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ABSTRACT

Tuberculosis (TB) remains a significant global health threat with high mortality and efforts to meet WHO End TB Strategy mile-
stones are off-track. It has become clear that TB is not a dichotomous infection with latent and active forms but presents along a
disease spectrum. Subclinical TB plays a larger role in transmission than previously thought. Aerosol studies have shown that
undiagnosed TB patients, even with paucibacillary disease, can be highly infectious and significantly contribute to TB spread.
Encouraging clinical results have been seen with the M72/AS01, vaccine. If preliminary results can be confirmed in ongoing
larger trials, modelling shows the vaccine can positively impact the epidemic. TB preventive therapy (TPT), especially for high-
risk groups like people living with HIV and household contacts of drug-resistant TB patients, has shown efficacy but imple-
mentation is resource intensive. Treatment options for infectious patients have grown rapidly. New shorter, all-oral treatment
regimens represent a breakthrough, but progress is threatened by rising resistance to bedaquiline. Many new chemical entities
are entering clinical trials and raise hopes for all-new regimens that could overcome rising resistance rates to conventional
agents. More research is needed on the management of complex cases, such as central nervous system TB and severe HIV-
associated TB. Post-TB lung disease (PTLD) is an under-recognised but growing concern, affecting millions of survivors with
lasting respiratory impairment and increased mortality. Continued investment in development of TB vaccines and therapeutics,
treatment shortening, and management of TB sequelae is critical to combat this ongoing public health challenge.

1 | Background/Epidemiology

Despite global efforts to control it, tuberculosis (TB) remains a
significant threat to global health. TB remains the number one
infectious disease killer globally, after being surpassed by coro-
navirus disease (COVID-19) only briefly [1]. Every year more
than 10 million new cases of TB, of which 0.5 million are drug
resistant, are registered globally. Although TB is a curable dis-
ease, mortality remains high with 1.3 million deaths in 2022. TB
is poverty-related and disproportionally affects South-East Asia
and sub-Saharan Africa, where it is the leading cause for the loss

of disability adjusted life years (DALYs) [2]. We are off track to
meet milestones set in the World Health Organisation (WHO)
End TB Strategy to reduce TB incidence by 80%, TB deaths by
90%, and to eliminate catastrophic costs for TB-affected house-
holds by 2030 [3]. Urgent action is required to improve case de-
tection, TB prevention and treatment outcomes.

Historically, disease progression after infection with
Mycobacterium tuberculosis (M.tb) were divided into latent TB,
where individuals are asymptomatic and non-infectious, and ac-
tive TB, a symptomatic, potentially infectious disease, with only
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a minority of individuals clearing the infection without inter-
vention. It is increasingly recognised that TB infection is a more
nuanced spectrum of disease, ranging from non-infectious M.tb
infection, through subclinical TB (without symptoms, or with-
out the individual being aware of or reporting their symptoms)
which can be non-infectious or infectious, to clinically active
TB [4]. Based on TB prevalence surveys, approximately 50% of
microbiologically confirmed TB cases have subclinical TB [5].
Combined with the increasing evidence of TB transmission,
where subclinical TB appears to be as infectious as clinical TB
[6], this is alarming and needs to be considered in TB detection
algorithms. Current diagnostic algorithms fail to detect many
patients transmitting M.tb. This is illustrated by aerosol sam-
pling studies, where M.tb was isolated from individuals with
incipient, undiagnosed TB at similar rates as patients with ac-
tive disease [7]. The current focus on primarily screening people
who cough (e.g., in contact investigations) should be reconsid-
ered. Most aerosolization probably occurs during tidal breathing
and cough does not increase the amount of M.tb released [8].

