaging, and microbiological results, 
with sputum culture as the reference stan-
dard. Molecular assays such as Xpert® MTB/
Rif (Cepheid, Sunnyvale, CA) are widely 
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available and provide rapid information for 
initial diagnosis, but they are not suitable for 
treatment monitoring, as they cannot distin-
guish between viable and non-viable bacilli 
and may remain positive long after effective 
therapy has been initiated. For monitoring 
purposes of pulmonary TB, sputum culture 
remains the reference standard, whereas novel 
host- or pathogen-derived biomarkers are 
under clinical evaluation and may provide 
more accurate and timely measures of treat-
ment response in the future27-29. Where avail-
able, therapeutic drug monitoring (TDM) may 
offer additional value by identifying malab-
sorption or subtherapeutic exposure in 
patients with poor response30-32. Standardized 

documentation of outcomes further ensures 
comparability, supports surveillance of resis-
tance, and enables evaluation of AMS inter-
ventions. Beyond cure, completion, and failure, 
outcome reporting should capture adverse 
events, treatment modifications, and loss to 
follow-up. Embedding such data in registries 
strengthens accountability and aligns TB care 
with broader AMS principles.

Finally, patient adherence plays an exception-
ally central role in TB stewardship. Successful 
outcomes depend on uninterrupted adher-
ence to therapy over many months, as treat-
ment interruptions risk AMR development 
and failure. By contrast, in conventional AMS, 

Table 1. Key differences and shared principles between conventional AMS and TB-specific stewardship

Domain Conventional AMS AMS in tuberculosis

Organization Local AMS teams with facility-specific protocols Vertical national TB programs with standardized 
protocols

Setting Predominantly hospital-based Predominantly outpatient/community-based

Diagnostic approach Empiric broad-spectrum therapy, de-escalation Microbiological confirmation is usually required before 
treatment

Access and equity Access to antimicrobials is generally less problematic Equitable access, affordability, and avoiding stock-outs 
are critical for treatment continuity

Therapy type Monotherapy is preferred when possible Always use combination therapy to prevent resistance

Treatment duration Typically short Long, standardized regimens

Treatment monitoring Focus on duration, IV-to-oral switch, and spectrum 
reduction

Regular clinical, microbiological, radiological 
monitoring; standardized outcomes; TDM

Outcome documentation Variable, often limited Standardized and essential for evaluation

Role of resistance epidemiology Protocols adapted to local resistance patterns Local resistance plays a minor role in empiric 
treatment choices; standardized regimens dominate

Preventive treatment Mainly perioperative or selected high-risk groups Preventive therapy of TB infection in high-risk 
individuals and close contacts

Route of administration IV-to-oral switch central Oral regimens are standard; IV is only rarely used

Adherence Shorter regimens ease adherence; education mainly 
targets prescribers

Long treatment requires strict adherence; interruptions 
risk resistance/failure; structured education, counsel-
ing, and support are essential

Stewardship objectives Limit unnecessary broad-spectrum use to reduce 
selection pressure

Prevent resistance through adherence, appropriate 
regimens, and dosing

AMS: antimicrobial stewardship; TB: tuberculosis; IV: intravenous; TDM: therapeutic drug monitoring.
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shorter treatment courses not only suffice but 
also reduce adherence challenges.

POTENTIAL ROLE OF AMS IN TB

Key AMS strategies in TB care are, among 
other interventions, designed to optimize the 
use of anti-TB drugs and limit the develop-
ment and transmission of drug-resistant M. 
tuberculosis (Fig. 1). Previously, five specific 
measures for TB stewardship have been pro-
posed, namely: (i) systematic exclusion of TB 
disease in candidates for preventive treat-
ment; (ii) avoidance of molecular tests for 
microbiological monitoring in patients receiv-
ing treatment for TB disease; (iii) refraining 
from the unnecessary addition of drugs to 
standard regimens for drug-susceptible TB 
and avoiding the addition of a single drug to 
a failing regimen; (iv) substitution of rifampi-
cin with appropriate drug-resistant TB regi-
mens in cases of rifampicin mono-resistance, 
drug–drug interactions, or intolerance; and 
(v) routine assessment of malnutrition at 
baseline with monitoring of weight gain as a 
proxy for treatment response10. We previously 
defined ten clinical standards for AMS in TB 
through a structured Delphi process involv-
ing an international panel of TB and AMS 
experts to reach expert consensus33. These 
include: (1) integration of TB into national 
AMR action plans; (2) implementation of TB 
surveillance systems; (3) education of health-
care providers, individuals affected by TB, 
and the public; (4) integration of TB into AMS 
activities; (5) establishment of expert consul-
tation services; (6) targeted testing and pre-
ventive treatment for individuals at risk for 
TB; (7) access to timely and comprehensive 
drug susceptibility testing (DST); (8) 

