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Chapter 9: General discussion  
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GENERAL DISCUSSION  

 

This thesis aimed at evaluating different strategies for the prevention and control of HIV-associated TB. 

In general, studies included in the thesis confirmed that TB incidence rates among ART treated cohorts 

were generally high and that the rates were higher among cohorts from high TB burden settings such as 

South Africa, among those with low CD4 counts at ART initiation and among those on ART for shorter 

durations.  The thesis also highlighted the need for new TB vaccines which are safe and effective among 

HIV-infected individuals who are on or off ART and showed that willingness to participate in TB vaccine 

trials and willingness to be vaccinated with new vaccines was high in this group.   Finally it   explores the 

role of other strategies such as the use of preventive therapy, better screening and diagnosis of TB as 

well as better retention within TB programmes to complement the use of ART use as a tool to prevent 

and control HIV –associated TB.   

 

Specifically, in a meta-analysis of TB incidence rates among 43 HIV clinic cohorts from 42 studies, TB 

incidence rates were seven to thirty times higher among cohorts from high TB burden settings 

compared to cohorts from low TB burden settings. Higher TB incidence rates were associated with low 

CD4 counts at ART initiation and shorter duration on ART.  

 

In a prospective cohort study conducted in preparation of TB vaccine trials, there was a trend towards 

reduced incidence of TB among individuals on ART. Half of the incident TB occurred in the first six 

months following enrolment and this proportion reduced in an analysis which excluded participants who 

self-reported TB symptoms at enrolment. Among the same participants, willingness to participate in TB 

vaccine trials and to be vaccinated with a newly licensed TB vaccine in this population was reportedly 

high and while the majority of participants demonstrated knowledge of TB, a fair number did not 

consider themselves at risk of TB. Willingness to participate in trials and to be vaccinated with a newly 

licensed vaccine was associated with greater knowledge and perception of risk but not with 

demographic or clinical factors. In an analysis of data from a subset of participants on ART, a small 

proportion reported prior or current IPT use and the majority of participants  who did not self- report 

IPT use were eligible to receive it based on current IPT guidelines. Self-reported IPT use was 

independently associated with younger age and receiving care at one of the two clinics compared to the 

other. Efforts to scale up IPT should address patient and provider related factors. 
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In a study conducted to evaluate the performance of the urine LAM test for TB screening among   HIV-

infected patients attending an ambulatory HIV clinic within a primary care facility, the proportion of 

participants with bacteriologically confirmed undiagnosed TB was high. Undiagnosed TB was associated 

with low CD4 counts and low haemoglobin levels regardless of ART status. In this study the LAM test was 

not suitable to replace smear or culture for TB screening.   

 

Lastly in a study of TB treatment outcomes among HIV-infected individuals receiving TB treatment at 18 

primary care clinics, the proportion with undocumented TB treatment outcomes following TB treatment 

was high.  The risk of having an undocumented outcome was lower during the time patients were taking 

ART compared to the time they were not taking ART.  

 

STRENGTHS AND LIMITATIONS  

The data collection for most of the studies included in the thesis was done in primary care facilities 

located in an urban sub-district in Gauteng Province, South Africa. In 2011, the incidence of TB in the 

district was estimated to be 334 per 100 000 of population, much less compared to the national 

estimate of 961 per 100 000 during the same year. 1, 2 The HIV prevalence among pregnant women 

attending antenatal care was 30.1 % at par with the national average.1  The primary care clinic is the 

lowest and most easily accessible level of the health care system in the country and is the level where 

the majority of HIV-infected individuals access care. Research questions pertaining to clinical care, 

uptake of or adherence to treatments are best answered in studies conducted at this level. HIV-infected 

individuals accessing care at primary care facilities are an accessible population to study and relatively 

easy to enrol. In addition, the availability of clinic records can complement self-reported data making 

data collection more complete and cost efficient. Primary care facilities also represent an attractive 

place to recruit participants for clinical trials.  However HIV-infected individuals at health care facilities 

may differ from those in the communities in many ways. They represent a mix of patients who i) are 

stable on HIV treatment and may have reduced burden of TB and ii) those who are presenting for this 

first time with symptoms and may have a higher burden compared to those in the general population. 

