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ABSTRACT The introduction of new rapid diagnostic tools for tuberculosis (TB) and the promising TB

drugs pipeline together with the development of a new World Health Organization Strategy post 2015

allows new discussions on how to direct TB control. The European Respiratory Society’s European Forum

for TB Innovation was created to stimulate discussion on how to best take advantage of old and new

opportunities, and advances, to improve TB control and eventually progress towards the elimination of TB.

While TB control is aimed at reducing the incidence of TB by early diagnosis and treatment of infectious

cases of TB, TB elimination requires focus on sterilising the pool of latently infected individuals, from which

future TB cases would be generated.

This manuscript describes the three core components that are necessary to implement the elimination

strategy fully. 1) Improve diagnosis of latent TB infected individuals. 2) Improve regimens to treat latent TB

infection. 3) ensure public health commitment to make both 1) and 2) possible. Old and new evidence is

critically described, focusing on the European commitment to reach elimination and on the innovative

experiences and best practices available.

@ERSpublications

Diagnosis and treatment of latent TB infection is the core intervention to reach elimination
http://ow.ly/mjW0R

Received: Dec 21 2012 | Accepted after revision: Jan 23 2013 | First published online: Feb 08 2013

Conflict of interest: Disclosures can be found alongside the online version of this article at www.erj.ersjournals.com

Copyright �ERS 2013

PERSPECTIVE
INNOVATION IN TB CONTROL

Eur Respir J 2013; 42: 785–801 | DOI: 10.1183/09031936.00205512 785

www.erj.ersjournals.com
www.erj.ersjournals.com


Introduction
It is estimated that up to one-third of the world’s population is latently infected with Mycobacterium

tuberculosis and that the 10% progression into active tuberculosis (TB) disease could be prevented by an

effective preventive treatment [1] and represents a valid argument for complementing current TB control

strategies [2–4] with innovative interventions focusing on the management of latent TB infection (LTBI).

On a TB-control level, the cure of infectious TB patients in the community has for decades represented the

pillar of TB programmes, aiming at reducing transmission of M. tuberculosis in the community [5]. This

approach, known as the directly observed treatment short course (DOTS), was incorporated into the World

Health Organization’s (WHO) ‘‘Stop TB Strategy’’ [6–8] and proved to be highly cost-effective [9–11].

Through proper diagnosis and rapid treatment of infectious cases the approach has saved millions of lives

while breaking the chain of transmission, representing now the minimum package of interventions to tackle

tuberculosis [11]. As existing strategies have not accelerated the progress towards elimination as much as

previously expected [12, 13], WHO STAG-TB (Strategic and Technical Advisory Group for Tuberculosis) in

June 2012 has initiated discussions on the future post-2015 strategy.

The term preventive treatment applies to the prevention and treatment of TB on an individual level [14,

15], rather than awaiting the symptomatic and active form of the disease to occur and implementing

curative interventions. The public health impact of TB stimulates a shift from the individual

implementation of this intervention to a programmatic and population-based approach.

The definitions of TB control and elimination are reported in table 1.

We are currently facing the stimulating introduction of new diagnostics [16], enabling a more rapid/

improved identification of drug-resistant tuberculosis (MDR-TB) cases and latently infected individuals, as

well as new promising anti-TB drugs [17–20]. Complementing the high level policy work of WHO and

international agencies, the European Respiratory Society (ERS) has launched the European Forum for TB

Innovation in order to stimulate discussions on how to best take advantage of new opportunities and

advances in improving TB control and, eventually, progress towards the elimination of [21].

In this perspective review, as part of the Forum activities, we summarise existing evidence on the

programmatic feasibility and potential impact of the management of LTBI in the different high-risk groups

for TB and the need to better assess its potential in accelerating the progression towards the elimination of

TB on a global scale.

From Zorini to Thibela trial and between: the TB preventive treatment approach
Credit for the study and application of the concept of TB preventive treatment can be attributed to several

investigators and physicians from both sides of the Atlantic. While the earliest reported and comprehensive

theoretical discussion on the rational and use of preventive treatment was described, in 1957, in an article by

ZORINI et al. [22], the first population-based implementation took shape under the research agenda of the

US Public Health Service. In fact, the first efforts to sterilise LTBI on a large, population scale, were made

using isoniazid (INH) preventive treatment (IPT) in a randomised controlled trial in household contacts in

the Bethel district of Alaska (AK, USA), an area, which at that time, had one of the worlds highest TB

incidences (578 per 100 000 inhabitants) [23]. The study, which began in 1957, demonstrated a 69%

reduction in TB incidence comparing the treated group with the placebo group after 1 year and a

community-wide IPT-related benefit with a sustained overall 30% reduction in TB incidence. This study

was followed by several other studies in different risk groups, which all concluded that the prescription of

preventative treatment, in subjects exposed to TB and latently infected, was beneficial and should be

implemented on a larger scale [24]. The concept of a community-wide preventive-treatment intervention to

sustain public-health goals faded progressively in its theoretical and practical application in the decades

following the findings of the 1960s. A combination of discouraging requirements, from a logistical point of

view, and the advent of a seemingly effective strategy based on finding infectious TB cases and curing them

TABLE 1 Definitions of tuberculosis (TB) control and elimination

TB control Strategy aimed at reducing the incidence of TB infection and, consequently, of TB disease, based on early diagnosis and
treatment of infectious cases of TB. Fewer and fewer new people in the community will be exposed to a contact with the
bacilli and will develop the disease

Elimination Point at which less than one infectious (sputum smear positive) case per 1 000 000 inhabitants emerges annually in the
general population or when the prevalence of TB infection in general population is below 1% and continues to decrease

Table reproduced from [8].
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slowly, turned TB preventive treatment into a secondary public-health intervention, mainly aimed at high

risk groups.

