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1. Introduction

   Despite steady progress in the implementation of the global 

“DOTS” and subsequently the “Stop TB” strategy since 1995, 

tuberculosis (TB) remains an enormous global public health 

challenge. Between 2000 and 2014, there was an overall 18% 

reduction in global TB incidence rates, but the total number of new 

cases in 2014 was still estimated at 9.6 million[1]. TB mortality has 

also fallen by 47% since 1990, with nearly all the improvement 

taking place since 2000 when the Millennium Development Goals 

were launched. But again, TB still kills too many people; the 

number of deaths due to TB was estimated at 1.5 million in 2014[1].

   About 1.2 million people worldwide were thought to develop 

HIV-associated TB in 2014, and there were nearly 400 000 HIV-

associated TB deaths[1]. The African region is the most affected by 

HIV-associated TB (the estimated number in 2014 being 870 000 

or 73% of the global total). The South-East Asian Region and 

the Western Pacific together account for 240 000 cases of HIV-

associated TB (20% of the global total) with India, Indonesia, 

Myanmar, Thailand, China and Vietnam accounting for the 

majority[1].

   The next fifteen year period from 2016 to 2030 ushers in the new 

era of the Sustainable Development Goals[2]. In signing up to these 
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goals, all countries have committed to ending the TB epidemic by 

2030, defined as dramatic reductions in TB incidence and mortality 

combined with zero TB-induced catastrophic costs for families 

(Table 1). This paper explores how antiretroviral therapy (ART) in 

high HIV-TB burden countries may help in reducing TB incidence 

and mortality and thus contribute to the ambitious goal of ending 

TB. 

  

2. HIV/AIDS and the scale up of ART

   The estimated numbers of people globally living with HIV/AIDS 

and the trends in scale up of ART each year are provided by the 

Joint United Nations Programme on HIV and AIDS (UNAIDS)[3]. By 

December 2014, there were 36.9 million people living with HIV/

AIDS globally, 93% of whom were adults. In that year, 2.0 million 

people were newly infected with HIV and 1.2 million people died 

from HIV/AIDS, both of these estimates being slightly lower than 

those in the previous year. Sub-Saharan Africa continues to bear 

the brunt of this epidemic with about 70% of the disease burden 

residing in that region[3].

   Despite the huge burden of infection and disease, the response to 

the global HIV epidemic has been remarkable, especially the public 

health scale up of ART. By the end of 2014, there were 14.9 million 

people globally receiving ART, representing 40% of people living 

with HIV[4]. By mid-2015, this number had reached 15.8 million. 

In sub-Saharan Africa, the region with the heaviest burden of HIV/

AIDS, there has been excellent progress, especially in the eastern 

and southern regions of the continent, with 10.7 million people on 

ART by the end of 2014, representing 41% of all people living with 

HIV[4].

3. ART to decrease TB incidence

3.1. At the individual level

   HIV is the most important risk factor for the development of TB 

in persons infected with Mycobacterium tuberculosis (MTB). HIV 

targets the host cell-mediated immune response to MTB[5], and, as a 

result, the risk of TB increases 2–3 times within the first two years 

after HIV seroconversion and continues to rise as the CD4 cell counts 

decrease[6]. HIV-infected individuals with MTB infection have an 

average annual risk of developing TB of approximately 10% per 

year, with the risk heavily dependent on the degree of immune 

deficiency, the amount of MTB transmission in the community and 

the prevailing socio-economic conditions[7,8]. Those with advanced 

immunodeficiency have an increasing risk of extra-pulmonary, 

disseminated and smear-negative TB. This pattern of TB is difficult 

to diagnose in most health care facilities in resource-poor settings 

where HIV-TB flourishes and is associated with high mortality, 

much of which is not recognised or identified during life[9].  

   ART reverses the immune dysfunction associated with HIV. With 

initiation of ART, there is rapid functional recovery of mycobacteria-

specific immune responses which results in enhanced capacity to 

restrict mycobacterial growth[10,11]. As a result, ART has a potent 

TB preventive effect. A systematic review and meta-analysis of 11 

studies from 2002 to 2011 showed that ART was associated with 

a 65% reduction in TB incidence across all baseline CD4 counts 

in people living with HIV[12]. The effects of ART were stronger in 

those with more advanced HIV infection or with the lowest CD4 cell 

counts, but were also apparent in patients with CD4 counts > 350 

cells/µL. 