The findings in this thesis are therefore generalizable to this setting and other similar settings.  
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IMPLICATIONS FOR PREVENTION AND CONTROL OF HIV ASSOCIATED TB.    

 

ART and the burden of TB  

ART prevents HIV associated TB with the largest impact observed at lower CD4 counts. 3-5 Although ART 

has a large impact on reducing the incidence of TB, it is not sufficient to reduce the burden of TB among 

HIV-infected populations to levels observed in the HIV uninfected.6, 7 Two papers included in the thesis 

discuss the impact of ART on the incidence of TB at different CD4 count levels.  In the meta-analysis the 

incidence of TB was high among i) cohorts from   high TB burden settings- likely reflecting greater 

transmission in these  settings -, ii)  patients on ART for shorter durations – likely a result of IRIS or 

inadequate TB screening at ART initiation- , and  iii) patients with low CD4 counts – likely a result of IRIS 

or increases susceptibility . In the secondary analysis of  TB incidence among HIV-infected with counts> 

350 cell/µl  – TB incidence was lower among patients on ART and  was reduced  further by  excluding 

participants without symptoms suggestive of TB at enrolment, suggesting an important role for TB 

screening even at high CD4 counts 

 

The provision of ART has been the main strategy for the control of HIV associated TB implemented at 

scale in South Africa. In 2012, only 31.2% of the 6.4 million people estimated to be HIV-infected, were 

taking ART.8 Despite large numbers of HIV-infected individuals initiating ART, there are significant drop 

offs in the proportions of individuals remaining in care at the different steps in the HIV care and 

treatment cascade.  These steps are  HIV testing and linking into HIV care, CD4 count testing, early 

initiating ART and being retained in HIV care on ART.  Studies suggest that linkage into HIV care and ART 

initiation is poor especially among individuals found to have higher CD4 counts following the HIV testing, 

young people and males.9-13 In order to optimise the use of ART as a tool to prevent TB there is need to 

ensure that individuals who are HIV-infected are linked into care that ART is initiated at high CD4 counts 

and that individuals who initiate ART adhere to the treatment and are retained on ART to prevent 

immunological and clinical failure. 14 Efforts to strengthen health systems to be able to initiate and retain 

the large numbers of people who need to be on ART are necessary.  

 

The high incidence of TB in cohorts from high/ medium TB burden settings likely indicates more ongoing 

transmission of TB than reactivation of latent infection. This is because the median CD4 counts at TB 

diagnosis were similar between high or medium burden and low burden settings in these settings.  

Although guidelines for TB infection control exist internationally and in South Africa, there has been 
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limited implementation of TB infection control interventions within households, clinical and other 

congregate settings. 15-17 There is need to scale up the implementation of TB infection control 

interventions in the country. In addition efforts should be made to identify where most of the TB 

transmission is happening and put in place strategies to reduce it.    

 

TB vaccines  

The high incidence of TB among HIV-infected cohorts on ART and with high CD4 counts also highlights 

the need for new TB vaccines in order to achieve the global target of TB elimination by 2050. 18, 19 

Currently there is no licensed vaccine for use in adults regardless of HIV status. There are some TB 

vaccines which have been used in early human clinical trials including HIV infected adults as participants. 

