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We currently have a binomial approach to managing tuberculosis. Those with active disease, ideally confirmed
microbiologically, are treated with a standard 6-month, multi-drug regimen and those with latent infection and no
evidence of disease with shorter, one or two drug regimens. Clinicians frequently encounter patients that fall
between these two management pathways with some but not all features of disease and this will occur more often
with the increasing emphasis on chest X-ray-based systematic screening. The view of tuberculosis as a spectrum of
disease states is being increasingly recognised and is leading to new diagnostic approaches for early disease. How-
ever, the 6-month regimen for treating disease was driven by the duration required to treat the most extensive forms
of pulmonary TB and shorter durations appear sufficient for less extensive disease. It is time undertake clinical trials
to better define the optimal treatment for tuberculosis across the disease spectrum.

Copyright � 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Keywords: Tuberculosis; Disease spectrum; Subclinical disease; Treatment; Diagnosis
Introduction
The current treatment algorithm for tuberculosis (TB) has
been shaped over the last 80 years by TB control priorities,
trial designs and diagnostic approaches, routed in a para-
digm that conceptualises TB into binary states of active
disease and latent infection. We argue that TB is more
accurately represented as a spectrum of disease states
requiring new diagnostic and treatment approaches.

Persons with latent TB (identified by demonstrating
immune sensitization to Mycobacterium tuberculosis
(Mtb)) are assumed to be infected with low numbers of
organisms contained within granuloma, causing mini-
mal pathology, with no symptoms or evidence of dis-
ease, where Mtb cannot be readily cultured from
routine samples.1 Whereas those with active TB are
assumed to have a large number of organisms, not
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contained by the immune response, causing manifest
pathology and symptomatic presentation and where
Mtb is typically culturable.1 In pulmonary TB, cavitation
is recognized as a critical aspect of pathogenesis which
occurs in a proportion, facilitating extracellular bacillary
replication in an oxygen-rich niche. This contributes to
significant increases in bacillary burden within respira-
tory secretions, facilitating microscopic visualisation
(smear positive) as well as aiding transmission. Within
this framework the overall treatment approach has been
straightforward when not complicated by drug resis-
tance (Figure 1); those considered to have active TB are
recommended 6-month multidrug treatment (an inten-
sive phase of 3/4 drugs [isoniazid (H) rifampicin (R),
pyrazinamide (Z) +/- ethambutol (E)] for 2 months and
a continuation phase of 2 drugs [HR] for 4 months with
the aim of curing disease and preventing relapse.2

Whereas those considered to have latent TB receive 1 or
2 drugs (either a rifamycin or isoniazid or both) typically
for 3 to 6 months with the aim of bacterial sterilisation
to prevent the development of symptomatic disease.3

There have been benefits to this simplicity, particularly
programmatically, but its limitations are increasingly
1
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Figure 1. Shows an overview of the current management pathways for active and latent TB highlighting a group of patients that do
not easily fit into either treatment algorithm and management is variable and practitioner dependent. In low income settings
patients often get a trial of antibiotics leading to over use of antibiotics but ultimately the options are to provide empirical therapy
with the standard 6-month regimen (over-treatment) or observation which can lead to loss to follow-up. Abn = abnormal,
CXR = chest X-Ray, M.tb = Mycobacterium tuberculosis. R = Rifampicin, H = Isoniazid, Z = Pyrazinamide, E = Ethambutol,
P = Rifapentine, TST = Tuberculin Skin Test, IGRA = Interferon Gamma Release Assay
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apparent. Rather than being binary states, active and
latent TB represent the extremes along a disease spec-
trum. Whilst the spectrum of disease states has long
been recognised they are insufficiently reflected in our
approach to management.4�6 (Figure 2)
The development of the current management
algorithm

Active TB
In the pre-chemotherapy era, the inception of disease
was well known to predate clinical presentation and the
relapsing remitting nature of early disease was well
understood.7 This resulted in widespread implementa-
tion of mass chest X-ray (CXR) screening in the mid
20th century to detect those with early disease.8,9

Patients presenting with advanced disease were recog-
nised to have significantly worse outcomes.9,10 Hence,
with the emergence of streptomycin chemotherapy in
the 1940s, early trials in pulmonary TB focused on
those with radiographically advanced disease not suit-
able for collapse therapy.11 Following the emergence of
streptomycin resistance, the addition of two drugs
(para-aminosalicylic acid (PAS) and isoniazid) was
found to be necessary to prevent acquired resistance in
those with extensive disease.12 With the development of
rifampicin the British Medical Research Council (MRC)
conducted a series of trials in the 1970’s and 1980’s to
determine the optimal short course regimen (i.e. less
than 12 months).12 These studies were initially con-
ducted in those with smear positive (i.e. extensive/cavi-
tary) pulmonary disease, establishing the 6-month
short course regimen; isoniazid and rifampicin supple-
mented by pyrazinamide and streptomycin (S) for the
first 2 months (2SHRZ/4HR) in the first instance (sub-
sequently is was established that streptomycin was not
needed as part of this regimen).12 Two year relapse rates
were 1�3% with this 6-month regimen and reducing
this to 4-months (2SHRZ/2HR) in the smear positive
population increased relapse to 8�16%.12�14 Later trials
in the 1980’s, conducted by the MRC and Hong Kong
Chest Service (HKCS), in smear-negative pulmonary
TB demonstrated that in those with lower burden of dis-
ease could be effectively treated with the shorter 4-
month regimen (Table 1).12,15,16 Although this led to a
change in some national TB guidelines (including tem-
porarily for Hong Kong), few other trials were specifi-
cally conducted in this group resulting in limited
evidence to support this reduced duration.17,18

Very few studies explored optimal treatment dura-
tion in extra-pulmonary disease (EPTB).12,19 Aside from
www.thelancet.com Vol 78 Month April, 2022



Figure 2. Shows the spectrum of disease from latent infection (determined by immune sensitization to Mtb) where Mtb is thought
to be contained within granuloma though early stages of disease following Mtb escape resulting in infiltrative pathology and later
stages resulting in more extensive tissue damage and cavitation in the context of pulmonary disease. The table the current diagnos-
tic and treatment approaches across the spectrum. In blue future treatment strategies are outlined. LTBI = Latent tuberculosis infec-
tion, CXR = chest X-Ray. R = Rifampicin, H = Isoniazid, Z = Pyrazinamide, E = Ethambutol, P = Rifapentine, TST = Tuberculin Skin Test,
IGRA = Interferon Gamma Release Assay.
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TB meningitis and spinal TB (which are treated with
longer duration due to the consequence of relapse) the
remainder of EPTB has been managed with the same
regimen developed for smear-positive pulmonary TB.2

This despite the fact that the commonest manifestations
of EPTB, pleural and lymph node TB, are typically pau-
cibacillary and frequently culture negative.20 Similarly,
management of paediatric disease followed that of
adults despite marked differences in pathogenesis.21

Although disseminated disease does occur, particularly
in infants <2 years, in pre-pubescent children disease is
often minimal, frequently smear and culture negative
and cavitation is rare.22

