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Tuberculosis—getting to zero
Reviewing research The Lancet has published on the global 
tuberculosis epidemic, one will be struck by how little the 
situation has changed over the years, and how the same 
calls to action get repeated from one year to the next. For 
decades, a piecemeal approach with a narrow treatment 
focus and a cost imperative has prevailed. The result? A 
global epidemic of disease. For more than a decade the 
global tuberculosis incidence rate has declined, but only 
slowly by about 1·65% annually.1,2 Meanwhile, the worst 
legacy of this disease has become multidrug resistance.3 

The Lancet Series on how to eliminate tuberculosis4–7 is a 
response to the fact that business as usual can no longer 
be an option in the fi ght against tuberculosis. 

This latest Lancet Series is led by Salmaan Keshavjee, 
from Harvard Medical School’s Department of Global 
Health and Social Medicine. He helped bring together 
researchers and advocates to answer an urgent question: 
how do we translate existing knowledge, strategies, and 
approaches into eff ective programmatic interventions in 
the communities most affl  icted by tuberculosis? His group 
decided on a goal—to work towards achieving zero deaths 
from tuberculosis, and to create a scientifi cally based 
roadmap outlining the steps that would need to be taken 
to reach this goal. 

Four Series papers4–7 describe the scientifi c under-
pinnings of this roadmap and address changes in the 
current strategy that will be necessary to achieve zero 
deaths from tuberculosis, and to reach 2050 elimination 
targets in high-burden settings.8 The authors repackage 
current interventions into a comprehensive epidemic-
control strategy that consists of targeting local hotspots 
of transmission, active case-fi nding, initiating the 
correct therapy promptly, and preventing future 
transmission by treating high-risk individuals and 
contacts of aff ected individuals.

Interestingly, most of the data in this Series are not 
new. Despite their imperfections, the tuberculosis 
strategies and interventions described have brought 
down the epidemic in several diff erent settings, 
from Karachi in Pakistan to New York City in the USA. 
Furthermore, a comprehensive approach is already 
being used successfully to tackle HIV/AIDS and malaria. 
So clearly something has gone wrong for tuberculosis, 
where comprehensive approaches have not been applied 
consistently and to scale. Countries are not getting the 

message that this approach should be taken and donors 
are also not insisting upon it. Often the message is that 
tuberculosis is too complex, or that newer technologies 
are needed. But as this Series shows, there is no reason 
not to use existing interventions that do work and can 
stop the epidemic. Despite the evidence, there is a gap 
between data and implementation. The policy and 
implementation frameworks that have been adopted in 
the past decades have just not worked.

There needs to be a change in mindset. Perhaps this 
transformation needs to come from countries themselves, 
especially those which have their own resources, such as 
Brazil, Russia, India, and China. Given the huge economic 
burden that tuberculosis has exacted on patients and 
their families,7,9 countries should recognise that using a 
comprehensive approach will be good for the economy. 
Tuberculosis is an airborne disease. Treating only the 
most infectious individuals with active disease, which 
is mainly the current approach, and not those in the 
latent phase who continue to transmit the disease is bad 
epidemic control. There is no disease in history that has 
been stopped without treating the latent phase, from 
yaws to malaria.

This Series will be used to create a strategy to combat 
tuberculosis in cities. The Zero TB Cities Project is a 
new initiative formed in 2014 that will commit to a 
comprehensive tuberculosis elimination strategy, be it 
in a large metropolitan conurbation, a small island, or an 
isolated community. Key partners will be municipalities 
and local governments that have their own resources and 
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can be more responsive to their populations than central 
government. The Zero TB Cities Project will provide 
independent funding in addition to country resources. 
Chennai in India and Lima in Peru are the fi rst cities to 
take part and progress will be assessed at 3-year intervals. 
The goal is to help communities move to zero deaths 
from tuberculosis in their own way, and create “islands 
of elimination”, which will hopefully reverse the overall 
tuberculosis epidemic. 

The fi nal Series paper by Katrina Ortblad and colleagues7 
reminds us that tuberculosis is the quintessential disease 
of poverty in modern times. It is a result of poverty and is 
itself a driver of poverty. To date, interventions to tackle 
tuberculosis have largely been biomedical. But other risk 
factors, such as malnutrition, overcrowding, and poor 
health services, also need to be addressed. The Sustainable 
Development Goals off er an opportunity to rethink the 
fi ght against tuberculosis and to move to a more biosocial 
model that focuses not only on supply side interventions 
but also on demand side interventions at the individual 
level—for example, cash transfers and microcredit—to 
address the social determinants of this disease.

This Lancet Series is launched at the inauguration of 
the Harvard Medical School Center for Global Health 
Delivery—Dubai. The aim of this new centre is to promote 
research that will address the health delivery gap. 

Tuberculosis will be one of the disease areas of focus. We 
hope this Series will be a springboard that can help shift 
the global tuberculosis epidemic from incremental annual 
improvements to an accelerating global movement for 
tuberculosis elimination. 

Pamela Das, Richard Horton
The Lancet, London EC2Y 5AS, UK
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Stopping the body count: a comprehensive approach to 
move towards zero tuberculosis deaths 

Tuberculosis has been a curable disease since the 
1950s. In the more than six decades since then, 
knowledge has been amassed about how to 
ameliora te its social causes, prevent its transmission, 
and treat both its clinical and quiescent forms.1,2 In 
many high-income settings, this knowledge has been 
used with great success. Elsewhere, this is far from 
the case: more than 4000 people die from this curable 
and preventable airborne disease each day, mostly in 
low-income and middle-income settings.3 Distressed 
by the status quo, in 2012 more than 500 scientists, 
policy makers, and advocates from around the world 
signed the Zero TB Declaration, which called for “a new 
global attitude” in the fi ght against tuberculosis, and 
argued that, with the right set of interventions, the 
planet could move rapidly towards zero deaths from 
tuberculosis.4

Although tuberculosis incidence has declined over 
the past 25 years, it has done so at a glacial pace of 
about 1·65% annually.5 At this rate, it will take another 
two centuries to eliminate the disease.5 This reality 
refl ects the limited set of interventions recommended 
for, and implemented in, low-income and middle-
income settings, a shadow of the comprehensive set of 
strategies that has brought the tuberculosis epidemic to 
heel in other places.1,2 Rather than aggressively fi nding 
all cases of tuberculosis, preventing the disease in those 
at highest risk, and focusing on populations and places 
of highest transmission, most low-income and middle-
income settings have focused narrowly on the diagnosis 
and treatment of those patients with tuberculosis 
who manage to access care on their own. An over-
reliance on standardised treatment and sputum smear 
microscopy—a low-sensitivity visual diagnostic test that 
cannot determine drug resistance—has sidelined not 
only individuals whose illness is characterised by a lower 
bacillary load, such as children and individuals with HIV, 
but also those with extrapulmonary or drug-resistant 
tuberculosis.6 Early detection and treatment of both 
active disease and quiescent (so-called latent) infection, 
along with eff orts to control transmission in health-
care and congregate settings, have been belatedly 
recommended for some groups in limited settings, 

but have yet to be widely scaled up.7 Much of the policy 
framing to date has been driven by concerns over cost, 
which has overridden both the scientifi c and moral 
imperatives to implement proven interventions that 
could infl ect the global tuberculosis curve more rapidly.6–8

Although standardisation of treatment contributed 
to improved clinical outcomes for some people with 
tuberculosis, the absence of a comprehensive approach 
for fi ghting tuberculosis in high-burden settings has led 
to predictable and alarming results.3,9,10 At least 9 million 
people fall sick from tuberculosis every year, including 
1 million children.3,11 More than 3 million patients with 
tuberculosis remain undetected and continue to transmit 
the disease in their families and communities. Appropriate 
treatment for drug-resistant tuberculosis remains 
the exception rather than the rule, allowing further 
transmission of these strains. Most known contacts 
receive no post-exposure therapy, a standard intervention 
in most high-income settings. Finally, and most damning 
of all, almost 1·5 million people still die each year from 
tuberculosis—a preventable and curable disease.3

Ending the tuberculosis epidemic requires the urgent 
deployment of a comprehensive package of eff ective, 
tried and tested interventions in low-income and middle-
income settings. This comprehensive approach must 
happen in tandem with the development of eff ective 
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A mother and child who both have multidrug-resistant tuberculosis at a clinic in Nairobi, Kenya, in March, 2015
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point-of-care diagnostics, highly eff ective and shorter 
treatment regimens, and vaccines. The Lancet Series 
on how to eliminate tuberculosis12–15 reviews a set of 
proven epidemic-control strategies for combating the 
disease. Their wider and more systematic application, 
evidence suggests, will result in quantitatively greater and 
more rapid progress in tackling the global tuberculosis 
epidemic.1,2,16–22 These strategies include: stopping 
transmission through active identifi cation of sick patients 
and prompt initiation of the correct therapy; treating 
infection in close contacts and high-risk individuals; using 
data from tuberculosis programmes to improve use of 
current resources and to better target interventions; 
and addressing some of the social mechanisms that fuel 
tuberculosis. Each Series paper presents examples of 
places where these epidemic-control strategies have been 
successfully used, as well as practical recommendations 
for implementation. Separately, the eff ect of these 
approaches might be modest; in combination, however, 
global experience and mathematical modelling suggest 
that they will have a swift and dramatic eff ect on 
tuberculosis incidence and mortality.1,2

The goals laid out in both the Stop TB Partnership’s 
Global Plan to Stop TB 2016–202023 and WHO’s End 
TB Strategy24 will require “a new global attitude” in 
the fi ght against tuberculosis.4 Part of that shift means 
moving beyond piecemeal approaches, and deploying 
a comprehensive epidemic-control strategy that has 
been shown to work. Beyond courage and vision, the 
success of this approach will depend on an unwavering 
commitment to programmatic quality, fi delity, and 
equity, with all the methods required to stop an airborne 
epidemic being used at the same time. Moreover, all 
people who require treatment must be included in 
this comprehensive approach: children, people with 
drug-resistant strains, individuals with extrapulmonary 
disease, those co-infected with HIV, others at high 
risk of acquiring the disease, and infected contacts. 
Failure to seize this opportunity now will constitute 
both a scientifi c and moral failure. Waiting another 
two centuries for a curable and preventable disease to 
disappear is not an option.

*Salmaan Keshavjee, David Dowdy, Soumya Swaminathan
Department of Global Health and Social Medicine, Harvard 
Medical School, Boston, MA 02115, USA (SK); Department of 
Epidemiology, Johns Hopkins Bloomberg School of Public Health, 
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No one with HIV should die from tuberculosis
Tuberculosis is the leading cause of mortality among 
individuals infected with HIV, killing more than 
1000 people every day.1 Even if they receive treatment 
for tuberculosis, people with HIV are more likely to die 
from tuberculosis than people without HIV,2 especially 
if they are not receiving antiretroviral therapy or if they 
have multidrug-resistant tuberculosis.3,4 They do not die 
because we cannot treat HIV or cure tuberculosis. They 
die because of substantial gaps in the delivery of care 
and innovation, despite decades of knowledge about 
the synergy between tuberculosis and HIV, about how to 
stop the spread of tuberculosis, and how to optimise HIV 
treatment.5

In 2008, WHO endorsed the Three I’s strategy6—
intensifi ed case-fi nding, isoniazid prophylaxis therapy, 
and infection control—to address the crisis of tuberculosis 
deaths among people with HIV. Intensifi ed case-fi nding 
and isoniazid prophylaxis therapy save both lives and 
resources, given the number of tuberculosis cases 
prevented.7 A “fourth I”, representing integrated care at 
the facility level for individuals co-infected with HIV and 
tuberculosis, has also been shown to improve treatment 
outcomes for both tuberculosis and HIV.8,9 Despite 
endorsement of these almost decade-old strategies, 
people with HIV continue to die from tuberculosis at an 
alarming rate because not enough is being done to ensure 
optimum prevention, detection, and treatment.

How do we change this dynamic? The Stop TB 
Partnership’s Global TB Plan 2016–2020, now under 
development, calls for mass scale-up of tuberculosis 
screening, diagnosis, and treatment for people living with 
HIV—with coverage targets of at least 90%.10 But much 
more is needed than just ambitious targets.

First, and at a minimum, known strategies for 
stopping the spread of tuberculosis have to be 
prioritised, implemented, and scaled up in low-
income and middle-income settings for both adults 
and children. As the papers in the Lancet Series on 
tuberculosis11–14 show, these strategies include active 
case-fi nding, rapid diagnosis, post-exposure treatment 
(both isoniazid prophylaxis therapy and treatment 
for drug-resistant strains), and early initiation of 
optimum treatment for all strains of tuberculosis. 
These strategies have driven rates of tuberculosis down 
substantially among vulnerable patients in settings 

such as New York City and Baltimore in the USA, and 
Rio de Janeiro in Brazil.15–17

Second, innovative approaches must be adopted to 
halt the deadly toll of tuberculosis in people with HIV. 
For example, initiation of antiretroviral therapy needs to 
become an urgent priority among all people living with 
HIV, including in areas of high tuberculosis and HIV co-
infection, to prevent tuberculosis incidence, progression, 
and mortality.18–21 An overwhelming evidence base now 
clarifi es the need for any patient with HIV, irrespective 
of CD4 count, to be started on antiretroviral therapy as 
soon as possible after diagnosis.22–25 Some in the medical 
and public health communities have added immediate 
initiation of antiretroviral therapy as the “fi fth I” in the 
strategy to halt tuberculosis mortality. There is also a 
need for better ways to treat tuberculosis in patients 
with HIV, which will involve evaluating innovative 
treatment strategies and improving the science of 
tuberculosis clinical trials. Furthermore, there should 
be greater inclusion of people with HIV in tuberculosis 
drug trials, since this population is often excluded from 
such research. These exclusions mean there are limited 
indications for the use of new tuberculosis drugs in HIV-
infected individuals—those with the highest rates of 
mortality—and there is little information about drug–drug 
interactions with antiretroviral therapy.

Third, better screening and diagnostic strategies 
are needed to detect tuberculosis in people with HIV 
co-infection. A simple symptom screen, if correctly 
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implemented, could identify many people with 
tuberculosis for diagnostic referral;26 by contrast, 
sputum-based diagnostic methods miss most cases 
of tuberculosis among those with active disease and 
HIV.27 There are now point-of-care tests available for 
the measurement of HIV viral load, but no such test is 
available for tuberculosis.28

Fourth, countries will continue to need technical 
and fi nancial support to overcome the barriers to 
the implementation of comprehensive tuberculosis 
strategies. It is noteworthy, however, that in many 
settings, these barriers have been successfully 
addressed in the provision of HIV care in general, but 
not when it comes to tuberculosis care in the HIV-
infected population.29,30 A better understanding of 
the reasons for these diff erences in the provision of 
care would help target resources more eff ectively and 
improve tuberculosis prevention and treatment. So 
too would broader application of proven HIV strategies 
to tuberculosis, including community-based care, 
treatment as prevention, adaptive adherence support 
strategies, engagement with survivors, and a human 
rights driven approach.

Deaths from tuberculosis will be halted only if the 
tuberculosis community can emulate the ambitious 
scientifi c and advocacy agenda set by those working 
in HIV—where, in the span of 40 years, HIV went from 
being an unrecognised deadly pathogen to an easily 
diagnosed chronic condition with many prevention 
and treatment options. During that same period, 
there has been far too little innovation in tuberculosis 
prevention, diagnosis, and treatment. There is some 
cause for optimism from the recent introduction of 
molecular diagnostics and the approval of the fi rst two 
new tuberculosis drugs, bedaquiline and delamanid,31 
in almost half a century, but transformative science for 
tuberculosis still has a long way to go. In the meantime, 
tuberculosis can be tackled by scaling up existing 
eff ective interventions. 

The global expansion of comprehensive high-
quality treatment for HIV has set a moral and human 
rights benchmark for other global health initiatives.3 
Preventable deaths from tuberculosis among people 
living with HIV are an unconscionable stain on this 
accomplishment. Well proven epidemic-control 
strategies for tuberculosis and the use of antiretroviral 
therapy have stopped deaths from tuberculosis in 

people with HIV in many settings. It is well past time to 
make this a reality for all people living with HIV and to 
expand the high levels of human and fi nancial capital 
invested in HIV to the disease responsible for killing so 
many infected individuals.
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How to eliminate tuberculosis 1

Data for action: collection and use of local data to end 
tuberculosis
Grant Theron*, Helen E Jenkins*, Frank Cobelens, Ibrahim Abubakar, Aamir J Khan, Ted Cohen†, David W Dowdy†

Accelerating progress in the fi ght against tuberculosis will require a drastic shift from a strategy focused on control to 
one focused on elimination. Successful disease elimination campaigns are characterised by locally tailored responses 
that are informed by appropriate data. To develop such a response to tuberculosis, we suggest a three-step process 
that includes improved collection and use of existing programmatic data, collection of additional data (eg, geographic 
information, drug resistance, and risk factors) to inform tailored responses, and targeted collection of novel data (eg, 
sequencing data, targeted surveys, and contact investigations) to improve understanding of tuberculosis transmission 
dynamics. Development of a locally targeted response for tuberculosis will require substantial investment to 
reconfi gure existing systems, coupled with additional empirical data to evaluate the eff ectiveness of specifi c 
approaches. Without adoption of an elimination strategy that uses local data to target hotspots of transmission, 
ambitious targets to end tuberculosis will almost certainly remain unmet.

Introduction
The fi ght against tuberculosis is entering a new era, 
moving from one of control to one of attempting to end 
the tuberculosis epidemic. The international donor and 
policy community have embraced targets of 90–95% 
reductions in incidence and mortality by 2035, relative to 
2015.1 One important component of such so-called 
epidemic-ending approaches is an increased focus on 
local-level strategies, which have been instrumental 
during elimination of infectious diseases ranging from 
smallpox to polio.2–5 The successful elimination of disease 
epidemics has typically involved two important 
components: systematic reporting of every case and 
identifi cation of disease clusters or hotspots at the local 
level where ongoing transmission occurs. These 
components enable the documentation of disease trends 
in each community and the subsequent targeting of 
resources to where they are needed most. Local strategies 
for tuberculosis could, for example, tailor diagnosis and 
treatment of infection to subpopulations that are at 
highest risk of disease progression 6 or target case-fi nding 
to stop transmission in high-incidence populations.7 
Some countries are starting to use subnational trends to 
inform more tailored approaches; however, to end 
tuberculosis in a 20 year timeframe, this trend must be 
accelerated and focus increased on local empowerment 
with centralised (national and global) support.8,9

Since the 1993 adoption of a widely accepted approach 
to tuberculosis treatment known as DOTS (directly 
observed treatment, short-course), a standard set of 
clinical, demographic, bacteriological, and treatment 
outcome data have been collected and aggregated by 
national tuberculosis programmes and subsequently 
reported to WHO.10,11 This approach, although essential 
to inform country-level and global estimates and to 
monitor the high-level progress of strategies such as 
DOTS, has not emphasised the use of existing data (or 

collection of additional data) to identify sites of ongoing 
transmission and target local responses accordingly. 
Local tuberculosis epidemics diff er in intensity, drivers, 
and key characteristics, and approaches that are eff ective 
in some hotspots (eg, informal urban settlements) might 
not work in others (eg, prisons or rural villages with poor 
access to care). Without high-quality data and 
infrastructure at the local level (and support from 
national and global entities) to inform more locally 
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Key messages

• Tuberculosis epidemics, like those of other infectious 
diseases, vary largely across diff erent geographical 
regions; to end epidemics in high-burden areas, control 
eff orts will need to be tailored to local conditions

• To design interventions that eff ectively combat 
tuberculosis, national control programmes should shift 
from a centralised approach in which local data are 
deposited into national databases for aggregated 
analyses, to a bidirectional one in which local partners 
have the capacity to collect and analyse data and then use 
those data to design locally responsive interventions

• This shift requires local tuberculosis programmes to make 
better use of existing data, expand routine data collection, 
and make informed use of targeted surveys

• These eff orts also require the modernisation of data 
collection and storage systems, substantial fi nancial 
investment in infrastructure and human resources 
(including the use of mobile technology and social 
media), and the reallocation of resources to support local 
decision making

• Programmes will need to develop the necessary analytical 
and support infrastructure to measure the eff ect of local 
interventions and disseminate these fi ndings within the 
national programme 
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responsive strategies, the goal of ending tuberculosis 
worldwide will not be achieved. 

