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A key challenge to greater progress in tuberculosis (TB) control is the reservoir of latent TB infection (LTBI),

which represents a huge long-lived reservoir of potential TB disease. In parts of Africa, as many as 50% of

15-year-olds and 77%–89% of adults have evidence of LTBI. A second key challenge to TB control is the human

immunodeficiency virus (HIV)–associated TB epidemic, and Africa alone accounts for one-quarter of the global

burden of HIV-associated TB. HIV co-infection promotes both reactivation TB from LTBI and rapidly

progressive primary TB following recent exposure to Mycobacterium tuberculosis. Preventing active TB and

tackling latent infection in addition to the Directly Observed Treatment, Short-Course (DOTS) strategy could

improve TB control in high-burden settings, especially where there is a high prevalence of HIV co-infection.

Current strategies include intensified case finding (ICF), TB infection control, antiretroviral therapy (ART), and

isoniazid preventive therapy (IPT). Although ART has been widely rolled out, ICF and IPT have not. A key factor

limiting the rollout and effectiveness of IPT and ICF is the limitations of existing tools to both diagnose LTBI

and identify those persons most at risk of progressing to active TB. In this review, we examine the obstacles and

consider current progress toward the development of new tools to address this pressing global problem.

The targets of the Millennium Development Goals and

associated Stop TB Partnership are to halt and reverse

the increasing incidence of tuberculosis (TB) and halve

the 1990 prevalence and mortality rates by 2015 [1].

Global incidence has been falling since 2004 (albeit at

a slow rate of ,1% per year), and good progress has

been made toward attaining the prevalence and mor-

tality goals in most regions. However, the overall global

targets may be missed largely due to mortality and

prevalence rates in sub-Saharan Africa and the eastern

European region [2]. Moreover, the additional long-

term goal to eliminate TB as a public health problem by

2050 (a target TB incidence of ,1 case per 1 million

population) will require far more rapid progress with

a mean reduction in global TB incidence of 16% per year

over the next 40 years [3]. Even if the Global Plan to

Stop TB were successfully implemented, it is estimated

that TB incidence would decrease by only �6% annu-

ally, meaning that global incidence rates in 2050 would

remain 100-fold higher than the elimination target [4].

One of the key challenges to greater progress in TB

control is the reservoir of latent TB infection (LTBI),

which is estimated to affect one-third of the world’s

population [5]. This represents a huge long-lived res-

ervoir of potential TB disease. Mathematical modeling

suggests that TB elimination cannot be reached by case

finding and case management strategies alone [6, 7] and

that more rapid progress in TB control requires im-

plementation of additional interventions to target this
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huge reservoir. A second key challenge to TB control is the hu-

man immunodeficiency virus (HIV)–associated TB epidemic.

The Directly Observed Treatment, Short-Course (DOTS) strategy

has proved to be completely insufficient to address this, and in

many African countries, HIV has led to 3–5-fold increases in TB

notification rates since 1990 [8]. The south and east of the con-

tinent have been worst affected by the HIV infection epidemic,

where preexisting TB incidence and LTBI prevalence rates were

high [9]. Approximately 1% of the population is estimated to

develop TB each year in South Africa and Swaziland. More than

two-thirds of TB cases are HIV-associated in these and many

other countries in Africa, including Malawi, Kenya, Tanzania,

Uganda, and Rwanda [2]. South Africa alone accounts for one-

quarter of the global burden of HIV-associated TB [2]. This

epidemic is fueled by very high rates of LTBI and high ongoing

prevailing rates of infection. In parts of South Africa, as many as

50% of 15-year-olds [10] and 77%–89% of adults have evidence

of LTBI [11, 12]. HIV co-infection leads to high rates of both

reactivation TB and rapidly progressive primary TB following

recent exposure to Mycobacterium tuberculosis.