By the 1990s, following the declaration of TB as a
global health emergency, the WHO DOTS strategy
sought to simplify and standardise the approach to
investigation and management of TB globally. It deem-
phasised the role of CXR, focused on symptom-based
case detection and emphasised the importance of smear
microscopy to identify those most contagious. Six-
month multidrug therapy was recommended for all
newly diagnosed cases of TB regardless of smear status,
disease site (with the exception of TB meningitis) or
population.23 Although diagnostics have now pro-
gressed with wider availability of culture and molecular
diagnostics (such as Xpert MTB/RIF), a singular
approach for treating active drug-sensitive TB still
www.thelancet.com Vol 78 Month April, 2022
dominates national TB guidelines, in both low and high
income settings.24�26

As a result, the management of all forms of active TB
is driven by the duration and the number of drugs
required for the most extensive and hardest to treat (i.e.
cavitary, smear positive) form of pulmonary TB. How-
ever it is estimated that half of TB in adults and over
90% in children is smear negative.27 Further data from
high income countries suggest that despite intensive
investigation 15�20% of pulmonary TB in adults will
be culture negative.28,29 The American national guide-
lines are notable as being one of the few to recognise a
range of states across the disease spectrum and recom-
mend 4 months treatment for culture negative disease,
whilst acknowledging the limited evidence.30 However,
reports suggest as few as 13% of those eligible for this
shorter regimen receive it.29
Latent TB
Therapy to prevent the development of active TB in
those with latent TB emerged with the availability of iso-
niazid in 1952, as a cheap and relatively safe, well toler-
ated drug. It was initially assessed in children with
primary disease, and subsequently evaluated for preven-
tion of symptomatic TB in adults at high risk.31 Even in
these early studies, CXR was used to ensure exclusion
3



Study, Country,
Publication year

Population Participants
randomised

Microbiological
investigations

CXR TB symptoms Randomised arms
(total duration)

Main outcome Refs.

Johnson et al., Brazil,

Philippines,

Uganda,

2009.

Adults with pulmo-

nary TB

(HIV-ve)

394 Smear: positive or

negative

Culture: positive

converted to

negative by 2

months

Non-cavitary Symptomatic 2HRZE/4HR (6mth)

2HRZE/2HR (4mth)

Outcome � Bacterio-

logical or clinical

relapse over 30

months

6mth: 1.6%

4mth: 7% (Study

stopped early - 4

months inferior to 6

months)

72

Hong Kong Chest Ser-

vice, Hong Kong,

1984.

Adults with radio-

graphic pulmo-

nary TB

321 Smear: negative (5

samples)

Culture: positive

(�1 of 5

samples)

Active pulmo-

nary TB

The ‘majority’ had

symptoms

3SHP/9S2H2 (12mth)

3SHRZ (3mth)

2SHRZ (2mth)

Outcome � Bacterio-

logical or clinical/

radiological relapse

over 60 months

12mth: 5%

3mth: 13%

2mth: 32%

15

Hong Kong Chest Ser-

vice, Hong Kong,

1989.

Adults with radio-

graphic pulmo-

nary TB

502 Smear: negative (4

samples)

Culture: positive

(�1 of 4

samples)

Active pulmo-

nary TB

Symptomatic 6SHRZ3 (6mth)

4SHRZ (4mth)

4SHRZ3 (4mth)

Outcome � Bacterio-

logical or clinical/

radiological relapse

over 60 months

6mth: 5%

4mth (daily): 3%

4mth (3x/week): 2%

16

Teo et al., Singapore,

2002

Adults with radio-

graphic pulmo-

nary TB

113 Smear: negative

(4 samples)

Culture: positive

(�1 of 4

samples)

Active pulmo-

nary TB

Symptomatic 2HRZ/4H3R3 (6mth)

2HRZ/2HR (4mth)

Outcome � Bacterio-

logical relapse over

60 months

6mth: 2%

4mth: 0%

18

SHINE Trial,

South Africa,

Uganda, Zambia,

India, 2020.

Children under

16 years with

minimal TB: non-

severe pulmo-

nary, lymph

node and pleural

TB.

1,204 Smear: negative

Culture: positive

or negative

Minimal

disease

Symptomatic 2HRZ (+/-E)/4HR (6mth)

2HRZ (+/-E)/2HR

(4mth)

Outcome: TB treatment

or failure, death, or

on treatment LTFU

over 72 weeks

6mth: 3%

4mth: 3%

68

Table 1 (Continued)
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Study, Country,
Publication year

Population Participants
randomised

Microbiological
investigations

CXR TB symptoms Randomised arms
(total duration)

Main outcome Refs.

Hong Kong Chest Ser-

vice, Hong Kong,

1984.

Adults with radio-

graphic pulmo-

nary TB (culture

negative)

1,019 Smear: negative (5

samples)

Culture: negative

(5 samples)

Active pulmo-

nary TB

The ‘majority’ had

symptoms

3SHP/9S2H2 (12mth)

3SHRZ (3mth)

2SHRZ (2mth)

Selective therapy if

culture positive (SC)

Outcome � Bacterio-

logical or clinical/

radiological progres-

sion over 60 months

12mth: 2%

3mth: 7%

2mth: 11%

SC: 57%

15

Hong Kong Chest Ser-

vice, Hong Kong,

1989.

Adults with radio-

graphic pulmo-

nary TB

1,118 Smear: negative (4

samples)

Culture: negative

(4 samples)

Active pulmo-

nary TB

Symptomatic 4SHRZ3 (4mth)

3SHRZ (3mth)

3SHRZ3 (3mth)

Outcome � Bacterio-

logical or clinical/

radiological relapse

over 60mths

4mth: 4%

3mth (daily): 6%

3mth (3x/week): 8%

16

Teo et al. Singapore,

2002

Adults with radio-

graphic pulmo-

nary TB

201 Smear: negative

(4 samples)

Culture: negative

(4 samples)

Active pulmo-

nary TB

Symptomatic 2HRZ/2H3R3 (4mth)

2HRZ/2HR (4mth)

Outcome � Bacterio-

logical relapse over

60 months

4mth (3x/week): 1%

4mth: 0%

18

Cowie et al.,

South Africa, 1979

Gold mine employ-

ees, with apical

lung lesions, pos-

itive TST

402 Smear: negative (3

samples)

Culture: negative

(2 samples)

New or enlarg-

ing apical

lesions

Not reported 3RHZE (3mth)

Selective therapy (SC)

Outcome � Bacterio-

logical progression

over 60 months

3mth: 14%

SC: 58%

53

CORTIS trial, South

Africa, 2016

Adults (HIV-ve)

Screened with

blood biomarker

(RISK11 TB tran-

scriptional

signature)

1,139 Smear: Not done

Culture: Not

done

Xpert MTB/RIF:

negative

Not done Not reported Risk11 positive cases:

3HP7 (3mth)

Selective therapy (SC)