However, the recent realisation that progress towards TB elimination requires the synergistic

implementation of additional control measures has revived the idea of a programmatic role for TB

preventive treatment.

Based on the experience of the early community-based trials two large innovative trials have been

conducted. A randomised clinical trial in Brazil, Canada, Spain, and the USA, lasting up to 10 years,

compared 12 doses of INH and rifapentine (RPT); given as weekly DOT with 9 months of self-administered

INH given daily for 9 months [25]. Of the 7731 eligible subjects aged o2 years a total of 3986 persons

received the new combination, which proved to be both less toxic and more likely to be completed. As in the

modified intention-to-treat analysis the cumulative proportion of subjects in which TB developed was

0.19% in the combination therapy group and 0.43% in the group given INH only, the new combination

prevented TB in an at least equivalent percentage. Although the effect estimates of the study imply the

potential for bias, due to the different strategy of drug administration in the study arms (self-administration

versus DOT), the study resulted in a recent US Centers for Disease Control and Prevention (CDC)

recommendation for use of an INH-RPT regimen in the USA [26].

The workplace-based Thibela TB trial among gold miners in South Africa, a group with a high prevalence of

HIV infection and an estimated LTBI prevalence of 89% [27], was led by the Aurum Institute as part of the

CREATE consortium (Consortium for Research on Educational Access, Transitions and Equity). It offered

IPT daily for 9 months to eight mine-shaft clusters of gold miners at three mining companies over a 5-year

period. A further seven clusters were enrolled as control groups [28]. 27 126 mine employees were enrolled

in the study and of those 23 644 (87.8%), who had no evidence of active TB or contraindications, were

started on IPT. These studies, although not changing the current paradigm of TB control, provide the

opportunity to gain further insight into the potential contribution of TB prevention to gain the upper hand

on the TB epidemic.

TB latency, testing and preventive treatment: what do we know and not know so far?
Defining TB infection and latency
Infection with bacteria of the M. tuberculosis (MTB) complex is, in the overwhelming majority of cases

acquired through the inhalation of bacilli-containing droplets. The antigen-specific response that is induced

by infection results in the development of granuloma, which ideally provides evidence that a long-lasting

protection against the development of TB disease has been activated. In this ideal scenario, where dormant

bacilli, surrounded by the cells of the granuloma, greatly outnumber those in the replicative state, infection

can be considered ‘‘latent’’. That condition is, clinically, characterised by the absence of any related disease

[29]. Although persons with LTBI generally have a normal chest radiography image, subjects presenting

radiological features suggestive of untreated and spontaneously healed TB (e.g. noncalcified apical fibrotic

lesions), together with a history of prior exposure to contagious index cases, will also be considered to be

‘‘latently’’ infected carriers [30]. This operational distinction is somewhat artificial as, especially in children,

the ‘‘latent’’ infection and primary disease are parts of a much less defined biological ‘‘continuum’’.

Identification of LTBI is currently achieved, in the absence of a direct method, by immunological tests

asserting that infection has occurred. Unfortunately they are not able to provide definitive evidence of the

persisting presence of viable bacilli. Re-challenging the acquired immune response with mycobacterial

antigens, using the in vitro interferon (IFN)-c release assays (IGRAs) or the in vivo tuberculin skin test

(TST), may result in a positive test, suggesting infection. However, these tests provide discrimination

neither between recent and older infections nor between subjects with LTBI and those suffering active

disease [31].

A large number of prospective and retrospective studies have demonstrated that, without administration of

antibiotics, ,5% of immunocompetent persons with acquired LTBI can be expected to have their infections

progressing to TB disease within 2 years of the infection. In practice, the 2-year risk-of-progression figure

may even be higher among carefully preselected contacts with particularly intensive exposure [32]; however,

it may also be lower [33].

Individual susceptibility factors may further increase the probability of acquiring MTB infection; these

include active and passive smoking, young and advanced age, severe malnutrition, immune deficiency from

any cause (mainly HIV-infection) including diabetes mellitus and immunosuppressive therapy, as well as

some other medical conditions (e.g. chronic renal failure, silicosis, gastrectomy) (table 2) [2]. In addition,

once infection has been acquired, multiple clinical and socio-epidemiological conditions may speed up

progression from LTBI to TB disease [35–44].Thus, the risk of progression to TB disease among the

estimated two billion individuals worldwide, who are infected with tuberculosis, may vary considerably.
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Sterilising LTBI
Preventative treatment is a frequently used course of the anti-TB drug INH given for 6–9 months, aimed at

sterilising latent infection. It can reduce life-time risk of progression to active disease and, thus, the risk of MTB

transmission to further contacts [45]. Alternatively used regimens, such as INH plus rifampicin for 3 months,

have proven to be comparably efficacious, but adverse effects may be more frequent than with INH monotherapy.

Rifampicin monotherapy given to persons with INH-resistance or INH-intolerance for 4 months or in

combination with INH for 3–4 months is well tolerated, but efficacy data are currently limited [table 3] [30, 45].

Hepatotoxic injuries, as the most important adverse effects of preventative treatment, are rare, but severe.

These are not always predictable, but occur more frequently with older age, concomitant use of hepatotoxic

medications and regular alcohol consumption [46]. Concern over this risk probably contributes to reduced

acceptance of these regimes.