To address the HIV-associated TB epidemic, preventive in-

terventions are needed in addition to the DOTS strategy. These

include intensified case finding (ICF), TB infection control,

antiretroviral therapy (ART), and isoniazid preventive therapy

(IPT) [13–15]. To date, ART is the only one of these that has been

implemented at scale, having been provided for .5.3 million

people in low- and middle-income countries by the end of

2009 [16]. In contrast, only 0.2% of eligible individuals received

IPT in 2008, according to the World Health Organization

(WHO) [8]. To galvanize greater momentum in the implemen-

tation of these interventions, the WHO launched in 2008 the

‘‘3 I’s’’ policy, which calls for IPT, ICF, and infection control to

be scaled up in parallel with ART [17]. However, the potential

benefits of IPT and ICF on the African TB epidemic have yet to

be realized. Many factors underlie the very limited use of IPT and

ICF, especially to address the HIV-associated TB epidemic in

resource-limited settings. Many of these factors relate to the re-

stricted capacity of health systems to implement and sustain these

strategies. Some of the countries face an absolute and critical

shortage of health personnel, and most face weak public health

facilities and infrastructure. In addition to these factors, another

key factor is the inherent limitation in the current tools to both

diagnose LTBI accurately and identify those individuals who are

most at risk of progressing to active TB. In this review, we ex-

amine the obstacles and consider current progress toward the

development of new tools to address this pressing global problem.

THE NATURAL HISTORY OF LTBI AND THE

BASIS FOR PREVENTIVE TREATMENT

LTBI is a clinical state that is currently defined by immuno-

logical evidence of M. tuberculosis infection accompanied by an

absence of clinical and radiographic evidence of TB-related

symptoms and pathology [18, 19]. Little is known about the

anatomical location, number, and metabolic state in vivo of the

infecting tubercle bacilli in LTBI [18, 19]. LTBI is biologically

important because it represents a state of long-term bacillary

containment, but the correlates and mediators of this immune

control are incompletely understood. The geographic distribu-

tion of LTBI largely mirrors that of active TB, with the highest

prevalence in Sub-Saharan Africa and the Indian subcontinent

[10–12, 20].

Immunocompetent adults with tuberculin skin test (TST)

conversion after exposure to persons with infectious TB cases

have a 5% risk of progression to active TB disease in the 2 years

following exposure, with a further 5% residual lifetime risk of

progression [21]. TB control policy in low-burden regions tar-

gets recent contacts for preventive therapy on the basis of this

5% early risk. Several host factors, including age of ,5 years,

HIV co-infection, diabetes mellitus, smoking, undernutrition,

chronic renal failure, and iatrogenic immunosuppression, increase

the risk of progression to active TB in remotely infected in-

dividuals to levels much higher than 5% over several decades [22].

In low-burden high-resource regions, persons with these endog-

enous risk factors are therefore targeted for preventive therapy

(IPT) regardless of whether their infection was acquired recently

or remotely. Untreated HIV infection with advanced immuno-

suppression has been reported to increase the risk to 5%–8% per

annum in a low-burden setting [23, 24], but rates as high as 25%

per annum have been recorded among individuals with advanced

immunodeficiency living in the worst affected communities of

South Africa [25]. Even after ART-induced immune reconsti-

tution, the risk remains 4–5-fold higher than in HIV-uninfected

persons [26–29]. Therefore, in high-burden settings, the key target

groups for LTBI diagnosis are recent case contacts, children

,5 years old, and all people living with HIV infection.

IPT is effective in both HIV-positive and HIV-negative in-

dividuals [30, 31]. In HIV-infected individuals, IPT is associated

with an overall reduction in TB risk of 33% and a 64% risk

reduction in those with positive TSTs [31]. The observations

that TST positivity is so strongly predictive of likely benefit of

IPT and that highly exposed (and likely infected) individuals

with cutaneous anergy to tuberculin derive no benefit from IPT

suggests that the efficacy of IPT may possibly be dependent in

part on preserved immune responses [32]. However, data are

lacking on the efficacy of secondary IPT at different CD4 cell

counts, with only one study reporting a lack of an interaction

between CD4 cell count and IPT efficacy [33]. Additional studies

on the influence of CD4 cell count on the effectiveness of

chemoprophylaxis are required.

Although there is some debate over the ideal treatment length

and the drug regimen of choice, isoniazid monotherapy for

6 months is the most widely used treatment for LTBI globally,

and resource-poor countries use isoniazid monotherapy almost
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exclusively [34]. The duration of the effectiveness of IPT is a key

issue, especially in an environment where TB is endemic and

individuals are continually reexposed, such as the South African

gold mines, where there is a 10% annual risk of infection [35].