Awareness is building of the importance of local data 
and capacity, but action is not being taken fast enough. 
WHO has championed the need for national 
programmes to respond to setting-specifi c diff erences, 
according to the scale of the epidemic in the country.12 
Three specifi c steps will accelerate this process (fi gure 1). 
First, countries must better use existing data on 
tuberculosis case notifi cations, risk factors, and treat-
ment outcomes to inform local interventions. Second, 
national and global systems should augment the set of 
standard, routinely collected data with additional data 
elements (eg, geographical information, drug resistance, 
and risk factors) to target resources better, while 
ensuring that this additional data collection is feasible. 
Third, programmes must build capacity for the periodic 
and focused collection of novel data components (such 
as targeted surveys), contact investigations, and 
sequencing data, to inform local policy decisions.

In this, the fi rst paper in a Series of four about how to 
eliminate tuberculosis, we describe how existing data 
and analysis systems could be improved to enable these 
three steps, highlighting the benefi ts and challenges in 
transitioning to a locally focused agenda to end 
tuberculosis (table 1).12–16 Combined with strategies to 
interrupt transmission (see Series paper 27), treat latent 

tuberculosis (see Series paper 36), and improve social 
conditions (see Series paper 417), use of local data and 
infrastructure to target interventions appropriately could 
form the basis for a coherent strategy to end tuberculosis 
from both a top-down and a bottom-up direction.

Improving data collection and analysis
Step one: improving the collection and use of existing 
programmatic data
Routinely collected data for tuberculosis vary sub-
stantially in scope and detail between countries. WHO 
recommends a minimum set of variables, com prising 
age, sex, geographical region, previous treatment, smear 
microscopy result, anatomical site (pulmonary or extra-
pulmonary), and treatment outcome, which are ideally 
linked to unique patient identifi ers.13,18 In many settings, 
data for HIV and exposure to high-risk congregate 
settings are also routinely collected. Although WHO 
recommends the use of secure, self-contained electronic 
systems, paper forms are still predominantly used.13,14 

Thus data analysis is often delayed until entry into a 
central country wide database is completed, reducing its 
usefulness to inform realtime programmatic decisions.14 
When such data are rapidly incorporated into policy, 
results can be dramatic. For example, in 2008, the 
tuberculosis programme in Lesotho found that more 
than 90% of patients diagnosed with tuberculosis were 
HIV seropositive.19 The Ministry of Health, in 
collaboration with Médecins Sans Frontières, rapidly 
scaled up and integrated decentralised tuberculosis–
HIV care in response. As a result, the number of adults 
on anti retroviral therapy (ART) in the programme 
doubled over 4 years, and the incidence of HIV-positive 
tuberculosis decreased by about 40%.19,20

Of particular importance to interrupting transmission 
is more focus on childhood tuberculosis, which is 
currently greatly underdetected and can serve as an 
important marker of ongoing transmission.21–23 Better 
systems for the detection of paediatric tuberculosis and 
rapid notifi cation when childhood cases rise higher than 
a certain threshold might not only inform specifi c 
interventions such as household contact tracing and 
preventive therapy for children, but could also serve as 
an early detection system to identify transmission 
hotspots.24

Ultimately, centralised tuberculosis data collection and 
reporting systems must be designed not only to inform 
national policy changes, but also to build local capacity to 
create tailored responses at the community level. 
Examples exist in other infectious diseases, such as with 
polio surveillance in India, which showed lower vaccine 
effi  cacy in high-population-density districts with poor 
sanitation, thereby enabling the roll-out of a diff erent 
vaccine that was better suited to these areas.25,26 This 
ultimately contributed to the elimination of polio where 
national-level policies had failed.27 Similar targeted 
approaches, which are often as cost eff ective as broader, 

Figure 1: A three-step approach for leveraging data to end tuberculosis
To build locally tailored responses to eff ectively combat tuberculosis, three interlocking categories of activities are 
required. Eff ective local tuberculosis responses must start with improving the collection and use of existing data 
(blue centre), onto which additional data elements can be added (in peach). A third essential component involves 
building capacity to collect and use novel data at all levels of the health-care system (in green). Employing these 
three categories of activities in a multi-tiered and bidirectional fashion (as depicted in fi gure 4) should result in 
tuberculosis control policies that are more data driven and thus more likely to be eff ective.

Step 1: Improve collection
and use of existing data

Examples (see table 1):
Subnational data granularity
Bidirectional (local–national)
data flow
Local epidemiological capacity

Step 2: Add complementary data 
elements to routine collection

Examples (see tables 1 and 2):
• Geographical information
• Drug-resistance patterns
• Risk factors

Step 3: Build capacity for novel 
data components

Examples (see table 1):
• Drug-resistance surveys
• Repeated prevalence surveys 
• Detailed molecular data

Reduction in tuberculosis burden, from local to country level
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untargeted interventions, will be needed to end 
epidemics of tuberculosis.28–30

Step two: routine collection of additional data to 
inform targeted responses
Although challenging in many settings, expansion of the 
minimum set of routinely collected tuberculosis data is 
essential to empower more locally responsive strategies.12 
Additional data include geographical information (eg, to 
assist with community-based follow-up, panel 1,31 
fi gure 2; or transmission-hotspot mapping, fi gure 332,33), 
drug-resistance patterns (eg, for region-specifi c drug 
susceptibility testing algorithms and localised treatment 

regimens), and risk factors such as diabetes, smoking, or 
previous hospitalisation or imprisonment (eg, to inform 
local screening strategies).34–36 For example, a surveillance 
study in Japan found high diabetes mellitus rates in 
some populations of elderly or homeless people with 
tuberculosis, thereby enabling clinics serving these 
individuals to do targeted screening.37 Similarly, data 
from China showed a dramatic increase in the proportion 
of patients with tuberculosis that had recently migrated 
into Beijing, and that these patients rarely completed 
treatment.38 This led to targeted case-fi nding and 
counselling to be carried out by clinics serving these 
communities. In table 2, we provide an illustrative list of 

 Current capacity Potential improvements Key challenges

Programmatic data Strong systems for collection of aggregate 
data in many countries
WHO guidance is available for surveillance 
and other systems12–14

Stronger systems for disaggregation of data at the 
subnational level
Building internal capacity for epidemiological analysis and 
reporting to subnational tuberculosis authorities

Current incentive structures that prioritise national-level 
reporting
Human resource constraints
Infrastructure constraints (eg, reporting systems for 
surveillance)
Little consistent data quality

Additional data that could be 
collected programmatically

Many clinics already informally collect 
additional data for internal quality control 
purposes

Routine data collection could expand to include patients’ 
location, key risk factors, interactions with congregate 
settings, etc
Increased autonomy and decision making capability at local 
clinics to decide data collection priorities
Local stakeholders, who might have a better idea of 
interventions that are locally important, can be consulted 
in order to expand additional data collection

Standardised notifi cation systems must be preserved in 
some form, but must balance the need for national 
reporting with local fl exibility
Local tuberculosis offi  cials currently have little experience 
in collecting or using additional data
Additional data must be able to be fed into large-scale 
tuberculosis elimination projects and compatible with 
national databases
Routine (rather than targeted or time-limited) collection of 
additional data can be expensive and might compromise 
data quality

Specifi c surveys Capacity to perform surveys for drug-
resistant tuberculosis is increasing
National prevalence surveys are being 
increasingly done
WHO guidance is available for certain 
types of surveys13,15

Repeated surveys to better inform longitudinal analyses
Routine surveillance systems that could feed back to 
national and subnational authorities
Inclusion of data and reporting systems (eg, geographical 
data on drug-resistant cases) to inform local policies

Surveys can be very expensive, politically motivated, and 
not well integrated into existing routine tuberculosis 
eff orts
In-country capacity to do surveys without outside technical 
assistance is small
Infrastructure for surveillance systems is often poor

Novel data Some reference or academic laboratories 
can collect and analyse novel forms of 
data, such as the genetic distance between 
strains, to identify transmission events 
WHO guidance is available for some types 
of novel data12

Creation or adaptation of existing systems to allow for 
inputting of novel data
Establishment of mechanisms for internal and external 
quality control
Co-collection of other types of data (eg, social network 
data) must be improved to maximise the potential of novel 
data such as strain genotyping

IT (eg, data capturing and storage), laboratory (eg, 
infrastructure for culture, DST, and strain genotyping), and 
human resource capacity challenges need to be overcome 
to generate new types of data
Storage and reporting of some types of novel data (eg, 
whole-genome sequence data) is not standardised

Systems for reporting and 
analysing data

Strong systems for reporting clinical 
laboratory data often exist, and could be 
adapted for epidemiological data
BRICS and other middle-income countries 
have skilled (but highly centralised) 
capacity to perform epidemiological 
analyses
Countries are increasingly moving towards 
individual-based electronic systems

Formal frameworks and how-to guides are needed to 
analyse data at a local level
Better access to data and analytical support staff  at the 
subnational or local level
Better, automated systems for capturing new data on the 
ground in clinics (eg, electronic forms)
Better integration of analytical expertise with other 
in-country disease control programmes
Better systems for data sharing between local tuberculosis 
control programmes

Linkage of disparate IT systems (eg, for laboratory and 
patient data)
Lack of human resource capacity to clean data and perform 
analyses, especially at the subnational level
Lack of clear political, economic, or fi nancial incentives to 
develop such capacity within countries

Empirical evidence to support 
local approaches

Reasonably strong evidence exists that 
tuberculosis incidence (including drug 
resistance) is heterogeneous at the local 
level
Mathematical models suggest that local 
approaches might be more eff ective and 
effi  cient16

Programmatic evaluations and research studies could help 
to compare the eff ectiveness of locally targeted strategies 
against nationally standardised ones
Cost-eff ectiveness analyses could evaluate whether the 
additional cost of local targeting provides suffi  cient health 
value to be justifi ed

Generalisability of data from one epidemic and 
intervention to another is diffi  cult
Infrastructure and incentives (both organisational and 
fi nancial) to collect such data are defi cient outside of 
existing academic centres

IT=information technology. DST=drug-susceptibility testing. BRICS=Brazil, Russia, India, China, and South Africa.

Table 1: Key elements of a data-driven, locally tailored approach to tuberculosis elimination



Series

4 www.thelancet.com   Published online October 26, 2015   http://dx.doi.org/10.1016/S0140-6736(15)00321-9

additional data that could be collected and used for local 
decision making.

In routine practice, tuberculosis programmes must 
weigh data quantity against quality and might therefore 
focus additional data collection on particular patient 
groups or during the roll-out of new initiatives. To 
encourage the collection and use of relevant data, policy 
makers and tuberculosis programmes should promote 
new frameworks that use local data collection as 
benchmarks for clinic performance. Local tuberculosis 
control authorities must have suffi  cient autonomy, 
funding, and oversight to obtain data and implement 
interventions that will be most responsive to their unique 
epidemics. Examples of strategies that collect additional 

tuberculosis data and link these to tailored interventions 
are multicountry projects such as ENGAGE-TB and 
TB-REACH.39,40 Importantly, local data collection can 
reveal other issues (eg, comorbidities such as diabetes 
and malnutrition) that are important for tuberculosis 
control and will also need to be addressed in a targeted 
fashion. Better integration of care is needed to address 
these factors; targeting them can also help to drive 
organisational and operational changes to strengthen 
local health systems.

Step three: targeted collection of novel data
Routine data will always be limited to elements that can 
be collected during busy clinical practice, with tight 
programmatic budgets, and from patients who actually 
present to care. To take a more comprehensive step 
toward ending tuberculosis, these data must be 

Panel 1: Data for action in Karachi, Pakistan

Interactive Research and Development, a local research 
organisation in Karachi, Pakistan, has used a range of 
electronic recording and reporting systems to improve access 
to and reporting from diagnostic and treatment sites.31 For 
example, global positioning system (GPS) data have been 
used to identify the exact coordinates of private family 
practitioner clinics, public and private national tuberculosis 
programme (NTP) reporting centres, private laboratories, 
and pharmacies. All patients with drug-resistant tuberculosis 
or at high risk of loss to follow-up are mapped to 
approximate home locations with GPS-enabled phones, to 
inform assignment of community treatment supporters and 
to facilitate follow-up. For most of these patients, private 
clinics (red boxes in fi gure 2) are more accessible than the 
NTP reporting centre (NTP in fi gure 2) for scheduling of 
follow-up visits. These data have informed key programme 
decisions for targeted intensifi ed case-fi nding, location of 
digital radiograph systems and GeneXpert machines, and 
recruitment of treatment supporters.

Figure 2: GPS map of facilities and patient homes in Karachi, Pakistan (May, 2009)
Illustrative example discussed in panel 2 showing coordinates of private family practitioner clinics, public and 
private national tuberculosis programme (NTP) reporting centres, and people with TB. GPS=geographical 
positioning system. NTP=national tuberculosis programme. TB=tuberculosis. Map data from Google, DigitalGlobe.

Figure 3: Geographical hotspots of MDR-TB risk in Moldova
Colours represent the proportion of previously treated TB cases with drug 
susceptibility testing data that are MDR-TB by location of residence. Maps such as 
this, which can help target intervention eff orts and direct future research, 
represent the product of strengthening multiple aspects of the TB surveillance 
system. In the early 2000s, Moldova’s TB programme updated the laboratory 
network, revised guidelines, and improved training to ensure universal drug 
susceptibility testing. Standardised reporting systems enabled more complete 
and accurate reporting of incidence, outcomes, and drug resistance, and a 
nationwide online database was introduced with access at every national TB 
facility.32 Physicians and laboratory staff  enter data (including routinely collecting 
location of residence) for individual patients with TB in realtime at the relevant 
points of contact. Data can then be synthesised into detailed maps of TB and 
drug-resistant TB, such as the one presented here, which can in turn be used to 
focus resources and eff orts on regions of likely high ongoing transmission of 
drug-resistant TB (eg, see southeast represented in red). TB=tuberculosis. 
MDR=multidrug resistant. Reproduced with permission of the European 
Respiratory Society.33
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occasionally augmented by additional investment in 
collecting non-routine information that can improve 
understanding of transmission and drug-resistance 
patterns.

Prevalence surveys estimate how many people have 
tuberculosis in a representative population sample.9 
Between 2009 and 2015, 23 countries are expected to 
have carried out tuberculosis prevalence surveys.41 These 
surveys, with WHO guidance, can produce national (or 
occasionally subnational) estimates of the fraction of new 
cases with drug resistance, characterise broader patterns 
of transmission, and identify gaps in current control 
eff orts.13,15,42 Because surveys are expensive, logistically 
complex, and have relatively small sample sizes at the 
subnational level, they generally do not have resolution 
to inform local decisions. Innovative approaches to 
representative survey designs must therefore be 
considered.

One example of an alternative design in the case of 
drug resistance surveys is lot quality assurance sampling 
(LQAS).43,44 LQAS can classify the risk of drug resistance 
among patients with tuberculosis at a subnational level 
with use of predefi ned thresholds of drug resistance.45 
Unlike traditional national-level drug-resistance surveys, 
LQAS surveys do not attempt to estimate the prevalence 
of resistance precisely. Instead, LQAS surveys classify 
areas as likely being above or below a threshold selected 
to guide local interventions. LQAS has shown, for 
example, that although Tanzania and Vietnam seem to 
have low multidrug-resistant (MDR) prevalence among 
new tuberculosis cases nationally, Vietnam has 
considerably subnational heterogeneity.45–47 In particular, 
one province (Tây Ninh) had high MDR tuberculosis 
prevalence, which focused attention on areas closer to 
Cambodia, where MDR tuberculosis is more prevalent. 
Targeted surveys have also shown unusually high rates of 
MDR tuberculosis in some ART clinics and Tibetan 
refugee communities in India.48,49 Similar methods, such 
as sentinel surveillance, have identifi ed many patients 
with MDR tuberculosis from Somalia seeking treatment 
in Kenya.50

Other potentially useful data sources are molecular data 
for strain types, transmission, and drug resistance.51 

Currently, such data are only collected broadly and 
systematically in resource-rich settings. For example, an 
analysis of US national surveillance identifi ed which 
racial minorities are most likely to develop tuberculosis 
from recent transmission and a service in the UK has 
used molecular typing prospectively since 2010 to identify 
outbreaks and estimate the proportion and identity of 
MDR tuberculosis cases attributable to transmission.52–54 
Locally, such data can also be used to improve both 
contact investigations (which might be complemented by 
online social network data) and the laboratory methods 
used to diagnose drug-resistant tuberculosis (panel 2).60 
Newer technologies, such as whole-genome sequencing 
(WGS), can identify strains responsible for major 

outbreaks, uncover highly infectious super-spreaders, 
and help to understand the completeness of contact 
investigations.51,61–63 Although not widely implemented, 
BRICS countries (Brazil, Russia, India, China, and South 
Africa) and other middle-income countries have capacity 
to collect and analyse molecular data, and WHO guidance 
exists about strain genotyping for tuberculosis 
surveillance.12 Although WGS might be more challenging 
to implement, it can inform the development of simpler 
tests, which have been used in preliminary studies to 
infer transmission patterns.64 Mobile technology can also 
help the collection of novel geospatial information. For 
example, human movement (measured via mobile phone 
towers) has been combined with high-resolution 
prevalence data for malaria in Kenya to show that 
migration from less-developed residential areas accounts 
for most new cases of malaria within urban centres.65 
Importantly, the usefulness of these additional data will 
always be small if they cannot also be easily captured and 
integrated into existing data systems.

Enhancing data systems
Systems for reporting and analysing data
An investment in surveillance systems for tuberculosis, 
including strengthening of WHO-supported electronic 
data collection systems, is needed to achieve greater local 
control of tuberculosis.12,14 Maintaining a system that is 
suffi  ciently agile to be useful for heterogeneous patient 
populations and the levels of resource availability (eg, 
internet access) across all localities can be diffi  cult. This 
diffi  culty is compounded by the long-term use of 
proprietary systems for which support might have ceased 

Items

Drug resistance surveys

Drug resistance diagnoses Genotypic (eg, Xpert MTB/RIF) and phenotypic (eg, liquid culture) drug-
susceptibility testing results, mutational analyses

Monitoring of disease severity

Bacterial load Smear grade, culture time-to-positivity, Xpert MTB/RIF cycle threshold values, 
LAM strip grade

Clinical test data Chest radiograph, BMI, haemoglobin concentrations

Transmission mapping

Strain genotype MIRU-VNTR, spoligotype, RFLP pattern, WGS

Geospatial, location, and 
contact data

Administrative region (eg, district, city, and suburb), residential address, or GPS 
coordinates of residence; recent hospital admissions (name of hospital, 
duration, and reason for treatment); incarcerations or known tuberculous 
contacts

Risk factor analysis

Comorbidities HIV, diabetes, chronic obstructive pulmonary disease, pneumonia, diabetes

Occupational exposure Health-care workers, miners

Substance use Cigarette pack-years, AUDIT alcohol use scores, illicit narcotic usage

LAM=lipoarabinomannan. BMI=body-mass index. MIRU-VNTR=mycobacterial interspersed repetitive units–variable 
number of tandem repeats. RFLP=restriction fragment length polymorphism. WGS=whole-genome sequencing. 
GPS=global positioning system. AUDIT=alcohol use disorders identifi cation test.

