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Summary

Objective—To estimate the incremental cost-effectiveness of tuberculosis screening and 

isoniazid preventive therapy (IPT) among HIV-infected adults in Rio de Janeiro.
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Design—We used decision analysis, populated by data from a cluster-randomized trial, to project 

costs (in 2010 US dollars) and effectiveness (in disability-adjusted life years, DALYs, averted) of 

training healthcare workers to implement tuberculin skin testing (TST) followed by IPT for TST-

positive patients with no evidence of active TB. This intervention was compared to a baseline of 

usual care. We used time horizons of one year for the intervention and 20 years for disease 

outcomes, with all future DALYs and medical costs discounted at 3% per year.

Results—Providing this intervention to 100 people would avert 1.14 discounted DALYs (1.57 

undiscounted DALYs). The median estimated incremental cost-effectiveness ratio was $2273 

(IQR: $1779-$3135) per DALY averted, less than Brazil's 2010 per-capita gross domestic product 

(GDP) of $11,700. Results were most sensitive to the cost of providing the training.

Conclusion—Training healthcare workers to screen HIV-infected adults with TST and provide 

IPT to those with latent TB infection can be considered cost-effective relative to the Brazilian 

GDP per capita.
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Introduction

Despite WHO recommendations for isoniazid preventive therapy (IPT) for HIV infected 

patients1 and recent evidence that IPT reduces tuberculosis incidence among persons living 

with HIV/AIDS 2-4, few countries have prioritized IPT in their HIV strategy 5. HIV and 

tuberculosis programs are rarely integrated, thus responsibility for implementation of 

isoniazid preventive therapy and associated costs is a complicated issue that must be 

considered prior to implementing preventive therapy.

In Brazil, TB remains an important public health problem and 14 percent of new adult TB 

patients in Brazil are also estimated to be infected with HIV 6. Tuberculin skin testing (TST) 

and IPT for those testing positive has been recommended for persons living with HIV/AIDS 

in Brazil since 1995, but few HIV-infected patients had been tested prior to 2005. The 

Tuberculosis/HIV in Rio de Janeiro (THRio) study was conducted between 2005 and 2009, 

providing TST and IPT to HIV-infected patients in 29 clinics. The study showed that 

markedly increasing the number of patients receiving TST and IPT is possible in this setting, 

and that this increase can reduce TB incidence and mortality 3, 7. THRio's impact on TB 

incidence may not generalize to other settings where there are higher rates of transmission 

such as South African gold mines where TST and IPT was not able to reduce TB 

infections 8.

If the THRio intervention is to be scaled up in Brazil, or implemented in a similar setting, a 

better understanding of the resources allocated and the cost effectiveness of the intervention 

is necessary. Costs of such a program include training staff, reorganizing clinic services as 

well as paying additional costs for the medical care associated with administering TST and 

IPT. This report analyzes the costs, impact on disability adjusted life years (DALY), and cost 

effectiveness of the THRio study.
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Methods

Study Design, Intervention, and Population

We used decision analysis with Markov methods to compare costs and health outcomes (i.e., 

DALYs) at public clinics in Rio de Janeiro, Brazil. Our primary outcome was the 

incremental cost-effectiveness ratio (ICER), comparing facilities exposed to a program 

designed to increase the rate of TST and IPT delivery among HIV patients in Rio de Janeiro 

to a baseline of similar facilities unexposed to this program. We expressed the outcome as 

the cost in 2010 US dollars per disability-adjusted life year (DALY) averted among adults 

treated at exposed and unexposed facilities. Data to populate the model were drawn from the 

TB/HIV in Rio de Janeiro (THRio) study, the design and primary results of which have been 

described elsewhere 3. Briefly, the THRio study was a cluster-randomized trial in which 29 

public HIV clinics were randomly assigned, in stepped-wedge fashion, dates on which to 

receive training in using TST and IPT. Healthcare workers receiving the intervention were 

trained on the proper use of TST, and to provide IPT to eligible individuals with a positive 

TST and no evidence of active TB. Eligible patients were those with no history of prior TB 

or receipt of IPT; active TB was ruled out with sputum smear and chest X-ray (CXR) 

according to Brazilian guidelines and all individuals with a positive TST (≥ 5 mm of 

induration) prior to receiving IPT (six months of isoniazid 300 mg and pyridoxine 25 mg 

daily) 9. Prescriptions were refilled every 30 or 90 days depending on the clinic 9. Patients 

were followed to primary endpoints of incident TB or death from any cause. The median 

size of training sessions in each clinic required 4 physicians, 5 nurses, and 4 health 

assistants, with a total average of 30 person-hours required per clinic.