prioritization of efficacy, safety, and resis-
tance prevention in TB treatment regimens; 
(9) clinical and microbiological monitoring of 
treatment response; and (10) assessment of 
adherence, drug exposure, and resistance in 
treatment failure.

PROGRAMMATIC AND POLICY 
FRAMEWORK

Programmatic and policy measures form the 
foundation of AMS in TB. Integration of TB 
into national AMR action plans ensures that 
stewardship principles are applied not only 
at the patient level but also across health sys-
tems. Strong surveillance systems are essen-
tial to capture epidemiological trends, monitor 
AMR, and provide the evidence base for 
adapting guidelines. Embedding TB within 

Figure 1. Key AMS strategies in TB. AMS: antimicrobial 
stewardship; TB: tuberculosis.
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broader AMS activities also facilitates 
cross-learning between TB programs and 
stewardship structures established for other 
infectious diseases. This requires alignment 
between vertical TB programs and horizontal 
health system approaches, with clear respon-
sibilities, resource allocation, and account-
ability. Ultimately, programmatic and policy 
frameworks create the structural conditions 
under which diagnostic stewardship, rational 
regimen design, and adherence support can 
be successfully implemented.

EDUCATION AND COUNSELING

Educational interventions and counseling are 
cornerstones of AMS and have been shown to 
be effective in improving antibiotic prescrip-
tion behavior17,34,35. Such interventions are 
vital to maintaining knowledge of up-to-date 
practices and guidelines for antimicrobial 
use, while also enhancing awareness of local, 
regional, and global threats from AMR. This 
is equally true for TB, where ongoing clinical 
education is essential to ensure optimal 
patient care and appropriate prescribing prac-
tices, particularly in complex drug-resistant 
TB cases. In addition, multidisciplinary con-
sultation services, such as expert treatment 
boards and consilium structures, further sup-
port individualized therapy and promote 
adherence to best practices, especially where 
local expertise is limited36-40.

DIAGNOSTIC STEWARDSHIP

Diagnostic stewardship is a fundamental 
component of AMS, aiming to ensure that 
diagnostic tools are used effectively to guide 

optimal patient care and limit the emergence 
of AMR41. It includes the crucial pre-diagnostic 
steps of ensuring that the right patients are 
identified, appropriate clinical suspicion is 
established, and correct specimens are sub-
mitted for the appropriate investigations. This 
is particularly important in TB care, where a 
wide range of diagnostic tests is available and 
their proper use and interpretation critically 
depend on clinical judgment42. In addition to 
diagnosing TB disease, rapid and comprehen-
sive DST remains essential to guide individ-
ualized therapy and prevent amplification of 
AMR. Phenotypic DST continues to serve as 
the reference standard but is limited by its 
long turnaround time. Near point-of-care 
assays such as Xpert® MTB/RIF Ultra and 
Xpert® MTB/XDR provide more rapid resis-
tance information, though only for a restricted 
set of drugs. In contrast, next-generation 
sequencing (targeted next-generation sequenc-
ing [tNGS], whole genome sequencing [WGS]) 
enables faster and more comprehensive detec-
tion of resistance across all relevant agents, 
including bedaquiline, linezolid, and nitroim-
idazoles43-45. With the increasing adoption of 
tNGS and WGS in clinical practice worldwide, 
the translation of complex genomic findings 
into clear therapeutic decisions has become 
an integral component of stewardship. Stan-
dardized interpretation, adequate laboratory 
capacity, and affordability, therefore, remain 
critical, while timely and equitable access to 
high-quality diagnostics must be regarded as 
a core stewardship priority.