Data from HIV-negative populations have recorded 19 years

protection of in a low-burden setting where TB was epidemic

(�2500 cases per 100 000 population per year) [36]. However,

protection is much shorter (6 months–2 years) in HIV-positive

populations in settings with high TB burden [31, 37–39]. This is

likely to result from high prevailing reinfection pressures; the

higher the risk of reinfection, the more limited the durability of

preventive effect following completion of the prophylaxis regi-

men. A recent study Botswana found that the beneficial impact

of IPT in HIV-infected individuals with positive TSTs was lost

within a few months of discontinuing a 6-month course of IPT;

in contrast, those receiving long-term therapy had marked per-

sisting suppression of TB incidence rates over 3 years [39]. These

data have underpinned a conditional recommendation for poten-

tial use of long-term IPT in high-burden settings [40].

POOR IMPLEMENTATION OF IPT IN HIGH-

BURDEN, LOW-RESOURCE SETTINGS

It is estimated that only 0.2% of eligible individuals globally

received IPT in 2008 [2]. In a recent WHO report aiming to

measure implementation of IPT policy recommendations,

21 (51%) of 41 countries (representing all WHO regions) were

found to have a national IPT policy, but only 6 (28%) of

21 countries had achieved nationwide implementation [41].

Implementation of IPT has been hindered by the concerns over

the reliability with which active TB can be excluded and the

associated concerns over potential generation of isoniazid re-

sistance [41, 42]. A large individual patient meta-analysis of

almost 10 000 patients has been conducted to develop a symp-

tom screening algorithm with high negative predictive value to

rule out active TB [43]. This may go some way toward allevi-

ating concerns, but is not yet widely known, and will still require

health personnel time to administer. Concerns over resistant

strains are not substantiated by the data shown in a number of

studies and review articles [42, 44]. This viewpoint has been

further supported by the WHO following their 2010 guidelines

meeting on preventative therapy and case finding for TB in

people living with HIV infection [40].

A further major barrier to implementation to date has also

been the requirement for the use of TST to identify those in-

dividuals who will benefit from IPT. The TST is logistically

problematic for a number of reasons including the lack of highly

trained health care workers who can accurately administer and

read the test, the need for a return visit to read the test result, the

cost of purified protein derivative (PPD), and the requirement

of continuous refrigeration [41]. The latest WHO recommen-

dation is to scale up IPT in all people living with HIV infection

in countries with high TB burden, regardless of TST status,

degree of immunosuppression, or prevalence of LTBI [40]. In

order to overcome the barrier imposed by the TST, the WHO

recommendation notes that TSTs should be performed where

possible but should not be a prerequisite for IPT initiation.

However, this nontargeted use of IPT is far from ideal and is

presenting national policy makers with a dilemma. Because only

TST-positive individuals have been shown to benefit from IPT,

failure to use the TST will result in large numbers of individuals

unnecessarily receiving therapy with no benefit to themselves. It

could be argued that this is far too inefficient and costly

a strategy for high-burden, low-resource countries because the

prevalence of TST positivity is generally not high in HIV-in-

fected populations due to their immunodeficiency, which con-

tributes to test failure. For example, in studies by Karam et al

[45] in Senegal and Mosimaneostile et al [46] in Botswana, only

�20% of HIV-infected individuals were TST positive, suggesting

that only 1 in 5 HIV-infected people would potentially derive

benefit from IPT rollout in those settings.

Conversely, if IPT is given without prior selection using the

TST, most patients treated would derive no benefit and yet be

subject to unnecessary risks of drug toxicity such as hepatitis and

neuropathy [47]. Absolute risks per individual are very low, but

these are an important consideration for a large-scale in-

tervention. Moreover, this risk may be greater if IPT is given as

a long-term intervention, as is now an option under current

WHO guidelines [40]. Although 10%–20% of individuals re-

ceiving IPT may experience transient elevations of serum ami-

notransferase levels, clinical hepatitis is much less common and

is rarely fatal if recommendations for surveillance are followed

[48, 49]. Levels of clinical isoniazid-associated hepatitis are re-

ported to range from 0.36% to 1.7% in both HIV-negative and

HIV-positive populations [30, 50–52]. Hospitalization rates are

reported to range from 0.01% to 0.02% of individuals, whereas

mortality rates range from 0% to 0.03% [51, 53–57]. In theory, all

individuals receiving IPT, especially those receiving ART con-

comitantly, should have their liver function regularly monitored

to ensure that aminotransferase levels do not exceed 3–5 times the

normal values. This may prove to be difficult in high-burden,

low-resource settings. However, current WHO recommendations

support symptom screening as opposed to laboratory monitoring

for isoniazid-associated hepatitis surveillance [40]. In Botswana

(where the national rollout of IPT in people living with HIV

infection has been implemented), the government has introduced

a policy of monthly follow-up meetings where individuals are

educated on the symptoms of hepatitis [52].