We projected costs and outcomes for 100 eligible patients (i.e., no evidence of active TB on 

presentation) receiving the THRio intervention versus usual care. We considered all 

activities related to the intervention over a time horizon of one year and followed patients for 

outcomes (i.e., TB cases and deaths) for a time horizon of 20 years. The incidence of TB and 

the protective effect of IPT were taken from the THRio trial 3. We assumed that the effect of 

IPT would last at least 20 years in this population, the majority of which was on 

antiretroviral therapy and at low annual risk of TB re-infection. We conservatively assumed 

that the only effect of IPT would be through a reduction in TB incidence (i.e., no ancillary 

benefits on mortality beyond a reduction in strictly measured incident TB cases). Thus, we 

adopted as our primary measure of effect the reduction in TB incidence alone; this 

conservative assumption provides the estimate of cost-effectiveness that is least favorable to 

IPT. In a sensitivity analysis, we considered the more liberal assumption that IPT had wider 

benefits on both TB incidence and mortality as seen in the THRio trial.

Cost Calculation

Costs were calculated using an ingredients approach as shown in the top panel of Table 2. 

We adopted the perspective of the medical sector as the primary party responsible for 

financing this intervention. We used actual program costs reflecting local market prices and 

wages 10, 11. We surveyed the trainers responsible for implementing the program at each of 

the 29 clinics to determine the job titles and salaries of clinic attendees who had to cancel 

their clinical operations to attend training. The survey also included information on logistics 
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required to conduct each training session. Unit cost estimates were derived from personnel 

payrolls, financial records, and consultations with staff. All costs are reported in 2010 US 

dollars. Cost data from other years in Brazilian Reals were inflated to 2010 using the 

Brazilian inflation rate and then converted to US dollars using the 2010 exchange rate. 

Medical care costs were confined to the costs of treating TB cases. Some would argue that 

the incremental medical costs of antiretrovirals for TB patients, whose lives are saved, 

should have been included as well. Including these costs would make the intervention more 

costly per DALY averted. We discounted future costs and effectiveness outcomes at 3% per 

year.

Effectiveness calculation

Mortality outcomes have been estimated and published based on study data collected from 

September 2005 through August 2009 3. We computed years of life lost per TB death 

relative to the average survival of HIV infected-TB uninfected patients in the THRio trial. To 

estimate the disability weight for TB/HIV-coinfected individuals in Brazil, we used data 

drawn from 98 of the patients in this trial who reported on their disability using a visual 

analog scale 12. This survey supported our estimate of disability weights of 72.78, 74.09, and 

77.4 among TB/HIV-coinfected, TB infected, and HIV infected individuals respectively 12. 

We assumed that the state of TB/HIV disability lasted for one year before reverting to the 

disability state of chronic stable HIV.

Sensitivity and Uncertainty Analysis

We conducted both one-way sensitivity analyses on selected model parameters and a 

probabilistic Monte Carlo uncertainty analysis in which we varied the hazard ratio of TB 

death associated with the intervention among all eligible patients (i.e., regardless of TST or 

IPT status) from a low of 0.7 to a high of 0.97, using a point estimate (hazard ratio for TB 

disease in the THRio trial) of 0.87 and a normal distribution. The probabilistic sensitivity 

analysis also varied the cost using a log normal distribution with the minimum costs shown 

in Table 1. This is another conservative assumption that gives extra consideration to the 

possibility that future costs will be higher than those observed in the study. The probabilistic 

analysis was programmed in @Risk™ and generated distributions around costs, DALYs and 

the incremental cost effectiveness ratio. We summarize this uncertainty range using median 

and inter-quartile ranges.

Ethics

This study was approved by the institutional review boards of the Johns Hopkins Medical 

Institutions and the Municipal Health Secretariat of Rio de Janeiro.

Results

Cost and Cost-Effectiveness

To carry out the intervention for 100 patients, we estimated a requirement of 0.22 clinic 

trainings, 58 TSTs placed, and 7 courses of IPT delivered. The cost to carry out the training 

intervention was $6655 per clinic (454 patients). To calculate the cost per 100 patients we 

note that 100/454 is 0.22 and [(0.22) × $6655]= $1464 per 100 patients. The median 
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discounted cost including intervention implementation, diagnosis, follow-up, and therapy in 

100 patients followed 20 years was $9,748 (IQR: $9530-$10,078) with the intervention and 

$6,461 (IQR: $6278-$6783) in the baseline condition; the median of the cost differences 

across 10,000 iterations was $3208 (IQR: $3108-$3355) or $32.08 per patient.

Intervention Effects

The results of the impact evaluation of the trial are available elsewhere 3. Key values derived 

from the trial include a crude hazard ratio for incident active TB (comparing the intervention 

to no intervention) of 0.87 and 58% TST coverage among the eligible population, of whom 

20% tested positive, with 82% of people with positive TST receiving IPT. Crude rates of TB 

and TB or death, respectively, were 1.31 and 3.64/100 person-years in the control population 

versus 1.10 and 3.04/100 person-years in the intervention population. We projected that the 

THRio intervention would avert 0.17 TB deaths and 1.48 cases of active TB over a 20-year 

horizon (Table 2). These averted deaths and TB cases are estimated to account for 1.14 

discounted DALYS averted in 100 people over 20 years. We estimate that 96% of the DALY 

burden averted is due to disability, with the remainder due to premature death. The bottom of 

Table 2 lists one estimate of the ICER, obtained by dividing the minimum cost by the mean 

estimate of discounted DALYs, at $2594. The ICER estimate based on the median of 10,000 

iterations of the Monte Carlo model was $2273 per DALY averted (IQR: $1779-$3135).