Trials of new TB vaccine involving HIV-infected individuals will likely require individuals with high CD4 

counts including those on ART and will have to be conducted in high TB and HIV burden settings such as 

South Africa. The latter requirement is justified because, such vaccines will mostly be used in those 

settings and the availability of large numbers of patients at risk this will allow the trials to be cost 

efficient.18 The former requirement results from ethical obligations (trial participants should receive 

treatment according to international guidelines, and might improve vaccine efficacy as these individuals 

may mount a more effective immune response than those with low CD4 counts. TB incidence rates 

among individuals on ART are expected to decline with the increase in the CD4 count thresholds at ART 

initiation and increasing coverage with isoniazid preventive therapy. For these reasons these trials may 

also be complex and require large numbers of patients, which current trial sites in South Africa may not 

be able to manage at their current capacity. 20  

 

As trials of new TB vaccine products are being planned and a successful vaccine sought, trialists need to 

consider ways to maximise participation in TB vaccine trials and subsequently the uptake of any newly 

licenced TB vaccines once they become available. The thesis showed that willingness to participate in 

trials of new TB vaccines and to be vaccinated with a newly licensed vaccine was reportedly high among 

HIV infected individuals with high CD4 counts. The willingness to participate and to be vaccinated with a 

newly licensed vaccine was associated with better knowledge of TB and greater perception of risk. 

Improved knowledge of TB could improve health seeking behaviours which may in turn lead shorter 

patient -related diagnostic delays and interruption of transmission in communities.21 Improved 

knowledge of TB could lead to better uptake of preventive therapy and TB treatment.22  Different 

studies have shown that in general,  knowledge of TB in settings  similar to those in South Africa  is low 
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and misconceptions are many.23-26 The implementation of effective advocacy, communication and social 

mobilisation strategies which are appropriate for the different populations is needed to improve 

knowledge and change attitudes towards TB prevention and treatment.27 

 

TB preventive therapy  

While it is widely accepted that scaling up TB preventive therapy is necessary to achieve the global 

target of TB elimination by 2050, a significant proportion of individuals latently infected with TB have 

not been identified and treated. The paper on IPT use in ART treated individuals showed that while IPT is 

a proven intervention to reduce TB incidence among individuals on ART, such individuals in the South 

African setting were not receiving it despite being eligible. The paper also identifies this group as an 

important target in the scale up of IPT. Individuals on ART are less likely to have undiagnosed TB, 28-31 

more likely to be TST positive if truly latently infected with TB- because of better TST sensitivity at higher 

current CD4 counts, 32, 33 and more likely to adhere to IPT and comply with clinic visits.34, 35 In addition 

they are not any more likely to experience adverse events related to IPT compared to individuals not 

taking ART. 34-36 Since 2013, South Africa  has been recommended for six months of IPT  if a TST cannot 

or has not been done but and at least 12 months among individuals taking ART regardless of TST 

status.37 The impact of these revised guidelines will need to be evaluated further as do the feasibility of 

implementing this new guideline.  

 

TB screening and diagnosis  

TB screening and diagnosis (case finding) and treatment (case holding) are the cornerstone of the 

current TB control strategy in the country. It is widely accepted that that passive case finding is 

insufficient to interrupt transmission of TB and that active TB case finding needs to be scaled up. 

Intensified case finding (ICF) is recommended for HIV -infected individuals at every contact with a heath 

care worker and especially before initiating ART or IPT. Three papers in this thesis discuss this important 

area in TB control.  

 

The secondary analysis of TB incidence among HIV-infected individuals including and excluding those 

with self-reported TB symptoms at enrolment highlights the need to strengthen ICF even among stable 

on ART individuals with high CD4 counts. The paper on undiagnosed TB among HIV+ individuals 

attending ambulatory care in an HIV clinic showed that use of the four symptom TB screening algorithm 

in a population with high prevalence of symptoms will likely result in a large proportion of the 
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population  screened requiring further evaluations to exclude TB.  The evaluation of many people who 

are unlikely to have TB makes the screening expensive and time consuming and may contribute to pre-

diagnosis delays and losses from care. In South Africa, the follow on test after a positive symptom 

screen, Xpert MTB/Rif is expensive. The addition of CD4 count and or haemoglobin criteria to the 

symptom screening algorithm may reduce the numbers who need further evaluation but may make 

screening more expensive.38-40 The cost effectiveness of such algorithms need to be established in order 

to identify the most sensitive algorithm at a cost the country can afford.  