Outcome - Incidence of

microbiologically

confirmed pulmonary

TB over 15 months

3mth: 1.94/100per-

son years

SC:2.09/100person

years

60

Table 1: Summary of randomised control trials evaluating shorter than standard treatment duration (< 6 months) in participants with limited disease. Studies arranged by inclusion criteria frommore
extensive to less extensive disease as determined by smear, culture, radiology and symptoms. Review
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of active TB despite lack of symptoms. In those without
HIV, evidence of immune sensitization through tuber-
culin skin testing (TST) or interferon gamma release
assays (IGRA) was effective in distinguishing those
with presumed latent infection that would benefit from
preventive therapy. An initial duration of
12-months of isoniazid was reduced to 9- then 6-
months. More recent studies evaluating addition of rifa-
mycins have shown duration can be reduced to a least 3-
months and potentially less.32 Current guidance for pre-
ventive therapy mandates the exclusion of active TB
through confirming absence of symptoms and ideally
use of CXR.3 The majority (typically over 95%) of those
with a positive test for latent TB will not develop active
TB if untreated. The number of patients with a positive
latent TB test that we would need to treat in order to pre-
vent one case of active TB is in the order of 30�100
depending on underlying epidemiological risk.33 Hence
preventative treatments need to be acceptable to this
generally well population who may not see significant
individual benefit to treatment. For example, 2-month
treatment with rifampicin and pyrazinamide although
shown to be effective is no longer recommended due to
adverse events.34
The spectrum of TB disease
The current binomial TB management algorithm,
defined by the extremes of TB disease and infection, is
easy to implement provided patients meet diagnostic
criteria (Figure 1). It broadly functions well in scenarios
where patients seek healthcare because of symptoms
and a microbiological diagnosis can be made or in set-
tings where asymptomatic individuals are being
screened for latent TB. However, patients are not only
identified at these extremes of the disease spectrum as
disease frequently evolves over months to years.

The failure of granulomatous control leads to the ini-
tial stage of disease which is manifest as infiltrative
pathology.35�39 In the context of pulmonary disease this
is evident as cellular infiltrate spreading within the
bronchi, which can be visible radiographically.35,40,41

Disease trajectory from this stage can be variable and
the drivers of this heterogeneity are poorly understood.
Some take an accelerated course, while others may take
a more chronic or undulating course and, in some
instances, may self-heal without seeking medical
evaluation.4,6 Symptoms such as cough fever and
weight loss are mediated by a combination of factors
including by cytokines generated by inflammatory cells
and tissue damage at the site of disease, metabolic dys-
regulation and potentially by components of the Mtb
cell wall itself.42�44 Hence, symptoms may not be evi-
dent until a certain threshold level of pathology is
reached which may vary between individuals and may
be affected by the infecting strain of Mtb.
A definitive diagnosis is currently dependent on
microbiological isolation of Mtb generally within easily
accessible samples. In the context of pulmonary disease,
in lower resourced settings, this typically relies on a sin-
gle spontaneously produced sputum sample sent for a
molecular test such as Xpert MTB/RIF. However, in the
early stages of the disease, shedding of bacilli into respi-
ratory secretions may be limited or intermittent and
cough may be absent or unproductive in nature result-
ing in poor quality samples. Sputum microbiology is
therefore an insensitive surrogate for and poor correlate
of true bacterial burden. While in more advanced dis-
ease symptoms and microbiologically positive samples
will invariably accompany disease pathology, in states
when disease pathology is less extensive this may not be
the case: Patients may present with symptoms and evi-
dence of TB pathology without microbiological positivity
(clinically diagnosable, bacteriologically negative dis-
ease); or with microbiologically positive disease without
symptoms (subclinical bacteriologically positive dis-
ease); or with evidence of disease radiographically with-
out symptoms or positive microbiology (subclinical,
bacteriologically negative disease)15,45 (Figure 2).
The expanding gap in current management
algorithms
Clinicians have long encountered patients who do not
comfortably meet the criteria for either latent or active
TB, unsatisfactorily falling between the two manage-
ment algorithms (Figure 1). Patients frequently present
with symptoms or radiographic evidence of TB disease
where initial samples are microbiologically negative. In
high-income settings they will undergo further investi-
gations such as computed tomography followed by
bronchoscopy or biopsy to obtaining specimens from
closer to the disease site to help confirm the diagnosis
microbiologically or histologically. In low- and middle-
income settings, where disease burden is highest, such
investigations are often either unavailable or unafford-
able. The practice of trial of antibiotics with symptom
observation to assist in distinguishing between bacterial
pneumonia and TB is widespread and frequently rec-
ommended in guidelines. However, the evidence to sup-
port this to help diagnose TB is weak.46,47 The clinical
decision is ultimately between empirical therapy devel-
oped for advanced disease, or observation with no ther-
apy. This dichotomous choice, in which patients are
either over-treated or under-treated, means either risk-
ing side effects or extended pathology. The scale of this
problem is highlighted by the statistic that 43% of cases
treated and reported to WHO as active TB in 2019 were
not bacteriologically confirmed.48 In high income set-
tings, where more sensitive detection and sampling
methods are routine, this was reduced but remained at
16%.48
www.thelancet.com Vol 78 Month April, 2022
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There is now recognition that millions of cases of TB
fail to be diagnosed every year, an estimated 2.9 million
were not notified in 2019.48 With an ambition to end
the TB epidemic within a generation there is now
renewed focus on targeted systematic screening for
active TB in risk groups who have not sought care.49,50

Screening usually relies on initial evaluation of symp-
toms or CXR followed by confirmatory testing - typically
bacteriological assessment of a single spontaneously
produced sputum with molecular assays such as Xpert
MTB/RIF.51 However, it has become increasingly appar-
ent that the majority of undiagnosed cases in the com-
munity are more readily picked-up by CXR screening,
than they are by symptoms.45 Hence the 2021 WHO
screening guidelines now emphases the sensitivity of
CXR as a screening tool for all populations and endorse
the use of artificial intelligence (AI) Computer Aided
Diagnostic (CAD) software for CXR interpretation for
the first time.50,52,53 As the use of CAD technology and
increasingly portable digital CXR become more feasible
and affordable, CXR screening will become more acces-
sible for communities where it would previously have
been impossible.54,55 These factors mean that we will
likely see an increase in the use of CXR as a tool for TB
screening in many settings.

The aim of systematic screening is not only to find,
but to successfully treat cases of active TB with the stan-
dard 6-month treatment regimen. However, those iden-
tified through screening are not seeking healthcare, and
are often asymptomatic with less extensive disease
hence treatment prolonged, intensive treatments may
be expected to make patients feel worse rather than bet-
ter. In addition, many will not have a productive cough
and may be unable to produce a sputum sample for con-
firmatory diagnosis. In an observational study of 311,732
RESEARCH PRIORITIES PO

What are the preferences for treatment in people with subclinical

disease (who may otherwise be well) and what are their reasons

for refusal of treatment?

Q

What are the attitudes of healthcare workers and policy makers to

moving away from a “one size fits all” strategy?