2 | Diagnostics and Biomarkers

TB diagnosis typically begins with symptom screening, which
is subjective and misses asymptomatic cases, and chest x-ray,
which requires infrastructure and trained personnel [9]. Recent
advancements in this area include mobile low-dose imaging and
computer-aided detection software [10]. Smear microscopy and
culture were the standard for detection of M.tb for decades, but
this has changed with the WHO endorsing molecular tests that
is, nucleic acid amplification tests (NAATSs) for detecting M.tb
and rifampicin resistance, including Xpert MTB/RIF Ultra
(Cepheid) and Truenat MTB (Truenat) [11]. Increasingly, diag-
nostic algorithms rely on these molecular tests, with the caveat
that these tests do not distinguish between live and dead M.tb,
and that disease due to non-tuberculous mycobacteria (present-
ing with similar signs and symptoms as TB) may increasingly be
missed. Due to the lower detection limit, Xpert MTB/RIF Ultra
(Cepheid) has a higher sensitivity and is recommended particu-
larly for paucibacillary forms of TB like central nervous system
TB (CNS TB) [12]. Due to its paucibacillary nature, diagnosis of
CNS TB still relies on a combined interpretation of clinical fea-
tures, CSF chemistry and cytology, molecular tests like Xpert
MTB/RIF Ultra and mycobacterial culture, paralleled with the
exclusion of alternative diagnoses [13]. Diagnostic accuracy of
TB diagnostic tests is improved with larger volumes of CSF an-
alysed [14]. In addition, tests in development including Truenat
MTB Plus (Molbio, Verna, India), SILVAMP TB LAM (FujiFilm,
Tokyo, Japan) and metagenomic next-generation sequencing
show promising results [15-17].

For drug susceptibility testing (DST) of second line drugs, line
probe assays (e.g., GenoType MTBDTplus) are widely used [18].
Culture-based phenotypic DST remains the gold standard for
extensive drug-resistance detection, though molecular tests
are available for broader drug resistance testing [19]. The Xpert
MTB-RIF assay is the most widely accessible molecular resis-
tance test. Resistance to rifampicin (R) is strongly associated
with multidrug-resistant TB (MDR-TB; resistant to isoniazid
(H) and R). H monoresistance occurs three times more fre-
quently than MDR-TB, but undiagnosed H resistance favours

development of MDR-TB during continuation treatment with
H and R [1, 20]. The newer automated moderate complexity
NAATs, endorsed by the WHO, detect not only M.tb and R re-
sistance but also H resistance—increased use of these tests will
improve the identification of individuals with monoresistance
[11]. Apart from this, a priority is to develop rapid, point-of-care
tests for DST of the newer TB drugs including bedaquiline.

Where accessible, whole genome sequencing is increasingly
being used for DST. Whole genome sequencing has important
benefits to phenotypic DST, most importantly the shorter turn-
around time [21].

Most diagnostic tests are validated on sputum only. Alternative
sample types, including tongue swabs, urine, stool, and aerosols,
are being explored [22]. The WHO has endorsed the urine-based
AlereLAM test for TB diagnosis in PLWH with CD4 counts
<100 cells/uL [23].

There has been growing interest in measuring the host response
to TB in recent years. Biomarker tests detecting blood RNA
signatures and analytes in blood can distinguish between TB
disease states [24-26], with RNA-based biomarkers predicting
disease onset up to 6 months in advance [27]. A point-of-care
test (Xpert MTB Host Response) using fingerpick blood has also
been developed but requires further investigation [28]. Recently,
the WHO has also recommended using C-reactive protein
(>5mg/L) for TB screening in people living with HIV [29].

With the development of shorter regimens the need for well-
performing relapse prediction biomarkers is becoming increas-
ingly clear. Where a high baseline mycobacterial load seems to
be an important predictor of relapse [30, 31], prediction scores
based on clinical information (body mass index, time to posi-
tivity of sputum cultures) and markers of host response seem to
perform well [31-34]. These scores require evaluation in larger
prospective studies. An accessible, point-of-care relapse predic-
tion score would accelerate the development of shorter and indi-
vidualised TB treatment regimens.