Table 2: Possible data items to be collected on individual tuberculosis cases, in addition to the WHO 
minimum set of variables,13 by purpose and data type
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and the requirement by governments for a lengthy public 
tender process.66 Implementation of fl exible systems for 
a locally tailored tuberculosis response—especially in 
high-burden countries that often have extreme resource 
limitations, little political will, and the highest need for 
such systems among disenfranchised populations—will 
be no easier.

Benchmarks and performance indicators can facilitate 
the collection of standardised data and identifi cation of 
surveillance gaps.12–14 These benchmarks encourage tuber-
culosis programmes to assess the consistency of case 
defi nitions and national data in interactive workshops with 
stakeholders. Such benchmarks can be internal (eg, 
subtotals by age group equal the total number of reported 
cases) or external (eg, the percentage of new cases in 
subgroups, such as children, is comparable with similar 
countries). Although linking data across disparate 
electronic databases (eg, laboratory results and treatment 
information) is challenging, guidelines for the develop-
ment of national electronic tuberculosis data systems are 
potentially useful for local system development.14

Potential improvements to existing systems
Existing systems might be improved by: incorporation of 
more local data; enabling the easy capture of additional 
setting-specifi c data; integrating with other disease 
databases; and implementing features that enable rapid 
data analysis and linkage to intervention. Systems 
incorporating local data should permit the timely 
collection, reporting, and analysis of these data at all levels 
of the health-care system (fi gure 4). Crucially, these steps 
must be done while maintaining the capacity of existing 
systems to enable country-level reporting. This eff ort will 
require substantial new investments in human resource 

capacity (particularly epidemiological expertise) and 
technological infrastructure. Countries and cities are 
increasingly developing individual-based electronic data 
systems.67–69 Mobile technology can also be combined with 
innovative methods to maximise case-fi nding by 
reimbursing tuberculosis control offi  cers promptly or 
providing appropriate incentives to fi nd additional cases.67

Importantly, these improved systems for local data 
should not only integrate with national systems but also 
allow for bidirectional data fl ow, facilitating the direct 
transfer of data between national to local level and control 
programmes. This information can also link into systems 
used in other sectors. For example, the INDEPTH 
Network provides support and guidance for the collection 
of community-level demographic and health-care 
information, which supplement the surveillance of non-
communicable diseases in high-burden countries and is 
subsequently fed into national databases.70,71 Data from 
both public and private sectors should also be considered 
for inclusion.72

If locally important data are to be analysed eff ectively, 
improved quality control and standardised best practice 
guidelines are required, especially for new types of data. 
Open-source tools are available to assist in the analysis of 
these data, whether, for example, it is to project the local 
impact and cost of diagnostic tests or to detect 
drug-resistance mutations from WGS data.73,74 Wider 
availability and adoption of such methods could 
encourage the collection of local data and improve the 
analytical capacity of tuberculosis programmes; however, 
data might also need to be analysed at a more centralised 
level, at which analytical capacity is likely to be greater.

Unique patient identifi ers are essential. Without these, 
linkage of routine clinical and laboratory data to those 
from targeted surveys, sentinel surveillance systems, and 
other novel data collection eff orts will be challenging. 
This data linkage can facilitate pragmatic studies of the 
impact of interventions at a subdistrict level. In Brazil, 
data collected before and after the roll-out of Xpert 
MTB/RIF (a molecular test for tuberculosis and rifampin 
resistance) allowed for Xpert’s eff ect on local case 
notifi cation rates to be quantifi ed and for poor-
performing sites to be identifi ed and targeted for further 
strengthening.75 However, because the laboratory and 
treatment databases used their own internal identifi ers, 
linking specifi c laboratory results with specifi c treatment 
outcomes was a challenge. Weak existing data structures 
have also made it diffi  cult to generate empirical evidence 
for locally targeted approaches to tuberculosis control. 
Despite their clear benefi ts and potential cost savings, 
improvements to these systems need substantial 
investment.76–78 To justify such investment, strengthening 
of the empirical evidence base is essential.

Empirical evidence for local approaches
Little evidence has been provided for the eff ectiveness of 
the types of locally targeted approaches described above 

Panel 2: Strain typing to inform the local scale-up of drug susceptibility testing (DST) 
in South Africa

The Western Cape province in South Africa, which has relatively strong drug-resistant 
tuberculosis surveillance infrastructure, has seen a change in drug-resistant tuberculosis 
strain diversity. Strains with an atypical Beijing genotype, which are historically scarce, 
have become dominant among patients with drug-resistant tuberculosis and are 
associated with clustered outbreaks of extensively drug-resistant (XDR) tuberculosis.55 
A series of molecular epidemiological studies56–58 showed that these strains likely 
originated from an adjacent province (Eastern Cape), which has relatively weak DST 
surveillance infrastructure. These atypical Beijing strains in the Eastern Cape had an 
unusually high prevalence of inhA promoter mutations which, in addition to conferring 
low-level resistance to isoniazid (a key drug in the fi rst-line regimen), also confer 
resistance to ethionamide (a key drug in the second-line regimen used to treat multidrug-
resistant tuberculosis, but for which resistance was not routinely tested). The 
eff ectiveness of the second-line drug regimen was thus substantially weakened, and 
atypical Beijing strains were programmatically selected to evolve into XDR tuberculosis, 
which subsequently entered the Western Cape, likely via the large migrant population. 
Molecular tests are now used to identify inhA promoter mutations in the Eastern Cape. 
An alternative drug can thus potentially be substituted for ethionamide to limit the 
emergence of XDR tuberculosis; however, in practice, this is not yet widely adopted.59
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for tuberculosis control. Nevertheless, targeting of high-
risk populations (eg, homeless people, HIV-infected 
people, or drug users) has been a crucial component of 
most major successes in tuberculosis control.79,80 
Mathematical models based on empirical data provide 
indirect support for targeted tuberculosis elimination 
strategies, as has been demonstrated for other 
diseases.3,16,81,82 Data from Rio de Janeiro, Brazil, suggest 
that, as with other diseases, targeting hotspots containing 
6% of the population on a district level (identifi ed from 
local notifi cation rates) could reduce city wide incidence 
to a similar degree as an intervention of equal intensity 
covering the remaining 94% of the population.30

Local control offi  cials undoubtedly target high-risk 
patient groups intuitively, but to show the eff ectiveness 
of these approaches, data must be collected and compared 
against standardised benchmarks. Ideally, these 
benchmarks should be agreed upon at the local and 
national level, accounting for local epidemiology and 

existing trends (table 3). Guidance about these measures 
of success could come from global agencies such as 
WHO and implementation of these standards could 
drive the improvement of local data collection eff orts. 
Targeted approaches become increasingly important as 
tuberculosis incidence declines and becomes more 
concentrated within specifi c subpopulations; thus, 
collection of empirical evidence against standardised 
benchmarks to inform such approaches should become 
a higher priority.83

Encouraging parallels exist for other diseases. The 
Tanzanian ART programme’s “Know your CD4 count” 
campaign used a consultation process to identify clinic, 
patient, and infrastructural factors that limited the number 
of HIV-infected patients with a known CD4 count.84 After 
data for each clinic were reviewed in conjunction with local 
staff , site-specifi c interventions were implemented to 
address administrative and laboratory barriers, strengthen 
staff  training, and educate patients. After the roll-out of the 

Figure 4: Structuring data and decision making for tuberculosis elimination
In existing systems, data is largely sent from the local level and aggregated at the central level for reporting and broad target-setting, with decisions made in 
top-down fashion and rarely involving individuals below the regional or district level (A). To achieve tuberculosis elimination, data structures, and decision making 
should arguably be centred around activities at the local level, which is the level at which tuberculosis transmission occurs. Such structures should support data and 
decision making that is bidirectional and mutually informative in nature, involving all levels of the tuberculosis control system (B). This fl ow of information should 
not only occur between health-care system tiers, but also between localities, to disseminate information about what works in diff erent settings. NTP=National 
Tuberculosis Programme. MoH=Ministry of Health.

MoH

NTP

Local clinics

Regional
Programme Offices

District hospitals or
health facilities

MoH

NTP

Local clinics (public or private)

Regional
Programme Offices

District hospitals or
health facilities (public or private)

Decisions

Unidirectional data flow Bidirectional data flow

DecisionsData Data

A B

Examples of potential benchmarks* Improvements in data systems and structures 
required to assess progress

High HIV rate, low MDR, urban setting 
(eg, African city)

Percent decline in notifi ed tuberculosis incidence in the 
fi ve highest-incidence neighbourhoods

Ability to measure tuberculosis incidence by 
neighbourhood or postal code

Diff use, private-sector driven, periurban 
setting (eg, Indian informal settlement)

Percent increase in patients notifi ed and successfully 
treated (including referrals) among those diagnosed 
with tuberculosis in the private sector

Integration of private care notifi cation data with routine 
public systems

Low HIV, moderate incidence, high MDR 
(eg, town in former Soviet Union)

Absolute decline in incidence of MDR tuberculosis 
among treatment-naive individuals

Repeat, targeted surveys to measure and stratify MDR 
tuberculosis according to previous tuberculosis history

Rural subdistrict with poor access to 
laboratory testing facilities (eg, in 
southeast Asia)

Absolute reductions in average time to diagnosis and the 
proportion of patients who test positive but do not start 
treatment

Integration of laboratory results with treatment 
initiation (yes/no, and date-stamped) data

Well resourced city with large migrant 
community (eg, in western Europe)

Absolute reduction in proportion of new cases due to 
recent infection, informed by molecular epidemiology

Inclusion of strain type data into routine notifi cation 
systems

MDR=multidrug resistance. *The specifi c change targeted, and the duration of time provided to meet the benchmark, would depend on the current rate of tuberculosis, 
existing trends, and anticipated costs.

Table 3: Examples of potential benchmarks for success of locally targeted strategies to end tuberculosis in fi ve emblematic settings
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intervention, ART enrolment increased by an average of 
62% at each clinic.

Evidence for the eff ectiveness of local interventions 
could also be collected with pragmatic trials embedded 
within the implementation of locally tailored responses, 
or before–after comparisons of communities that adopt 
tailored strategies for tuberculosis control. A study in 
Karachi showed that when community members 
screened patients in private health-care facilities, the 
number of detected tuberculosis cases doubled, 
compared with areas without the intervention.31

Ethical considerations
When designing targeted approaches to end tuberculosis 
locally, ethical considerations are an important challenge. 
Tuberculosis programmes collect anonymised data 
routinely and are working increasingly closely with 
patient advocacy groups, but local-level collection 
requires additional engagement with the targeted 
communities. Tuberculosis offi  cers might therefore wish 
to consult with community organisations to ensure that 
data are used to address local public health priorities. For 
example, community consultation is a core component 
of the Reaching Every District approach for childhood 
vaccination, and many countries with the most successful 
vaccination programmes also have high outreach and 
community engagement.85,86 Ethical considerations 
should also be considered when prioritising interventions 
such as ART to specifi c groups; targeting of one region or 
population over another might be perceived as 
inequitable.28 Finally, with regard to security, data can be 
anonymised, but suffi  cient technological infrastructure 
is still required to protect patient privacy, especially in 
resource-limited settings, in which such systems might 
be weaker. However, systems to protect privacy do not 
need to be specifi c to tuberculosis, and cross-sector 
initiatives should be encouraged.

Conclusion
Traditionally, interventions to control tuberculosis have 
focused on providing a basic level of care to a large number 
of people. As global priorities shift from controlling 
tuberculosis to ending tuberculosis, we must rapidly 
develop new systems that empower interventions tailored 
to heterogeneous epidemics. Locally targeted approaches 
have been successful in other diseases, but need routine 
collection of local data, bidirectional fl ow of information 
and capacity between local and central level, augmentation 
of existing data collection eff orts, and investment in the 
systems needed to collect and analyse disaggregated data.

In many settings, the focus of data collection is already 
shifting from national reporting to informing local 
strategy. Accelerating this expansion will require stronger 
links between local clinics, national tuberculosis 
programmes, in-country and regional institutions with 
specialised expertise, and global organisations such as 
WHO. A political commitment to increase human and 

information technology resources at all levels, and to 
collect empirical data to show the eff ectiveness of locally 
targeted strategies, will also be essential. To stop 
tuberculosis worldwide, variation in epidemics locally 
must be addressed, meaning that we must modernise 
data, systems, and ethical structures at all levels to 
empower communities to understand tuberculosis 
epidemics better, and ultimately to end them.
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Turning off  the tap: stopping tuberculosis transmission 
through active case-fi nding and prompt eff ective treatment
Courtney M Yuen, Farhana Amanullah, Ashwin Dharmadhikari, Edward A Nardell, James A Seddon, Irina Vasilyeva, Yanlin Zhao, 
Salmaan Keshavjee*, Mercedes C Becerra*

To halt the global tuberculosis epidemic, transmission must be stopped to prevent new infections and new cases. 
Identifi cation of individuals with tuberculosis and prompt initiation of eff ective treatment to rapidly render them 
non-infectious is crucial to this task. However, in settings of high tuberculosis burden, active case-fi nding is often not 
implemented, resulting in long delays in diagnosis and treatment. A range of strategies to fi nd cases and ensure 
prompt and correct treatment have been shown to be eff ective in high tuberculosis-burden settings. The population-
level eff ect of targeted active case-fi nding on reducing tuberculosis incidence has been shown by studies and projected 
by mathematical modelling. The inclusion of targeted active case-fi nding in a comprehensive epidemic-control 
strategy for tuberculosis should contribute substantially to a decrease in tuberculosis incidence.

Present situation and rationale for change
Tuberculosis is a global epidemic with an estimated 
9 million new cases and 1·5 million deaths in 2013.1 
Although tuberculosis has been curable for almost 
70 years—and despite the fact that millions of individuals 
are treated every year—the annual rate of decline of 
tuberculosis incidence globally has averaged only 1·5% 
for more than a decade.1,2 Part of the reason for this 
sluggish progress is that a substantial proportion of 
people who fall sick with tuberculosis are never 
diagnosed and treated. WHO estimates that 3 million 
people with tuberculosis are “missed” each year by health 
systems, leading to the persistence of infectious cases 
and the airborne disease’s transmission within families 
and communities.1

Transmission of tuberculosis leads to new infections 
and new cases of disease. If the global tuberculosis 
epidemic is to be stopped, not only must existing cases 
be treated, but the transmission that is constantly 
producing new infections and cases must also be halted. 
Trying to eliminate tuberculosis without stopping 
transmission would be like trying to empty a basin full of 
water without fi rst turning off  the tap that fi lls it.

Crucial steps to stopping transmission are fi nding 
people who have the disease and ensuring that they are 
immediately put on eff ective treatment so that they can 
be rapidly rendered non-infectious. In low-incidence, 
high-resource settings such as the USA, Canada, and the 
European Union, policies of targeted active case-fi nding 
are in place to limit transmission of tuberculosis in 
households, communities, and congregate settings.3–5 
Targeted active case-fi nding means actively seeking out 
and screening individuals at increased risk of having the 
disease so that they can be diagnosed early, and, through 
correct treatment, rendered non-infectious. Targeted 
active case-fi nding is a fundamental strategy for disease 
control that has been used to stop epidemics ranging 
from smallpox to severe acute respiratory syndrome to 

Ebola virus disease, and has been recognised as a crucial 
component of the epidemic-control response to 
tuberculosis since the 1930s.6–8

By contrast, most tuberculosis programmes in low-
income and middle-income countries with high burdens 
of tuberculosis have adopted policies that rely on passive 
case-fi nding—waiting for the sick to seek care if they are 
able. Driven in large part by concerns over cost, this 
strategy prioritises treatment success among passively 
detected cases and considers case detection to be of 
secondary importance.9–11 However, by the time sick 
individuals seek treatment for their symptoms, they 
have been infectious for some time, and transmission in 
the family and community has already occurred.12,13 
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Key messages

• Stopping transmission is an essential component of 
halting the global tuberculosis epidemic; this requires 
fi nding individuals with tuberculosis and promptly 
initiating the correct treatment

• Actively searching for tuberculosis cases in high-risk 
groups is an effi  cient and eff ective way to improve 
tuberculosis case detection

• Initiation of eff ective treatment rapidly renders patients 
non-infectious

• The effi  cacy of strategies to actively fi nd cases and ensure 
prompt eff ective treatment has been shown in high 
tuberculosis-burden settings

• The ability of targeted active case-fi nding and prompt 
treatment to reduce tuberculosis incidence in the 
population has been suggested by both empirical 
evaluations and mathematical modelling

• By applying existing knowledge comprehensively and 
exhaustively to stop the production of new infections and 
new cases, we can make a substantial impact on the 
tuberculosis epidemic
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The reliance on passive case-fi nding for tuberculosis has 
contributed to the present failure to prevent transmission 
at the level required to turn the tide of the tuberculosis 
epidemic.12

Improvement of case detection by actively searching 
for sick individuals is only the fi rst step in stopping 
transmission. The second step is to ensure that 
individuals with tuberculosis are rapidly diagnosed and 
put on an eff ective treatment regimen. Delays in 
diagnosis and treatment contribute to persisting 
transmission of tuberculosis.12,13 Diagnostic and 
treatment policies in high tuberculosis-burden countries 
have largely relied on conventional sputum smear 
microscopy as the main diagnostic technique and on a 
standard empirical treatment regimen of four fi rst-line 
anti-tuberculosis drugs.14 However, sputum smear 
microscopy has severe limitations: it fails to detect about 
half of all tuberculosis cases;15 its sensitivity in children 
sick with tuberculosis is about 10%;15 its sensitivity in 
people living with HIV who are sick with tuberculosis is 
less than 30%;16,17 it cannot diagnose patients with 
extrapulmonary tuberculosis, who represented 15% of 
notifi ed cases in 2013;1 and it cannot detect drug 
resistance. Furthermore, although cases that are 
detectable by sputum smear microscopy are generally 
more infectious than those that are not, the non-
detectable cases have been shown to cause 13–17% of 
transmission in low-incidence settings.18,19 Reliance on 
smear micro scopy rather than more sensitive procedures 
for diagnosis thus allows infectious cases to remain 
undetected in the community for longer. In addition, 
policies that rely on both sputum smear microscopy and 
empirical treatment with a standard fi rst-line anti-
tuberculosis regimen can result in long periods of 
ineff ective treatment for patients with drug-resistant 
tuberculosis.

The tuberculosis epidemic cannot be successfully and 
rapidly curbed without use of recognised control 
measures for communicable diseases, including targeted 
active case-fi nding and prompt initiation of the correct 
treatment. These activities are both feasible and eff ective 
in high tuberculosis-burden settings at present, despite 
the challenges facing health systems in many of these 

countries. Thus, with adequate resource investment and 
political will, substantial decreases in tuberculosis 
incidence are possible.

Data and successes
Since the 1930s, a range of approaches to targeted active 
case-fi nding, tailored to local epidemiology, have been 
shown to improve tuberculosis case detection.6,20,21 
By focusing on populations at high risk for tuberculosis, 
targeted active case-fi nding strategies detect substantially 
more cases per number of people assessed than would be 
detected by screening in the general population. 
The expected yields of a few common approaches are 
described in table 1.