DIAGNOSIS: THE GATEKEEPER TO EFFECTIVE

LTBI TREATMENT

The conundrum facing policy makers at present is that the TST

is currently the best means for identifying those patients who
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will benefit from IPT and yet the difficulties of using this test in

the field in low-resource settings has been a key reason for the

poor scale-up of IPT [41]. Thus, although revised WHO

guidelines dispense with TST evaluation as a prerequisite for

IPT, the nontargeted use of IPT is far from ideal and especially

so when recent data provide the rationale for use of long-term

therapy. Novel and improved diagnostics for LTBI that are

predictive of the benefit of IPT are urgently required. In the

remainder of this article, we review the current tools and

emerging developments in the diagnosis of LTBI.

The TST has been used for .100 years [18]. The test measures

a delayed-type hypersensitivity response to PPD from the su-

pernatant of liquid cultures of M. tuberculosis. Many of the

antigens in PPD are shared by M. tuberculosis, Mycobacterium

bovis, M. Bovis bacille Calmette-Guérin (BCG), and several

species of mycobacteria. Unfortunately, the TST has low speci-

ficity and low sensitivity. For example, false positive results are

frequently observed in individuals who have been vaccinated

with BCG, and false negative results are observed in in-

dividuals with impaired cellular immunity. In particular, TST

sensitivity is greatly reduced in HIV–co-infected individuals

due to HIV-induced cutaneous anergy resulting in false neg-

atives [11, 58].

Interferon c (IFN-c) release assays (IGRAs), which were re-

cently introduced as novel assays for the detection of LTBI,

show increased sensitivity and specificity in comparison with

TST. Both types of commercially available IGRAs (T-SPOT.TB,

based on an enzyme-linked immunospot [ELISPOT] platform;

and QuantiFERON-TB Gold In-Tube [QFN-GIT], based on

enzyme-linked immunosorbent assay [ELISA] technology)

measure M. tuberculosis antigen–specific IFN-c production by

T cells primed by in vivo exposure to the pathogen. These assays

are based on 2 highly immunodominant antigens (CFP-10

[Rv3874] and ESAT-6 [Rv3875]) from the region of difference

1 (RD1), a section of the genome that is present in M. tuberculosis

but deleted from all strains of BCG and most environmental

mycobacteria. These tests are therefore not confounded by

prior vaccination with BCG and have much higher diagnostic

specificity than TST. These IGRAs also probably have higher

sensitivity than TST, especially in the setting of HIV co-in-

fection in active TB [59–63]. Because there is no gold standard

diagnostic for LTBI, it is not possible to evaluate the sensitivity

and specificity of novel assays directly. Two main markers have

been used as a surrogate for LTBI in order to assess assay

sensitivity: active TB and the degree of exposure to infectious

cases [5, 64–66]. Assay specificity is measured by assessing

numbers of negative results in healthy BCG-vaccinated in-

dividuals at low risk of TB infection [67].

IGRAs have been shown to correlate well with TB exposure in

low- and medium-burden regions in both well-defined out-

breaks and community-based contact investigations [66, 68–81].

However, few studies have been performed in high-burden

settings; those published to date have shown a correlation of

IGRA results with TB exposure in community-based contact

investigations [74, 78, 81–86]. A recent study performed among

people living with HIV infection in Zimbabwe reported that the

ELISPOT IGRA platform was able to identify a higher level of

LTBI in case contacts of sputum-smear–positive cases compared

with case contacts of controls [85].

Active TB has also been used as a surrogate for LTBI, and

a number of reports have indicated that IGRAs have a high

sensitivity for active TB. A recent systematic review reported that

the ELISPOT IGRA platform had a pooled sensitivity of 90%

(range, 83%–100%), whereas the latest generation ELISA plat-

form (QFN-GIT) has a pooled sensitivity of 70% (range, 64%–

94%), and the diagnostic sensitivity of ELISPOT assays is less

adversely affected by HIV co-infection than is TST in both adults

and children [87]. A recent systematic review by Diel et al [88]

reported a pooled sensitivity of 70% for the TST, 81% for the

QFN-GIT, and 88% for the T-SPOT.TB (or 84%, 89%, and

89%, respectively, when the analysis was restricted to developed

countries). Compared to the study by Pai et al [87], this sys-

tematic review only evaluated studies that used accepted gold

standards for the diagnosis of active TB disease (ie, culture,

polymerase chain reaction, and/or histologic examination).