Su

What are the economic consequences to moving away from a “one

size fits all”model of TB treatment to a more nuanced algorithm,

H

What is the role of new diagnostics in identifying those likely to

have bacteriologically negative TB disease and in what context

are these tests best deployed?

O

What is the optimal therapy for the management of less extensive

disease?

Cl

Can treatment biomarkers inform duration? Ev

Table 2: Research priorities for the management of TB across disease sp
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people undergoing community TB screening in Paki-
stan in 2018 and 2019, Habib et al. reported that 21,141
(6.8%) had abnormal CXR (above threshold CAD score)
but of these only 7,677 (36.3%) had a sputum sample
successfully collected and tested by Xpert MTB/RIF of
which 581 were positive. However, of those positive 110
(19%) did not initiate treatment. The reasons for this
were not known but the authors noted a gender differ-
ence with more women (24%) than men (17%) not initi-
ating treatment, highlighting that cultural and
contextual community factors may impact on uptake of
treatment.56 The treatment preferences for otherwise
healthy people screened for TB is an area for future
research (Table 2)

With increased CXR screening, we will identify more
patients with abnormal radiographs suggestive of active
TB but with negative confirmatory bacteriological tests.
These individuals are at high risk of progressing to cul-
ture confirmed disease with rates of progression as high
as 30% to 50% over 4�6 years.15,57,58 Thus, while some
with abnormal CXR will represent a false positive for
future disease progression (including some who may
self-heal in the absence of treatment), a significant pro-
portion will have early TB disease which could continue
to evolve, with potential to intermittently shedding of
bacilli into respiratory secretions contributing to trans-
mission (Figure 2). Screening algorithms are often
vague about management of this group in lower
resource settings. This leads to a clinical judgement
over whether or not to offer empirical 6-month treat-
ment to those with limited disease radiographically
and minimal symptoms. However the International
Standards for Tuberculosis Care strongly recommend
against treatment on the basis of radiographic
changes alone.47 Despite this, in some settings
SSIBLE APPROACH

ualitative research and discrete choice experiments in different populations

to understand views on pill burden, side effects, duration and efficacy and

examine other cultural factors.

rveys to understand concerns, challenges and levels of enthusiasm for a

more tailored approach.

ealth economic modelling studies

bservational cohorts evaluating new diagnostics with intensive sampling for

disease confirmation or longitudinal follow-up for incident disease.

inical trials conducted in different populations e.g. smear negative/culture

positive disease, symptomatic culture negative disease, subclinical disease.

Including pulmonary and extrapulmonary disease.

aluate putative biomarkers in clinical trial of observational study setting

relating to treatment failure.
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where there has been an expansion of CXR screen-
ing, the proportion of patients getting empirical
treatment has increased - leading to tensions within
TB programs that are keen to encourage treatment
with bacteriological confirmation.59,60
New diagnostic strategies for early disease
detection
The issue of diagnostics and treatment go hand-in-
hand. The primary issue with current diagnostics used
as confirmatory tests in active TB is that they are not
sensitive during early stages of disease when samples
are likely to be paucibacillary.

The next generation of more sensitive tests should ide-
ally identify current clinically diagnosed cases that are bac-
teriologically negative, subclinical cases that are
bacteriologically positive and subclinical cases that are bac-
teriologically negative (i.e. predictive of incident cases of
bacteriologically positive disease) (Table 2).61 In recent
years there have been advances in diagnostic development
relevant to these early stages of disease (see Theron et al.
review in this issue). Broadly these tests either detect a
host response to disease caused by Mtb or detect compo-
nents of the pathogen. Although these new diagnostics
hold promise their role in clearly defining different points
on the disease spectrum is yet to be fully elucidated.

There has been particular interest in blood RNA sig-
natures as a new diagnostic modality especially since
these now have the potential to be implemented at point
of care with fast turnaround times.62 These tests iden-
tify a specific immune transcriptional response indica-
tive of TB. The most parsimonious signatures which
converge on genes involved in interferon signalling, dis-
tinguish those with active verses latent TB and meet
WHO-defined sensitivity and specificity to predict those
with latent TB who will progress to symptomatic disease
in the next 6-months.63,64 However, in more pragmatic
settings, leading candidate signatures performance is
reduced due to interferon signature overlap with other
common circulating viral infections.65,66

Immunological assays that characterise the activation
state (e.g. through HLA-DR expression) of cytokine
secreting Mtb-specific T cells may be more indicative of
an immunological response to currently replicating bac-
teria i.e. where antigen is actively being presented to T
cells. They can effectively distinguish those with active
versus latent TB as well as those recently infected
(defined by QuantiFERON conversion) and identify those
that progress to incident TB from those that do not.67,68

On the pathogen side, non-sputum-based
approaches show promise and highlight that alternate
tests on alternate biospecimens could be confirmatory
for TB. Face mask sampling for pulmonary disease cap-
tures exhaled and expectorated respiratory particles
directly onto a sampling matrix attached to the inside of
the mask over a collection period (e.g. 30�60 min)
which is then processed for microbiological detection.69

In pilot studies this approach appears more sensitive
than sputum sampling with face mask positivity pro-
ceeding sputum positivity.69 Urinary diagnostics for
LAM detection although initially considered a diagnos-
tic for disseminated multibacillary disease in advanced
HIV are also becoming increasingly sensitive in HIV-
uninfected persons although have yet to be demon-
strated to be suitable for early disease states.70

Where tests individually may lack specificity alone,
combining tests in a 2-step screening strategy could
improve this. CXR is a sensitive screening tool for early
disease detection, however, the majority of those with
features suggestive of active TB or with scores above cer-
tain CAD threshold will have bacteriologically negative
sputum. A proportion of these individuals will have true
bacteriologically negative TB disease undetectable by
current sputum diagnostics. Confirmation of TB could
then be better distinguished by employing one of the
novel tests listed above.
Treatment strategies for early disease
Although there are some advantages to the simplicity of
a single “one size fits all” treatment approach for those
with TB disease particularly in lower resourced settings,
there are also detrimental consequences. Systematic
overtreatment of a significant proportion of individuals
comes at the cost to both the health system and individ-
ual. Pill burden and side effects are frequently cited as
key challenges with treatment by patients and lead to
non-adherence.71 For patients with minimal or no
symptoms (subclinical disease) the offer of 6-months
multi-drug therapy may contribute to refusal (Table 2).
Furthermore, the resources invested in health systems
to ensure completion of treatment would be proportion-
ately reduced by a reduction in treatment duration. It is
possible that those with disease of more limited extent
could be treated with fewer drugs, shorter durations, or
both, but there have been limited trials to date (Table 1).