Once a tuberculosis case is identifi ed, further 
transmission from that individual can be stopped almost 
immediately by initiation of eff ective treatment. 
A seminal prospective, randomised, controlled study32 
done at the Tuberculosis Chemotherapy Center, Madras 
(now Chennai), India, in the 1950s reported that 
household members of patients with tuberculosis who 
were treated at home had no greater risk of tuberculosis 
disease or infection after 5 years than household 
members of patients who were treated in sanatoria and 
thus restricted from contact with their families. 
Furthermore, since the 1950s, independent studies have 
measured the infectiousness of patients with tuberculosis 
who were being treated in hospital using an experimental 
model in which highly susceptible guineapigs were 
exposed to the air from a ward of patients with 
tuberculosis, and then tested for tuberculosis infection. 
These experiments repeatedly showed a rapid reduction 
in the patients’ infectiousness after initiation of eff ective 
therapy, even while they might remain sputum smear 
positive.33–35 In the earliest experiments, patients began 
treatment on the day of admission to the hospital; 
guineapigs exposed to patients who started eff ective 
treatment for drug-susceptible tuberculosis were only 
2% as likely to be infected as guineapigs exposed to 
untreated patients, suggesting that the patients were 
rendered non-infec tious almost immediately after 
initiation of multidrug therapy.33 In later studies using a 
similar experimental set-up, rapid attenuation of 
infectiousness was reported for patients with drug-
resistant tuberculosis who were treated eff ectively with 
regimens that contained suffi  cient drugs to which the 
infecting strains were susceptible.34 By contrast, these 
guineapig exposure studies have repeatedly reported 
most infections to be associated with patients who have 
undiagnosed or ineff ectively treated drug-resistant 
tuberculosis, under scoring the importance of rapid 
initiation of the correct regimen and the danger of 
protracted infectiousness in these patients.33–36 
Epidemiologically, the continuing transmission of drug-
resistant strains that results from diagnostic failure or an 
absence of eff ective treatment is suggested by the 
prevalence of drug resistance in patients who have never 

Expected prevalence of newly 
diagnosed tuberculosis in 
people assessed

Household contact investigation in low-income and middle-income 
countries22–24

1–5%

Screening of outpatients in general health-care facilities in high 
tuberculosis-burden settings for tuberculosis symptoms and assessment of 
symptomatic individuals25–30

5–10%

Screening of people receiving HIV-associated health care in low-income and 
middle-income countries with HIV prevalence of more than 5%31

1–25%

Untargeted screening in general population in 22 high tuberculosis-burden 
countries1

0·1–0·7%

Table 1: Expected yields for diff erent active case-fi nding strategies
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been treated for tuberculosis; across the WHO European 
Region in 2013, 14% of patients without previous treat-
ment had multidrug-resistant tuberculosis.1

The combination of active case-fi nding and prompt 
initiation of eff ective treatment reduces transmission by 
removing infectious cases from the population before 
additional transmission occurs. Although the eff ect of 
these activities at a population level is diffi  cult to measure 
over a short timeframe, evidence suggests that they have a 
role in reducing tuberculosis incidence. In a com munity-
randomised trial in Brazil, eight com munities matched 
according to socioeconomic indicators were assigned to 
either an intervention or control condition. In the 
intervention communities, outreach workers actively 
sought out household contacts of tuberculosis cases for 
prompt screening, and treatment was given for both 
tuberculosis disease and infection.37 The control 
communities received the local standard of care, which 
relied on contacts to present to health facilities for 
assessment, and did not routinely provide preventive 
therapy. At baseline, the two sets of communities had 
nearly identical annual tuberculosis case notifi cation rates 
(340 cases per 100 000 individuals in communities 
receiving the intervention and 339 per 100 000 in the 
controls). After 5 years, the intervention communities had 
a statistically signifi cant 15% lower annual tuber culosis 
case notifi cation rate than the control com munities 
(p=0·04). A community-randomised trial in Zambia and 
South Africa allocated 24 communities to four intervention 
conditions involving diff erent com binations of case-
fi nding interventions such that each group was similar 
with respect to baseline prevalence of tuberculosis and 
HIV infection, and demographic characteristics.38 After 

3 years, communities in which household contacts of 
patients with tuberculosis were systematically assessed 
had an 18% lower prevalence of tuberculosis in adults 
(p=0·095) and a 55% lower rate of tuberculosis infection 
in children (p=0·063) than communities in which 
household contacts were not assessed.

Translation of knowledge into strategy and 
action
Key strategies to consider
Targeted active case-fi nding and prompt initiation of 
eff ective treatment are crucial components of epidemic 
control for infectious diseases. Although optimum 
methods for both can vary across settings, general 
strategies that have proven eff ective in a range of settings 
can provide a starting point for implementation. Table 2 
presents key activities and strategies to be considered for 
stopping tuberculosis transmission in the context of a 
comprehensive approach to stopping the tuberculosis 
epidemic.

Active case-fi nding in high-risk groups
In view of the inability of passive case-fi nding alone to 
halt tuberculosis transmission, targeted active case-
fi nding is important in all settings. However, diff erent 
characteristics are associated with increased tuberculosis 
risk in diff erent places, and the effi  cacy of any single 
approach to active case-fi nding can vary widely across 
settings.20 Thus, each tuberculosis programme has to 
identify what combination of targeted active case-fi nding 
activities is the most eff ective in the local context.

One high-risk group that is present in all settings is 
contacts of patients with tuberculosis. Contact 

Strategies

Targeted active 
case-fi nding

Perform contact investigations of patients with tuberculosis
Screen clients attending health facilities
Use programme data to identify groups of people that account for a disproportionate share of the tuberculosis burden; groups can be 
defi ned by individual risk factors or geography
Consider, pilot, and assess diff erent targeted active case-fi nding strategies to fi nd out what works best in a given setting
Increase uptake of screening through awareness campaigns, community engagement, initiatives to mitigate stigma, and incentives

Prevention of transmission 
in health facilities

Provide paper masks to individuals suspected of having tuberculosis until they are receiving eff ective treatment
Reduce contact between individuals suspected of having tuberculosis and other people seeking care, particularly susceptible 
individuals such as young children and people with HIV; contact can be reduced by having patients wait in diff erent areas on the basis 
of risk and symptoms, or by scheduling clinics for diff erent types of patients at diff erent times
Expedite diagnosis for individuals suspected of having tuberculosis
Open windows in waiting areas or use outdoor waiting areas where feasible

Prompt initiation of 
eff ective therapy

Develop protocols and strengthen health systems to ensure that results of diagnostic procedures are received and acted on promptly
Use chest radiography and clinical algorithms in addition to bacteriological testing for diagnosis, especially for young children and 
people with HIV
Use rapid molecular tests that can detect both tuberculosis and drug resistance
Initiate presumptive treatment for drug-resistant tuberculosis when a contact of a patient with drug-resistant tuberculosis is 
diagnosed with tuberculosis

Formation of partnerships Integrate tuberculosis care with other health-care services such as HIV care and maternal-child health programmes
Engage community members who advocate for best practices, encourage health-care-seeking behaviours, and support patients 
through treatment
Partner with private sector providers to ensure that patients with tuberculosis receive timely diagnoses and appropriate treatment, 
and that they are reported to the national tuberculosis programme even if they receive care in the private sector

 Table 2: Key activities and strategies to be considered for prevention of tuberculosis transmission
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investi gation refers to the process of systematically 
identifying and screening contacts of patients with 
tuberculosis.39 Since the risk of transmission increases 
with the intensity and duration of contact, contact 
investigation in the household and other places where 
patients with tuber culosis live (eg, workers’ dormitories, 
prisons) is a logical case-fi nding strategy to consider in all 
countries. Common components of contact investigations 
include patient interviews in the clinic, asking patients to 
bring household members and other close contacts 
(particularly children) to the clinic for assessment, and 
home visits by a health-care worker to identify and screen 
household members. Although programmes generally 
prioritise the most infectious cases for contact 
investigation, investi gations of children, who generally 
have non-infectious forms of tuberculosis, can lead to 
detection of infectious adult cases; this is sometimes 
called a source case investigation since transmission is 
assumed to have occurred from the adult to the child. At a 
children’s hospital in Texas, USA, 17–24% of children 
diagnosed with tuberculosis were accompanied to the 
hospital by an adult with previously undiagnosed 
pulmonary tuber culosis.40,41

Another generally applicable strategy for targeted active 
case-fi nding is regular screening of social or demographic 
risk groups that contribute a disproportionate number of 
cases to the local tuberculosis burden (panel). This strategy 
is important in both low-burden settings and high-burden 
settings. Analysis of routinely collected programme data 
can help identify high-risk groups in a particular location. 
Furthermore, in some high-burden settings, analysis of 
programme data can identify geographical hotspots where 

community-level interventions such as door-to-door 
screening and deployment of mobile diagnostic units 
could be a high-yield activity (see Theron and colleagues,46 
paper 1 in this Series). In countries where genotyping is 
practised, such as China, the combination of genotype and 
geographical data might allow even more specifi c 
identifi cation of transmission hotspots.

One practical consideration for the implementation of 
targeted active case-fi nding activities is how to convince 
individuals to undergo screening for a stigmatised 
disease, especially if screening requires time and eff ort 
on the part of the individual. Strategies that have proven 
successful at encouraging uptake of services for other 
stigmatised health issues (eg, HIV, leprosy) have included 
coupling services for a stigmatised health issue with 
services for a non-stigmatised one, and community-
based awareness campaigns to reduce stigma.47 Several 
successful active case-fi nding initiatives for tuberculosis 
have incorporated advocacy and community mobilisation 
activities into their strategies.20 Material incentives can 
also be useful in encouraging people to undergo 
screening; two randomised controlled trials in the USA 
reported that small monetary incentives doubled the 
proportion of homeless people who returned to the clinic 
to have their tuberculin skin tests read.48

Another practical consideration is what screening and 
diagnostic algorithm to use. Strategies for targeted active 
case-fi nding typically use screening algorithms that 
progressively reduce the number of individuals at each 
step of assessment to ensure that time-intensive and 
resource-intensive procedures such as sputum culture 
and full clinical assessment by a physician are done for 
indivi duals who are likely to have tuberculosis. A common 
fi rst step is to ask individuals about symptoms and risk 
factors, and move only those who are symptomatic or high 
risk to the next step of assessment. However, the choice of 
symptoms included in the initial interview can greatly 
aff ect the performance of the symptom screen, with trade-
off s between sensitivity and specifi city. In a prevalence 
survey in western Kenya,49 where the prevalence of 
bacteriologically confi rmed pulmonary tuberculosis was 
0·6%, the presence of cough for 2 weeks or longer had 
52% sensitivity and 89% specifi city in predicting 
tuberculosis, whereas the presence of any tuberculosis 
symptom (cough, haemoptysis, weight loss, fever, or night 
sweats) had 90% sensitivity and 32% specifi city. 
Furthermore, for children, additional symptoms such as 
reduced playfulness and failure to reach an age-
appropriate weight are important components of a 
symptom screen. Finally, the comparatively high 
sensitivity (94%) and specifi city (73%) of an abnormal 
chest radiograph for predicting tuberculosis in the western 
Kenya survey49 (with similar results reported from other 
prevalence surveys) strongly supports inclusion of chest 
radiography into screening algorithms.

The decision to implement targeted active case-fi nding 
activities has practical implications for the tuberculosis 

Panel: Examples of targeted active case-fi nding policies in 
risk groups that contribute disproportionately to local 
tuberculosis burden

Across the WHO African Region in 2013, the prevalence of 
HIV in adults aged 15–49 years was 4·5%,42 but an estimated 
34% of tuberculosis cases were associated with HIV.1 
Screening people with HIV for tuberculosis is therefore a 
crucial strategy for tuberculosis case detection.

In Russia, about 0·5% of the population is incarcerated. 
However, prisoners accounted for 27% of tuberculosis cases 
in 1995.43 Since then, Russia has focused on addressing 
tuberculosis in prisons, enforcing both mandatory screening 
and directly observed treatment.43 These policies have been 
credited with reducing the proportion of tuberculosis cases 
that were detected in prisons to 12% in 2004.

In the USA, tuberculosis incidence among homeless people is 
roughly 10 times the incidence in the general population.44 
National guidelines recommend that staff  in homeless 
shelters monitor clients for persistent cough and ensure 
prompt assessment either at the shelter or by providing 
transportation to a health-care facility.45
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programme and the health system as a whole. Active 
case-fi nding activities require staff  and diagnostic 
resources in addition to those already in place to support 
passive case-fi nding. Additionally, if active case-fi nding 
activities are successful, the number of patients requiring 
treatment will increase in the short term, even though 
subsequent reduction in transmission should reduce the 
number of cases in the long term. Therefore, anticipation 
of increased diagnostic and treatment capacity should be 
part of the planning process for any active case-fi nding 
activity. Furthermore, monitoring and assessment 
should be planned to ensure that the people screened by 
an active case-fi nding initiative are those at the highest 
risk rather than those who are easiest to reach, and that 
increases in diagnoses represent true case detection and 
not overdiagnosis. Finally, while active case-fi nding 
activities have as their main goal the prompt diagnosis 
and treatment of tuberculosis disease, they can also 
provide a platform for the diagnosis and treatment of 
tuberculosis infection and exposure to prevent develop-
ment of future cases (see Rangaka and colleagues,50 
paper 3 in this Series). Therefore, the coordination of 
case-fi nding and prevention eff orts should be considered.

Prevention of transmission in health-care facilities
Health facilities are a unique setting in which targeted 
active case-fi nding can be combined with administrative 
and environmental infection control measures to prevent 
nosocomial tuberculosis transmission. Facilities where 
individuals who are sick spend hours waiting for health 
care in crowded and poorly ventilated waiting areas can 
promote transmission within the facility. Detection of 
these cases as soon as possible is thus crucial to prevent 
transmission. One strategy to identify cases and prevent 
nosocomial transmission is to screen individuals in 
waiting areas for tuberculosis symptoms and quickly 
separate symptomatic individuals from the general 
population. This type of rapid triage was instrumental in 
halting nosocomial transmission during the 2003 
outbreak of severe acute respiratory syndrome in Asia.7

For tuberculosis, the strategy “Finding TB cases 
Actively, Separating safely, and Treating eff ectively” 
(FAST) has helped facilities introduce procedures that 
reduce the risk and duration of exposure to tuberculosis 
for both patients and health-care workers.51 The FAST 

strategy includes cough monitoring in waiting rooms 
and admission wards to identify individuals who might 
have tuberculosis, rapid diagnosis for those with 
tuberculosis symptoms, prompt separation of patients 
with suspected drug-resistant tuberculosis, and rapid 
initiation of eff ective treatment for all forms of 
tuberculosis. Although designed for health-care facilities, 
the FAST strategy could be adapted to other congregate 
settings as well.52 Additionally, a range of administrative 
and environmental interventions can further augment 
eff orts to prevent transmission within facilities, without 
substantial additional resource investment (table 3).

Implementation of the FAST strategy in hospitals has 
reduced both unsuspected tuberculosis and delays in the 
initiation of eff ective treatment. After implementing 
FAST, the National Institute of Diseases of the Chest 
Hospital in Dhaka, Bangladesh, reported that 9% of 
patients admitted as so-called non-tuberculosis patients 
in fact had tuberculosis.51 In a tuberculosis hospital in 
Voronezh, Russia, implementation of FAST using a 
molecular diagnostic test reduced the time from 
admission to initiation of multidrug-resistant 
tuberculosis treatment to less than 5 days, compared 
with the weeks that patients would wait to receive results 
from mycobacterial culture and conventional drug 
susceptibility testing.51

Diagnosis and prompt initiation of eff ective treatment
The FAST strategy provides an integrated and 
streamlined approach that combines active case-fi nding, 
diagnosis, and treatment into a single facility-based 
protocol. When active case-fi nding is focused outside a 
health-care facility, strategies are needed to ensure that 
individuals identifi ed as being at risk for tuberculosis are 
linked to appropriate diagnosis and treatment, since 
searching for cases will not have any eff ect unless these 
cases are promptly diagnosed and eff ectively treated.

In view of the limitations of sputum smear microscopy, 
the goal to diagnose all tuberculosis cases can only be 
accomplished through the use of other modalities such 
as radiography, molecular diagnostic tests, bacteriological 
culture, and clinical algorithms.21 Because children and 
people with HIV are less likely than others to have 
bacteriological confi rmation of tuberculosis, use of 
clinical algorithms for these two groups is essential.55–57 

Example of implementation

Requesting that patients with tuberculosis 
wear surgical masks

When admitted to hospital, patients receiving multidrug-resistant tuberculosis treatment at the Airborne Infections 
Research Facility in Emalahleni, South Africa, were asked to wear surgical masks during the day, excluding mealtimes; 
infectiousness of air from the ward was reduced after the intervention53

Manipulation of clinic schedules to reduce 
risk of transmission to susceptible 
individuals in waiting rooms

At the Indus Hospital in Karachi, Pakistan, before the establishment of a separate tuberculosis clinic, clinic schedules 
were arranged so that no paediatric clinics were run on days during which patients with tuberculosis were seen 
(personal experience of FA).

Opening windows or doors, or both In various hospital spaces in Lima, Peru, the amount of ventilation was nearly 20 times higher when windows and 
doors were opened than when they were closed. With open windows and doors, these spaces were better ventilated 
than spaces with mechanical ventilation systems (eg, fan-based systems)54

 Table 3: Administrative and environmental strategies for airborne infection control
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In the future, rapid biomarker-based tests that do not rely 
on detection of bacteria in sputum could improve the 
speed and accuracy of diagnosis, particularly in children 
and people with HIV. Technologies under development 
at present include antigen detection tests and tests to 
analyse volatile organic compounds in breath or urine.58

Failure to suspect or identify drug resistance at the time 
of tuberculosis diagnosis can result in patients receiving 
inadequate treatment regimens, which prolongs both 
illness and infectiousness and potentially causes 
amplifi cation of drug resistance.59,60 Patients can 
deteriorate and remain infectious for months in places 
where policies allow treatment for drug-resistant tuber-
culosis to be considered only after a patient has been 
unsuccessfully treated with a fi rst-line regimen. There-
fore, use of new molecular diagnostic tests to rapidly 
diagnose drug resistance and presumptive treat ment for 
drug-resistant tuberculosis are both integral to stopping 
transmission of drug-resistant strains. Molecular 
diagnostic tests can detect drug resistance in hours or 
days rather than the weeks needed for conventional 
culture-based drug susceptibility testing. In settings with 
high prevalence of drug resistance, such as Russia, Peru, 
and various southern African settings, universal drug 
susceptibility testing using molecular tests has been 
shown to be feasible, reducing the time to diagnosis of 
drug resistance and initiation of second-line treat-
ment.51,61,62 In settings with low rates of drug resistance in 
the general tuberculosis patient population, rapid 
molecular testing of people suspected of having 
tuberculosis or patients meeting certain criteria for being 
at an increased risk of drug resistance (eg, contacts of an 
individual with drug-resistant tuberculosis, individuals 
with a history of tuberculosis treatment, patients not 
responding to treatment, and refugees) has proven to be a 
feasible intermediate step toward universal drug 
susceptibility testing.

Standardised risk criteria can also be used to identify 
individuals who should receive treatment for drug-
resistant disease, even in the absence of a drug 
susceptibility test result. For example, high concordance 
of drug susceptibility test pattern has generally been 
reported between the index case and secondary cases 
within households of patients with drug-resistant 
tuberculosis.63 Therefore, presumptive treatment for 
drug-resistant disease is warranted for household 
members of patients with drug-resistant tuberculosis 
who are themselves diagnosed with tuberculosis, 
especially young children who are most likely to not have 
bacteriological confi rmation and be infected with the 
same strain as the index patient.