In fact, adverse effects experienced by IPT participants may vary depending on the number of investigated

participants. The meta-analysis by STEELE et al. [47], pooled data from six very different studies on the

incidence of hepatitis in adults, and provided a summary rate of clinical hepatitis of 210 (0.6%) out of

38 257 patients. In the Eastern Europe International Union Against Tuberculosis study [48], patients had a

rate of INH-associated hepatotoxicity of 0.36% (6-month treatment) and of 0.44% (9-month treatment)

based on related clinical symptoms. The early United States Public Health Service study [49] documented

only 82 probable cases of INH hepatitis among 13 838 receiving INH (0.6%), and in the Thibela study on

TABLE 2 Persons who should be given high priority for latent tuberculosis (TB)-infection
treatment when found to be infected with TB

HIV-infected persons
Recent contact with a TB case
Persons with fibrotic changes on chest radiograph consistent with old TB
Organ transplant recipients
Persons immunosuppressed for other reasons (e.g. taking the equivalent of .15 mg per day of

prednisone for o1 month or taking tumour necrosis factor-a inhibitors)
Recent immigrants (,5 years) from high-prevalence countries
Persons with the following clinical conditions:

Silicosis
Diabetes mellitus
Chronic renal failure
Some haematologic disorders (e.g. leukaemia and lymphomas)
Other specific malignancies (e.g. carcinoma of the head or neck and lung)
Gastrectomy and jejunoileal bypass

Injection drug users
Residents and employees of high-risk congregate living facilities (e.g. correctional facilities, nursing

homes, homeless shelters, hospitals, and other health care facilities)
Mycobacteriology laboratory personnel

Reproduced and modified from [34].

TABLE 3 Latent tuberculosis treatment regimens

Drugs Duration
months

Interval Minimum doses

Isoniazid 9 Daily 270
Twice a week# 76

Isoniazid 6 Daily 180
Twice a week# 52

Isoniazid + rifampicin 3–4 Daily 90–120
Isoniazid + rifapentine 3 Once a week# 12
Rifampicin 4 Daily 120

#: directly observed therapy only. Data collated from [25, 26, 34, 45].
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South African gold miners that included .24 000 participants who started IPT, there were only 130 persons

with adverse events (0.5%) [50].

In contrast, some smaller studies, which have included treatment of HIV-infected persons, have reported

grade 3 or 4 hepatitis in up to 5.3% in patients that were treated with INH [51]. In addition the recently

published randomised study by STERLING et al. [25] shows a comparatively high proportion of hepatitis with

2.7% among 3745 INH recipients.

Beside the new INH-RPT regimen given once a week for 3 months under DOT, other regimens may offer

future advances in TB control, e.g. the combination of TMC207 (bedaquiline) and RPT given daily resulted

in complete clearance of MTB in the mouse lung within 1 month [52]. A completely different approach

would be to prevent the reactivation of LTBI by post-exposure vaccination, which is one of the targets of the

ongoing research in developing new TB vaccines [26, 53, 54]. Currently, a total of 12 new vaccines are in

development or that have already gone into clinical trials; thus the introduction of a new TB vaccine may be

expected by the end of the decade [53].

When and how to screen for LTBI?
For more than a century, the only tool for detecting LTBI in a person with a history of exposure to an

infectious TB case was the TST. However, commercially available IGRAs have emerged for the in vitro

diagnosis of LTBI, and appear to be highly specific alternatives to the TST. These tests use antigens, coded

by complex specific regions of difference (RD1 or RD11), that are absent from most non-tuberculous

mycobacteria and from all strains of bacille Calmette–Guérin, to solicit secretion of IFN-c as a marker of

immune responses by primed T-lymphocytes. This approach overcomes the cross-reactivity problems of the

crude antigen mixture of purified protein derivative used in the TST.

When measuring IGRA and TST sensitivity against culture-confirmed TB cases, IGRAs seem to show

significantly greater sensitivity in adults [55]. However, to date, this is not often in paucibacillary children

[56, 57], where separate studies assessing IGRA performance are still limited. In the absence of a gold

standard for LTBI, the ‘‘true’’ sensitivity of these tests cannot be assessed directly and the predominately

sensitivity-driven negative predictive value for progression in the first years, following recent infection, is

very high and nearly identical for both tests [58].

Induration size of the TST may be affected by HIV infection and other causes of immunosuppression (e.g.

high-dose steroid use or haematological neoplastic disorders) showing a false-negative result, but this failing

in sensitivity may also be the case when IGRA is used in such individuals, especially when the subjects have

low CD4 cell counts [59].

Due to their higher specificity, IGRAs may help determine which people could actually benefit from

preventative treatment, increasing pretest probability and thus reducing the number needed to treat (NNT)

in order to prevent one TB case. Because screening with IGRAs requires only one visit to obtain and

interpret results, IGRAs may also minimise loss of patients during follow-up. A disadvantage of the IGRAs

is that blood samples must be processed within 8–30 h after collection, while white blood cells are still

viable. Also, reversions of positive test results into negative results have been reported, which poses a

challenge for interpreting a positive test result. [60]. Guidelines vary as to whether the more expensive

IGRAs should be used as a primary or confirmatory test for identifying LTBI [61].

There is some evidence that commercial IGRAs are more reliable than the TST for predicting TB among

high-risk persons. In the systematic review by RANGAKA et al. [62], it was reported that the incidence risk

ratio was significant for the IGRA but not for the TST, showing more than a doubled risk for developing

active TB given a positive IGRA, although in total a difference in the ability of IGRAs or TST to predict

active TB was not confirmed. In another recently published meta-analysis study, the pooled positive-

predictive value (PPV) for progression using commercial IGRAs was clearly higher, but overall still only

moderate with a PPV of 6.8% for the IGRAs compared to 2.4% for the TST [56]. These analyses reveal the

major limitations of current LTBI prevention strategies, namely that a high number of high-risk persons

must still be treated to prevent a single TB case. Even when screening with a highly specific IGRA tool and

subsequently treating those scored positive, assuming an 80% IPT efficacy for the subgroup of ‘‘completer-

compliers’’, the NNT is not less than 12 individuals with LTBI [63]. As none of the currently available tests

for LTBI (table 4), can accurately predict who will develop active TB among truly infected persons, the

search for better diagnostic tools for LTBI must continue.