   More recent studies have highlighted the TB preventive benefits 

of early start of ART and have also pointed out that delays in ART 

initiation when CD4 cell counts have dropped < 200 cells/µL can 

result in long-term immune dysfunction and persistent increased 

risk for TB[13,14]. The evidence of benefits in early ART initiation 

has been further strengthened by results from two randomised 

controlled studies published in 2015 (INSIGHT START and 

TEMPRANO)[15,16]. The INSIGHT START trial showed that early ART 

initiation in asymptomatic HIV-positive patients with CD4 counts > 

500 cells/µL compared with deferred initiation until the CD4 count 

had decreased to 350 cells/µL was associated with a 57% reduction 

in risk of death, a serious AIDS-related event or a serious non-AIDS-

related event, including TB[15]. TEMPRANO was a multicentre, 

randomized, 2-by-2 factorial design trial conducted in Cote d’Ivoire 

on patients with a CD4 cell count of < 800 cells/µL and meeting no 

criteria for starting ART according to the most recent World Health 

Organization (WHO) guidelines at enrolment[16]. Four groups were 

allocated to either immediate start of ART or deferred ART until 

WHO criteria for starting ART were met, and each group was also 

randomized to isoniazid preventive therapy (IPT) for 6 months or 

placebo. Early ART initiation was associated with a 44% lower risk 

of death or severe HIV-related illness (including TB) compared with 

ART initiated according to prevailing WHO criteria at the time, with 

IPT adding significantly to the individual benefit[16]. 

3.2. At the programmatic level

   The data on individual patients are further supported by 

mathematical models that predict the enormous benefit that early 

ART initiation might have on TB prevention at the population 

level. Using data from the Southern African HIV/AIDS epidemic, 

a strategy of universal and annual HIV testing of adults with 

immediate start of ART in those diagnosed HIV-positive might be 

Table 1 
The End TB Strategy.

Indicators Milestones Targets
2020 2025 SDG 2030 End TB 2035

Reduced TB deaths compared with 2015 (%) 35% 75% 90% 95%
Reduced TB incidence compared with 2015 (%) 20% (< 85/100 000) 50% (< 55/100 000) 80% (< 20/100 000) 90% (< 10/100 000)
TB-affected families facing catastrophic costs due to TB (%) Zero Zero Zero Zero

SDG: Sustainable Development Goals. Adapted from reference 2.
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expected to halve the incidence of HIV-associated TB within a 5 

year period[17]. 

   At the programme level, despite people living with HIV routinely 

initiating ART at low CD4 counts, it has also been shown in 

Malawi and Swaziland that when ART coverage in the HIV-

infected populations reaches a high level, TB case notification rates 

decrease[18-21]. In Malawi, for example, TB case notifications have 

declined from a peak of 28 234 in 2003 to 17 723 in 2014 (a 37% 

decline from 2003)[21]. The most significant declines in TB cases 

in Malawi and Swaziland were observed in patients with smear-

negative pulmonary TB, a disease type strongly associated with 

HIV, and in Malawi significant declines were also documented in 

patients with recurrent TB, which is also strongly associated with 

HIV. In Malawi, while the decline in HIV-associated TB was of the 

order of 30% or more, there was also a 10% decline in HIV-negative 

TB[19]. This may be due to the overall decrease in HIV-associated 

TB in the community which in turn might have led to reduced 

community transmission of MTB and thus fewer cases of TB in the 

HIV uninfected population. 

3.3. The need to consider IPT in addition to ART 

   While the data on ART in preventing TB are encouraging, ART on 

its own does not do the job adequately. At the laboratory level, long-

term recovery of TB-specific immune function is incomplete on 

ART[10]. At the individual patient level, the beneficial TB preventive 

effects increase with length of time on ART and with ART-induced 

immune recovery, but the risk of TB never decreases to levels 

seen in patients without HIV-infection in the same community[22]. 

Additional interventions are therefore needed and IPT should be 

considered. Accumulated evidence suggests that IPT given at a 

daily dose of 300 mg for 6 months reduces the overall risk of TB 

in people living with HIV by 33%, with the protective effect largely 

seen in those with a positive tuberculin skin test[23]. 

   Data from Botswana[24,25], Brazil[26], South Africa[27], and 

Ethiopia[28] suggest that sequential or concurrent use of ART and 

IPT results in additive effects in reducing the risk of active TB. 

This evidence has been further strengthened by two randomised 

controlled studies. The first, a placebo-controlled study in South 

Africa showed that IPT given for 12 months to people living with 

HIV and ART significantly reduced the risk of active TB by 37%, 

with the greatest benefit being observed in the first year[29]. Second, 

the TEMPRANO study confirmed the synergistic benefit of adding 

IPT to ART[16]. 

   These data suggest that IPT is a useful addition to ART in 

preventing TB in high TB transmission settings, but further work 

is needed on safety, duration of IPT and how best to initiate and 

manage the two forms of treatment together.

4. ART to decrease TB mortality

4.1. The start and timing of ART

   Case fatality rates are several times higher in patients with HIV-

associated TB compared with those who have just TB alone[30]. 