Even a perfect diagnostic technology or algorithm 
cannot have an eff ect on transmission if patients are not 
rapidly started on treatment. Thus, not only is the 
method of diagnosis important to consider, but also the 
timeliness and ease with which patients receive 
diagnostic results and are linked to care. High rates of 

failure to initiate treatment after diagnosis have been 
reported in a range of settings.64 Sometimes, gaps in the 
health-care delivery system can lead to a failure to 
communicate test results or an absence of action based 
on these results.65,66 In KwaZulu-Natal, South Africa, only 
20% of patients with rifampicin-resistant tuberculosis 
had started tuberculosis treatment within 2 weeks of 
testing using the Xpert MTB/RIF assay, which yields 
results within hours.67 In other situations, patients 
themselves might decline treatment despite receiving a 
diagnosis of tuberculosis, particularly if they have no or 
mild symptoms or if treatment interferes with their 
ability to work. Nearly a quarter of patients diagnosed 
with sputum smear-positive tuberculosis during a 
community survey in India did not initiate treatment, 
with the two most common reasons being lack of interest 
in treatment and having symptoms too mild to warrant 
treatment.68 Therefore, strategies are needed to ensure 
that all individuals diagnosed with tuberculosis are 
informed of their diagnoses, counselled appropriately, 
and promptly treated. Strategies could include the 
collection of accurate contact information during the 
initial diagnostic encounter, optimisation of diagnostic 
procedures and communication systems to reduce time 
to diagnosis and treatment, active follow-up of people 
who do not initiate treatment, incentives for initiation of 
treatment, and oversight and support for individuals 
requiring it during treatment. In some countries, 
regulations exist that allow a tuberculosis programme to 
compel a patient to accept treatment despite his or her 
refusal; the decision about how to balance the rights of a 
patient with the public health system’s mandate to 
protect the public is complex and warrants careful 
consideration.69

Partnerships to extend case-fi nding and care
A health-care system that requires patients to seek or 
receive tuberculosis care within specifi c tuberculosis-
focused settings or programmes might result in patients 
spending substantial time and eff ort accessing 
tuberculosis care, in addition to their other health-care 
needs. This burden can discourage patients from either 
seeking or remaining in care. Thus, a system that makes 
it easier for patients to access tuberculosis services in 
conjunction with other health-care services would 
probably improve both case detection and the probability 
of treatment initiation and completion.

Many logical points of integration between tuberculosis 
services and other health-care services exist. The FAST 
strategy off ers one example of a way to integrate 
tuberculosis screening into primary care settings. 
Additionally, integration of tuberculosis and HIV services 
by use of a range of approaches is widely advocated, and 
is an obvious area for improvement in many countries 
with high burdens of both diseases. Maternal-child 
health programmes (including Integrated Management 
of Childhood Illness screening programmes and 
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malnutrition clinics) provide a platform to off er 
tuberculosis treatment or preventive therapy to young 
children.70 Other important points of contact include 
clinics treating patients with diabetes, chronic obstructive 
pulmonary disease, or lung disorders associated with 
smoking, all of which are associated with an increased 
risk of tuberculosis.71–74 Achievement of this sort of 
coordination of care will require tuberculosis pro-
grammes to partner with other stakeholders in the 
general health services rather than working in isolation.

Partnerships outside the public health-care sector can 
also improve the eff ectiveness of many of the strategies 
discussed thus far. For example, engagement of 
community members who advocate for best practices, 
encourage health-care-seeking behaviours, and support 
patients through treatment can help ensure that 
interventions initiated by the tuberculosis programme 
have wide-reaching and sustained eff ect. Additionally, 
partnerships with other government sectors, such as 
those in charge of prisons or social welfare programmes, 
can ease access to vulnerable or hard-to-reach populations. 
Finally, partnerships with the private sector are necessary 
in settings such as south Asia, where 80% of patients 
seek care from private providers.75 In view of the large 
number and the heterogeneity of private providers, it is 
an immense undertaking for national tuberculosis 
programmes to eff ectively engage these providers to 
ensure that patients with tuberculosis receive timely 
diagnoses and appropriate treatment, and that all 
tuberculosis cases are reported to the national tuberculosis 
programme even if they are diagnosed and treated in the 
private sector. Although strategies will vary across 
settings, some approaches that have proven successful 
include use of large private hospitals with associated 
clinic networks as reporting centres for the national 

tuberculosis programme; use of mobile phone-based 
platforms to help report screening or diagnostic results 
from private facilities; and mass media campaigns that 
give publicity to private facilities that have partnered with 
the national programme to off er testing and treatment.29,75

Projection of impact
What impact would be expected from a commitment to 
identify and treat more people with tuberculosis than is 
achieved at present? Models consistent with the present 
tuberculosis epidemics in China, India, and South Africa 
predict that an increase in case detection by 25% can 
achieve a 40–44% reduction in tuberculosis-associated 
mortality, a 22–27% reduction in incidence, and a 
30–33% reduction in prevalence in 10 years (fi gure).76 
Furthermore, these interventions were deemed to be 
highly cost eff ective, even if the costs of the interventions 
were as high as US$2500 per case detected in India, and 
$5000 per case detected in China and South Africa. 
Importantly, these projections show that the population-
level benefi ts of active case-fi nding accumulate with time 
since removal of infectious cases from the population 
prevents the development of additional cases in both the 
near-term and long-term future; thus an assessment at 
the end of 1 year is unlikely to show a substantial eff ect, 
even though the 10 year projected benefi t is substantial. 
These projections assume that detection is synonymous 
with prompt and eff ective treatment, so all case-fi nding 
has to be directly linked to the immediate delivery of 
care.

Achievement of a 25% increase in case detection is 
feasible in view of the strategies already discussed. Of 
19 active case-fi nding initiatives, each lasting 1 year, 
undertaken in 11 countries, the median increase in 
notifi cation rates of sputum smear-positive tuberculosis 

Figure: Projected impact of sustained active case-fi nding after 10 years in China, India, and South Africa76

Impact represents reduction after 10 years compared with baseline, assuming an active case-fi nding programme that detects and treats 25% more cases than would 
otherwise be detected and treated in view of present epidemiological trends in each country. The additional cases detected are assumed to come from a 
homogeneous population, with detection occurring at a random point of disease progression. Figure courtesy of David Dowdy. 
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cases was 35%, after controlling for historical trends in 
case notifi cation rates and changes in case notifi cation 
rates in control populations that did not receive the 
interventions.20 In one of these initiatives, undertaken in 
Karachi, Pakistan, a combination of screening outpatients 
in clinics and a mass communication campaign 
encouraging people with prolonged cough to seek care 
more than doubled the case notifi cation rate in the 
intervention area compared with the control area.29 
A model consistent with local tuberculosis epidemiological 
data projected that if the level of case detection achieved 
during the intervention year were maintained, 24% of the 
tuberculosis cases and 52% of the tuberculosis deaths that 
would have occurred in the absence of the intervention 
would be averted in 5 years; even if the level of case 
detection were to fall back to baseline immediately after 
the intervention year, 13% of cases and 25% of deaths 
would be averted.77

Conclusion
Stopping an epidemic requires stopping transmission. 
For an airborne disease without an eff ective vaccine, 
stopping transmission requires fi nding all cases promptly 
and rendering them non-infectious through treatment. 
The only way to accomplish this is to search actively for 
cases, use eff ective diagnostic methods and algorithms, 
initiate patients promptly on the correct therapy, and 
support them through to cure. The knowledge necessary 
to do these activities exists and successes have been 
documented across a range of settings.

While major changes to existing policies and care 
delivery systems will take time, action in the near future is 
possible. Some administrative and environmental 
interventions, such as providing individuals suspected of 
having tuberculosis with surgical masks until treatment 
begins and, where practical, opening windows in health 
facilities, can be implemented immediately without 
changes to existing systems or large investment of 
resources. Others, such as performing basic household 
contact investigations, implementation of the FAST 
strategy, and expansion of the use of molecular diagnostics, 
will require some additional human resources, training, 
and capacity building, but can be rapidly accomplished 
within the context of existing health-care delivery systems. 
Still others, such as integration of health-care services, 
have a slightly longer timeframe because they require the 
development of partnerships and the reorganisation of 
existing systems. The development and deployment of 
new point-of-care diagnostic technologies could accelerate 
these eff orts by making diagnosis easier in the future.

By applying existing knowledge comprehensively and 
exhaustively, we can stop the production of new 
tuberculosis infections and cases and make a substantial 
impact on the epidemic. These eff orts would certainly be 
aided and enhanced by the development of new 
diagnostic tests, vaccines, and treatments. However, with 
suffi  cient commitment of resources, engagement with 

stakeholders outside national tuberculosis programmes, 
and careful planning to ensure that all the components 
of a new comprehensive strategy are coordinated, 
tuberculosis rates can be substantially reduced.
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Controlling the seedbeds of tuberculosis: diagnosis and 
treatment of tuberculosis infection
Molebogeng X Rangaka, Solange C Cavalcante, Ben J Marais, Sok Thim, Neil A Martinson, Soumya Swaminathan, Richard E Chaisson

The billions of people with latent tuberculosis infection serve as the seedbeds for future cases of active tuberculosis. 
Virtually all episodes of tuberculosis disease are preceded by a period of asymptomatic Mycobacterium tuberculosis 
infection; therefore, identifying infected individuals most likely to progress to disease and treating such subclinical 
infections to prevent future disease provides a crucial opportunity to interrupt tuberculosis transmission and reduce the 
global burden of tuberculosis disease. Programmes focusing on single strategies rather than comprehensive 
programmes that deliver an integrated arsenal for tuberculosis control might continue to struggle. Tuberculosis 
preventive therapy is a poorly used method that is essential for controlling the reservoirs of disease that drive the 
epidemic. Comprehensive control strategies that combine preventive therapy for the most high-risk populations and 
communities with improved case-fi nding and treatment, control of transmission, and health systems strengthening 
could ultimately lead to worldwide tuberculosis elimination. In this Series paper we outline challenges to implementation 
of preventive therapy and provide pragmatic suggestions for overcoming them. We further advocate for tuberculosis 
preventive therapy as the core of a renewed worldwide focus to implement a comprehensive epidemic control strategy 
that would reduce new tuberculosis cases to elimination targets. This strategy would be underpinned by accelerated 
research to further understand the biology of subclinical tuberculosis infections, develop novel diagnostics and drug 
regimens specifi cally for subclinical tuberculosis infection, strengthen health systems and community engagement, 
and enhance sustainable large scale implementation of preventive therapy programmes.

Current situation and rationale for change
The control of an infectious disease epidemic requires 
active case detection, treatment when possible, inter-
ruption of transmission, and enhancement of immunity 
for susceptible individuals. If elimination is desired, 
containment of the reservoirs, or seedbeds, of infection is 
essential. Tuberculosis is a disease whose pathogenesis is 
characterised by a period of asymptomatic subclinical 
infection that might last for weeks to decades; as a result, 
a large reservoir of infected human beings exists, among 
whom new cases might arise at any time. Although 
aggressive strategies to fi nd and treat all cases of disease 
are necessary to turn the tide of the worldwide tuberculosis 
epidemic, these strategies alone will not be suffi  cient to 
end tuberculosis by WHO’s 2035 target because they do 
not address the large existing reservoir of infection. The 
WHO policy now recognises that stopping the 
tuberculosis pandemic will require unprecedented eff orts 
to address the human seedbeds of disease.1

Contemporary understanding of what has long been 
called latent tuberculosis infection has evolved. Rather 
than a binary distinction between latent and active states, 
tuberculosis infection is now understood as a dynamic 
multistate gradient of latent subclinical infection to 
clinically active disease; a process that is imperfectly 
represented by the dichotomous classifi cation.2   –4 The 
spectrum of tuberculosis infection ranges from 
individuals who mount eff ective immune responses that 
eradicate all viable bacilli, to those whose responses 
contain the infection but who continue to harbour 
populations of bacilli that intermittently replicate in 

macrophages, granulomata, and other tissues, engaged 
in an intricate struggle with the host immune system.5 
There are also those with no eff ective immunity against 
tuberculosis who progress rapidly from tuberculosis 
infection to disease, such as young children, the 
chronically ill, and, HIV-infected indivi duals.2,4 

Diff erences in host immune responses aff ect the risk of 
tuberculosis infection progressing to active disease.

The population dynamics of tuberculosis begin with 
subclinical asymptomatic infections from which active 
cases arise (fi gure); these infections then spread to 
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Key messages

• Latent tuberculosis infection serves as the seedbed for 
virtually all new cases of active tuberculosis disease and 
should be addressed as an essential part of tuberculosis 
elimination.

• The effi  cacy and eff ectiveness of treating latent 
tuberculosis infection have been known for more than 
50 years, but policies have not emphasised the 
epidemiological eff ect of treating these infections.

• Several clinical, administrative, and policy constraints 
have restricted use of preventive therapy.

• Populations at highest risk of progression from latent to 
active tuberculosis can be identifi ed, and diagnostic tests 
and risk stratifi cation can be used to select those 
individuals most likely to benefi t from preventive therapy.

• New regimens for treating latent tuberculosis can simplify, 
shorten, and improve adherence to preventive therapy. 
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contacts (individuals in contact with the infectious case). 
Newly infected contacts might then progress to active 
tuberculosis disease, a process that could take weeks to 
more than a year, or enter the large pool of asympto-
matically infected individuals and be at risk of future 
tuberculosis. Tuberculosis case-fi nding and treatment of 
disease prevents the spread of tuberculosis by reducing 
the number of secondary infections resulting from each 
new case, but this strategy alone cannot lead to 
elimination of the disease.6 The vaccine available at 
present mostly mitigates disease severity in infants and 
young children, and despite high levels of coverage in 
many countries, it has not had an appreciable population-
level eff ect on the incidence of pulmonary tuberculosis in 
adults worldwide. The only strategy for preventing new 
cases from arising in individuals suffi  ciently exposed to 
tuberculosis is to give treatment to those exposed to or 
infected by M tuberculosis, which prevents progression to 
active disease in the newly or remotely infected.4,7 Thus, 
treatment of latent tuberculosis infection (called 
preventive therapy to diff erentiate it from treatment of 
active disease, which requires multidrug therapy) is an 
essential component of the strategy for elimination of 
tuberculosis, yet it is the least exercised option of all of 
the proven methods for combatting the worldwide 
epidemic because it has been underemphasised in 
disease control policies for several decades.

In the 1990s, Dye and colleagues estimated that a third 
of the world population was infected with M tuberculosis,8 
and a study from China found that a quarter to a third of 

adults in rural areas had tuberculosis infection,9 
emphasising the enormous reservoir that serves as the 
seedbed for new cases of active tuberculosis. Identi fi cation 
of high-risk epidemic locales (see Theron et al, paper 1)10 
as well as intensifi cation of case-fi nding and improvements 
in treatment (see Yuen et al, paper 2),11 although important, 
cannot alone achieve tuberculosis elimination because the 
reservoir of asymptomatically infected individuals will 
continue to produce millions of new cases of reactivation 
tuberculosis for decades to come. Even a highly eff ective 
new vaccine that prevents disease after new infection 
would not be suffi  cient for eliminating tuberculosis 
because the high prevalence of existing infections would 
not be aff ected. Thus, epidemiologically sound 
tuberculosis elimination strategies should include 
treatment of tuberculosis infection to be eff ective.12

Provision of treatment to prevent the establishment of 
a productive infection or progression of infection to 
disease is an established strategy for the control and 
elimination of major infectious diseases of public health 
relevance. For instance, eradication of smallpox was 
possible through a worldwide multipronged strategy to 
limit transmission that included fi nding and off ering 
vaccination to contacts of infected people residing in 
epidemic hotspots.13 Additionally, mass preventive 
therapy has been used to combat both Chlamydia 
trachomatis and Onchocera volvulus.14 Because the human 
reservoir of M tuberculosis infection is enormous, 
overwhelmingly asymptomatic, and long-lived, a strategy 
to identify individuals who are at highest risk of 
progression to disease, who would thus benefi t the most 
from preventive therapy, is widely recommended.

Some groups of people are at increased risk of 
progression to disease. These include close contacts of 
people with active tuberculosis disease, young children, 
elderly people, and people with HIV or other 
immunodefi ciencies. Additionally, although tuberculosis 
infection tests available at present are imperfect proxies 
of risk, the Mantoux tuberculin skin test has been 
prospectively assessed to predict benefi t from preventive 
therapy in several settings and populations.7 Less robust 
evidence exists for the newer interferon γ release assays, 
though it is likely to be as predictive.15

The benefi ts of tuberculosis preventive therapy have 
been known for more than 60 years. Pioneering studies 
in the 1950s–60s provided overwhelming evidence of the 
effi  cacy of isoniazid preventive therapy in preventing 
active tuberculosis in children, Alaskan Native 
populations, residents of congregate living facilities such 
as mental hospitals, and household contacts of 
tuberculosis patients.7,16–18 Subsequent work has further 
documented benefi ts of preventive therapy for individuals 
with evidence of recent infection, those with radiographic 
evidence of previous untreated tuberculosis, people with 
HIV infection, recipients of immunosuppressive therapy 
such as TNF-α inhibitors, and other immuno com-
promised individuals. We summarise the populations at 

Latent tuberculosis
(About 2 billion individuals worldwide)

Tuberculosis 
preventive therapy

Vaccination

Case finding
and treatment

Uninfected or susceptible
(About 5 billion individuals worldwide)

Reactivation tuberculosis
(About 6–7 million individuals

worldwide per year)

Rapid tuberculosis
(About 2–3 million individuals

worldwide per year)

Figure: Population-level control strategies for tuberculosis elimination.
Arrows show the dynamics of M tuberculosis in the world’s population, with fl ow from latent infection to active 
disease, transmission to new hosts, followed by either rapid progression to disease and ongoing transmission or 
entry into the pool of latent infections. Bars show how diff erent control measures aff ect these dynamics, interrupting 
the chain of events. Even if diagnosis and treatment of active tuberculosis is maximised and a new eff ective vaccine is 
developed, reactivation from the billions of latently infected will result in new cases for decades to come.
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risk for tuberculosis who should benefi t from preventive 
therapy, tests for tuberculosis infection, and available 
options for treatment (panel 1).

Despite abundance of evidence of its effi  cacy, use of 
preventive therapy outside North America has been 
restricted for the past 40 years because tuberculosis 
control programmes have focused almost exclusively on 
detection and treatment of infectious tuberculosis cases. 
Preventive therapy has been patchily targeted at children 
aged 5 years or younger with household exposure to an 
infected person. Although most countries have formal 
policies recommending treatment of these individuals, 
implementation in countries with a high tuberculosis 
burden has been near absent. Additionally, few of these 
countries have historically had policies addressing other 
high-risk individuals. WHO fi rst recommended isoniazid 
preventive therapy for people living with HIV as a 
personal health measure in 1998, and updated this to a 
public health recommendation in 2010.19 However, of the 
22 high tuberculosis-burden countries, only South Africa 
and Brazil have ambitious national policies to provide 
preventive therapy to people infected with HIV.

The existence of obstacles to implementation of 
preventive therapy is no justifi cation for inaction in the 
face of the wealth of compelling evidence supportive of 
preventive therapy as an essential component of disease 
control. Large population-based studies of preventive 
therapy and mathematical models both suggest that 
preventive treatment of tuberculosis infection, as a 
component of a comprehensive approach that includes 
active case-fi nding and prompt eff ective treatment, can 
produce suffi  cient reduction in population-level 
transmission and rates of active disease to interrupt the 
cycle of infection, illness, and death.20,21 This Series paper 
thus argues for an integrated approach intended to spur 
widespread implementation of preventive therapy in the 
context of a comprehensive approach to addressing the 
tuberculosis epidemic. We summarise the successes of 
preventive therapy, provide a framework for under-
standing new and old challenges to implementation, and 
lay out a pragmatic roadmap to action.

Data and successes
Isoniazid preventive therapy, which is off ered in 
conjunction with active screening to detect and treat cases 
of active tuberculosis disease, has long been recognised as 
an eff ective intervention for reducing the risk of 
tuberculosis at both the individual and population level. 
From the early 1950s and during two subsequent decades, 
many trials assessed the effi  cacy of isoniazid in preventing 
tuberculosis in diff erent populations and circumstances.7 
By 1970, overwhelming evidence from several countries 
had shown that isoniazid was eff ective for reducing the 
risk of tuberculosis and was safe and well tolerated in both 
adults and children.7 Declining incidence of tuberculosis 
in rural Alaska after community-wide trials of isoniazid 
treatment and mass screening for disease suggested a 

reduced force of infection attributable to mass preventive 
therapy during the trials. In Alaska, where tuberculosis 
was endemic in the 1950s, a community-wide trial of 
isoniazid versus placebo found a 60% decline in 
tuberculosis incidence for treated households that was 
sustained for more than two decades.17

The use of preventive therapy had a setback in the 
1970s when case reports of isoniazid-associated hepatitis 
focused attention on the risks of preventive treatment, 
and a large US Public Health Service Study reported 
eight deaths in 13 838 individuals enrolled in a trial of 
isoniazid,22 although subsequent analysis suggested that 
an unrelated epidemic of hepatitis might have 
contributed to the deaths recorded.23 A series of studies 
using various models then argued that, for many 
individuals, the risks of preventive treatment outweighed 
the benefi ts.24 Of note, none of these articles considered 
the public health gains of preventive therapy among the 
benefi ts.