In many contexts those with early disease, particu-
larly those that do not have symptoms and where CXR
is not used to exclude active disease, may be misclassi-
fied and treated as having a latent infection. Until
recently it has not been clear if latent regimens are suffi-
cient to cure early disease. The CORTIS trial was the
first to evaluate the efficacy of preventive therapy with
weekly isoniazid and rifapentine (P) for 3 months (3HP)
in adults not seeking healthcare who were screened for
disease using a blood RNA biomarker (RISK-11).65 No
CXR was conducted. Without treatment the prevalence
of culture positive disease in those with a positive and
negative RISK-11 signature was 4.1% and 0.78%, respec-
tively. In those with a positive RISK-11 signature who
were culture negative at baseline, TB incidence over 15
months was 2.09/100person years without treatment
www.thelancet.com Vol 78 Month April, 2022
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and 1.94/100person years in those provided 3HP (treat-
ment efficacy 7.0% (95% CI �145 to 64¢7). If the
RISK11 signature identifies those in the early stages of
disease the most likely explanation for the lack of effi-
cacy of 3HP is failure to cure disease resulting in recru-
descence (Table 1).

It is possible that longer durations of the two-drug
regimen could be sufficient for more limited disease. In
observational studies conducted in Arkansas the 1980s
Dutt et al. showed that those with smear negative, cul-
ture positive pulmonary disease could be successfully
treated with a 6-month regimen of rifampicin and isoni-
azid, with relapse rates in those that completed therapy
of 2.4% over median follow-up of 45 months.72 While
those that were smear and culture negative, completing
a 4-month regimen of rifampicin and isoniazid had
relapse rate of just 1.2% over a median of 44 months fol-
low-up.73 However, isoniazid resistance rates in this
population were low and these regimens have yet to be
assessed in a randomised controlled trial.

Multi-drug regimens containing rifampicin, isonia-
zid and pyrazinamide may facilitate further shortening.
In the MRC/HKCS trials conducted in the 1980s, symp-
tomatic individuals with CXR changes suggestive of
active TB and negative sputum smear had at least 4 spu-
tum samples sent for culture. In those who were smear-
negative with at least one culture-positive (drug-sensi-
tive) sample, disease relapse rate in those treated with
either 4-months or 6-months SHRZ based therapy, was
2% at 2 years. Whereas if the duration was reduced to 2-
or 3- months relapse rates increased to 15% and 9%,
respectively. In those with smear and culture negative
TB, disease progression over 2 years was 4% with 2-
months, 2, 3% with 3-months and 2% with 4-months of
SHRZ based therapy. In comparison 40% of those with-
out treatment progressed to culture positive TB over the
same period.15,16 Although shortening the duration of a
regimen is felt to be positive it is not clear that if this is
done at the expense of pill burden and side effects
whether it is desirable from a patient perspective and
further work to determine patient preference in differ-
ent scenarios is needed (Table 1).

Children often present with more minimal disease
which is frequently culture negative but until recently
have been managed similarly to adults. The recent
SHINE trial was the first to address this issue randomis-
ing 1204 children with non-severe, smear-negative
respiratory or extra-thoracic lymph node disease to
either 4-months (2HRZ(E)/2HR) or 6-months (2HRZ
(E)/4HR) treatment.74 Four months was found to be
non-inferior to six months in terms of unfavourable out-
come (treatment failure, TB recurrence, death of any
cause and loss to follow-up).75 As a result, the WHO as
of August 2021 recommends four instead of six months
therapy for children and adolescents under 16 years
with non-severe presumed drug sensitive TB.76 (Table 1)
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An alternative approach to stratifying treatment
according to disease extent at baseline would be to tailor
duration according to response by use of treatment bio-
markers (Table 2). There is interest in this strategy
which could potentially enable an individualised
approach, with shorter treatment duration for all those
responding favourably and longer duration for those
that were not irrespective of baseline features.77 How-
ever, there are likely to be a number of challenges. An
in-treatment biomarker that adequately predicts
relapse-free survival has yet to be identified and it is pos-
sible that a single marker may not be sufficiently accu-
rate across all populations and co-morbidities and a
multi-component biomarker may limit use outside trial
settings. To date, a single trial has been conducted
reducing treatment in response to a treatment bio-
marker. Johnson et al. conducted a study in which in
TB patients with non-cavitary TB (although >60%
smear positive) who had culture converted at 2 months
were randomised to 4-months (2HRZE/2HR) vs 6-
months (2HRZE/4HR) treatment. Significantly more
patients relapsed in the 4-month arm, 7% vs 1.6% and
the trial was stopped early.78 (Table 1)

In recent years a significant focus of trials in drug
sensitive pulmonary TB has been to identify a 4-month
regimen with a recently published study finally showing
that a 4-month rifapentine and moxifloxacin containing
regimen (2HPZM/2HPM) was non-inferior to the stan-
dard 6-month regimen (2HRZE/4HR) in those with
mainly smear positive pulmonary disease (79% � 1+).79

However, three earlier trials published in 2014 where a
fluoroquinolone was substituted for ethambutol or iso-
niazid failed to show non-inferiority to the standard 6-
month regimen in smear-positive pulmonary tuber-
culosis.80�82 Reanalysing this data Imperial et al. found
that 4-month fluoroquinolone containing regimen was
non-inferior in those with less extensive disease �1+
smear or non-cavitary disease leading to a recommenda-
tion that the next generation of trial move beyond the
one size fits all to a risk stratified approach based on
markers of disease burden and severity.83,84
Outstanding questions
As categorization of TB disease moves from the current
dichotomous model to being thought of as a spectrum
of disease states, more work needs to be done not only
to fully determine the best diagnostic and treatment
strategies, as outlined, but also to understand how a
more diverse management strategy would impact health
systems as well as public and individual health (Table 2).
This is likely to vary in differently resourced settings.
Appropriately treating those with early stages of disease
may benefit the individual through use of shorter, less
toxic treatments, reducing post-diagnosis patient costs
and prevention of sequelae associated with advanced
disease. It may also benefit society through reducing
9
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transmission which ultimately may have a positive eco-
nomic impact. However, there are consequences for
health systems to altering current algorithms which
may involve introduction of new tests or provision of a
greater range of treatment regimens. Increasing costs
may divert limited resources away from other aspect of
TB or broader health services. In addition, increasing
the complexity of management algorithms will impact
of training required and potentially level of expertise
need to appropriately implement care. Hence the
broader health economic consequences of new
approaches need to be carefully assessed.