 

The paper on the performance of urine LAM among HIV- individuals attending an ambulatory care clinic 

showed that the urine LAM test did not have sufficient sensitivity to replace smear microscopy as a TB 

screening or diagnostic tools for TB in this  population although the sensitivity was higher among the 

severely immunosuppressed. Addition of CD4 count criteria to the LAM test may therefore improve the 

utility of the test. The test could be used to rule in TB among very ill individuals, a group in which other 

TB diagnostic tools have limited sensitivity.41-45 Those who are LAM negative maybe be investigated 

further with other tools.  TB LAM is now available as a point care test but work on how best to introduce 

it within HIV programmes and where it fits within the spectrum of available diagnostics still needs to be 

determined.44  

 

TB treatment  

Once TB is diagnosed, all efforts should be made to ensure that individuals are initiated on TB 

treatment. The goal of the TB treatment is to reduce morbidity and mortality from TB and interrupt 

transmission. Patients who are lost to follow up from TB programmes and those who transfer out are at 

higher risk of interrupting TB treatment, failing TB treatment and dying during and after TB treatment 

and may contribute to ongoing TB transmission within communities. The paper on ART and 

undocumented TB outcomes following TB treatment suggests that ART initiated during TB treatment 

may reduce the risk of having an undocumented TB treatment outcome. Based on findings from three 

RCTs, the WHO recommends that HIV-infected TB patients be started on ART as soon as possible within 

the first eight weeks of starting TB treatment and within two weeks of initiating TB treatment if the CD4 

count > 50 cells/µl.46-48 In patients with TB meningitis, the recommendation is that ART be deferred until 

the intensive phase of TB treatment is completed.49 In South Africa only about 54% of HIV infected TB 

patients were on ART by the end of TB treatment in 2012.2 In the same year, the proportion of TB 

patients with an undocumented outcome was as high as 10% nationally.   There is need to ensure all TB 
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patients are started on ART according to current guidelines for the TB programmes in order  to realise 

the  full benefits on ART on patient outcomes and on mortality, morbidity and retention during TB 

treatment 

 

IMPLICATIONS FOR FURTHER RESEARCH  

This thesis identified the following gaps and areas for further research.   

  

ART and the incidence of TB  

 Gaps exist in the knowledge of the extent to which ART restores TB specific immune responses and on 

strategies to improve linkage and retention on ART at higher CD4 counts among HIV-infected 

individuals. Further research into effective strategies to improve identification of HIV-infected 

individuals and initiation of ART at higher CD4 counts, and retention in HIV care in order to maximise 

immune restoration and reduce immunological failure are needed. A number of strategies to improve 

linkage and retention in care among individuals who are stable on ART have been investigated in 

operational research settings. These include use of implementation of point of care CD4 count testing, 

different forms of case management, ART adherence clubs as well as reducing clinic visits and clinic wait 

times and the use of the case manager approach.50-57 Research on longer term impact of the strategies 

on linkage to care or retention in care, virological outcomes and cost effectiveness is needed in order to 

inform the scale up of such interventions 

 

Further research is also needed into the impact of ART scale up on the TB transmission and incidence at 

population level.  This is because while ART reduces likelihood of reactivating TB disease, there is no 

direct evidence that it reduces transmission and infection. There is some indirect evidence that points 

towards reduction in the risk of infection with ART use. For example the Tugela Ferry epidemic of 

extensively drug resistant TB has largely affected HIV-infected individuals who were not on ART and 

control strategies have included enhanced infection control and ART initiation.58 However ART may 

increase TB transmission if it shifts the presentation of TB towards more infectious forms of the disease 

and if it prolongs the lifespan of HIV infected individuals leading to possibly higher lifetime risks of TB. 