More advanced versions of the TST (e.g. the C-TST), focussing on the TB-specific early secretory antigen

target -6 and the culture filtrate protein 10, are needed in order to maximise test specificity. New IGRAs,

based on novel antigens, are in the pipeline and their preliminary results have been published [64, 65].
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Indications for preventive treatment
Regardless of the type of test used, LTBI treatment can only be considered effective and efficient as a

programmatic approach when directed towards infected individuals bearing the highest risk of progression

to disease. Especially in industrialised countries, where TB incidence has declined impressively over the past

several decades, thanks to improved social conditions and the advancement in case detection and treatment,

‘‘targeted’’ testing and treatment for LTBI may be considered important cornerstones of the TB control

strategy [65]. As the age-structured mathematical model of ABU-RADDAD et al. [66] focusing on the WHO

Southeast Asia region suggests, TB incidence could be reduced dramatically by 2050 were LTBI treatment

would be selectively expanded beyond low-incidence countries.

Of all American Thoracic Society(ATS)/CDC-defined groups with a high risk of developing TB, recently

infected contacts of acid fast bacilli (AFB) smear-positive pulmonary TB source cases are most likely to

benefit from LTBI treatment, as ,20–30% of those have LTBI, and 1–3% have already progressed to TB

disease at the date of tracing [67, 68]. However, there is no unambiguous definition of a ‘‘close’’ contact,

given the many possible modes of exposure to an infectious source. Selection of persons for screening

generally begins with those contacts who share a household with the TB victim. This group may also include

intimate contacts and frequent visitors to the home of the source, but a subtle approach to assessing the

actual degree of proximity within a household contact is necessary to achieve a satisfactory pretest

probability [69].

For practical purposes, in some recommendations [70, 71], a cumulative exposure time necessary for

defining a ‘‘close’’ versus ‘‘casual’’ non-household contact has been stated, e.g. of 8 h, if the index case is

AFB smear-positive, or 40 h, if only sputum culture-positive, but the duration and frequency of cough in

the source case may outweigh the time factor for establishing contact categories (fig 1) [72].

A decision as to whether to expand the contact search in concentric circles should be made once testing of

high-priority contacts is completed and once the extent of transmission of MTB in terms of the frequency of

test conversion has been evaluated [69].

LTBI in children
Among close contacts, children and HIV-infected individuals require special attention. With their generally

underdeveloped immune system, up to 40% of infants develop TB disease once infected and if untreated,

and disease often develops faster than in adults [73]. Thus, formal investigation of juvenile contacts,

especially of preschool children who are at the highest risk of progression [34], should proceed as quickly as

possible to prevent the onset of serious, potentially life-threatening complications (e.g. TB meningitis). In

high-prevalence countries the risk for MTB infection among children in contact with adult TB patients is

30–50%, which is much higher than that reported for industrialised countries [74]. If not treated, these

children will form a large pool for future disease. The current recommendations from WHO to treat

preventively all children under the age of 5 years, as well as all HIV-infected children in contact with a case

TABLE 4 Approaches to diagnose latent tuberculosis (TB) Infection

Assay Modality Antigen/s Pathogenetic principle Diagnostic features and
progression to TB

Visits
n

Reading
h

Diagnostic pitfalls

TST In vivo Tuberculin (combination
of mycobacterial

proteins obtained from
the supernatant of M.
tuberculosis culture

Identification of a cellular
immune response after

the intra-dermal
inoculation of tuberculin

PPV 0.024
NPV 0.994

2 48–72 Decreased sensitivity:
Immunocompromised individuals
Recent viral infections;
Recent M. Tuberculosis infection
Recent immunisation with live vaccines;
Individuals aged ,6 months;
Inadequate management of tuberculin

Decreased specificity
BCG vaccination;
Exposure to non-tuberculous mycobacteria

Decreased positive predictive value
Low TB incidence areas.

IGRA
ELISA
ELISPOT

Ex vivo ESAT-6
CFP-10
TB7.7

Identification of the
production of IFN-c after
exposure of lymphocytes
to mycobacterial antigens

PPV 0.068
NPV 0.997

1 6–20 Indeterminate result
No increase, in children;
No Increase, in immunocompromised
individuals

TST: tuberculin skin test; IGRA: interferon (IFN)-c release assay; ELISA: Enzyme-linked immunosorbent assay; M. tuberculosis: Mycobacterium tuberculosis; BCG: bacille Calmette–
Guerin; ELISPOT: enzyme-linked immunosorbent spot assay; PPV: positive-predictive value; NPV: negative-predictive value ESAT-6: early secretory antigen target 6; CFP-10: culture
filtrate protein 10.
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of smear-positive pulmonary TB, with or without prior testing, is a reasonable and pragmatic approach and

should be at least implemented in all settings where children have a high risk of exposure [75]. This

pragmatic approach is not recommended in settings that are approaching the elimination phase.

LTBI in HIV-infected persons
In HIV-positive people with LTBI, the condition-induced failure of immune responses to restrict the

growth of MTB accelerates reactivation, so that once infected with TB ,30% of HIV patients will eventually

contract active TB [76]. The annual risk of developing TB disease is 7–10% [77].