Additionally, more work is needed to understand the
acceptability of diagnosis and treatment for those with
minimal disease who may otherwise feel well, to ensure a
person-centred approach to care. Such individuals will
need to be guided through the risks and benefits of treat-
ment and health care providers will need to be mindful of
and better understand stigmatisation associated diagnosis
of TB disease especially in those that do not feel unwell.
Conclusion
Over the last decade there has been increasing recogni-
tion that the binary distinction of active and latent TB
for all its simplicity is not reflective of disease natural
history. Increasingly our TB control priorities mean that
through use of CXR screening we will identify greater
numbers of individuals that are not comfortably man-
aged within existing treatment algorithms. The diagnos-
tics pipeline has responded to the need for better tests
that can better detect paucibacillary disease, but we are
stuck with a “one size fits all” approach to manage it.
This was an important policy in the 1990s but no longer
reflects the needs of the 2020s. Earlier stages of disease
can clearly be treated with shorter, less intense regi-
mens than standard 6-month multidrug approach,
whilst regimens for latent TB may not be sufficient to
cure early disease. There is therefore a clear need for
well-designed, efficient clinical trials and broader
research (Table 2) to determine the best approach to
managing disease at different points along the spec-
trum, to provide better options for patients and the
healthcare workers treating them.
Search strategy
A search was conducted of the PubMed database using
the search terms (TB or Tuberculosis) AND (culture-
negative OR smear-negative OR "culture negative" OR
"smear negative") restricted to clinical trial and rando-
mised control trials
Contributors
HE and LM wrote the first draft which further contrib-
uted to by AKC and RH. All authors approved final draft.
Declaration of interests
Dr. Esmail reports grants from UK Medical Research
Council, during the conduct of the study. Prof Houben
reports a grant from the European Research Council
(Action Number # 757699). Dr. Coussens reports a
grant from the Australian Respiratory Council. Dr. Mac-
pherson has nothing to disclose.
Acknowledgments
We are grateful to Prof. Andrew Nunn of the MRC Clin-
ical trials unit for helpful comments and suggestions.
HE acknowledges grant support from the Medical
Research Council � grant numbers MR/V00476X/1
and MC_UU_00004/04. RMGJH acknowledges sup-
port by an European Research Council Starting Grant
(TBornotTB, Action number 757699. AKC acknowl-
edges grant support from the Australian Respiratory
Council and Lawrence Owen Esson Bequest. The fun-
ders did not play any role in paper design, data collec-
tion, data analysis, interpretation, writing of the paper.
References
1 CDC. Basic TB facts: latent TB infections and TB disease. https://

www.cdc.gov/tb/topic/basics/tbinfectiondisease.htm (accessed
29th August 2021 ).

2 WHO. Guidelines for Treatment of Drug-Susceptible Tuberculosis and
Patient Care. WHO; 2017. 2017 update.

3 WHO. WHO consolidated guidelines on tuberculosis. Module 1:
prevention: tuberculosis preventive treatment, 2020.

4 Esmail H, Barry CE, Young DB, Wilkinson RJ. The ongoing chal-
lenge of latent tuberculosis. Philos Trans R Soc Lond B Biol Sci.
1645;369: 20130437. 2014;.

5 Barry CE, Boshoff HI, Dartois V, et al. The spectrum of latent
tuberculosis: rethinking the biology and intervention strategies.
Nat Rev Microbiol. 2009;7(12):845–855.

6 Drain PK, Bajema KL, Dowdy D, et al. Incipient and subclinical
tuberculosis: a clinical review of early stages and progression of
infection. Clin Microbiol Rev. 2018;31(4).

7 Golub JE, Mohan CI, Comstock GW, Chaisson RE. Active case
finding of tuberculosis: historical perspective and future prospects.
Int J Tuberc Lung Dis. 2005;9(11):1183–1203.

8 Thompson BC. Mass radiography: a new weapon against tubercu-
losis. Postgrad Med J. 1944;20(222):131–135.

9 National Tuberculosis Association. Diagnostic standards and classi-
fication of tuberculosis - 1940 edition. 1940.

10 Alling DW, Bosworth EB. The after-history of pulmonary tubercu-
losis. VI. The first fifteen years following diagnosis. Am Rev Respir
Dis. 1960;81:839–849.

11 Medical Research Council. STREPTOMYCIN treatment of pulmo-
nary tuberculosis. Br Med J. 1948;2(4582):769–782.

12 Fox W, Ellard GA, Mitchison DA. Studies on the treatment of
tuberculosis undertaken by the British Medical Research Council
tuberculosis units, 1946�1986, with relevant subsequent publica-
tions. Int J Tuberc Lung Dis. 1999;3(10 Suppl 2):S231–S279.

13 East African/British Medical Research Councils. Controlled clinical
trial of five short-course (4-month) chemotherapy regimens in pul-
monary tuberculosis. Second report of the 4th study. East African/
British Medical Research Councils Study. Am Rev Respir Dis.
1981;123(2):165–170.

14 Singapore Tuberculosis Service/British Medical Research Council.
Clinical trial of six-month and four-month regimens of chemother-
apy in the treatment of pulmonary tuberculosis: the results up to
30 months. Tubercle. 1981;62(2):95–102.

15 Hong Kong Chest Service/Tuberculosis Research Centre MBMRC.
A controlled trial of 2-month, 3-month, and 12-month regimens of
chemotherapy for sputum-smear-negative pulmonary tuberculosis.
Results at 60 months. Am Rev Respir Dis. 1984;130(1):23–28.
www.thelancet.com Vol 78 Month April, 2022

https://www.cdc.gov/tb/topic/basics/tbinfectiondisease.htm
https://www.cdc.gov/tb/topic/basics/tbinfectiondisease.htm
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0002
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0002
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0004
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0004
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0004
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0005
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0005
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0005
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0006
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0006
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0006
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0007
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0007
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0007
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0008
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0008
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0010
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0010
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0010
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0011
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0011
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0012
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0012
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0012
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0012
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0012
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0013
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0013
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0013
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0013
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0013
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0014
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0014
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0014
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0014
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0015
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0015
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0015
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0015


Review
16 Hong Kong Chest Service/Tuberculosis Research Centre MBMRC.
A controlled trial of 3-month, 4-month and 6-month regimens of
chemotherapy for sputum-smear-negative pulmonary tuberculosis.
Am Rev Respir Dis. 1989;139(4):871–877.

17 Gelband H. Regimens of less than six months for treating tubercu-
losis. Cochrane Database Syst Rev. 1999(4).

18 Teo SK, Tan KK, Khoo TK. Four-month chemotherapy in the treat-
ment of smear-negative pulmonary tuberculosis: results at 30 to
60 months. Ann Acad Med Singap. 2002;31(2):175–181.

19 Dutt AK, Stead WW. Treatment of extrapulmonary tuberculosis.
Semin Respir Infect. 1989;4(3):225–231.

20 Antonangelo L, Faria CS, Sales RK. Tuberculous pleural effusion:
diagnosis & management. Expert Rev Respir Med. 2019;13(8):747–
759.

21 WHO. Guidance for national tuberculosis programmes on the
management of tuberculosis in children 2014.

22 Seddon JA, Chiang SS, Esmail H, Coussens AK. The wonder years:
what can primary school children teach us about immunity to
mycobacterium tuberculosis? Front Immunol. 2018;9:2946.

23 WHO. What is DOTS? A guide to understanding the WHO-recom-
mended TB control strategy known as DOTS, 1999.

24 New Zealand Ministry of Health. Guidelines for Tuberculosis Control
in New Zealand. New Zealand Ministry of Health; 2019.

25 Public Health Agency of Canada. Canadian Tuberculois Standards -
Chapter 5: Treatment of Tuberculosis Disease. Public Health Agency
of Canada; 2014.

26 National Institute for Health and Care Excellence. Tuberculosis,
2016.

27 Kunkel A, Abel Zur Wiesch P, Nathavitharana RR, Marx FM, Jen-
kins HE, Cohen T. Smear positivity in paediatric and adult tubercu-
losis: systematic review and meta-analysis. BMC Infect Dis.
2016;16:282.