3 | Prevention
3.1 | Vaccines

At present, the only licensed vaccine against TB is Bacillus
Calmette-Guérin (BCG), which is typically administered to in-
fants at birth and effectively protects against severe forms of TB
[35-37]. However, its efficacy against pulmonary TB, the pre-
dominant form of the disease, is limited, with significant wan-
ing observed 10years post-infant vaccination [38]. Consequently,
there is a need for a new TB vaccine with long-lasting efficacy.
At the time of the latest WHO Global TB report, 15 vaccine can-
didates were in clinical development, spanning a diverse array
of platforms, including mRNA-based vaccines entering phase
1 trials [1, 39]. Notably, some of these candidates are not only
being evaluated for their efficacy in preventing TB disease or
recurrence, but for their potential to prevent M.tb infection, as
indicated by a positive interferon gamma release assay (IGRA)
[40]. Among these candidates, the protein subunit vaccine M72/
AS01; shows promise. A phase 2b study demonstrated 49.7%
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efficacy (95% CI 2.1%-74.2%) in preventing progression to TB
disease in HIV-negative, IGRA-positive adults [41]. A larger
phase 3 multi-country trial is now underway, including both
IGRA-positive and IGRA-negative adolescents and adults, as
well as an HIV-positive cohort, with the completion of the trial
expected in 2028. Although a 50% efficacy might seem modest,
modelling studies suggest that such a vaccine could significantly
impact TB control, particularly in the adolescent/adult popula-
tion [42]. Despite absence of clear correlates of protection, recent
studies in non-human primates offer hope for a breakthrough
[43-45]. Tt is also encouraging that most vaccine candidates in
the pipeline are in phase 2b or phase 3 trials. Now, more than
ever, the opportunity to achieve licensure for a new TB vaccine
may be within reach. On the downside, our current approach to
TB vaccine development will have to be critically reviewed and
rebuilt if these vaccines fail, which will take many years. Key
stakeholders have increased efforts to ensure continuity in TB
vaccine development [46].

3.2 | TB Preventive Therapy

TB preventive therapy (TPT) significantly reduces the risk of
progression from TB infection to active disease. TPT is recom-
mended for all people living with HIV, where progress has been
made in terms of coverage, but also for household contacts of TB
patients (with emphasis on children under 5years) and other risk
groups including patients starting anti-TNF treatment, organ or

haematologic transplant recipients and dialysis patients [47].
Significant gaps need to be closed before United Nations (UN)
targets are met [1]. Currently recommended regimens include
a 3-month regimen of once weekly rifapentine plus isoniazid
(3HP), a 3-month regimen of daily isoniazid plus rifampicin
(BHR), or 6-9months of daily isoniazid (6-9H) (Figure 1). A 1-
month regimen of daily rifapentine plus isoniazid (1HP) [48] or
4months of daily rifampicin alone may also be offered as alter-
natives (4R) [47]. Whilst shorter rifapentine regimens 3HP and
1HP are safe and associated with high completion rates [48-50],
adverse reactions are common during the first month of treat-
ment. The most common reactions include flu-like symptoms
for 3HP and urticaria for 1HP; these are generally mild and self-
limiting [49-52]. Pre-treatment counselling about these reac-
tions and their prognosis may further improve completion rates
[50]. Hepatotoxicity occurs less with 3HP (0.4%) or 1HP (2% or
less) compared to 9H [48, 49], but this remains a point of caution
for all TPT regimens.

Two recent trials showed a reduction in incidence of TB with
6 months of daily levofloxacin after household exposure to drug
resistant TB disease (MDR-TB or RR-TB, resistant to R and H or
R only, respectively) [53, 54]. The TB-CHAMP trial evaluated
6 months of levofloxacin to prevent MDR-TB disease in children
and adolescents, resulting in an incidence of MDR-TB of 1.1%
versus 2.6% in the placebo group, which was not statistically
significant [54]. Similarly, the VQUIN trial, evaluating 6 months
levofloxacin in adult individuals with MDR-TB exposure,