ART administered to those with HIV-associated TB results in 

excellent immunological and virological responses and a reduction 

in mortality risk of 64%–95%[8,31]. HIV testing is the gateway to 

integrated care, but in 2014 only 51% of notified TB cases globally 

had a documented HIV test, the figure being highest in the Africa 

Region at 79% and low in the South-East Asian and Western Pacific 

Regions at 45% and 40% respectively[1]. The coverage of ART 

for notified TB cases known to be co-infected with HIV was 77% 

globally for the same year, with the African, South-East Asian and 

Western Pacific Regions being at 77%, 85% and 68% respectively.  

   The issue of optimal timing of ART in relation to start of anti-

TB treatment in those known to have HIV-associated TB was 

clarified several years ago by three randomised controlled studies: 

CAMELIA, STRIDE and SAPIT[32-34]. While all three trials were 

slightly different, collectively one clear message emerged, namely, 

that earlier initiation of ART saves lives in HIV-infected patients 

with TB. The benefits were particularly evident for those with 

CD4 cell counts < 50 cells/µL in whom the risk of AIDS or death 

was minimised by starting ART within the first 2–4 weeks of TB 

treatment. One exception is in HIV-infected patients with TB 

meningitis in whom early ART is not associated with improved 

survival, and this may be because of the devastating effects of the 

immune reconstitution inflammatory syndrome within the confined 

space of the central nervous system[35]. These data have informed 

the 2013 WHO Guidelines on timing of ART for adults and children 

with TB. The recommendations currently are: i) ART be started in 

all HIV-infected TB patients, including those with drug-resistant 

TB, irrespective of CD4 count; ii) ART be initiated within the first 

eight weeks of anti-TB treatment, and in those with profound 

immunosuppression (such as CD4 counts < 50 cells/µL), ART be 

initiated within the first two weeks[36]. 

4.2. The need to consider cotrimoxazole preventive therapy 
(CPT) with ART

   In 1999, a randomised controlled trial in Cote d’Ivoire found 

that the administration of trimethoprim-sulfamethoxazole 

(cotrimoxazole - CPT) to adults with HIV-associated TB 

substantially reduced severe clinical events and mortality[37]. This 

seminal study paved the way for a number of observational and 

randomised studies to assess efficacy, effectiveness and safety of 

CPT especially in sub-Saharan Africa. A recent systematic review 

and meta-analysis summarises current knowledge about the use of 

CPT in HIV-infected adults[38], and this was used for the formulation 

of the updated WHO recommendations on CPT in 2014[39]. In 

summary, across all global regions, CPT reduces death by 60% 

when started with ART in HIV-infected patients at CD4 counts ≤ 

350 cells/µL. In Africa, CPT started without ART in patients with 

CD4 counts > 350 cells/µL reduces the overall risk of death and 

the risk of malaria. In Africa, the continuation of CPT after ART-

induced recovery of CD4 cell counts > 350 cells/µL is associated 

with reduced hospital admission and reduced rates of malaria, 

pneumonia and diarrhoea. This suggests that in countries with a 

high burden of infectious diseases, CPT should be initiated before 

or with ART regardless of the CD4 count and should be continued 
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indefinitely.

5. Conclusion

   In high HIV-TB burden countries, ART can play a significant role 

in helping to achieve the ambitious End TB targets of reduced 

TB incidence and mortality. In 2014, UNAIDS with support from 

WHO, released new 90-90-90 treatment targets for HIV[40]. These 

targets specify that by 2020, 90% of individuals living with HIV 

will know their HIV status, 90% of people with diagnosed HIV 

infection will receive sustained ART and 90% of those on ART will 

be virally suppressed. If this three-part strategy is achieved, it is 

estimated that nearly three quarters of all people living with HIV 

will be taking treatment and virally suppressed by 2020. Modelling 

studies suggest that this outcome will enable the world to end the 

AIDS epidemic by 2030 (defined as 90% decrease in HIV/AIDS 

incidence, 90% decrease in premature death and 90% decrease in 

new HIV infections)[41]. Achieving these targets will be crucial in 

the progress towards ending TB. 

   In people living with HIV/AIDS, widespread coverage and 

early start of ART are likely to significantly reduce TB case 

notification rates in both HIV-positive and HIV-negative persons. 

The recent WHO guidance launched on 30th September, 2015[41], 

recommending that ART be initiated in everyone living with HIV 

at any CD4 count should facilitate global scale up of ART and at a 

much earlier stage of immunosuppression than is currently the case. 

These recommendations will form part of the revised consolidated 

guidelines on the use of antiretroviral drugs to treat and prevent HIV 

infection which will be published by WHO in 2016. 

   A reduced incidence of TB will in itself reduce TB-related 

mortality, but this effect can be augmented by ensuring that all 

patients with HIV-associated TB are diagnosed early and started on 

ART, preferably within eight weeks of initiating anti-TB treatment. 

IPT and CPT can add significantly to the beneficial effects of ART by 

respectively helping to decrease TB incidence and HIV-associated 

mortality[42]. ART will work only through knowledge of HIV status, 

so the “sine qua non” is the provision of HIV testing and counselling 

to ensure that everyone with HIV knows that they are infected.  
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