Panel 1: Populations and individuals who benefi t from tuberculosis preventive 
therapy, testing strategies, and treatment regimens

Populations at increased risk
• Residents of or immigrants from high-burden areas
• People with HIV infection
• Contacts of infectious cases
• Recent tuberculin skin test (TST) or interferon γ release assay (IGRA) converters
• Recipients of TNFα blockers
• Recipients of immunosuppressive therapy or transplantation
• Residents of congregate living facilities including prisons
• Homeless people
• People with diabetes
• Cigarette smokers
• Miners and people with silicosis
• Residents of congregate living facilities
• Health-care workers and people who visit health-care facilities (in high tuberculosis 

burden areas)

Tests for tuberculosis infection
• TST

• ≥5 mm induration at 2–3 days deemed positive for HIV-infected individuals, close 
contacts of cases, and young children

• ≥10 mm induration at 2–3 days deemed positive for other risk categories
• ≥15 mm induration at 2–3 days for those with no identifi able risk factors

• IGRA
• Quantiferon-Gold In Tube Assay (QGIT): >0·35 IU/mL deemed positive
• T-SPOT Test: >8 spot-forming cells deemed positive

• Proxy measures of tuberculosis infection when testing unavailable
• Household contact with a pulmonary tuberculosis case

• Resident of areas with high burden of latent tuberculosis

Treatment regimens for tuberculosis infection
• Isoniazid daily or twice weekly for 6, 9, 12, or 36 months

• Rifampicin daily for 3–4 months
• Rifampicin and isoniazid daily or two to three times per week for 3 months
• Rifampicin and isoniazid once weekly for 12 weeks 
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The emergence of the worldwide HIV epidemic in the 
1980’s and 1990’s led to a renewed interest in prevention 
of tuberculosis in high-risk individuals. Several 
observational and randomised trials showed that using 
isoniazid for 6–12 months reduced the risk of tuber-
culosis, particularly in people with positive tuberculin 
skin tests.25 Guidelines developed in the USA in 2000 
emphasised the importance of targeting skin testing and 
preventive therapy at those with highest risk of 
developing disease, with careful clinical monitoring to 
reduce toxicity.26 Yet isoniazid treatment was still little-
used worldwide, including in populations with high rates 
of HIV infection.

The consensus on the individual-level benefi t of 
preventive therapy is incontrovertible. Compared with 
untreated individuals, the risk of clinically active 
tuberculosis disease is reduced by 60% in immuno-
competent, HIV-uninfected individuals and by 32–62% 
in HIV-infected adults who are treated with preventive 
therapy regimens of 3–12 months duration.25,27 The 
benefi t of isoniazid preventive therapy in HIV-infected 
individuals is additive to the benefi t of antiretroviral 
therapy, which itself reduces tuberculosis risk by about 
60%; the combination of the two can achieve substantial 
reductions in rates of incident tuberculosis in people 
with HIV infection.28–30 The risk of developing tuber-
culosis is reduced by about 60% in children aged 15 years 
or younger who receive preventive therapy.31 Long 
courses reduce subsequent disease in individuals at risk 
of exogenous re-infection.32 Finally, evidence is accumu-
lating that preventive therapy with an appropriate drug 
can off er protection to individuals exposed to drug-
resistant tuberculosis.

At a population level, studies have built on the experience 
in Alaska and shown that the treatment of tuberculosis 
infection as part of a comprehensive tuberculosis control 
strategy that includes active case-fi nding, particularly in 
household contacts, can reduce tuberculosis incidence. In 
Rio de Janeiro, Brazil, a community-randomised trial 
including eight urban neighbourhoods with a baseline 
tuberculosis incidence of roughly 340 per 100 000 people 
per year compared the standard procedure of informing 
patients with tuberculosis of the need for their household 
contacts to be assessed with active identifi cation, 
assessment, and appropriate treatment of tuberculosis 
infection and tuberculosis disease in household contacts. 
After 5 years, tuberculosis incidence in the intervention 
communities was 15% lower than in the standard 
procedure com munities.33

The cluster-randomised THRio trial in Rio de Janeiro, 
Brazil, involving HIV-infected people enrolled in 
29 clinics, showed a benefi t of isoniazid preventive 
treatment in a setting of moderate tuberculosis incidence, 
as part of an integrated care programme for HIV care. In 
this trial, strengthening the uptake of tuberculosis 
screening, tuberculin testing, and use of preventive 
therapy reduced the adjusted hazard of tuberculosis 

incidence and death in the study population by 25–30%.34 
Long-term follow up of individuals treated with isoniazid 
showed that the benefi t was durable for 5 years after 
treatment, and modelling based on the results of this 
intervention predicted that targeted treatment of just 20% 
of HIV-infected individuals with tuberculosis infection 
would produce a community-wide decline in HIV-related 
tuberculosis incidence and mortality of about 15%.21,35

Observational evidence from other settings also 
supports the eff ectiveness of preventive therapy as a key 
component of achieving population-level reductions in 
tuberculosis incidence. To address a decade-long 
stagnation of tuberculosis incidence, Singapore started a 
new tuberculosis elimination initiative combining 
directly observed therapy, national surveillance, and 
treat ment of latent infection in contacts. Tuberculosis 
incidence declined by 15–20% within 5 years, and 
treatment of latent infection was identifi ed as a key 
contributor to this decline.36 In a programmatic inter-
vention targeting two neighbourhoods with historically 
high tuberculosis incidence (40/100 000 people per year) 
in Texas, USA, a door-to-door mass screening was done 
and isoniazid was prescribed for all infected individuals. 
This community-based tuberculosis screening and 
preventive treatment seemed to have substantially 
decreased subsequent tuberculosis incidence because no 
tuberculosis cases were detected in the two intervention 
communities over the next 10 years.37

Challenges
Although more than a half-century of data support the 
use of preventive therapy as an important component of 
tuberculosis control, several challenges, both new and 
old, should be addressed to energise widespread 
implementation of present guidelines and respond to 
perceived and actual barriers to implementation, which 
include clinical, technical, health systems, and policy and 
advocacy dimensions (table 1).

On a clinical level, practitioners encounter the 
diffi  culty of screening HIV-infected adults for tuber-
culosis disease before initiating preventive therapy, 
restricted access to tests for tuberculosis infection, the 
complexity of risk-factor driven algorithms to identify 
individuals at highest risk of disease, and the challenges 
of encouraging adherence to a treatment for an asympto-
matic condition. These are accompanied by perceived 
problems such as fear of inducing drug resistance, even 
though evidence exists that this fear is unfounded,38 and 
exaggerated perceptions of the risk of severe side eff ects.

At the health-systems level, ambiguous or ambivalent 
guidelines for diagnosing and treating tuberculosis 
infection undermine clinician confi dence. Inadequate 
health training and insuffi  cient numbers of health-care 
workers, compounded by drug stock-outs, limit use of 
preventive therapy. Additionally, the absence of eff ective 
monitoring and assessment surveillance systems to 
oversee uptake, side eff ects, adherence, resistance, and 
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programme eff ect make assessment of country-level 
eff orts diffi  cult. Further hampering use of preventive 
therapy is a very low level of community engagement 
and demand, in contrast with the demand for 
antiretroviral therapy and, increasingly, for treatment of 
hepatitis C virus infection. Finally, the poor prioritisation 
of research funding for new methods for tuberculosis 
control, which could include new vaccines to prevent 
infection and new diagnostics to predict risk of 
progression to disease, stifl es innovation and restricts 
progress.

A further challenge in preventing tuberculosis is the 
high incidence of re-infection in HIV-infected individuals 
and other high-risk populations in sub-Saharan Africa, as 
well as other identifi ed hotspots of uncontrolled trans-
mission. The benefi t of preventive therapy in these settings 
is less durable because the treatment eff ect seems to wane 
soon after discontinuation. This suggests that people 
treated for tuberculosis infection are either rapidly re-
infected or persistent bacilli are not sterilised by 
isoniazid.32,39 A cluster-randomised trial done in the high-
burden setting of gold mines in South Africa, showed that 
mass screening and isoniazid preventive therapy was 
successful in preventing tuberculosis while individuals 
were receiving treatment, but had no durable eff ect in 
reducing overall tuberculosis incidence.40 Similar 
limitation of benefi t to the time during which individuals 
were taking preventive therapy was noted in studies in 
HIV-infected individuals in Botswana and Soweto, South 

Africa.32,41 Thus, although short courses of preventive 
therapy can provide short-term to medium-term protection 
even in high-burden settings, long-term protection might 
only be conferred where transmission is better controlled 
through active case-fi nding and treatment. Further 
research is needed to understand population-level eff ects 
of preventive therapy in transmission hotspots and to 
inform eff orts to control re-infection and subsequent 
disease.

Solutions to most of the technical challenges 
mentioned previously are available and can be imple-
mented at present. For example, if tests for infection are 
not available or aff ordable, epidemiologically targeted 
preventive therapy can be off ered as post-exposure 
treatment to the highest risk individuals without evidence 
of active tuberculosis, such as those with HIV, child 
contacts of an infected person,42,43 or individuals with 
medical disorders that increase risk of tuberculosis. A 
symptom-screening algorithm with 80% sensitivity and a 
negative predictive value of 97% for diagnosing active 
tuberculosis in HIV-infected adults has been promulgated 
by WHO.44 In children, WHO guidance encourages 
simple symptom-based screening because asymptomatic 
children are unlikely to have active tuberculosis or to 
acquire drug resistance if subclinical disease is missed.45,46 
The availability of cheap, rapid, and sensitive micro-
biological screening instruments or screening algorithms 
based on new tuberculosis infection diagnostics would 
complement eff orts to scale up.

Proposed responses

Clinical

Excluding active tuberculosis, especially in HIV-positive patients Use of clinical algorithms, more use of chest x-rays

Need for tuberculin or other testing [IGRA (interferon γ release assay)] Develop new simple tests that are more predictive of subsequent active 
tuberculosis, improve worldwide production of tuberculin, treat high-risk 
patients without testing

Poor adherence and completion of preventive therapy Use of short-course regimens and supervision of therapy

Drug toxicity Encourage monthly monitoring and patient education

Perceived risk of acquiring drug resistance Available evidence suggests this is not a problem

Health system

Absence of consistent guidelines Harmonised worldwide and national guidelines
Development of preventive therapy instruments

Inadequately trained staff Enhanced training for doctors, nurses, and other health workers

Stock-outs of drugs and diagnostics (tuberculin skin test or IGRA) Strengthened supply chain

Poor surveillance and reporting Better health information systems, increased monitoring and assessment

Inadequate funding Expansion of vertical health programmes to address tuberculosis 
prevention (eg, HIV prevention of mother-to-child transmission), with 
benchmarks for disease control; more integration of tuberculosis control 
into primary health care

Policy and advocacy

Absence of priority for prevention, with emphasis on proportion of active cases 
treated

Realignment of tuberculosis control programmes to incorporate prevention, 
with performance assessment linked to incidence

Inadequate investment in basic, clinical and implementation research and 
training

Increased funding for research

Absence of advocacy and demand from groups most at risk Education and empowerment of at-risk group, including people with HIV 
and families

Table 1: Barriers to implementation of tuberculosis preventive therapy and proposed responses



Series

6 www.thelancet.com   Published online October 26, 2015   http://dx.doi.org/10.1016/S0140-6736(15)00323-2

Adherence might be improved and hepatotoxicity 
reduced through the use of shorter rifamycin-based 
preventive therapy regimens rather than the use 
isoniazid for long durations (ie, 6, 9, 12, or 36 months). 
For individuals taking isoniazid, rates of drug-related 
liver injury can be kept low (<1–3%) with appropriate 
screening and monitoring, though isoniazid-induced 
hepatoxicity might still result in one death for every 
25 000–40 000 patients treated.40 In contrast, liver 
toxicity rates with rifamycin-based regimens are 
substantially lower, and adherence to these shorter 
course regimens is generally much better. Rifamycin-
based regimen options include a weekly regimen of 
rifapentine plus isoniazid for 3 months, and daily 
regimens of isoniazid plus rifampicin or rifampicin 
alone for 3–4 months.27,41,47–49 These regimens are all 
considered options in developed countries, and are 
likely to have a great eff ect on uptake as well as the 
workload and health workforce needed to give and 
monitor preventive treatment. Further improve ments 
in the ease of giving and taking preventive therapy are 
anticipated, because a new fi xed-dose combination 
tablet of rifapentine and isoniazid is expected to be 
marketed later this year, and a bold 4-week regimen of 
daily rifapentine and isoniazid is being assessed.50,51 
Unfortunately, in resource-constrained high tuber-
culosis burden countries, preventive therapy with 
6–36 months of isoniazid is, uninspiringly, presented 
as the only option. This situation is perceived as a 
pragmatic choice, probably because most of the 
historical evidence for preventive therapy is with 
isoniazid, which is cheap and widely available. However, 
the adoption of shorter, easier to complete regimens 
would be particularly advantageous in settings of high 
tuberculosis burden and limited resources because this 
would enable many more people to complete preventive 
therapy in view of the low number of health-care staff  
available to give treatment and monitor adverse events. 
Although off ering real hope in addressing the 
adherence challenge, to be successful, these biomedical 
advances will have to be supported by continuous 
qualitative work to explore individual and community 
understanding of latency, its relationship to disease, 
and the need for treating infections with an antibiotic 
to prevent active disease. Understanding of how to 
structure tuberculosis preventive therapy programmes 
from the perspective of the patient is needed to design 
relevant interventions to promote adherence and thus a 
more responsive preventive therapy programme.

Further barriers to implementation aff ect health systems 
and policies. Available guidelines do not provide suffi  cient 
guidance for national preventive therapy programmes to 
proceed. Firstly, leadership and the responsibility for 
prescribing and providing preventive therapy are unclear. 
Ownership could rest with tuberculosis programmes, 
HIV programmes, primary care clinics, the private sector, 
or some combination of these, but a plan that outlines 

responsibilities and a process for coordination of eff orts is 
necessary no matter what the arrangement. Additionally, 
tuberculosis programmes would need to consider further 
devolution of responsibilities to procure and distribute 
drugs for preventive therapy.

Secondly, preventive therapy has to be implemented in 
clinical settings with heavy workloads and programme-
specifi c delivery targets. Although tuberculosis 
programmes naturally have access to high-risk groups 
such as household contacts, the workload of dealing with 
active cases often overwhelms staff , who thus deprioritise 
preventive therapy. Within HIV programmes, clinicians 
have competing priorities, such as initiating antiretroviral 
therapy and managing infectious and non-infectious HIV-
associated comorbidities. As a result, treatment of 
tuberculosis infection is often de-emphasised. Training 
and motivating health-care workers and building systems 
that can undertake the additional task of providing 
tuberculosis preventive therapy is an important but 
diffi  cult challenge. Much innovation and evidence of 
successful strategies is needed to address this challenge. 
Answers might lie in some well known but underused 
approaches, such as task shifting to the lay cadres of the 
health workforce, decentralisation of centres testing for 
latent tuberculosis infection, delivery of treatment and 
monitoring of individuals on preventive therapy, and 
some less explored options, such as innovative approaches 
for simplifying testing for latent tuberculosis infection, 
which could include instruments for self-testing.

Thirdly, international consensus process and outcome 
indicators for preventive therapy programmes are not yet 
available, making it diffi  cult to assess the successes and 
limitations of programmes. For example, accurate 
country-level assessments of uptake of preventive therapy 
in HIV-infected people who newly presented for care 
have proven elusive owing to concerns with the quality of 
monitoring and assessment. An analysis of the uptake of 
preventive therapy in 150 clinical sites in South Africa 
suggested an increase in the absolute numbers of 
individuals prescribed preventive therapy (from 3309 in 
2010 to 49 130 in 2011) but a decrease in the proportion of 
patients receiving it (from 19% in 2010 to 11% in 2011).52 
Although encouraging, a reported surge in recipients is 
an insuffi  cient indicator of successful implementation.53 
Indicators such as increases in coverage, completion 
rates, rates of adverse events, and active tuberculosis in 
people receiving preventive therapy are needed to show 
intervention fi delity. Monitoring of downward trends in 
the incidence of new infections and subsequent cases 
would provide evidence for interruption of transmission. 
The fi rst Series paper10 argues for an approach in which 
existing data collection systems are augmented with such 
new information and are increasingly used to inform 
success of local tuberculosis control interventions such 
as a preventive therapy programme.

There is also a challenging shortage of advocacy and 
leadership to promote preventive therapy. Within Global 
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Fund programmes and grants, tuberculosis is 
enormously underemphasised, which refl ects country-
level and community-level absence of advocacy and 
demand. In contrast, widespread availability of 
antiretroviral therapy has been promoted by the powerful 
voice of aff ected communities coupled with visionary 
leaders who devised programmes like the President’s 
Emergency Plan for AIDS Relief (PEPFAR) and the 
Global Fund for AIDS, TB and Malaria.54 Building this 
support for tuberculosis preventive therapy will require 
education and engagement of both populations at risk 
and clinical and public health leaders.55

Proposed action plan
The abundance of existing evidence and knowledge about 
tuberculosis infection and preventive therapy provides a 
solid base for concerted worldwide action to incorporate 
treatment of tuberculosis infection into a comprehensive 
and epidemiologically sound strategy for tuberculosis 
elimination. Although the magnitude of the challenges 
implicated and the corresponding level of ambition needed 
are substantial, these eff orts are necessary because case-
fi nding and treatment approaches alone will not be 
suffi  cient, and both novel diagnostics to accurately identify 
incipient disease and eff ective vaccines to prevent infection 
or disease are distant goals. Additionally to biomedical 
interventions, political leadership and will are needed to 
modify the risk environment by addressing the social 
determinants of tuberculosis that perpetuate inequalities 
in health (see Ortblad et al, paper 4).56,57 Finally, we need a 
worldwide interdisciplinary approach to accelerate 
research that furthers our understanding of the biology of 

tuberculosis infection, develops novel diagnostics and 
drug regimens for tuberculosis infection, strengthens 
health systems, and enhances sustainable large scale 
implementation of preventive therapy programmes. In 
this section we provide a roadmap to address identifi ed key 
implementation barriers and immediately enhance 
implementation.