Although WHO has actually reasserted the extensive implementation of IPT as one important component

of TB control [78], global IPT coverage among HIV-infected persons is estimated to be at ,1% at the end

of 2010 [79]. Among the 22 high-burden countries, South Africa has the highest number of HIV-co-

infected TB cases with 60–80%, thus generating a large pool of potentially infectious patients. In fact, there

is evidence that transmission of TB is more likely attributable to the HIV co-infection than to HIV serotype-

negative TB patients [80].

Combined antiretroviral therapy (ART) on its own is able to profoundly reduce TB incidence in HIV-

infected patients in high- and low-burden countries [81], but independently ART, the efflcacy of 6 months

of INH has been demonstrated also in HIV-infected patients with LTBI in numerous randomised clinical

trials. In a recently published meta-analysis the effect of preventative treatment versus placebo was stronger

for the prevention of active TB (RR 0.68, 95% CI 0.54–0.85) in TST positive HIV-infected adults (RR 0.38,

95% CI 0.25–0.57) compared to those who had a negative test or were untested (RR 0.89, 95% CI 0.64–

1.24) [76]. However, one of the most frequently stated drawbacks to preventative treatment is that the

protective duration of INH or of multiple-drug regimens (rifampicin with INH and/or pyrazinamide), is

clearly shorter in HIV-infected persons than in non-HIV-infected persons and is often lost ,1–2 years after

finishing treatment [76, 82].

This can be seen in the preliminary results of the Thibela TB study among gold miners in South Africa.

Although TB incidence was reduced by 63% during the first 9 months after IPT, when compared to the

miners who had not received IPT, the effect waned rapidly, and there was no significant protective effect of

IPT beyond the 9 months. Consequently, TB incidence rates for the two groups, in the last 12 months of the

study, were almost the same with 3.04 per 100 person-years in the intervention mines versus 2.96 in control

mines [83].

However, there is general evidence that a clear benefit results from extending IPT in TST-positive, HIV-

infected adults beyond the standard 6 months. In the BOTUSA (Botswana–USA Partnership) study, a 36-

month IPT course was well-tolerated with rates of adverse events similar to those in the placebo arm, and

the NNT with prolonged IPT to prevent one case of TB and one death were 43 and 67 per year, respectively

[84]. In contrast, administering 36-months of IPT to TST-negative patients was harmful by surprisingly

tripling the risk of death as compared with 6-month IPT and, therefore, cannot be recommended in that
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FIGURE 1 Association between positive interferon-c release assay results (IGRA) and foreign origin, acid-fast-bacilli
smear positivity, family exposure source, coughing, and cumulative exposure time in contact persons. Reproduced and
modified from [72] with permission from the publisher.
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subgroup. Thus the study points out that TST status, prior to IPT, is relevant and provides a strong

rationale for targeting IPT according to TST status [85].

The additive benefit of combining INH and ART may further reduce TB risk in adult HIV-infected persons.

Two cohort studies, Brazilian and South African HIV-infected adults who received ART or 6 months of IPT

alone, have shown a reduction in TB risk of 40% to 60% when compared with patients not receiving any

treatment, whereas IPT, followed by ART or both IPT with ART reduced TB rates by 80 to 90% [80, 86].

A further option may be administering post-treatment INH preventive treatment, which decreases the risk

of recurrence by as much as 55% in HIV-positive individuals with low CD4 cell counts. In the gold miners

study by CHURCHYARD et al [87], the number of person-years of IPT required to prevent one case of

recurrent TB among individuals with a CD4 cell count ,200?mL-1, and o200 cells?mL-1 were 5 and 19,

respectively [87].

However, it should be kept in mind that these results are derived from studies from high TB incidence

countries and, consequently, the conclusions of these studies cannot be ‘‘automatically’’ generalised

countries with low TB incidence.

LTBI in immigrants from high incidence regions
A further important category of individuals who are, without preventative treatment, at a relatively high risk

of infection and/or disease compared to the healthy autochthonous population are immigrants from

countries with a high incidence of TB. Currently, in the USA and in many Western European countries,

.50% of persons who suffer from TB disease are young and foreign-born, whereas the disease affects

mainly the elderly age groups in natives of the same countries [5, 88, 89]. The rate of TB in the foreign-born

population in the UK is as much as 21 times higher than the rate for the UK-born population. Migrants

often accumulate in metropolises, such as London, and a doubling of TB cases in London in the past decade

has been attributed to immigration from high-prevalence countries [90].

In the USA, regulations require all immigrants to undergo TB screening in their countries of origin, and

entering the USA is only permitted if sputum smears are negative in individuals with pulmonary infiltrates.

However, .80% of new immigrants to the USA who were subsequently diagnosed with active TB, of whom

50% received their positive diagnosis within 30 days after arrival, were screened within the 6 months prior

to their arrival in the USA and had had a negative result [88, 91]. Accordingly, the ability of current

‘‘overseas’’ screening programmes to detect TB based on chest radiography and AFB is considered to be low,

leaving persons with AFB-negative active TB, who constitute the majority (65.1%) of new immigrants to the

USA, undetected [92].

Screening for LTBI in immigrants to low-burden countries is important because most of the TB cases in this

group seem to arise through the reactivation of infections acquired abroad. Although the still valid USA

guidelines recommend screening and treatment solely for foreign-born persons living in the USA for

f5 years [34], nearly half of all TB cases in the USA occur in foreign-born persons who have been in the

USA for .5 years, and most of those cases are due to the reactivation of a latent infection [93]. One fifth of

recent immigrants to the Netherlands were diagnosed as having LTBI by a positive IGRA result and of those

,10% developed TB disease within 2 years of their arrival [94].