Recommended drug regimens

TB preventative therapy Drug-sensitive TB Drug-resistant TB

3HP (weekly Tx 6-9H (daily Tx for 6-month Tx 6-month Tx 9-month Tx** 9-month Tx**
for 3 months) 6-9 months) Rifampicin Bedaquiline Bedaquiline Bedaquiline
Rifapentine Isoniazid Isoniazid Pretomanid Linezolid Delamanid
Isoniazid Pyrazinamide Linezolid Moxifloxacin Linezolid
1HP (daily Tx for Ethambutol +/- Moxifloxacin Pyrazinamide Levofloxacin
3HR (daily Tx for 1 month) Pyrazinamide
3 months) Rifapentine 4-month Tx 6-month Tx** 9-month Tx**
Rifampicin Isoniazid Rifapentine Bedaquiline Bedaquiline
Isoniazid Isoniazid Delamanid Linezolid
*Daily Tx for 6 Pyrazinamide Linezolid Levofloxacin

4R (daily Tx for 4
months)
Rifampicin

months
Levofloxacin

Moxifloxacin

Levofloxacin
Clofazimine

Clofazimine
Pyrazinamide

Drug regimens in advanced development

TB preventative therapy Drug-sensitive TB AUl TB***

*Daily Tx for 26

Initial 8-week Tx

Various regimens

weeks Bedaquiline in development under
Delamanid Linezolid UNITE4TB and PAN-TB
Isoniazid
Pyrazinamide
Ethambutol

FIGURE1 | Current recommended regimens for TB prevention and treatment. This figure shows regimens that are currently recommended by

the World Health Organisation, and in advanced development for tuberculosis (TB) preventive therapy, treatment of drug-susceptible TB and drug-

resistant TB, respectively. Drugs are colour-coded by their respective chemical class. *For drug resistant TB patient contacts; **Quinolone suscep-

tibility required and *** Regimens in development within UNITE4TB and PAN-TB contain novel compounds without cross-resistance, that could

be used as first-line regimens in individuals with TB disease without prior knowledge of drug resistance profiles. H, isoniazid; P, rifapentine; R,

rifampicin; Tx, treatment.
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reported an incidence of TB disease in 0.6% in the levofloxa-
cin group versus 1.1% in the placebo group [55]. Levofloxacin
use was associated with an increased risk of musculoskeletal
adverse events. In a meta-analysis combining the findings of
these trials, the difference in TB incidence did reach statisti-
cal significance, though owing to the low underlying TB rates
the estimated number needed to treat to prevent one TB case
remains high, particularly in adults [56]. Based on these two tri-
als, 6 months levofloxacin is included in the updated WHO rec-
ommendations for TPT for RR-TB contacts [47]. A Phase 3 trial
evaluating the efficacy and safety of 26 weeks of daily delamanid
in high-risk household contacts of MDR TB patients is currently
ongoing (PHOENIx MDR-TB; NCT03568383). Delamanid TPT
will hopefully address the gap of available regimens for con-
tacts of patients with pre-XDR and XDR-TB with quinolone
resistance.

Apart from TPT, nutritional support has also shown to be bene-
ficial in reducing TB incidence in household contacts [57].

4 | Treatment
4.1 | Drug-Susceptible TB

The recommended regimen for drug-susceptible pulmonary
and extrapulmonary TB was developed over 4 decades ago
and consists of 6 months of rifampicin (R) and isoniazid (H) to
which pyrazinamide (Z) and ethambutol (E) are added in the
first 2months. Although this regimen is safe and effective, the
extended duration makes regimen completion challenging.
A number of trials aiming to reduce treatment duration with
fluoroquinolones failed to show non-inferiority [58-60] until
a 4-month regimen including rifapentine, isoniazid, pyrazin-
amide and moxifloxacin (M) 4HPZM) was successful. This
regimen is now WHO endorsed for treatment of DS-TB in peo-
ple aged 12years and older [61, 62]. However, the persistent
need for adherence support as well as the need for resistance
testing to rifampicin and moxifloxacin limit potential gains in
cost-effectiveness [63], and accessibility of rifapentine remains
limited.

Trials evaluating higher doses of rifampicin have so far failed to
show increased efficacy of HRZE, although doses were mostly
only minimally increased (up to 20mg/kg), where the risk of
drug-induced liver injury may be increased with doses >20mg/
kg [64].