28 Nguyen MH, Levy NS, Ahuja SD, Trieu L, Proops DC, Achkar JM.
Factors associated with sputum culture-negative vs culture-positive
diagnosis of pulmonary tuberculosis. JAMA Netw Open. 2019;2:(2)
e187617.

29 Hamada Y, Paulos L, Baruch NG, Cronin W. Proposed approach
for 4-month treatment of culture-negative pulmonary tuberculosis
in adults. Ann Am Thorac Soc. 2016;13(9):1657–1658.

30 Nahid P, Dorman SE, Alipanah N, et al. Official American Thoracic
Society/Centers for disease control and prevention/infectious dis-
eases Society of America Clinical Practice Guidelines: treatment of
drug-susceptible tuberculosis. Clin Infect Dis. 2016;63(7):e147–
e195.

31 Molhave M, Wejse C. Historical review of studies on the effect of
treating latent tuberculosis. Int J Infect Dis. 2020;92S:S31–SS6.

32 Swindells S, Ramchandani R, Gupta A, et al. One month of rifa-
pentine plus isoniazid to prevent HIV-related tuberculosis. N Engl
J Med. 2019;380(11):1001–1011.

33 Smieja MJ, Marchetti CA, Cook DJ, Smaill FM. Isoniazid for pre-
venting tuberculosis in non-HIV infected persons. Cochrane Data-
base Syst Rev. 2000(2) CD001363.

34 Jasmer RM, Daley CL. Rifampin and pyrazinamide for treatment of
latent tuberculosis infection: is it safe? Am J Respir Crit Care Med.
2003;167(6):809–810.

35 Hunter RL. Tuberculosis as a three-act play: a new paradigm for
the pathogenesis of pulmonary tuberculosis. Tuberculosis.
2016;97:8–17.

36 Hunter RL, Actor JK, Hwang SA, Karev V, Jagannath C. Pathogen-
esis of post primary tuberculosis: immunity and hypersensitivity in
the development of cavities. Ann Clin Lab Sci. 2014;44(4):365–387.

37 Lin PL, Ford CB, Coleman MT, et al. Sterilization of granulomas is
common in active and latent tuberculosis despite within-host vari-
ability in bacterial killing. Nat Med. 2014;20(1):75–79.

38 Wells G, Glasgow JN, Nargan K, et al. Micro-computed tomogra-
phy analysis of the human tuberculous lung reveals remarkable
heterogeneity in three-dimensional granuloma morphology. Am J
Respir Crit Care Med. 2021;204(5):583–595.

39 Chen RY, Yu X, Smith B, et al. Radiological and functional evi-
dence of the bronchial spread of tuberculosis: an observational
analysis. Lancet Microbe. 2021;2(10):e518–e526.

40 Esmail H, Lai RP, Lesosky M, et al. Characterization of progressive
HIV-associated tuberculosis using 2-deoxy-2-[18F]fluoro-D-glucose
positron emission and computed tomography. Nat Med. 2016;22
(10):1090–1093.

41 Im JG, Itoh H, Han MC. CT of pulmonary tuberculosis. Semin
Ultrasound CT MR. 1995;16(5):420–434.
www.thelancet.com Vol 78 Month April, 2022
42 Blankley S, Graham CM, Turner J, et al. The transcriptional signa-
ture of active tuberculosis reflects symptom status in extra-pulmo-
nary and pulmonary tuberculosis. PLoS One. 2016;11:(10)
e0162220.

43 Turner RD. Cough in pulmonary tuberculosis: existing knowledge
and general insights. Pulm Pharmacol Ther. 2019;55:89–94.

44 Ruhl CR, Pasko BL, Khan HS, et al. Mycobacterium tuberculosis
sulfolipid-1 activates nociceptive neurons and induces cough. Cell.
2020;181(2):293–305. e11.

45 Frascella B, Richards AS, Sossen B, et al. Subclinical tuberculosis
disease - a review and analysis of prevalence surveys to inform defi-
nitions, burden, associations and screening methodology. Clin
Infect Dis. 2020.

46 Divala TH, Fielding KL, Kandulu C, et al. Utility of broad-spectrum
antibiotics for diagnosing pulmonary tuberculosis in adults: a sys-
tematic review and meta-analysis. Lancet Infect Dis. 2020;20
(9):1089–1098.

47 WHO. International standards for tuberculosis care: diagnosis
treatment public health: WHO, 2014.

48 WHO. Global Tuberculosis Report 2020. Geneva: World Health Orga-
nization; 2020.

49 UN. Political declaration of the UN general assembly high-level
meeting on the fight against tuberculosis UN, 2018.

50 WHO. WHO consolidated guidelines on tuberculosis - module 2:
systematic screening for tuberculosis disease: WHO, 2021.

51 WHO. WHO operational handbook on tuberculosis - module 2:
systematic screening for tuberculosis disease: WHO, 2021.

52 Qin ZZ, Ahmed S, Sarker MS, et al. Tuberculosis detection from
chest x-rays for triaging in a high tuberculosis-burden setting: an
evaluation of five artificial intelligence algorithms. Lancet Digit
Health. 2021;3(9):e543–e554.

53 Harris M, Qi A, Jeagal L, et al. A systematic review of the diagnostic
accuracy of artificial intelligence-based computer programs to ana-
lyze chest x-rays for pulmonary tuberculosis. PLoS One. 2019;14:
(9) e0221339.

54 Foundation for Innovative New Diagnostics. Digital chest radiogra-
phy and computer-aided detection (CAD) solutions for tuberculosis
diagnostics - technology landscape analysis: FIND, 2021.

55 STOP TB Partnership. STOP TB field guide - chest X-ray screening
STOP TB partnership, 2018.

56 Habib SS, Asad Zaidi SM, Jamal WZ, et al. Gender-based differen-
ces in community-wide screening for pulmonary tuberculosis in
Karachi, Pakistan: an observational study of 311 732 individuals
undergoing screening. Thorax. 2021.

57 Cowie RL, Langton ME, Escreet BC. Diagnosis of sputum smear-
and sputum culture-negative pulmonary tuberculosis. S Afr Med J.
1985;68(12):878.

58 Okada K, Onozaki I, Yamada N, et al. Epidemiological impact of
mass tuberculosis screening: a 2-year follow-up after a national
prevalence survey. Int J Tuberc Lung Dis. 2012;16(12):1619–1624.

59 WHO. The Pakistan joint program review mission February 11-23
2019: WHO, 2019.

60 National Tuberculosis Program of Pakistan. National tuberculosis
control program Pakistan - strategic plan 2020�2023 2019.

61 WHO. Development of a Target Product Profile (TPP) and a Frame-
work for Evaluation for a test for Predicting Progression from Tuberculo-
sis Infection to Active Disease. Geneva: World Health Organization;
2017.