The clinical and technical approach
Tuberculosis preventive therapy should be implemented 
alongside tracing of case-contacts and other high-risk 
individuals, targeted active case-fi nding, and eff ective 
treatment of active disease (see  Yuen et al, paper 2)11 as a 
routine component of tuberculosis control programmes 
worldwide. Com mitment to preventive therapy as a core 
element of control is needed at the global, national, 
provincial, and local levels. Additionally, preventive 
treatment for tuberculosis should be incorporated into 
other health programmes that provide treatment to 
populations at risk, such as HIV care, substance-misuse 
treatment, and occupational health clinics. We propose a 
single-bundle strategy of routine active case fi nding to 
identify people with active disease who should be 
promptly initiated on eff ective multidrug chemo-
therapeutic regimens and those without disease for risk-
stratifi ed treatment of M tuberculosis infection 
(table 1, table 2). Recognising the importance of 
expanding preventive interventions, in 2014, WHO 
revised guidelines for the diagnosis and treatment of 
tuberculosis infection.55 The guidelines are mainly 
targeted at high-income or upper middle-income 
countries with an estimated tuberculosis incidence rate 

Strategy Proposed approaches

Reduce tuberculosis at the individual level

Risk-stratifi ed preventive therapy to latently infected or 
exposed individuals at risk of tuberculosis, or those who 
might transmit future disease to susceptible people

Treat proven tuberculin-positive infection 
(tuberculin skin test or interferon γ release 
assay positive*)

Always treat in people with HIV infection, other immune-compromised individuals, 
young children (<5 years of age), recent skin test converters, and individuals with 
abnormal chest x-rays consistent with untreated previous tuberculosis; consider 
treating in cigarette smokers or people with chronic lung disease, people with 
diabetes, malnourished individuals; recent immigrants from high-burden tuberculosis 
countries; health-care workers, and prisoners or residents of congregate living 
facilities (eg, long-term care)

Treat probable M tuberculosis infection or 
re-infection (close contact with an 
infectious person)

Always treat in immune-compromised individuals (including people with HIV in a 
tuberculosis-endemic setting), young children (<5 years of age), and household 
contacts with widespread exposure (all ages)

Early diagnosis and prompt adequate treatment (also of 
drug-resistant tuberculosis)

Passive case-fi nding Enhanced community awareness; universal access to care; well-functioning health 
systems; better diagnostic instruments

Active case-fi nding Routine screening and focus on high-risk groups such as close contacts to tuberculosis 
patients, mine workers, prisoners, and people with HIV or diabetes

Reduce tuberculosis at the community level

Limit transmission Community intervention In addition to the individual approaches listed above, consider creative measures to 
identify transmission hot-spots and improve infection control

Increase resilience to disease Reduce susceptibility Ensure optimum HIV care and reduced HIV transmission, reduce cigarette smoking, 
indoor and outdoor air pollution, malnutrition, diabetes, alcohol, and substance 
misuse

*Acknowledging sensitivity and specifi city limitations, not mandatory in people with HIV in a tuberculosis-endemic setting

Table 2: Treatment of M tuberculosis infection as part of a comprehensive approach to improve worldwide tuberculosis control
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of less than 100 per 100 000 population per year and have 
broadened the defi nitions of at-risk groups. Our proposed 
risk-stratifi ed strategy aims to support these eff orts and 
will ensure that preventive therapy is safely and effi  ciently 
provided to individuals at increased risk of disease in all 
settings, including high-burden countries.

In countries with uncontrolled M tuberculosis trans-
mission, re-infection might limit the long-term benefi t of 
short courses of preventive therapy, particularly within 
transmission hotspots. In particularly susceptible 
groups, such as people with HIV, miners, prisoners in 
areas with high transmission rates of tuberculosis, and 
other groups with a high risk of developing the disease 
owing to occupational (eg, health-care workers) or 
behavioural exposures (eg, drug-users), extended or 
periodic schedules of preventive therapy should be 
implemented. M tuberculosis transmission rates were 
astonishingly high in Alaska in the 1950s (>90% of 
children were infected by the age of 15 years) when the 
Bethel household isoniazid study took place, and rates of 
infection fell precipitously as a concerted programme of 
case fi nding, treatment, and preventive therapy was 
implemented.58 This fi nding is strong evidence that 
preventive therapy plays an important part even in high-
burden areas.

Health-systems, policy, and leadership
To deliver tuberculosis preventive therapy more broadly, 
engagement of other health programmes that provide care 
to high risk populations is essential. HIV programmes can 
easily provide preventive therapy to HIV-infected indivi-
duals, whereas maternal and child health pro grammes 
could actively support preventive therapy provision in young 
and susceptible children. As the link between diabetes and 
tuberculosis becomes better under stood, diabetes clinics 
and primary health programmes caring for people with 
diabetes could consider tuberculosis prevention, diagnosis, 
and treatment. Occupational health programmes are 
responsible for providing treatment to workers at increased 
risk of tuberculosis, such as miners and health-care workers, 
but too often they neglect prevention. In many settings, 
primary health centres and private practitioners can deliver 
preventive therapy to people who would benefi t, such as 
contacts of individuals infected with tuberculosis disease, 
people with diabetes or immunosuppression, and refugees 
or immigrants from high-burden tuberculosis areas. To 
identify and standardise functional monitoring and 
reporting pathways is essential to support preventive 
therapy implementation across providers, such as latent 
tuberculosis registries, because this is a key driver and the 
only proof of actual implementation.59 In 2011 WHO 
launched a handbook for the programmatic management 
and implementation of drug-resistant tuberculosis activities 
and surveillance60 A similar resource is urgently needed to 
decode existing preventive therapy guidelines and off er 
practical guidance to National HIV, tuberculosis, other 
programme managers, monitoring and assessment 

coordinators, and clinicians to accelerate preventive therapy 
implementation in partner countries.

Advocacy approach
Widening uptake of tuberculosis preventive therapy will 
need leadership and evidence-based advocacy by 
clinicians, public health offi  cials, and communities at 
risk of infection. These stakeholders should demand that 
preventive therapy be provided at every opportunity and 
contact with the health system, as it is an essential part of 
the tuberculosis control package. For example, for some 
individuals, preventive therapy will be easier to give in 
antiretroviral therapy clinics and antenatal programmes 
than through tuberculosis clinics. Additionally, the 
absence of understanding of tuberculosis infection and 
the role of preventive therapy needs to be addressed in 
aff ected individuals, their health-providers, and their 
communities. This education could be the key to 
triggering bottom-up advocacy as is seen for HIV 
prevention and might increase the acceptability of 
treatment for an asymptomatic condition.

Projected population eff ect and cost
Good evidence exists of the population-level eff ect and 
cost-eff ectiveness of preventive therapy on tuberculosis 
dynamics in both low-income and high-income 
countries. One projection for India suggests that by 
increasing use of preventive therapy gradually by 2050, 
tuberculosis incidence could be reduced to one case per 
million people, and deaths could be reduced to fewer 
than ten cases per million people by 2035 (compared 
with a present estimated incidence of 1710 per million 
and estimated mortality of 190 per million population).12 

Another projection for the Republic of Kiribati (popu-
lation of roughly 100 000 people, tuberculosis incidence 
of 487/100 000 people per year) suggested that a 
combination of active case fi nding and mass treatment 
with a full course of antituberculosis drugs given to the 
entire population from 2015 intermittently at 5-yearly 
rounds could eliminate tuberculosis from this Pacifi c 
island by 2030.61 A systematic review by Chavan and 
collegues provides robust evidence of the eff ectiveness 
and cost eff ectiveness of preventive therapy in 
high-income countries. Remarkably, the analysis 
concluded that tuberculosis preventive therapy would 
be eff ective and cost eff ective even for adults up to aged 
80 years old.62

Conclusions
After more than three decades of policy that focused only 
on the detection and treatment of active cases of 
tuberculosis, a better understanding of the epidemiology 
and population dynamics of the disease has emerged, and 
the essential role of controlling the seedbeds of disease 
(asymptomatic tuberculosis infections) is now 
understood. Evidence of the eff ectiveness of preventive 
therapy in high-risk individuals is abundant, and proof of 
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the population-level eff ect of preventive therapy exists in 
many settings across the globe. Implementation of 
tuberculosis preventive therapy will need addressing of 
clinical, administrative, structural, and economic barriers, 
and the engagement of several sectors, not just national 
tuberculosis programmes. With the advent of new 
treatments that shorten and simplify preventive therapy, 
the ability of health systems to reach and treat more high-
risk individuals will be enhanced. As with malaria, HIV, 
and other infectious diseases of public health 
consequence, the key role of preventive therapy as part of 
a comprehensive control strategy for tuberculosis must 
be recognised and executed.
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Stopping tuberculosis: a biosocial model for sustainable 
development
Katrina F Ortblad, Joshua A Salomon, Till Bärnighausen, Rifat Atun

Tuberculosis transmission and progression are largely driven by social factors such as poor living conditions and 
poor nutrition. Increased standards of living and social approaches helped to decrease the burden of tuberculosis 
before the introduction of chemotherapy in the 1940s. Since then, management of tuberculosis has been largely 
biomedical. More funding for tuberculosis since 2000, coinciding with the Millennium Development Goals, has 
yielded progress in tuberculosis mortality but smaller reductions in incidence, which continues to pose a risk to 
sustainable development, especially in poor and susceptible populations. These at-risk populations need accelerated 
progress to end tuberculosis as resolved by the World Health Assembly in 2015. Eff ectively addressing the worldwide 
tuberculosis burden will need not only enhancement of biomedical approaches but also rebuilding of the social 
approaches of the past. To combine a biosocial approach, underpinned by social, economic, and environmental 
actions, with new treatments, new diagnostics, and universal health coverage, will need multisectoral coordination 
and action involving the health and other governmental sectors, as well as participation of the civil society, and 
especially the poor and susceptible populations. A biosocial approach to stopping tuberculosis will not only target 
morbidity and mortality from disease but would also contribute substantially to poverty alleviation and sustainable 
development that promises to meet the needs of the present, especially the poor, and provide them and subsequent 
generations an opportunity for a better future.

Introduction
Tuberculosis has been called the perfect expression of 
an imperfect civilisation.1 Despite scientifi c and social 
advances a high burden of tuberculosis persists worldwide, 
particularly aff ecting poor and susceptible populations.1

Tuberculosis transmission and progression are largely 
driven by social factors such as poor living conditions 
and poor nutrition.2 However, with the discovery of 
anti-tuberculous medicines in the 1940s, the approaches 
in fi ghting tuberculosis have been largely biomedical.3,4 
The burden of tuberculosis declined rapidly in the early 
1950s, coinciding with the use of anti-tuberculous 
medicines, but progress since the 1960s has been slow 
and uneven, with declines in many settings occurring 
well before the introduction of chemotherapy (fi gure 1), 
probably attributable at least in part to improved 
standards of living.2,5,6

In the late 1980s and early 1990s, when the HIV 
epidemic was emerging, funding was reduced for 
tuberculosis treatment programmes in many 
industrialised countries, and the Soviet Union was 
breaking up,7–9 tuberculosis incidence and mortality rose 
to become the sixth leading cause of death worldwide, 
and the eighth leading cause of disease burden worldwide 
in 1990.10,11 In 1993, WHO declared tuberculosis a global 
health emergency, and in 1994, adopted a new approach 
to address tuberculosis called DOTS—originally an 
acronym for directly observed therapy, short course, but 
later used to identify the entire WHO-endorsed strategy 
including political commitment, drug supply chain 
management, and monitoring and assessment in 
addition to treatment using standard regimens.12 

However, worldwide tuberculosis incidence and mortality 
remained high throughout the 1990s. In 2000, the 
Millennium Development Goal 6: “combat HIV/AIDS, 
malaria and other diseases”,13 and the creation of the 
Global Fund to Fight AIDS, Tuberculosis and Malaria in 
2002 helped to mobilise new funding to fi ght the 
tuberculosis epidemic.13 However, rates of tuberculosis 
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low-income and middle-income countries, including 
overcrowding, indoor air pollution, malnutrition, diabetes 
mellitus, and tobacco and alcohol use.

• Social solutions for fi ghting tuberculosis, such as improved 
nutrition and improved housing conditions, were evidently 
major drivers of reductions in the burden of tuberculosis in 
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integrates the social and biomedical approaches for 
sustainable development.
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incidence worldwide decreased more slowly than those 
for both HIV and malaria; estimates of the pace of decline 
in tuberculosis incidence since 2000 range from less than 
1% per year to around 1·5% per year with variations by 
country and region.5

Tuberculosis has its roots in underdevelopment, poverty, 
and social exclusion.2 Slow progress in the fi ght against 
tuberculosis since the 1990s is due in part to gaps in 
coverage of DOTS programmes,14 but more importantly 

because of the failure to address the social drivers of the 
epidemic such as crowded living conditions among 
increasingly urbanised populations,15 indoor air pollution,16,17 
malnutrition,18 diabetes mellitus,19 tobacco,20 alcohol,21,22 and 
factors such as stigma and social isolation.2,23 Despite 
tuberculosis having strong social determinants, eff orts 
during the past several decades have focused almost 
exclusively on biomedical solutions. DOTS and the more 
recent WHO Stop TB Strategy largely emphasise delivery 
of tuberculosis services; supply interventions (eg, human 
resources, new diagnostics, and treatment for service 
provision) that are focused on test and treat strategies, and 
have paid insuffi  cient heed to patient characteristics, the 
nature of their demands, and the broader context in which 
tuberculosis programmes are implemented.3,4,24

Sustainable development aims to meet “the needs of 
the present without compromising the ability of future 
generations to meet their own needs”.25,26 In practice, this 
statement means meeting basic needs (eg, food, shelter, 
and sanitation), while providing those in need with 
opportunities for a better quality of life through 
social, economic, and environmental action. Sustainable 
development promises to meet the needs of the poor and 
provide them an opportunity for a better future. The long 
history of tuberculosis and society’s organised response 
to it can be instructive; social approaches to fi ghting 
tuberculosis, such as improved nutrition and social 
conditions, evidently contributed to reducing the burden 
of tuberculosis in the pre-chemotherapy era.6

The time has come to reconsider the fi ght against 
tuberculosis as a development imperative: a response that 
combines social approaches from the past with enhanced 
biomedical approaches that not only target morbidity and 
mortality from disease but also contribute to poverty 
alleviation and sustainable development.

The social approach of the past
Before the introduction of chemotherapy in the 1950s, 
solutions for tuberculosis were largely based on improving 
living standards or providing infected individuals with 
space, clean air, sunlight, rest, and proper nutrition, 
typically in sanatoria, which kept infected individuals 
isolated from the general public.1 However, this method of 
treatment was expensive and largely inaccessible to poor 
populations that had disproportionally high rates of 
tuberculosis, prompting countries like Chile to introduce 
social approaches to managing tuberculosis (panel).

As working conditions in factories improved and 
public health interventions improving overall sanitation 
were implemented, the burden of tuberculosis began to 
decline in the rich and the poor.1,6 Economic prosperity 
enabled people to feed themselves properly and live in 
more spacious housing. McKeown,6 who recognised the 
eff ect of improved standards of living on tuberculosis by 
analysing historic death records in England and Wales, 
argued that an improved diet was the greatest contributor 
to the tuberculosis decline.

Figure 1: Age-standardised tuberculosis deaths by sex, 1901–2000
Data from England and Wales offi  ce of national statistics 
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Panel: Social reforms in 1934 for improving health and well being of workers and 
reducing the burden of tuberculosis in Chile

During the 1930s, Chile had the highest tuberculosis mortality burden of any country 
globally. Chile—fully aware of the social determinants for tuberculosis—devised a 
14-point social reform to address the epidemic by reducing the country’s underlying 
social inequalities and improving the living standards of the growing working class.27

This social reform shifted the focus of the tuberculosis response from the individual 
patient (eg, sanatoria and surgical interventions) to the larger social context. Despite 
initial successes in decreasing deaths from tuberculosis in Chile through the 1940s, 
social reform was quickly replaced by biomedical solutions after the introduction of 
chemotherapy in the 1950s.27

Chile’s 14-point social reform to address the tuberculosis epidemic:
• Increase wages.
• Decrease the length of the average working day
• Eliminate overtime
• Regulate the working conditions of night workers
• Construct sound, aff ordable housing for workers
• Improve unsafe working environments in factories
• Enact legislation to protect worker’s health and provide protection for those that are 

sick or injured
• Make unemployment insurance compulsory
• Carry out anti-alcohol campaigns
• Carry out anti-venereal disease campaigns
• Protect abandoned infants and children
• Promote sports. Construct stadiums, parks, and gardens
• Clean up all public places in which there are regular assemblages of people: theatres, 

churches, etc
• Reform Law 4054 (a law that addressed illness, disability, ageing, and death)
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The era of biomedical interventions
After the discovery of streptomycin in 1944, various 
anti-tuberculosis drugs emerged in the 1950s, leading to 
an era of combination therapy for treating active 
tuberculosis. However, the risk factors for infection largely 
remained the same. From 1960 to 1999 the world 
population grew at an unprecedented rate, increasing 
from 3 billion to 6 billion.28 Globalisation and new 
technologies increased the movement and spread 
of people, products, and information. Urbanisation 
accelerated, as people moved from rural areas to crowded 
cities in search of employment, but found all too often 
cramped living quarters, low wages, and poor working 
conditions, and struggled to aff ord adequate nutrition. In 
low-income and middle-income countries, absence of 
universal health coverage meant that many individuals 
seeking tuberculosis care could not aff ord health services.29

The biomedical approach to management of 
tuberculosis likewise evolved over time. In 1994, WHO 
launched DOTS, emphasising standardised case 
manage ment of tuberculosis—to replace earlier 
approaches that involved many diff erent medicines for 
lengthy periods. DOTS-Plus followed in 1999, with the 
addition of culture-based diagnosis, drug susceptibility 
tests, and treatment with second-line drugs to DOTS to 
address the emerging burden of multidrug-resistant 
(MDR) tuberculosis.30,31 Persistent challenges in fi ghting 
tuberculosis prompted the launch of the Stop TB Strategy 
in 2006, which emphasised DOTS expansion, laboratory 
strengthening, tuberculosis with HIV, MDR tuberculosis, 
and the development of new methods.24,32

Although DOTS has undoubtedly contributed to the 
fi ght against tuberculosis since the 1990s, the biomedical 
approach has mainly emphasised supply-side inter-
ventions that rely heavily on functioning health systems. 
Yet tuberculosis remains deeply rooted in poverty and 
poor living conditions. Therein lies the diffi  culty: a 
biomedical approach to fi ghting tuberculosis addresses 
only part of the issue. A biosocial model that combines 
biomedical and social approaches is crucial and well 
overdue to win the battle against tuberculosis.

Rediscovering and enhancing the social 
approach
Tuberculosis is both a cause and result of poverty,23 
driven by social exclusion, including malnutrition, 
overcrowding, and indoor air pollution.2,17 Tuberculosis 
risk is higher in individuals facing other illnesses such 
as HIV and diabetes, and those participating in 
behaviours that put their health at risk, such as smoking 
and excessive use of alcohol.2 The risk factors associated 
with poverty not only increase susceptibility to active 
tuberculosis, but are also associated with greater 
diffi  culty in accessing care in health systems because of 
fi nancial and geographical constraints, and provider 
prejudices.30 Limited access to the health system delays 
diagnosis and treatment of tuberculosis, leading to 

longer periods of infectiousness and greater mortality 
risk (fi gure 2).

Tuberculosis is a driver of poverty. The disease leads 
to days off  work and out of pocket health expenditures. 
Around 60% of the fi nancial burden of tuberculosis 
comes from income loss when people are on treatment, 
and tuberculosis patients and their families spend an 
average of over half their yearly income on tuberculosis 
treatment.30 The high cost of tuberculosis treatment 
makes it diffi  cult for infected individuals to aff ord the 
full regimen of 6 or more months of therapy, impeding 
adherence and treatment success.31 The result is a 
vicious tuberculosis–poverty cycle that cannot be 
broken by biomedical interventions alone (fi gure 2).

Our analysis strongly suggests substantial association 
between level of development (sanitation, improved water, 
access to electricity, urbanicity, malnutrition, and education), 
poverty, health system access, and tuberculosis (table). 
Social interventions aimed at addressing tuberculosis must 
therefore address these pathways specifi cally and collectively 
in the tuberculosis–poverty cycle (fi gure 2). Social inter-
ventions can eff ectively combine with biomedical 
approaches that incorporate new technologies and solu-
tions. Interventions in nutrition, urban planning and built 
environment, working conditions, addiction recovery, and 
psychological services hold much promise.