TREATMENT OF TB INFECTION

The clinical course of TB also differs mark-
edly from most other bacterial infections. TB 
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is characterized by distinct states of infection 
and disease. TB infection is defined as a per-
sistent immune response to M. tuberculosis 
antigens without clinical, radiological, or 
microbiological indication of TB disease. It 
may persist silently for years but can progress 
to TB disease, a risk that can be substantially 
reduced through preventive treatment46. This 
approach is unique, since in most other bac-
terial infections, prophylaxis is generally 
restricted to perioperative settings or selected 
high-risk groups. In contrast, TB disease has 
traditionally been defined by overt clinical 
manifestations and characteristic organ 
pathology, which may or may not be accom-
panied by infectiousness. This duality creates 
a stewardship dilemma. On one hand, unde-
tected or untreated TB infection may progress 
to TB disease, sustaining transmission and 
fueling AMR47. On the other hand, wide-
spread preventive treatment of individuals 
with low risk of progression can result in 
overtreatment and unnecessary antimicrobial 
exposure, with attendant toxicity and contri-
bution to AMR.

TREATMENT OF TB DISEASE

Within the broader framework of AMS, treat-
ment stewardship in TB should focus on 
optimizing the management of TB disease 
through the selection of effective regimens, 
monitoring of treatment response, and avoid-
ance and management of drug toxicity. Inef-
fective regimens remain the main driver of 
treatment failure and the development of 
AMR, underscoring the importance of evi-
dence-based regimen design. Structured 
monitoring of clinical, microbiological, and 
radiological outcomes helps detect early signs 

of treatment failure and emerging AMR. 
Antibiotic dose optimization is a key AMS 
strategy aimed at improving treatment out-
comes while reducing adverse effects and 
limiting the development of AMR48. This 
principle is particularly relevant in TB, where 
long treatment durations and the use of mul-
tiple drugs increase the risk of both toxicity 
and suboptimal exposure. TDM, where avail-
able, can further support dose optimization 
by identifying inadequate drug levels caused 
by malabsorption, drug–drug interactions, or 
individual pharmacokinetic variability, and 
by guiding timely dose adjustments30. 
Equally important are health system factors 
such as uninterrupted drug availability, 
avoidance of stock-outs, and financial acces-
sibility, which are critical to ensure delivery 
of effective regimens and prevent resistance 
amplification49,50. Treatment monitoring is 
another essential pillar of AMS in TB, as 
early identification of inadequate response is 
crucial to prevent treatment failure and the 
emergence of AMR28. Existing tools include 
clinical evaluation, weight gain, chest imag-
ing, and sputum culture, which remains the 
reference standard for assessing bacteriolog-
ical conversion. However, culture is slow and 
resource-intensive, and molecular assays 
such as Xpert® MTB/RIF cannot distinguish 
between viable and non-viable bacilli, limit-
ing their utility for monitoring. Novel 
approaches are therefore under evaluation, 
including molecular bacterial load assays, 
host- and pathogen-derived biomarkers, and 
transcriptomic signatures that may provide 
earlier and more accurate indicators of treat-
ment response29,51. Incorporating such tools 
into routine care could enable more individ-
ualized regimen adjustments, prevent unnec-
essary prolongation of therapy, and facilitate 
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earlier recognition of failing regimens, 
thereby strengthening AMR prevention and 
improving patient outcomes.