Since 2006 in the UK, the National Institute for Health and Clinical Excellence (NICE) guidelines for new

entrant TB screening recommend chest radiography for immigrants from countries with a TB incidence

.40 per 100 000 [95, 96]. In the case of normal chest radiography results, TST should subsequently be

performed followed by an IGRA for those with positive a TST, to confirm the diagnosis of LTBI. An IGRA

first protocol followed by chest radiography has been suggested to detect more LTBI cases and to be more

cost-effective than the NICE guidelines for screening new entrants from countries with TB incidence .150

per 100 000 [57] or .200 per 100 000 [97]. Stratification of immigrants by country of origin and status of

immigration may further increase the effectiveness of LTBI treatment [98–100].

LTBIs in patients with diabetes mellitus
Another, still underestimated condition that may contribute to reactivation from LTBI is diabetes mellitus.

Diabetes mellitus is long known to be a medical condition that impairs immunity to MTB but has, to date,

received little attention. Irrespective of the chosen study design, diabetes mellitus is generally associated with

a two-to-threefold increased risk of both pulmonary and extrapulmonary TB [101–103].

Based on the assumption that the relative risk of developing TB is clearly increased in diabetics, but that the

absolute risk of TB appears to be generally low, recommendations for actively screening of diabetics for

LTBI are, to date, sparse; however, screenings are included in the USA guidelines [104]. Former NICE

guidelines [105] even explicitly stated that there is no need to educate diabetes patients about symptoms
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suggestive of TB disease (section 10.2.4) although that would conceivably help to minimise delay in starting

the respective diagnostic procedures.

In fact, the rapidly growing pool of patients in the ongoing diabetes mellitus pandemic increases the fraction

of TB cases attributable to diabetes mellitus [106], and so LTBI in diabetics is becoming a global issue for

the TB community.

Estimates for India, where there were an estimated 20.7 million adults with diabetes mellitus and 900 000

incidents of adult-pulmonary TB in the year 2000, suggests that diabetes mellitus accounts for ,15%

of pulmonary TB and even 20% of AFB smear-positive cases [107]. It was found that around one-third

of Asians with newly-diagnosed TB in England have diabetes mellitus, and it has been calculated that

,11% of the new cases of pulmonary TB that occurred in England in 2005 were triggered by diabetes

mellitus [108].

Thus, a decision on whether diabetics, especially in populations with an expected high prevalence of LTBI,

such as immigrants, should be regularly screened for pre-existing LTBI is overdue.

LTBI in patients with immunosuppressive therapy
There exist further immunosuppressive medical conditions for which an LTBI control strategy appears to be

indicated, a strategy, however, for which experts still struggle to find consensus. Post-transplant TB, has

been reported to be a rare complication after solid organ or haematopoietic stem-cell transplantation with a

20–74-fold and two-fold TB risk, respectively [109]. In recipients with at least one additional risk factor for

MTB infection, LTBI screening should be carried out before the administration of immunosuppressive

medication. A general decrease in test sensitivity of both TST and IGRAs has been demonstrated when

immunosuppression increases. However, to date there is insufficient evidence to demonstrate whether

treatment should start before or after transplantation and to guide optimal duration of preventative

treatment [109].

In LTBI patients treated with newer tumour necrosis factor (TNF)-a inhibitors for various chronic

inflammatory and autoimmune diseases, the formation of protective granuloma may be weakened at the

site of mycobacterial infection, for which the key pro-inflammatory cytokine TNF is required as an essential

component of host immunity to keep mycobacteria in their latent phase [110].

Since the introduction of TNF-a antagonist, an increase in the cases of TB within the treated population has

been observed. In the USA, TB rates have been reported at 144 per 100 000 in patients who are receiving

treatment with infliximab and 35 per 100 000 in those who receive etanercept [110], versus 6.2 per 100 000

in the general population.

As with patients awaiting transplants, screening for LTBI should be performed before initiating TNF-a

inhibitor therapy. Strategies to start preventive treatment with INH 4 weeks prior to treatment with TNF-a

inhibitors and to continue INH preventative treatment during treatment with TNF-a inhibitors for usually

a total of 9 months, have shown to decrease the TB rate by 78% [111]. Nevertheless, apart from mandatory

chest radiography examination and the compiling of complete medical history, the recommendations that

tests should be used to detect LTBI are highly heterogeneous. Because the TST may be falsely positive, in

some low-incidence countries (e.g. Germany, France, Austria and Switzerland) it is recommended only for

exceptional situations, the IGRA being the test of first choice. Whilst also in IGRA testing false-negative

results are fairly common, the other low-incidence countries recommend the use of either the TST or the

IGRA, the use of both tests simultaneously or alternatively a dual step approach [61]. This heterogeneity

points to a need for further, more conclusive, comparative longitudinal studies to estimate the risk for

progression to TB after IGRA-based and/or TST-based diagnosis of LTBI in those patients starting therapy

with TNF antagonists.

Cost-effectiveness of preventive programmes for LTBI
Cost-effectiveness analyses are an important component of TB control-programme delivery decision

making. Although there is growing numbers of such economic analyses, their results cannot be not be

generalised. Beside apparent differences in costs of tests and drugs recommended for treating, they also

depend on estimates of test accuracy, the socio-environmental conditions of high-risk groups in the

respective countries, vaccination coverage or protective effect and effectiveness of and compliance to

preventative treatment. Interventions that produce a quality adjusted life year (QALY) for f$50,000 are

often considered in the literature as bargains, whilst those requiring o$100,000 per QALY are considered

out of the question [112]. Although the results of several economic analyses are predominately driven by

divergent estimates of sensitivity and specificity of TST versus IGRA in the absence of an ultimate ‘‘gold

standard’’, in a larger number of studies with different economic models used, LTBI treatment, following
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positive test results has been shown to be less costly than ‘‘doing nothing’’ in many settings, regardless of

whether TST or IGRA is used [113]. However, a prerequisite for economic benefits is a high prevalence of

LTBI and/or a high risk of developing active TB in the particular target population.