4.2 | Drug-Resistant TB

In 2020 the Nix-TB trial investigating BPaL, a novel 3-drug reg-
imen with bedaquiline, the nitroimidazole pretomanid and the
repurposed antibiotic linezolid, was shown to cure patients with
extensively resistant or difficult to treat DR-TB in only 6 months,
albeit in an uncontrolled study [65]. The TB-PRACTECAL trial
confirmed that BPaL with moxifloxacin (BPaLM) for 24 weeks
was non-inferior to the WHO standard of care for treatment of
pulmonary MDR/RR-TB and had a better safety profile [66, 67].
In 2022, WHO recommended BPaLM for 6 months as the new
standard regimen for MDR/RR-TB in patients aged 14 years or

older without previous exposure to bedaquiline, pretomanid or
linezolid. Importantly, excluding moxifloxacin from the reg-
imen in patients with fluoroquinolone resistance does not re-
quire treatment extension [68].

BPaLM as a regimen free of injectable drugs and with a dura-
tion comparable to DS-TB regimens was a breakthrough, though
currently does not have safety and efficacy data in a subset of
vulnerable patients. For children, adolescents, pregnant and
breastfeeding women with MDR/RR-TB, WHO recently en-
dorsed a 6-month regimen composed of bedaquiline, delamanid,
linezolid, levofloxacin and clofazimine (BDLLfxC) tested in
the BEAT-TB study, demonstrating efficacy and safety in these
groups. Levofloxacin or clofazimine can be excluded from the
regimen according to fluoroquinolone resistance results [69, 70].
The EndTB study investigated combinations of bedaquiline,
linezolid, levo- or moxifloxacin, delamanid, clofazimine and
pyrazinamide [71]. Following early release of the successful
EndTB study results, WHO provides guidance on three alter-
native injectable-free 9-month regimens for adults and children
(BLMZ, BLLfxCZ, BDLL{xZ). However, these regimens require
susceptibility to fluoroquinolones.

Patients not eligible for one of those regimens such as those with
resistance or previous exposure to bedaquiline, pretomanid or
linezolid of more than 1 month, or, for some regimens, fluoro-
quinolone resistance, still require individualised, much longer
treatments with poorer efficacy and tolerability.

4.3 | TB Therapeutics in Development

That shorter regimens are possible using a risk-stratified treat-
ment strategy was elegantly shown in the TRUNCATE trial [30].
Selected and carefully monitored patients with mild disease and
without risk factors for failure or recurrence received an 8-week
regimen with first and second-line drugs (bedaquiline, linezolid,
isoniazid, pyrazinamide and ethambutol) that was noninferior
to standard treatment. This confirmed that even with conven-
tional agents most patients can be cured in considerably less
than 24 weeks. How to identify this minority of ‘hard-to-treat’
individuals that drive the longer treatment duration in current
regimens is the subject of ongoing research.

Large international initiatives such as UNITE4TB (https://www.
unite4tb.org) and PAN-TB (https://www.pan-tb.org), which
comprise private, academic, and industry partners, are taking
advantage of the extensive list of novel drugs to develop shorter
regimens for all patients (Figure 2 [72]). In accordance with re-
cently released WHO product target profiles these regimens ex-
clude current first-line agents and aim for broad suitability, and
are designed to meet the efficacy, safety, and tolerability needs
of the majority of TB patients while remaining cost-effective and
accessible for national TB programs [73].

Conceivably, it is impossible to test all permutations of drug
combinations at different dose levels and durations in clinical
trials. A consensus is emerging whereby suitable combinations
are selected based on in vitro testing, murine experiments and
extrapolation of drug concentrations expected at site of disease
in different metabolic conditions [74, 75]. Prioritised regimens
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would first undergo a 4-month Phase 2B study to ascertain
safety of the novel combination and obtain an early reading of
potential efficacy. The best performing regimens would enter
a duration-randomisation phase with clinically relevant end-
points to evaluate further treatment shortening potential based
on relapse rates. This would produce the best candidates and

treatment durations for a phase 3 study leading to adoption of a
novel regimen as shown in Figure 3 [74, 76].