Although IGRA sensitivity in active TB is not yet good enough

to use as a test to rule out suspected active TB, it is an im-

provement on the TST, suggesting by extrapolation that IGRAs

are more sensitive in LTBI. This tentative conclusion is consis-

tent with the results of studies that have used TB exposure as

a surrogate. Importantly, IGRAs have consistently been shown

to be substantially more specific than TST in both BCG-

vaccinated and unvaccinated populations. Pai et al [87] reported

a pooled specificity of the ELISA platform (QFN-GIT) of 96%

(range, 89%–100% for all ELISA platforms), whereas the pooled

specificity of the ELISPOT IGRA platform was 93% (range,

85%–100%). Diel et al [88] report a specificity of 99% for the

QFN-GIT and 86% for the T-SPOT.TB. Unfortunately, it is

difficult to assess the specificity of these assays in high-burden

settings due to the lack of unexposed BCG-vaccinated controls.

A KEY OBSTACLE TO WIDER TREATMENT OF

LTBI IS THE PREDICTIVE VALUE OF

DIAGNOSTIC TESTS

IGRAs will be clinically useful only if they have prognostic value

for TB. The prognostic value of positive IGRA test results has

recently been reported in a number of studies based in low- and

high-burden settings and in most key risk groups including

children and HIV-positive individuals [89–98]. However, the

available estimates of the prognostic power of IGRAs from

published longitudinal clinical outcome studies to date are

heterogeneous and vary between low- and high-burden settings

[90, 99]. Diel et al [99] performed a large study in a low-burden
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setting and reported that the positive predictive value of the

ELISA-based IGRA in recent TB contacts (14.6%) was signifi-

cantly superior to that of the TST (2.3%; cutoff, of 5 mm) in

children as well as in adults. Other studies in low- and medium-

burden settings have also found ELISA-based and ELISPOT-

based IGRAs to be prognostic for development of active TB in

recent TB contacts, but in general the prognostic power of the

IGRA was not substantially stronger than that of the TST in

these studies [90, 94, 95].

In high-burden settings, the prognostic power of IGRAs is

less clear because individuals with remote infection may also

appear to be IGRA positive. In addition, de novo community

transmission may occur in household contacts, which would

alter the accuracy of any studies. For example, Hill et al [91], in

a study from the Gambia, reported that the ELISPOT IGRA

platform was not prognostic of active TB disease. A more recent

larger study, performed in Senegal, suggests somewhat better

prognostic power of the ELISPOT IGRA platform [95]. To

conclude, although few prospective studies have been per-

formed, current reports indicate that IGRAs are predictive of

active TB and may be significantly more predictive than the TST

in low-burden settings. However, the prognostic power is not as

impressive in high-burden settings, and the difference between it

and the TST is minimal. Further prospective studies are clearly

needed, especially in high-burden settings and especially among

people living with HIV infection, in whom the prognostic power

of IGRAs has to date only been shown in one small study in

a low-burden setting [93]. Interestingly, there are benefits to

doing both available tests (TST and IGRA) together, because the

predictive power of a dual positive result is greater than that of

a positive result of each test alone [90, 95].

The natural history of LTBI as elucidated by the TST reflects

the 5% risk of progression to active TB in recently exposed HIV-

negative adults with positive TST results, which requires treat-

ment of 20 persons for every case of TB averted (ie, number

needed to treat [NNT], 20). The key question is therefore how

much stronger is the prognostic power of IGRAs compared with

that of TSTs and to what extent can the NNT be reduced to ,20.

Based on the published evidence above, the prognostic value of

current IGRAs would not meaningfully reduce the NNT in high-

prevalence regions because the vast majority of people (.80%)

who have a positive IGRA result (or TST result or even both) do

not develop TB. In addition, the value of IGRAs for predicting

benefit from IPT has not yet been comprehensively evaluated in

resource-poor settings.

However, even if the prognostic capability of IGRAs could be

improved, their deployment is severely limited by their cost and

need for laboratory infrastructure. The operating characteristics

of the current platforms for LTBI diagnosis are major obstacles

to the treatment of LTBI. This means that in many parts of

Africa, IGRAs can only be deployed where there are hospital

facilities, in contrast to the HIV test, which can be performed at

stand-alone clinics and peripheral health centers. The current

need for patients, or their blood samples, to travel to hospital

laboratory facilities in resource-limited settings is a major ob-

stacle, and ultimately a point-of-care diagnostic for LTBI is

required in order to fully address the TB crisis across Africa.