In their recently published work LINAS et al. [93] emphasised the varying advantages of both tests by

analysing the cost-effectiveness of LTBI treatment for a bundle of high-risk groups under real-life USA

conditions. In their comprehensive decision model they estimated adherence to a planned 9-month INH

course of only 24–58% dependent on the various risk groups, an assumed IGRA sensitivity of 6% lower

than that assumed for the TST (83% versus 89%) in all risk groups and a specificity only 7% lower for the

TST in foreign-born, compared to the respective figure of 99% for IGRA.

These studies concluded that screening with either TST or IGRA was likely to be cost-effective across all

plausible estimates in close contacts (all age groups), HIV-positives (both risk groups f$50,000 threshold),

and recent immigrants and foreign-born persons aged ,45 years, who had resided in the USA for.5 years.

Interestingly, either due to an assumed low LTBI prevalence (e.g. in patients taking immunosuppressive

drugs) or extraordinarily poor adherence to INH (homeless and i.v. drug abusers) treatment of all the other

currently recommended TB risk groups were, in general, too costly, only falling below the $100,000

threshold when rates of reactivation of 11% per 100 person-years were assumed and TST screening had

been performed.

In general, DOT may further improve the effectiveness of PT, especially in risk groups such as drug users,

and may not lead to additional cost because they are outweighed if DOT provides a 10% increment in

adherence over self-administered PT [114].

LTBI in contacts of patients with MDR-TB
Given appropriate and evidence-based future options, screening and preventive treatment of contacts of

patients with MDR-TB may be even more cost-effective, considering the high cost of treatment of MDR-TB

and the often unfavourable prognosis of MDR-TB once the disease is diagnosed. BECERRA et al. [115]

demonstrated in Peru that 91% of the 142 household contacts of MDR-/extremely drug-resistant (XDR)-TB

cases with active TB who underwent drug susceptibility testing also had MDR-TB [115].

In two recently published studies the mean costs for drug-susceptible TB in Germany were J7364 in adults,

but amounted to J52 259, more than sevenfold higher, for treatment of MDR-TB [116]. The cost per

MDR-TB patient treated in 2010 would have been $20 910 in Estonia and $22 512 in the Russian Federation

[117].

However, there is no consensus on the management of contacts of MDR-TB patients [118] and very little

evidence on what preventative treatment provides the best treatment outcomes of infected contacts of

MDR-TB patients [119, 120]. The ATS/CDC joint statement pragmatically recommends regimens including

two drugs to which the source case’s TB strain is susceptible [34], whereas previously proposed standard

regimens include combinations of pyrazinamide, ethambutol and a fluoroquinolone [121]. The National

Department of Health in South Africa [119] suggests giving high-dose INH (15 mg?kg-1) to asymptomatic

contacts aged f5 years, pre-supposing that treatment of drug-susceptible strains, as well as strains with

low-level resistance (a mutation in the mycobacterial inhA promoter region), would be effective [122]. 105

infected adult and child contacts of 19 MDR-TB source cases in Chuuk (Federated States of Micronesia)

were given a 12-month course of fluoroquinolone alone or in combination with ethionamide for one of two

identified strains, and fluoroquinolone with ethambutol for the other in a DOT programme. None of the 93

patients who completed treatment had, at the time of the report, developed TB, but due to lack of statistical

power no conclusions could be drawn [123].

To date no randomised controlled trials have been published on the efficacy of possible treatment

combinations for latent MDR-TB infection [124], and thus the old principle ‘‘intention-to-test is intention-

to-treat’’ is clearly not applicable to MDR-TB contacts. Accordingly, the most recent European Centre for

Disease Prevention and Control (ECDC) guidance [123] provides two options for the management of

contacts of MDR-TB and XDR-TB patients. 1) Preventive therapy, where the selection of the drugs should

be based on the drug susceptibility pattern of the source case’s likely infecting strain; local patterns of drug

resistance; and the potential adverse events in individual patients, taking into account age and other risk

factors. 2) Follow-up with careful clinical observation of the identified contact considered to have LTBI. The

European Union Standards for Tuberculosis Care (ESTC) [125] also suggest close clinical monitoring solely,

but stresses the necessity for detailed information and close follow-up of infected contacts if no preventative

treatment is prescribed. Therefore, further studies are urgently needed for achieving effective treatment

schedules.

INNOVATION IN TB CONTROL | R. DIEL ET AL.

DOI: 10.1183/09031936.00205512794



Furthermore, it is useful to underline that prevention of active TB begins with the prevention of TB

infection. One important practice, especially in high-prevalence settings, is the reduction in emission of

infectious aerosols through the wearing of surgical face masks by infectious patients, once other

interventions (awareness, early access and diagnosis in the community) have been ensured. Using a

quantitative biological air-sampling and transmission model in which susceptible guinea pigs served as

surrogate hosts, easy-to-use-surgical masks worn by patients in a South African ward reduced the risk of

MDR-TB transmission by up to 56% [126].