62 Sutherland JS, van der Spuy G, Gindeh A, et al. Diagnostic accu-
racy of the Cepheid 3-gene host response fingerstick blood test in a
prospective, multi-site study: interim results. Clin Infect Dis. 2021.

63 Esmail H, Cobelens F, Goletti D. Transcriptional biomarkers for
predicting development of TB: progress and clinical considerations.
Eur Respir J. 2020.

64 Gupta RK, Turner CT, Venturini C, et al. Concise whole blood tran-
scriptional signatures for incipient tuberculosis: a systematic
review and patient-level pooled meta-analysis. Lancet Respir Med.
2020.

65 Scriba TJ, Fiore-Gartland A, Penn-Nicholson A, et al. Biomarker-
guided tuberculosis preventive therapy (CORTIS): a randomised
controlled trial. Lancet Infect Dis. 2021;21(3):354–365.

66 Mulenga H, Musvosvi M, Mendelsohn SC, et al. Longitudinal
dynamics of a blood transcriptomic signature of tuberculosis. Am J
Respir Crit Care Med. 2021.

67 Hiza H, Hella J, Arbues A, et al. Case-control diagnostic accuracy
study of a non-sputum CD38-based TAM-TB test from a single mil-
liliter of blood. Sci Rep. 2021;11(1):13190.
11

http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0016
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0016
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0016
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0016
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0017
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0017
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0018
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0018
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0018
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0019
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0019
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0020
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0020
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0020
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0022
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0022
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0022
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0024
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0024
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0025
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0025
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0025
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0027
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0027
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0027
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0027
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0028
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0028
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0028
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0028
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0029
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0029
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0029
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0030
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0030
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0030
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0030
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0030
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0031
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0031
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0032
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0032
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0032
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0033
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0033
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0033
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0034
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0034
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0034
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0035
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0035
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0035
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0036
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0036
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0036
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0037
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0037
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0037
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0038
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0038
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0038
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0038
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0039
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0039
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0039
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0040
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0040
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0040
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0040
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0041
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0041
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0042
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0042
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0042
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0042
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0043
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0043
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0044
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0044
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0044
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0045
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0045
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0045
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0045
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0046
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0046
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0046
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0046
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0048
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0048
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0052
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0052
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0052
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0052
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0053
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0053
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0053
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0053
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0056
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0056
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0056
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0056
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0057
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0057
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0057
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0058
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0058
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0058
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0061
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0061
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0061
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0061
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0062
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0062
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0062
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0063
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0063
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0063
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0064
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0064
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0064
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0064
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0065
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0065
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0065
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0066
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0066
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0066
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0067
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0067
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0067


Review

12
68 Mpande CAM, Musvosvi M, Rozot V, et al. Antigen-specific T-cell
activation distinguishes between recent and remote tuberculosis
infection. Am J Respir Crit Care Med. 2021;203(12):1556–1565.

69 Williams CM, Abdulwhhab M, Birring SS, et al. Exhaled Mycobac-
terium tuberculosis output and detection of subclinical disease by
face-mask sampling: prospective observational studies. Lancet Infect
Dis. 2020;20(5):607–617.

70 Bulterys MA, Wagner B, Redard-Jacot M, et al. Point-of-care urine
LAM tests for tuberculosis diagnosis: a status update. J Clin Med.
2019;9(1).

71 Gugssa Boru C, Shimels T, Bilal AI. Factors contributing to non-
adherence with treatment among TB patients in Sodo Woreda,
Gurage Zone, Southern Ethiopia: a qualitative study. J Infect Public
Health. 2017;10(5):527–533.

72 Dutt AK, Moers D, Stead WW. Smear-negative, culture-positive
pulmonary tuberculosis. Six-month chemotherapy with isoniazid
and rifampin. Am Rev Respir Dis. 1990;141(5 Pt 1):1232–1235.

73 Dutt AK, Moers D, Stead WW. Smear- and culture-negative pulmo-
nary tuberculosis: four-month short-course chemotherapy. Am Rev
Respir Dis. 1989;139(4):867–870.

74 Chabala C, Turkova A, Thomason MJ, et al. Shorter treatment for
minimal tuberculosis (TB) in children (SHINE): a study protocol
for a randomised controlled trial. Trials. 2018;19(1):237.

75 Wobudeya E. Shorter treatment for minimal tuberculosis in chil-
dren: main findings from the SHINE trial 51st Union Conference
on Lung Health. Virtual. 2020.
76 WHO. Rapid communication on updated guidance on the manage-
ment of tuberculosis in children and adolescents, 2021.

77 WHO. Position statement on innovative clinical trial design for
development of new TB treatments. 2021.

78 Johnson JL, Hadad DJ, Dietze R, et al. Shortening treatment in
adults with noncavitary tuberculosis and 2-month culture conver-
sion. Am J Respir Crit Care Med. 2009;180(6):558–563.

79 Dorman SE, Nahid P, Kurbatova EV, et al. Four-month rifapentine
regimens with or without moxifloxacin for tuberculosis. N Engl J
Med. 2021;384(18):1705–1718.

80 Merle CS, Fielding K, Sow OB, et al. A four-month gatifloxacin-
containing regimen for treating tuberculosis. N Engl J Med.
2014;371(17):1588–1598.

81 Gillespie SH, Crook AM, McHugh TD, et al. Four-month moxiflox-
acin-based regimens for drug-sensitive tuberculosis. N Engl J Med.
2014;371(17):1577–1587.

82 Jindani A, Harrison TS, Nunn AJ, et al. High-dose rifapentine with
moxifloxacin for pulmonary tuberculosis. N Engl J Med. 2014;371
(17):1599–1608.

83 Imperial MZ, Nahid P, Phillips PPJ, et al. A patient-level pooled
analysis of treatment-shortening regimens for drug-susceptible
pulmonary tuberculosis. Nat Med. 2018;24(11):1708–1715.

84 Imperial MZ, Phillips PPJ, Nahid P, Savic RM. Precision-enhanc-
ing risk stratification tools for selecting optimal treatment dura-
tions in tuberculosis clinical trials. Am J Respir Crit Care Med.
2021.
www.thelancet.com Vol 78 Month April, 2022

http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0068
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0068
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0068
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0069
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0069
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0069
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0069
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0070
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0070
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0070
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0071
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0071
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0071
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0071
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0072
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0072
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0072
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0073
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0073
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0073
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0074
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0074
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0074
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0075
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0075
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0075
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0078
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0078
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0078
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0079
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0079
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0079
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0080
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0080
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0080
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0081
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0081
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0081
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0082
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0082
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0082
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0083
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0083
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0083
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0084
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0084
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0084
http://refhub.elsevier.com/S2352-3964(22)00112-8/sbref0084

	Mind the gap - Managing tuberculosis across the disease spectrum
	Introduction
	The development of the current management algorithm
	Active TB
	Latent TB

	The spectrum of TB disease
	The expanding gap in current management algorithms
	New diagnostic strategies for early disease detection
	Treatment strategies for early disease
	Outstanding questions
	Conclusion
	Search strategy
	Contributors
	Declaration of interests
	Acknowledgments
	References