Phase 2C studies with duration randomisation also offer a
unique opportunity to identify risk factors for treatment failure
and relapse, that is, profiles for ‘harder-to-treat’ patients. Such
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biomarkers could pave the way to a stratified medicine approach
with individual treatment durations that cure each patient with
a high probability instead of one treatment duration that has
a high probability of curing most patients. This could increase
cost-effectiveness dramatically even if some patients still needed
treatment beyond 4 months [77].

A hopefully minor setback are rapidly rising resistance rates in
the field against bedaquiline [78, 79]. First published in 2004 the
drug had a novel mechanism of action targeting mycobacterial
energy metabolism. It was the first drug developed in decades in
response to increasing resistance against first- and second line
agents that could no longer be contained by public health mea-
sures [80, 81]. Bedaquiline received marketing registration in
2012 [82, 83], but was adopted into clinical guidelines only slowly
and used mostly as a salvage agent, as such often partnered with
weak or failing other drugs [78, 79, 84]. Alarmingly, bedaquiline
is a cornerstone of the current standard regimen for RR-TB and
of all exploratory new regimens. Some hope comes from the al-
ternative diarylquinoline molecules TBAJ-587 and TBAJ-876
that might overcome the most prevalent types of bedaquiline
resistance (associated with mutations in the Rv0678 gene [85]).

4.4 | Treatment of Extrapulmonary TB

To date, there are no separate treatment guidelines for extrapul-
monary TB nor are the various disease manifestations included
in trials with novel regimens [61]. Standard regimens will suf-
fice for paucibacillary forms such as lymph node and pleural TB.
Manifestations with increased morbidity and mortality risk are
CNS-TB, disseminated severe HIV-associated TB, TB pericar-
ditis and bone and joint TB. CNS-TB is associated with a high
mortality (around 50% for HIV-infected patients) and long-term
neurologic sequalae in many survivors [86-88]. Most interna-
tional guidelines recommend treating drug-susceptible CNS-TB
with the same regimen as pulmonary TB for a duration of
9-12months [61, 89]. Although high-quality reviews have been
published [90], the latest international guidelines specifically
for CNS-TB were published in 2009 [91]. New guidelines may
suggest using an optimised dosage of rifampicin of >20mg/
kg based on pharmacokinetic and safety findings from phase
2 trials [92-94]. For paediatric patients, a recent systematic re-
view reported higher treatment success of a 6 month regimen
including isoniazid and rifampicin, both at higher doses, pyra-
zinamide and ethionamide compared to the standard 12 month
regimen (2HRZE/10HR) [95]. This regimen is now included in
WHO guidelines. There are no clinical trials in patients with
drug resistant CNS TB; these patients still need to be treated
with longer regimens of 18-20 months where drugs need to be
selected for their CNS penetration [96]. While adjunctive corti-
costeroids reduce mortality in adults with TB meningitis with-
out HIV infection [91] a recent large clinical trial did not find a
reduction in mortality in HI'V-patients with TB meningitis [86].

Another subgroup with high mortality are patients hospital-
ised with HIV-associated TB [97]. In these patients, mycobac-
teremia is common and associated with a sepsis-like syndrome
with increased coagulopathy and immune activation [97-100].
The ongoing NEW-STRAT TB trial will inform whether adjunc-
tive steroids, or increased dosage of rifampicin and addition of

levofloxacin during the first 2weeks of treatment will improve
survival [101].

4.5 | Management of Paradoxical Reactions

Paradoxical reactions to M.tb during effective pharmacologi-
cal treatment can occur in individuals with and without HIV
infection. In patients without HIV infection corticosteroids are
preferred, and some literature exists on the use of alternative
agents including anakinra [102], infliximab [103, 104] or tha-
lidomide [104, 105], however more evidence is needed prior to
recommending their use. HIV-associated paradoxical TB im-
mune reconstitution inflammatory syndrome (IRIS) can be
safely managed with prednisolone at a dosage of 1.5mg/kg/
day for 2weeks followed by 2weeks of 0.75mg/kg/day [106].
Paradoxical TB IRIS can be prevented with a preventive course
of prednisolone when starting antiretroviral therapy in individ-
uals with CD4 counts <100 cells per microliter [107].