Studies have shown that ART does shift the clinical presentation of TB towards the clinical picture seen 

among the HIV-uninfected and therefore may increase the likelihood of earlier diagnosis.  While these 

patients are more infectious, they may also be likely to be diagnosed early, and therefore be associated 

with reduced transmission.59-61 While ART leads to immune reconstitution, the recovery in M.tb-specific 
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CD4+ T-cells is incomplete and inconsistent across populations. As a result of the reduced mortality 

associated with ART and the incomplete restoration of TB- specific immunity, the greater scale up of ART 

may lead to an increase in the number of people who remain at elevated risk of TB. 62, 63 For these 

reasons, ART may not have as large an impact on TB incidence at population level as observed at 

individual level. The magnitude of transmission and the extent to which ART can prevent progression 

from latent infection to active TB will limit the extent to which ART can reduce the incidence of TB at 

population level. It is important to discover how much impact at the population level may be expected 

from ART in order to determine the urgency of additional interventions. 

 

TB vaccines  

Further research is  needed for the  development of new  TB vaccine candidates which are safe and 

effective in HIV -infected  individuals and  on  how to make  trials  of such candidates in HIV-infected  

populations more  cost effective. In the absence of biomarkers of infection or immunity against 

infection, TB vaccine trials need to measure differences in TB incidence among HIV-infected individuals - 

with high CD4 counts who may be on ART and taking IPT. Such trials will be large, complex, expensive 

and infeasible in most resource limited settings. Therefore trialists will need to explore ways of making 

the TB vaccine trials more cost- effective. Restricting enrolments to participants with known risk factors 

for the development of TB (such as TST or IGRA positive, not on ART, not on IPT) may improve the 

number of endpoints and reduce the amount of follow up time required but may make the trials 

unethical, more complex and slower in  to reaching the  desired sample sizes . Another approach to 

making the trials more efficient may be the use of adaptive trials designs. These designs use 

accumulating trial data to modify some aspects of the trial after trial initiation, without compromising 

the integrity and validity of the trial itself. Such designs may be useful in trials with low event rates, 

diverse populations, and lack of reliable surrogate endpoints or small treatment effects, criteria which 

phase III TB vaccines trials will likely meet.64-66 The multi- arm multi- stage design (MAMS) is one such 

type of trial design which has been used   in trials of new TB drug regimens and has been proposed for 

TB vaccines. 20, 66, 67 In the MAMS design multiple regimens or products are compared to a single control 

or placebo arm and  interim analyses done  at predetermined stages and interim outcomes measured. If 

at any stage, the interim analysis shows lack of benefit by one arm, recruitment into that arm is halted.68  

A MAMS study  comparing four different vaccine products to a placebo (five arm trial) has been 

calculated to reduce the sample size by  as much as 37%  compared to conducting four individual trials 

of each product separately.67 The MAMS design was originally set up to measure time to event 
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outcomes but studies are being done to adapt them to other types of outcomes relevant to TB trials.66, 67 

These designs if successfully used for TB vaccine trials may improve cost efficiency of trials and allow 

multiple vaccine candidates to be evaluated at the same time and eliminate candidates that are unlikely 

to be successful early in the trial.   

 

 

 TB preventive therapy  

Questions remain regarding optimal ways to identify and target HIV-infected individuals who are likely 

to benefit from treatment of latent TB and on what the optimal duration of treatment with IPT should 

be given the concerns about durability of treatment in high TB burden settings such as South Africa. 

Patients with evidence of TB specific T-cell activation as measured by a positive TST or IGRA test have 

been shown benefit the most from treatment of latent infection in studies done in the pre-ART era. TST 

has reduced sensitivity among HIV- infected individuals and may miss patients who need IPT. In addition 

there are operational challenges to the use of TST in South Africa and similar settings. Studies have 

shown that the TB preventive effect of the standard six month IPT regimen is not durable with TB rates 

increasing soon after cessation. The lack of durability may be a result of failure to cure latent infection or 

due to re-infection.69 As a solution; long term or even lifelong IPT has been proposed. The use of 

combinations of TB drugs for shorter durations compared has been proposed to counter the risk of 

spread of isoniazid resistant TB.   The drug combinations may achieve maybe curative and able to 

sterilise granulomas of any dormant mycobacteria.  Concerns about the adverse events remain with 

combination treatments.70 

 