IMPROVED DIAGNOSTICS FOR LTBI: WHAT IS

IN THE PIPELINE?

There is an obvious need for new diagnostic tests with a far

greater prognostic value than those currently available. This may

be possible, in part, by the further development of IGRAS. There

are 2 main strategies to improve on current IGRAs: the first

involves the measurement of additional cytokine levels, and the

second is incorporation of additional antigens (recently summa-

rized by Lalvani et al [100]) (Figure 1). The use of additional

M. tuberculosis–specific antigens has already been shown to in-

crease test sensitivity (without compromising specificity) when

Rv2645 (TB7.7) was added to the ELISA platform to create QFN-

GIT [97, 101]. The addition of RV3879c to the ELISPOT platform

was also shown to increase test sensitivity in the ELISPOTPLUS

compared with the standard ELISPOT (T-SPOT.TB) [102]. Fur-

ther research into the diagnostic utility of additional antigens is

required, including putative latent phase antigens such as Rv2031c

and heparin-binding hemagglutinin [103–110].

A number of studies have investigated the use of additional

cytokines and chemokines downstream of IFN-c such as IFN-c
inducible protein 10 (IP-10 or CXCL10) and monocyte che-

moattractant protein. For example, Ruhwald et al [111] reported

that measuring plasma IP-10 levels in addition to IFN-c levels

significantly improved diagnostic sensitivity for active TB by 4%

over that of the QFN-GIT test alone (while only slightly de-

creasing specificity from 100% to 98%; P, .009). Further work

on this finding needs to be performed in order to confirm its

validity as a test for latent M. tuberculosis, including correlating

the performance of this assay with epidemiologically well-

defined exposure to TB, followed by establishment of the

prognostic value for the development of active TB as has been

done for IGRAs [90, 91, 100, 111]. However, Ruhwald et al [115]

recently demonstrated a plasma IP-10 correlation with TB

exposure in a pediatric population in Nigeria.

The simultaneous measurement of interleukin 2 (IL-2) has

also shown hope to improve on IGRAs, because IFN-c and IL-2

T-cell cytokine secretion profiles have been shown to correlate

with pathogen load and the successful response to TB treatment

[112–114]. This dynamic relationship between dual IFN-c and

IL-2 T-cells and bacterial load is supported by recent studies by

Sutherland et al [116] and Caccomo et al [117], and Casey et al

[118] and the presence of IL-2 secretion (with or without IFN-c
secretion) by M. tuberculosis–specific T cells is consistently as-

sociated with LTBI compared with active TB and, together with

studies of HIV and TB co-infection, suggests this may represent
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a correlate of protective immunity [114, 116, 119, 120]. How-

ever, trifunctional M. tuberculosis–specific T cells that addi-

tionally secrete tumor necrosis factor a T cells seem to

predominate in active TB disease compared with treated active

TB and LTBI, serving more as a marker of higher bacterial load

[75, 116, 117, 120]. Importantly, functional signatures of T cells

may serve as biomarkers of disease stage, helping to identify

individuals with LTBI and aiding the development of the next

generation of IGRAs. Additional approaches may also aid the

development of the next generation of IGRAs. For example, Wu

et al [121] have reported that they could differentiate between

latent and active TB by measuring mRNA expression levels for

interleukin 8, FOXP3, and interleukin 12b in response to ESAT-6

stimulation. Recent genomewide microarray studies have iden-

tified gene-expression profiles that correlate well with both active

TB and LTBI and suggest new potential biomarkers [122–124].

All of these novel approaches mentioned above now urgently

need to be validated in large prospective studies to quantify their

clinical utility and evaluate their prognostic power in both low-

and high-burden settings.

The traditional paradigm that distinguishes latent infection

from active disease as distinct binary states is overly simplistic.

Granulomas are not fixed inert structures, as previously de-

scribed, but they are very active and have constantly changing

dynamic structures of metabolically active tissues [125]. It is

thought to be likely that a continuous spectrum of states exists

both in the same individual and between different individuals,

with varying degrees of immune control and mycobacterial ba-

cillary load [125, 126], and that HIV infection profoundly shifts

this spectrum in favor of bacillary replication [32]. In light of this

new paradigm, new biomarkers are required that can more

precisely define these disease states and assess the probability of

progression of M. tuberculosis infection to active TB disease.