Social protection for tuberculosis risk
Social protection and health interventions have been 
combined to eff ectively address infectious diseases, as well 
as maternal and child health.33 Social protection spending 
that allocates resources to elderly and susceptible 
populations, unemployment protection, and housing, is 
strongly associated with lower tuberculosis case 
notifi cations, incidence, and mortality rates. A study of 21 
European countries showed between 1995 and 2012, each 
increase in social protection spending of US$100 per 

Figure 2: The cycle of poverty and tuberculosis
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person was associated with a 1·5% decrease in the number 
of tuberculosis case notifi cations, 1·7% decrease in 
estimated tuberculosis incidence, 2·7% decrease in the 
rate of non-HIV-related tuberculosis mortality, and 3·2% 
decrease in the rate of all-cause mortality.34 In Peru, 
education, community mobilisation, psychosocial support, 
and poverty reduction programmes improved tuberculosis 
screening from 82% to 96% and treatment completion 
from 91% to 97%.35

Cash transfer schemes, both direct and indirect, and 
microfi nance can help benefi ciaries utilise health 

services and improve their health outcomes.36 
Increasing socioeconomic position, food security, and 
health-care access—all major protective factors for 
tuberculosis—can reduce the burden of both poverty 
and tuberculosis.37,38 Direct cash transfer can increase 
tuberculosis treatment completion rates and decrease 
default rates; a study from China38 showed that 
individuals that received cash transfers had 8% higher 
treatment completion rates and 21% lower default rates 
compared with controls.

Enhancing nutritional value
The association between nutrition and tuberculosis is 
well established.18,39–42 Malnutrition and micronutrient 
defi ciencies increase the risk of active tuberculosis, which 
in turn worsens malnutrition. Rapid urbanisation in 
low-income and middle-income countries is contributing 
to the nutritional transition that increases prevalence of 
diabetes, which amplifi es tuberculosis risk and worsens 
outcomes in those infected with tuberculosis.29

In view of the connection between nutrition and 
tuberculosis, interventions such as nutritional counselling, 
food parcels, or high-energy oral nutritional supplements 
might enhance management of tuberculosis.43 Micro-
nutrient supplementation (eg, vitamin A-fortifi ed sweet 
potatoes) or food aid for susceptible or transient popu-
lations are population-level interventions that would help 
improve nutritional status and probably reduce risk of 
tuberculosis.41,44–46

Sustainable agricultural interventions include 
individual agricultural support and incentives for the 
growth of diversifi ed crops that are more economically 
viable in the long term than cash crops (which generate 
money more quickly) or use of high-yield seeds that are 
more robust to droughts, and are additional strategies 
that might shape agricultural practice in low-income and 
middle-income countries in a way that has a positive 
eff ect on tuberculosis and other health outcomes.47

Improving the built environment
Tuberculosis is spread via aerosol droplets from a patient 
with active disease. Overcrowding, indoor air pollution, 
and poor ventilation in homes, hospitals, and public 
transportation assist with the spread of the infection.15,29,48 
In low-income and middle-income countries, migration 
from rural to urban areas has led to an estimated 1 billion 
people living in overpopulated slum communities with 
poor infrastructure. From 1950 to 2014 the urban 
population grew from 746 million to 3·9 billion 
worldwide and by 2050 the UN projects that 66% of the 
world’s population will live in urban areas49,50 with 
implications for the struggle against tuberculosis. Rapid 
urbanisation calls for better built environment and 
improved housing design in urban areas,51 the 
development of policies controlling urbanisation, urban 
regeneration and slum upgrading programmes, and 
design of public spaces and transportation systems to 

Country-
years of 
data

Tuberculosis 
case 
notifi cation 
coeffi  cient

p value

Access to sanitation (% population) 3754 –2·858 0·000

Improved water source access 
(% population)

3828 –1·373 0·000

Access to electricity (% population) 166 –1·993 0·000

Urban population (% population) 5638 –1·611 0·000

Malnutrition, height for age (% of 
children under 5 years)

2532 1·630 0·000

Primary school enrolment (% gross) 4676 –0·114 0·259

Out of pocket health expenditure 
(% of total expenditure)

3103 0·095 0·522

DPT immunisation coverage 
(% children 12–23 months old)

5214 –0·340 0·000

Poverty headcount, US$1·25 per day 
(% population)

1063 0·995 0·000

Poverty headcount, US$2·00 per day 
(% population)

1063 1·233 0·000

Income share held by highest 10% 1074 1·536 0·006

Country-years of data refers to the sum of the number of countries, multiplied by 
the number of years of data used for each country in the analysis. The tuberculosis 
case notifi cation coeffi  cient refers to the association between the case notifi cation 
rate, the dependent variable in the regression analysis, and the WDI for poverty 
and deprivation used in the analysis as an explanatory variable. To explore the 
relation between poverty indicators and tuberculosis outcome in the 
tuberculosis–poverty cycle (fi gure 2) we used WHO tuberculosis case notifi cations 
(corrected for under-reporting using case detection rates estimated from country 
workshops) and World Bank WDIs. The WDI variables included in our analysis were 
intended to capture living conditions (eg, sanitation, improved water source 
access, access to electricity), nutrition, education, out of pocket health 
expenditure, and health system access (measured by DPT immunisation). We also 
included the World Bank’s composite poverty indicators as a measure of income 
inequality. The analysis consisted of 11 separate mixed-eff ect regressions with 
random eff ect on country. Each regression quantifi ed the association between the 
tuberculosis case notifi cation rates with one of the WDI variables. Country 
random eff ects were included to control for dependence of reported observations 
over time within the same country, and calendar year was included as an 
additional independent variable to control for share of secular trends in 
tuberculosis case notifi cation rates across countries. The regression results 
support the associations outlined in the tuberculosis–poverty cycle; all the 
regression coeffi  cients are signifi cant (p<0·05) with the exception of education 
and health-care expenditure, and all coeffi  cients have the expected sign. 
Improved living conditions, health system access, and education have a negative 
relationship with tuberculosis case notifi cation rates, and increased malnutrition, 
health expenditure, poverty, and inequality have a positive relationship with 
tuberculosis case notifi cation rates. DPT=diphtheria, pertussis, and tetanus. 
WDI=World Development Indicator.

Table: Tuberculosis case notifi cation rates and World Development 
Indicators of poverty and deprivation
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reduce transmission risk at home or work, while com-
muting, and in public places.52 Innovative technologies 
that improve local exhaust, general ventilation, room 
fi ltration, and ultraviolet air disinfection can promote 
natural ventilation and reduce transmission risk.53 A 
study in rural South Africa54 suggests that the risk of 
tuberculosis transmission decreased from 55·4% to 
9·6% by opening windows and doors to increase airfl ow. 
Improving the built environment has benefi ts beyond 
direct health eff ects. Better roads, for example, improve 
access to schools, health services, and food markets, all of 
which can greatly reduce the burden of tuberculosis.23

Reducing occupational risk
Factory workers and labourers working in extractive 
industries such as mining are populations at greater 
risk for contracting tuberculosis.55–57 In South Africa, 
the incidence of tuberculosis in miners is ten times 
higher than the general population and miners have 
3·6 times greater odds of dying from tuberculosis 
compared with other workers in the region.58,59 Miners, 
who are in poorly paid and demanding jobs, typically 
work and live in congregate settings with poor 
ventilation and indoor air pollution. Factory workers 
and labourers are often migrants, spreading the 
infection from work to their home towns. Good 
employment practices (including appropriate wages, 
reasonable hours, health insurance, and protection 
from injury), decent conditions at the workplace, and 
living accommodations aimed at the “Declaration on 
Tuberculosis in the Mining Sector” by the 15 heads of 
state belonging to the Southern African Development 
Community, can greatly reduce risk of tuberculosis in 
working populations, especially those working in 
extractive industries.60

Improving mental health
Mental illness often prevents individuals from properly 
caring for themselves, contributing to malnutrition 
and a weakened immune system, and increasing the 
risk of developing active tuberculosis infection.61 
Additionally, mental illness hampers adherence to 
medical care, which reduces the eff ectiveness of 
tuberculosis treatment. Mental illness carries stigma 
and is strongly associated with homelessness,62 making 
it diffi  cult for individuals to secure employment. The 
relation between mental health and tuberculosis 
likewise works in reverse—mental illness develops or 
is worsened by social isolation during treatment or can 
emerge as a side-eff ect of some treatment drug 
regimens, all compounded by the stigma for mental 
illness and tuberculosis alike.61 Psychological services 
and housing assistance for tuberculosis patients can 
help improve health outcomes and provide these 
individuals with an opportunity to plan for their 
future.63 Individuals with mental health disorders are 
at greater risk for addictive disorders, particularly 

alcohol misuse.64 Alcohol use is a risk factor for the 
development of active tuberculosis; people who drink 
more than 40 g of alcohol a day are around three times 
more likely to develop tuberculosis compared with 
those who do not.65

Enhancing the biomedical approach
Although many of the technological components of the 
approach to preventing, diagnosing, and treating 
tuberculosis are decades old, there is renewed interest in 
developing new diagnostics, drugs, and treatment 
regimens.66 As potential new products are developed, it 
remains essential to consider whether innovations in 
delivery of existing interventions can greatly reduce the 
burden of tuberculosis.

Developing eff ective vaccines
Limitations in available tuberculosis vaccines and 
treatment regimens have been well characterised.67–73 The 
BCG vaccine was developed in the 1920s and estimates of 
its eff ectiveness have ranged from 80% protection to no 
benefi t,74,75 with particular concerns about duration of 
protection and therefore subsequent population-level 
eff ects in terms of preventing active tuberculosis in 
adolescents and adults. Although there continues to be 
high interest in developing new tuberculosis vaccines, 
development of a novel tuberculosis vaccine with 
high effi  cacy and persistent protection remains an 
elusive goal.67–70

Developing new treatment approaches
For individuals with latent Mycobacterium tuberculosis 
infection, preventive treatment can be eff ective in 
reducing the likelihood of progression to active disease.76 
Commonly recommended preventive therapy regimens 
have durations up to 9 months, but more recent studies 
have reported that shorter regimens can provide similar 
effi  cacy.69,70 For active cases of tuberculosis, standard 
fi rst-line treatment regimens continue to be based on 
drugs that were discovered 50 to 60 years ago, and there 
are various challenges associated with these therapies, 
including long treatment durations, toxic eff ects, 
interactions with antiretroviral drugs, and drug resistance 
in some settings.71 Several new options are in various 
stages of development, with the potential to shorten 
regimens, yield high effi  cacy against MDR tuberculosis, 
and provide eff ectiveness against both latent and active 
tuberculosis.72,73

Improving tuberculosis detection
A rapid and accurate point-of-care diagnostic test for 
tuberculosis is still absent, therefore detection of 
tuberculosis is highly reliant on individuals accessing the 
health system.77 Tuberculosis prevalence surveys78 have 
shown that more than 50% of those with bacteriologically 
confi rmed tuberculosis do not report the symptoms that 
often trigger disease investigation (eg, cough lasting 
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2–3 weeks). WHO reports that in 2013 more than 
3 million tuberculosis cases worldwide were undiagnosed 
or were not notifi ed. Case detection in many settings 
continues to rely largely on sputum smear microscopy, 
which has low sensitivity, especially in HIV-infected 
patients, and can cause delays in initiating treatment or 
loss to follow-up because immediate results are not 
available. However, alternative choices are becoming 
available, with potential to off er substantial improvements 
in test characteristics.79 An important advance in 
tuberculosis diagnosis was the introduction of the Xpert 
MTB/RIF test, with greater sensitivity than sputum 
smear microscopy, leading to 45% increase in case 
detection in patients infected with HIV.80,81 The experience 
with implementing Xpert substantiated the benefi ts of 
better case detection with new diagnostics, and 
highlighted the challenges in introducing new 
technologies in weak health systems with poor service 
coverage and access.82

Treatment with mobile telephone and health 
information technologies
Mobile telephone messaging is eff ectively used for 
managing self-management of long-term illnesses.83 
SMS text messaging improves treatment adherence and 
success of tuberculosis treatment.84 A study done in 
South Africa84 reported that tuberculosis cure rates were 
2·3 times higher in patients that received SMS 
reminders for treatment compared with another group 
receiving standard DOTS treatment, whereas a study in 
Kenya84 reported clinical attendance on scheduled days 
was 1·56 times higher in tuberculosis patients that 
received SMS reminders compared with those who did 
not. Electronic health records, including open source 
systems, mobile telephones, or personal digital 
assistants could be used to track and monitor patients 
with tuberculosis to improve health outcomes, as has 
been shown in Africa (Kenya, Rwanda, South Africa), 
Latin America (Peru), and Asia (Philippines).85,86

Combining biomedical and biosocial approaches
The enhanced social and biomedical approaches to 
tuberculosis care are not mutually exclusive, but can 
work together to address tuberculosis, especially in hard 
to reach and at-risk populations, and promote sustainable 
develop ment. Although addressing the social deter-
minants through a biosocial approach helps to reduce 
tuberculosis burden and improve outcomes, an enhanced 
biomedical approach could help reduce poverty and 
improve life chances of aff ected individuals and families, 
thereby improving their social determinants of health.

Tuberculosis places a disproportional burden on 
particular at-risk groups such as migrants and 
refugees,46 individuals living in densely populated 
urban areas or living in areas of confl ict and 
crisis,15,29,45,48,52 children, and individuals with HIV/AIDS 
or diabetes. Understanding the context and developing 

context-specifi c solutions is important, as tuberculosis 
propagates through a series of local outbreaks, and the 
local conditions aff ect the success of tuberculosis 
programmes.7,9,87

Societal upheavals can displace large populations to 
new environments that lack food, adequate housing, 
and medical care, and increase the risk of mental 
illness, all of which are risk factors for tuberculosis. In 
the USA, the percentage of tuberculosis cases occurring 
in foreign-born people is over 60%.88 As a result of the 
Ebola crisis, several tuberculosis programmes in 
Liberia, Guinea, and Sierra Leone were repurposed to 
address Ebola, leaving new and existing patients 
without treatment.89

The health, social, and economic eff ect of tuberculosis 
on children is signifi cant; almost 1 million children have 
tuberculosis and 10 million children have been orphaned 
by tuberculosis. Children with tuberculosis are often in 
the hospital for extended periods of time, resulting in 
high treatment costs or parental lost time from work.90,91 
Individuals with HIV/AIDS or diabetes have suppressed 
immune systems that make them more susceptible to 
the development of active tuberculosis. A biosocial 
approach to tuberculosis needs to be uniquely tailored 
to address at-risk populations and ensure context 
specifi city, taking into account cultural nuances and 
pervasive stigma.

Discussion
Sustainable development is predicated on meeting basic 
needs, eg, food, shelter, and sanitation, through social, 
economic, and environmental actions that are crucial 
for better quality of life and in the fi ght against 
tuberculosis.25,26 A biosocial approach that expands the 
biomedical model and combines it with social, economic, 
and environmental actions is essential for the fi ght 
against tuberculosis.

Biomedical approaches alone have not achieved 
substantial decreases in tuberculosis burden. Although 
expanding universal health coverage will improve access 
to essential health services and protect from catastrophic 
health expenditures, it alone will not be suffi  cient to stop 
tuberculosis, as social determinants greatly aff ect the 
burden of tuberculosis, the fi ght against tuberculosis and 
the tuberculosis–poverty cycle. Evidence from Vietnam, 
Morocco, Pakistan, Sri Lanka, Myanmar, and India 
suggest that the benefi ts of improved diagnostics and 
treatment is off set by susceptibility to tuberculosis in 
at-risk populations.92–94

Although the thrust of this Series paper is on biosocial 
approaches, we also argue for enhancing biomedical 
approaches by strengthening health systems and scaling 
up innovations in tuberculosis detection and treatment. 
Combining biomedical and biosocial approaches will 
allow cooperation in detection and treatment of 
tuberculosis, and address comorbidities (such as HIV 
and diabetes) and risks through social protection and 
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improvements in nutrition, the built environment, 
occupational safety, and mental health.

Tuberculosis both causes and results from weak or 
failing health, education, and economic systems and 
development. Tuberculosis takes a heavy toll, not only on 
health and social services, but also on entire regions 
participating in the global economy, as tuberculosis 
predominantly aff ects the most economically active age 
group. An ailing workforce reduces productivity, lowers 
revenue, and weakens economies. By trapping people in 
a cycle of poverty and disease, tuberculosis slows 
national development and reduces competitiveness.95 

Combined biomedical and biosocial approaches are 
essential to mitigate the adverse eff ects of tuberculosis 
on individuals, households, and economies.

Implementing a biosocial approach to stop tuberculosis 
will be challenging, as the risk factors for tuberculosis 
will rise in the future. The number of people with 
diabetes is projected to rise from 171 million in 2000 to 
366 million in 2030,96 an estimated 70% of the world 
population could be living in urban areas by 2050,97 the 
number of people living in slum dwellings will more 
than double to 2 billion in 2030 from 924 million in 2001, 
and worldwide migration will increase, with adverse 
risks for development.98

A proposed biosocial approach will align the tuberculosis 
response with sustainable development goals, extending 
the responsibility for national tuberculosis strategies 
beyond the health sector. Successful implementation of a 
biosocial model will need shared vision and collaboration 
across government sectors, professional groups, and civil 
society to mount integrated multisectoral action. Leader-
ship and political commitment at the highest level of 
government is essential to include ministries of fi nance, 
development, housing, labour, education, and health to 
compre hensively address the social, environmental, 
nutritional, and occupational risk factors for tuberculosis 
and monitor progress.60 Just as food security is often used 
to assess the success of the nutritional eff ect of poverty 
reduction strategies,99 tuberculosis indicators could be 
used to monitor the eff ect of poverty reduction, urban 
planning, and development strategies on health. 
Accountability for the tuberculosis response across sectors 
could be further amplifi ed through targets that relate to 
sectoral contributions to the tuberculosis response, such 
as the proportion of well aerated houses in public 
housing projects.

International institutions, such as the WHO, the 
Global Fund to Fight AIDS, Tuberculosis and Malaria, 
the Stop TB Partnership, UNAIDS, UNICEF, and the 
World Bank, have an important part to play, as they have 
done with the HIV response, to support country-led 
initiatives aimed at introducing the biosocial approach.

In addition to government and international organi-
sations, the private sector, non-governmental organisations, 
and civil society will be instrumental in targeting social, 
economic, and environmental tuberculosis risks. For 

instance, companies employing workers who face high 
tuberculosis risks either because of the nature of the 
occupation or socioeconomic characteristics (eg, low wage 
or seasonal workers),23,55–57 can contribute to biosocial 
approach through targeted prevention programmes. 
Similarly, labour unions and professional organisations, 
for example those in the mining, health-care, and building 
industries, could contribute to the fi ght against tuber-
culosis—for example, by making sure their members are 
aware of approaches that reduce tuberculosis transmission 
risks through better design and building of public housing, 
schools, social spaces, and hospitals.

Introduction and scaling up of innovations for 
tuberculosis prevention, detection, and treatment, 
although crucial, might be hindered because of low 
rewards for innovators and commercial investors,100 
inability of governments to invest in new health 
technologies while coverage of other cost-eff ective health 
interventions are low, and the diffi  culty for patients (who 
are typically the economically worst-off  populations), to 
pay for novel tuberculosis interventions. Innovative 
approaches are needed to motivate the private and public 
sectors to invest in tuberculosis related research and 
development. Innovative fi nancing that has been used 
to fund product development partnerships, provide 
advance market commitments, establish patent pools 
for new medicines, and encourage rapid uptake of new 
diagnostics, treatments, and care models to address 
health priority interventions would be instructive to 
create incentives for innovations to address tuber-
culosis.101 However, an important lesson from large-scale 
implementation of Xpert in South Africa, is that 
technological innovations can fail to achieve their 
potential eff ect because of health system barriers to 
implementation, such as access to services, paucity of 
human resources, or inappropriate infrastructure.81

We have to learn from the past to create eff ective 
solutions for the future. Before the introduction of 
chemotherapy, the burden of tuberculosis was already 
decreasing as a result of social interventions and rising 
standards of living. Although biomedical interventions 
have helped to augment this decline, the improvements 
have been slow, and tuberculosis remains a major 
challenge worldwide. Stopping tuberculosis will need a 
renewed focus on multisectoral action to forge a biosocial 
response. The sustainable development agenda provides 
the opportunity to harness social, economic, and environ-
mental actions to stop tuberculosis that has proven so 
diffi  cult to defeat with biomedical approaches alone.
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