Accelerating towards zero infections, zero cases, zero deaths: playing the preventive
treatment card
In conclusion, there are a variety of options in which preventative treatment may help to achieve

shrinkage of the worldwide pool of latent infections. With emphatic determination to achieve the United

Nations Millennium Development Goal of a 50% reduction in the global prevalence and mortality of TB

by the year 2015 [127], current TB control programmes still focus almost solely on the concept of

reducing primary transmission of MTB by prompt case-finding and adequate treatment of infectious

patients. Beyond that, though, to achieve the highly ambitious goal of TB elimination by 2050, it

will be necessary to combine, with the same determination, the transmission-blocking approach with

TABLE 5 Core activities to achieve tuberculosis (TB) elimination in Europe

TB elimination area Core activities

TB control commitment, TB
awareness and capacity of
health systems

Maintaining and enhancing government commitment to engage
with the nonstate, private sector and sustain TB control and
elimination

Planning and retaining the adequate human resources necessary
to ensure quality TB control and elimination activities at all
levels

Surveillance Establishing targets, implementing quality surveillance and
monitoring (including transition patterns with molecular
epidemiology) and adequate modelling to evaluate impact

Laboratory services Improving laboratory services for quality microbiology diagnosis
and implementation of ongoing transmission and molecular
epidemiology studies

Prompt and quality TB care for all Identifying and addressing social- and economical-TB
determinants (e.g. housing, nutrition, smoking, etc.) with
particular attention to high-risk groups and vulnerable
populations to reduce incidence

Improving efficiency of services and ensuring financing of services
through social protection mechanisms and universal health
coverage/free care

Improving service deliveries ensuring early diagnosis, efficient
treatment and through-care of all types of TB

Multidrug-resistant/extensively
drug-resistant TB and TB/HIV
co-infection

Preventing emerging of further drug resistance and effective
treatment of existing multidrug-resistant/extensively
drug-resistant TB cases

Preventing further spread of HIV infection, effective testing and
anti-retroviral treatment through quality implementation of TB/
HIV collaborating activities

New tools for TB control and
elimination

Ensuring preventive treatment of latent TB infection and airborne
infection control

Promoting innovative research on new diagnostics, drugs and
vaccines

Targeting adoption of the new tools to accelerate achievement of
TB elimination with special attention to children, people infected
with HIV and other immunosuppressed individuals (e.g. tumour
necrosis factor-a).

Ensuring rational use of new drugs for the treatment of TB and
latent TB infection

Partnership and collaboration
with countries

Developing joint planning and monitoring and evaluation, and
pan-European collaboration to sustain TB elimination
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well-resourced, targeted LTBI treatment strategies to ensure adequate protection of the already identified

vulnerable risk-groups [128].

As a first step in this direction, the current ESTC recommendations go beyond the traditional focus on close

contacts to include preventative treatment for persons with immunosuppressive co-morbidities such as

diabetes mellitus, and those under immunosuppressive therapy, all of which increase the risk of

mycobacterial reactivation.

The ESTC jointly developed by the ECDC and the ERS, demonstrate that TB (which continues to be a

significant European public health threat) needs to be tackled with European specific recommendations

[125, 129].

In response to the alarming occurrence of MDR-/XDR-TB cases in the WHO European Region, a

consolidated action plan has been developed for 2011–2015 for all 53 Member States of the WHO European

Region and partner states [130]. According to the standards established by that plan, preventative treatment

against TB development may be relevant to the completion of the efforts to reduce the burden of disease, in

addition to the establishment of improved and permanent TB-control programmes based on case finding

and treatment.

Despite its inclusion in the consolidated action plan, preventative treatment is currently not largely

implemented in most National Tuberculosis Control Programmes (NTPs), and the question of which risk-

groups should be addressed for such treatment remains a matter of significant controversy. In line with the

England and Wales TB Programme [131] the US CDCs TB elimination-focussed NTP places equal emphasis

on the practice of preventative treatment and the completion of treatment against active disease, and claims

improving treatment initiation for contacts of AFB sputum smear-positive patients to 88% and treatment

completion rates of 79% [132]. On the contrary, in the NTPs of other large priority countries, such as India,

China or Russia, preventative treatment is not even mentioned [133]. Other NTPs such as of South Africa

recommend treatment only in TST-positive children and HIV-infected people, but in such resource-limited

settings NTPs often lack adequate funding to ensure chest radiography is performed to exclude active TB

and to procure tuberculin for TST. Many NTP managers, too, fear poor adherence to long IPT regime, side-

effects, or the development of resistance when active TB was wrongfully excluded [134]. As a consequence,

even the contacts at highest risk of developing TB may not be managed adequately, and easy opportunities

for prevention are missed [135].

Conclusions
Three core components are necessary to implement the elimination strategy fully: 1) improve diagnosis of

LTBI; 2) improve regimens to treat LTBI; and 3) ensure public health commitment to make 1) and 2) possible.

New biomarkers that could identify those at higher risk of developing TB would greatly facilitate precise

targeting of those persons who should undergo preventative treatment, by discriminating them from MTB-

infected subjects with chronic ‘‘stable’’ infection and those who may already have cleared viable MTB strains

[136]. In this context, the aim to achieve sterile eradication of MTB from the latently infected host may

become an additional approach in the future [53, 54].

New drugs are presently facing the treatment arena, including newly developed compounds (e.g.

bedaquiline, PA-824, delamanid) and existing drugs with new indications (e.g. linezolid, meropenem and

co-trimoxazole) [17–20, 137–139]. On top of adequate public health attention aimed at protecting these

new drugs from irrational use [11, 140, 141], research on how to include these new molecules into new,

effective and shorter new LTBI regimens (also able to sterilise MDR-TB strains) facilitating adherence need

to be intensified involving producers, regulatory authorities and national programmes under the WHO’s

coordination.

Last but not least sound policies need to be implemented at the national level in Europe to ensure that

individuals with LTBI at high risk for development of TB are diagnosed and treated, and that the whole

package of core interventions necessary to reach elimination are duly activated (table 5) [142].
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