Ultimately a highly predictive, rapid, reliable, and cheap

point-of-care diagnostic for LTBI is needed to enable the highly

targeted rollout of preventative therapy. In the meantime, until

a powerfully prognostic affordable point-of-care LTBI diag-

nostic is developed, IGRAs remain the most accurate available

reference standard, especially in HIV-positive populations.

However, the use of the TST can be optimized in resource-

Figure 1. What does the future hold? New approaches and next-generation interferon c (IFN- c) release assays (IGRAs). Two main strategies are
available to improve on current IGRAs: the first involves the measurement of additional cytokine levels, and the second involves the incorporation of
additional antigens [93]. The latter has already been shown to increase test sensitivity (without compromising specificity) when Rv2645 (TB7.7) was
added to the enzyme-linked immunosorbent assay platform to create QuantiFERON-TB Gold In-Tube [97, 101] and when RV3879c was added to the
enzyme-linked immunospot (ELISPOT) platform to create ELISPOTPLUS [102]. Further research into the diagnostic utility of additional antigens is required,
including that of heparin-binding hemagglutinin (HBHA) [103–110]. The other strategy to improve IGRAs has also been investigated, and Ruhwald et al
[111] have reported that measuring IFN-c inducible protein 10 (IP-10) levels in addition to IFN-c levels significantly improved diagnostic sensitivity for
active tuberculosis (ATB) by 4% over QuantiFERON-TB Gold In-Tube test alone (while only slightly decreasing specificity from 100% to 98%; P , .009).
The simultaneous measurement of interleukin 2 (IL-2) levels has also raised hopes for improving on IGRAs, because IFN- c and IL-2 T-cell cytokine
secretion profiles have been shown to correlate with pathogen load and the successful response to tuberculosis treatment [112–114]. Ultimately, all of
these novel approaches urgently need to be validated in large prospective studies to quantify their clinical utility and evaluate their prognostic power in
both low- and high-burden settings. IL-8, interleukin 8; IL-12p40, interleukin 12p40; LTBI, latent tuberculosis infection.
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limited settings by calibrating TST readings to line up with IGRA

results from assays performed on a small sample of the target

population. This optimization of TST interpretation has been

tried and tested in Turkey [127] and Zimbabwe [128].

NOVEL APPROACHES TO AID THE EFFECTIVE

IMPLEMENTATION OF IPT AND ITS

CONTRIBUTION TO GLOBAL TB CONTROL

Even with improved diagnostics for LTBI, there are important

changes that should be made to aid the effective implementation

of IPT and its contribution to global TB control.

Inclusion of IPT Within ICF Programs
First, LTBI treatment and diagnosis should be incorporated into

ICF programs. Because there is a prerequisite to exclude active

TB (by symptom screening with or without chest radiography)

before initiating a treatment regimen for LTBI, it is important to

highlight that IPT should not be seen as a separate intervention

but as part of the basic package of care for persons living with

HIV infection, which includes ICF. IPT and ICF can act in

synergy to reduce TB risk in persons living with HIV infection

[6]. TB case finding will itself reduce the prevalence of active

undiagnosed TB, which is a key determinant of TB transmission

at a population level. The costs of strengthening health systems

can therefore logically be shared between the following inter-

ventions; ICF, IPT, infection control, and ART rollout. Although

this review has placed an emphasis on HIV-infected pop-

ulations, in considering LTBI diagnosis in regions with a high

burden of TB, we must not forget those with recent infection

regardless of HIV status (household contacts) and children

,5 years old (both at high risk of progression to active TB). All

would benefit from the inclusion of IPT within ICF programs.

Rational Strategy of IPT and ART Rollout Based on CD4
Cell Count
A rational strategy based on CD4 cell count for IPT rollout in

populations of individuals living with HIV infection should be

implemented where CD4 cell counts can be readily measured

using current technology. [12]. The rationale behind this rec-

ommendation is that it is more difficult to rule out active TB in

HIV-infected individuals with low CD4 cell counts, and so iso-

niazid should be provided to those individuals with higher CD4

cell counts (.350 3 106 cells/L) and ART (plus delayed iso-

niazid) to those with lower CD4 cell counts (,350 3 106 cells/L)