In the absence of a sensitive test to accurately determine the latently infected, it may be difficult to 

justify giving long term IPT to individuals who may not benefit from it.   To get around these issues a 

combination of TST and CD4 count directed algorithm could be used in order to identify individuals who 

will benefit from IPT without missing people whose TST maybe anergic or cannot be done. Because TST 

is relatively insensitive at lower CD4 counts, at CD4 counts < 350 cells/µl all HIV positive patients could 

be started on IPT regardless of TST status and continued until the CD4 count has increased to levels > 

350 cells/µl. The TST could be repeated when CD4 counts have increased to levels > 350 cells/µl and if 

positive at this point longer term IPT could be started.71  Feasibility and acceptability of long term IPT 

needs to be explored especially among ART treated patients who are likely to be taking long term 

treatment for HIV as well. The durability of the effect of IPT in ART- treated individuals needs to be 



146 
 

established as do the mechanisms that underlie the lack of durability of IPT in HIV infected individuals– 

reinfection or failure to cure the latent infection.69 Studies have suggested slower loss of IPT efficacy 

among those on ART compared to those not on ART although the studies were not powered to 

determine this.72, 73  

 

Lastly, research into the development and introduction of safer, more efficacious and shorter preventive 

therapy regimens which do not contain any anti-TB drugs contained in current TB treatment regimens 

needs to continue as does research to improve the understanding of the natural history of TB. This is 

even more important with the current increase in proportion of cases with drug resistant TB.A better 

understanding of key aspects in the natural history of TB particularly   TB dormancy or latency is needed 

in order to identify suitable biomarkers for infection and immunity against infection which can then be 

used to inform the development and evaluation of new tests and drugs for latent TB.74, 75   

 

 

TB screening and diagnosis  

Research gaps exist in the cost effectiveness of different TB screening and diagnostic algorithms for use 

in different settings and levels of the health care system. Evaluations of the impact of TB screening on 

clinical outcomes among TB patients identified through screening and on TB transmission are needed in 

order to justify the efforts and costs that go into TB screening.76  

 

TB treatment  

Further research into the development and introduction of newer and shorter regimens which would 

negate the need for lengthy durations on TB treatment and follow up is essential. In the interim   

research into why individuals in TB and HIV care transfer or are lost to follow up during treatment is 

needed. In settings such as South Africa, where internal and external migrant labour systems exist, 

patients may return to their homes when they get ill and are unable to work are possible reasons for 

loss to follow up or transfers during TB treatment.77, 78 A better understanding of the reasons may better 

inform the design of interventions to improve retention in care during TB and HIV care. Operational 

research including qualitative techniques on the feasibility  and cost effectiveness of strategies to reduce 

loss to follow up at all steps in  the TB and HIV care cascades (from screening to diagnosis, from 

diagnosis to TB treatment initiation, and from TB treatment initiation to completion of TB treatment) is 

needed. Such strategies may include case management and patient tracing initiatives, 51, 79, 80 as well as 
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use of mobile technologies to track transfers or movement between clinics or send reminders to 

patients to attend clinics or take their drugs. 81-84 The impact of such strategies on patient relevant 

outcomes such as retention and successful treatment also needs to be evaluated in trials.   

 

CONCLUSION  

In conclusion, ART is likely to remain the main strategy for control of HIV associated TB in South Africa.  

However in order to achieve the global target for TB control and elimination, ART provision and use 

needs to be optimised, new TB vaccines introduced and other interventions such as introducing cost 

effective algorithms for screening and diagnosis, treatment of latent infection and active TB as well as 

interventions to improve retention in both TB and HIV care need to be tested and implemented at scale.  
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