5 | Post TB Lung Disease

It is often not appreciated that the impact of TB does not end at
treatment completion, and post-TB complications will profoundly
impact on the wellbeing of many survivors. There were an esti-
mated 155 million TB survivors alive in 2020, or 1 in 50 people
[108], with 10 million people added to this number annually [1].
Up to 60% will have measurable respiratory impairment [109]
with possibly severe economic, social and psychological conse-
quences [110]. TB-survivors have an approximately three fold in-
crease in mortality compared with age matched peers [111], and
almost half of the total DALYs associated with TB will occur after
‘successful’ treatment completion, with an estimated 5.8 DALYs
per person in the post-TB period alone [112]. Patients surviving
TB have a four-fold risk of lung cancer [109] and may experience
acute exacerbations of their lung disease, analogous to exacerba-
tions in other chronic lung diseases (e.g., COPD) [113].

Post-TB lung disease (PTLD), the best recognised consequence
of TB, is currently defined as ‘evidence of chronic respiratory
abnormality, with or without symptoms, attributable at least in
part to previous TB’ [114]. This broad definition allows for both
the identification of early (pre-symptomatic) disease, and the co-
existence of PTLD with other chronic lung disease (e.g., smok-
ing related COPD), however is hampered by a lack of specificity.
PTLD is unfortunately a poorly understood, heterogeneous dis-
ease, with marked variation both between individuals, but also
between different areas of the lung within an individual. The
current clinical patterns described include parenchymal disease
(fibrosis, destruction, cavitation); airway disease (bronchiectasis
and small airway disease); pleural disease; as well as post-TB
pulmonary hypertension. It is not yet clear what impact these
different clinical patterns have on outcomes, and thus, they
cannot yet be designated as phenotypes [114]. Exacerbations of
PTLD have not yet been defined, but currently should be con-
sidered to include increased dyspnoea, sputum production and
sputum purulence, for which the patient seeks medical attention
[115]. The causes of PTLD exacerbations are poorly understood.
Importantly, PTLD exacerbations can be difficult to distinguish
from TB recurrence, which occurs with increased frequency in
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TB survivors [116]. Chronic pulmonary aspergillosis, although
beyond the scope of this review, is an important complication
of PTLD and can be indistinguishable from PTLD itself [117].
Thus, a high index of suspicion is needed for both testing and
initiation of anti-fungal therapy (if available).

A recent scoping review highlighted the lack of evidence for
interventions to either prevent or treat PTLD [118]. Thus, cur-
rent management guidelines for PTLD cannot be considered
evidence based. Expert opinion recommends vaccination and
pulmonary rehabilitation as likely beneficial, with management
as per bronchiectasis and COPD guidelines for large and small
airway PTLD, respectively. Inhaled corticosteroids should be
avoided because of risk of TB reactivation or disease due to non-
tuberculous mycobacteria [119].

6 | Conclusion

TB continues to have a major impact on global health and dis-
proportionately affects low- and middle-income countries.
Accumulating evidence suggests that subclinical TB is an im-
portant driver of transmission and future research should in-
form on the optimal management of subclinical TB. In the field
of diagnostics, development of accessible DST for the newer
drugs is a priority. More research is also needed to develop an
effective vaccine and expand options for TPT for contacts of
patients with DR-TB. After decades of stagnation, the develop-
ment of a 4month regimen for DS-TB and all-oral, 6-9 month
regimens for DR-TB mark major advancements. The fact that all
DR-TB regimens include bedaquiline, paired with the increas-
ing resistance to the drug is alarming and underlines the need
for ongoing investment in research and development of new TB
therapeutics, with diagnostics in parallel. Other research gaps
are the optimal management of high-risk groups with extrapul-
monary TB including patients with CNS-TB and severe HIV-
associated TB. PTLD has been added to the research agenda
only recently despite its large burden, for which we still lack im-
proved diagnostic criteria, preventive as well as therapeutic in-
terventions. Continued investments are needed to fill these gaps
and make a world free of TB a more realistic scenario, bringing
us closer to targets set by the WHO End TB Strategy [3].
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