Delabeling of spurious antibiotic allergies is 
an important AMS measure52,53. Many patients 
carry allergy labels, particularly to β-lactams, 
that do not represent true hypersensitivity. 
Such labels restrict the use of first-line thera-
pies, promote unnecessary broad-spectrum 
coverage, and increase reliance on less effec-
tive or more toxic alternatives. Structured his-
tory-taking, targeted skin testing, and 
supervised drug challenges can safely remove 
false labels, thereby optimizing therapy and 
reducing selective pressure for AMR. While 
adverse drug reactions to TB medications are 
common, true hypersensitivity reactions occur 
in only a minority of patients54,55. Neverthe-
less, they can severely compromise adherence 
and lead to treatment interruptions, which is 
an established risk factor for the development 
of AMR56. Moreover, unnecessary exclusion of 
first-line drugs based on unverified allergy 
labels may increase toxicity and jeopardize 
treatment outcomes. Although severe IgE- or 
T-cell-mediated reactions to anti-TB drugs are 
rare, skin tests, patch tests, and in vitro diag-
nostics to confirm or exclude true allergy are 
not well evaluated, resource-intensive, and not 
widely available57. Pragmatic delabeling strat-
egies, including careful history-taking, risk 
stratification, and structured drug re-chal-
lenge, could help to avoid inappropriate label-
ing, ensure timely reintroduction of essential 
drugs, and support treatment adherence. 
Building standardized definitions, assessment 
frameworks, and multicenter evidence is 
therefore critical to embed delabeling practices 
into AMS and to strengthen AMR prevention 
and patient care.

Frequent interruptions in TB treatment due to 
drug shortages remain a major threat to suc-
cessful treatment outcomes and the preven-
tion of AMR49. These interruptions, often 
caused by procurement delays or disruptions 
of supply chains, lead to treatment interrup-
tions and regimen modifications that jeopar-
dize both individual and public health. 
Preventing shortages, therefore, requires 
political commitment and coordinated action 
across local, national, and global levels, ensur-
ing uninterrupted access to quality-assured 
TB medicines.

Moreover, the management of adverse effects 
represents a unique challenge in TB com-
pared with conventional antimicrobial ther-
apy. Drugs such as linezolid, while highly 
effective, are associated with hematologic and 
neurologic toxicities that often necessitate 
dose adjustments or treatment interruptions58. 
These measures, though intended to improve 
tolerability, may inadvertently promote the 
emergence of resistance if drug exposure 
becomes subtherapeutic. Optimizing the bal-
ance between efficacy and safety, therefore, 
requires close clinical monitoring, TDM 
where available, and clear guidance on dose 
modification and toxicity management.

ADHERENCE SUPPORT

Adherence support constitutes a cornerstone 
of AMS in TB, as treatment success ultimately 
depends on uninterrupted and sustained 
treatment intake. The long treatment duration 
creates major challenges for patients, particu-
larly when combined with frequent and 
sometimes severe adverse drug reactions. 
Additional barriers arise from the direct and 



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

284

BRN Rev. 2025;11(4)

indirect costs of treatment, including expenses 
for medications, transport, and repeated clinic 
visits, which may impose a substantial finan-
cial burden on patients and their families50. 
Non-adherence, whether due to toxicity, 
financial hardship, or social factors, is a major 
driver of treatment failure and the emergence 
of drug-resistant TB, thereby undermining 
both individual and public health outcomes. 
Addressing these obstacles requires a multi-
pronged approach that combines patient-cen-
tered counseling, treatment literacy, and 
psychosocial as well as financial support at 
the individual and community level56. Digital 
adherence technologies offer additional tools 
to strengthen continuity of care, particularly 
in decentralized or resource-limited set-
tings59. The use of fixed-dose combinations, 
which combine several drugs into a single 
tablet, has been instrumental in reducing pill 
burden and improving adherence60. Wide-
spread implementation of fixed-dose combi-
nations in first-line and selected second-line 
regimens is therefore another cornerstone of 
TB stewardship efforts.

CONCLUSION

AMS provides a vital framework to preserve 
the effectiveness of antimicrobial agents and 
to reduce the development and spread of 
AMR. Although important differences in the 
management of TB compared with other 
bacterial infections must be acknowledged, 
several established AMS strategies, such as 
clinical education and consultation, diagnos-
tic stewardship, rational regimen design, dose 
optimization, and the avoidance and manage-
ment of drug toxicity, are also applicable to 
TB. Integrating TB more explicitly into broader 

AMS programs will be crucial to improving 
patient outcomes and protecting the efficacy 
of both existing and novel anti-TB drugs in 
the future.
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