[12, 15]. This viewpoint is supported by a WHO meta-analysis

which showed that the sensitivity of current symptoms (cough

of .24 hours duration, fever, night sweats, and weight loss) as

a tool for active TB diagnosis has a lower negative predictive

value in individuals with a low CD4 cell count, leading to a

much higher prevalence of undiagnosed TB [12, 129–131]. If

ART is used as the primary tool to combat LTBI in HIV-

infected individuals with low CD4 cell counts, then it will un-

mask any subclinical TB within the first few months of treatment,

reducing the risk of providing IPT to those with active TB. This is

supported by the notion that waning immune function may limit

the durability of isoniazid, and so delaying IPT (for a suggested 3

months) until CD4 cell count has increased, and potentially TST

reversion has occurred, will increase the benefits that can be de-

rived from IPT [12]. ART has been shown to reduce TB incidence

by 67% in patients with low CD4 cell counts (irrespective of

TST status) [12, 39]. Importantly, there is an additive benefit of

both ART and IPT, and so when sufficient immune reconstitu-

tion has taken place, individuals should be given both treatment

regimens [132, 133]. More data from randomized controlled trials

are needed to help drive policy development in this area, and

new international guidelines need to be formulated on the con-

comitant use of ART and IPT. This is also important because

hepatitis is an adverse effect of both IPT and ART (particularly

nevirapine- and ritonavir-boosted protease inhibitors) [52, 134].

Unfortunately, the above proposal is a technology-dependent and

rather complex algorithm that will require human resource

numbers and health system infrastructure, which are absent in

most high-burden areas. Many HIV-infected patients in high-

burden settings access ART without the benefit of CD4 cell testing.

Until CD4 cell testing becomes at least as close to the point of care

as HIV testing, continent-wide IPT rollout through this strategy

will be extremely challenging.

More Effective Pharmacological or Immunological Interventions
Against LTBI
The design of TB preventative therapy has to be improved, be-

cause currently there is an incomplete protective effect, even in

TST-positive individuals [39]. In addition, 6 months of pre-

ventative therapy is far too long, and there is an urgent need for

novel drugs that act faster. Current IPT regimens do not provide

long-term benefit in settings where TB is endemic and/or epi-

demic, and so novel therapeutic regimens for the treatment of

latent M. tuberculosis infection must be identified. This is ex-

ceptionally challenging because relatively little is known about

the biology of dormant bacilli in vivo. The ideal scenario would

be an ultrashort course of a safe, tolerable regimen for the

treatment of latent infection that is able to cause life-long ster-

ilization. Evaluation of combinations of new and existing drugs

in mouse models of LTBI are required to identify potential

short, sterilizing regimens for evaluation in clinical trials, in-

cluding for the treatment of latent infection with multidrug-

resistant and extensively drug-resistant (XDR) TB.

An alternative strategy to novel drugs is therapeutic vaccina-

tion in persons with existing LTBI, which appears to be the

mechanism of action of Mycobacterium vaccae in a recent large

study in Tanzania in a population with high prevalence of LTBI

and HIV co-infection [135]. Alternatively, IPT could be combined

with an adjunctive therapeutic TB vaccine (such as RUTI, which is
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made of detoxified fragmented M. tuberculosis that is delivered in

liposomes) or a booster vaccine such as the Aeras Ad35 TB vaccine

to stimulate TB-specific immunity to improve durability of IPT or

possibly to reduce the duration of IPT. Both of these suggested

strategies are currently being evaluated. A further alternative is to

use a combination of IPT or other drugs with immunotherapeutic

agents such as thalidomide analogs to enhance activity of the

preventive therapy and promote sterilization [136].

CONCLUSION

The current lack of a rapid point-of-care diagnostic test for LTBI

with sufficient prognostic power for development of active TB

is reflected in the latest WHO recommendation to scale-up IPT in

all people living with HIV infection regardless of TST status [40].

This may be an inefficient and costly strategy for high-burden,

low-resource countries with high numbers of individuals living

with HIV infection. Research to develop more powerfully prog-

nostic tests of LTBI that are suitable for use in developing countries

is a public health priority. In order to support effective chemo-

prophylaxis for LTBI, research into treatments that are shorter-

acting and longer-lasting must take place. In the interim period, the

WHO policy must be supported where possible because IPT for

HIV-positive persons and child contacts ,5 years of age, with or

without TST or IGRA results, remains an important public health

measure in high-burden countries. To aid IPT implementation

(and its effective contribution to global TB control), a number of

important changes to IPT policy should be considered, including

a strategy of IPT and ART rollout based on CD4 cell count (where

possible) and the inclusion of IPT rollout within ICF programs.
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