Sensitivity Analysis

Among the parameters used in the model, the ones most likely to affect the results were 

chosen for univariate sensitivity analysis. We chose to examine the efficacy of the 

intervention because all estimates of benefit hinge on it. Similarly the disability weight on 

TB/HIV could have a large impact because 96% of the DALY burden is from disability. 

Among the cost parameters, training costs accounted for approximately 22% of the total cost 

of the intervention sowe varied that as well. Results of two-way sensitivity analysis (Table 3 

and Figure 1) show that the cost-effectiveness of the intervention was robust to variation in 

the efficacy of IPT, cost of clinical training, and disability weight for TB/HIV. If the 

disability weight for TB/HIV was 10 points worse than HIV, it would make the intervention 

appear more cost-effective and it would lower the ICER to $2352 per DALY averted. Other 

factor associated with variation in the cost-effectiveness ratio included the cost of start up 

clinics.

Discussion

This decision model based on data from a pragmatic cluster-randomized trial suggests that 

training to perform TST and deliver IPT to HIV-infected adults is likely to be cost-effective 

in medium-burden, middle-income settings. For every 100 individuals exposed to this 

intervention, we project that 1.5 cases and 0.2 TB deaths could be averted, at a median cost 

of $2273 (IQR: $1779-$3135) per DALY averted. Thus, although the gains from this 

feasible intervention may be relatively small in absolute terms, they are likely to present 

good “value for money” in comparison with other health interventions that may be available 

in middle-income settings such as urban Brazil. The incremental cost per DALY averted for 

this intervention was far less than Brazil's 2010 per-capita gross domestic product (GDP) of 
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$11,700. Hence it meets criteria to be classified as highly cost-effective in the context of 

Brazil.

This is one of the first analyses to estimate the cost-effectiveness of preventive therapy for 

TB among HIV-infected individuals with an assumption of constant incidence of TB. Other 

analyses among non-HIV-infected low prevalence populations suggest that IPT may also be 

cost-effective in selected settings 13. Relative to these studies, the ICER of providing IPT to 

HIV-infected adults in Brazil is somewhat more cost-effective. This supports current WHO 

guidelines 14 to provide IPT to people living with HIV. Importantly, the THRio trial was 

designed to test a pragmatic intervention at the clinic level; this intervention remains cost-

effective despite our effectiveness measures inherently accounting for programmatic 

realities, including incomplete coverage (e.g., only 58% of eligible individuals receiving 

TST). If the intervention could be delivered at even higher coverage (e.g., through provision 

of nurses or other personnel to administer TSTs), its cost-effectiveness might be enhanced 

further. However, if IPT efficacy or TB incidence were lower, then the cost per DALY 

averted would be higher.

As with any modeling analysis, our study has important limitations. While we found that 

this intervention was cost-effective against the threshold of Brazil's GDP, it would not meet 

this same threshold in other lower-income countries unless its cost was proportional to GDP. 

Compared to many other TB interventions – even some considered to be very expensive 

(e.g., treatment of MDR-TB 16) – this intervention is less cost-effective, though it may be 

more affordable due to its lower per-patient cost. Our findings – which assume long-term 

effectiveness of IPT – may not generalize to higher-burden settings where the long-term 

efficacy of six months of IPT is known to be lower15, 17.

The majority (67%) of participants were on ART at the time of IPT initiation. Of those who 

were not, many (35%) started ART at some point after IPT initiation. Thus, our findings may 

not generalize to populations that are largely ART-naive; however, many existing programs 

for IPT delivery are integrated with ART, as was the case here.

We took as our study population the population of THRio, which was largely ART-

experienced at the time of IPT initiation. Providing IPT to a population with little ART 

experience may augment the impact of IPT (e.g., if TB risk is higher as a result), but more 

likely, ART and IPT have synergistic effects18. Epidemiological models of the Brazilian 

HIV-infected population estimated an annual risk of infection (ARI) of 0.8% per year which 

was consistent with observed TB incidence in this population19.

Finally, the costs and effectiveness of this intervention as measured in urban Brazil may not 

be reflective of those in rural settings, or in areas with lower ART coverage or general public 

health infrastructure; and also, our estimates of cost-effectiveness may overestimate the 

benefit of IPT, to the extent that individuals with a positive TST may have living conditions 

that put them at greater risk of reinfection. In summary, this decision analysis suggests that 

an intervention aimed at training healthcare workers to provide TST-guided IPT to people 

accessing HIV care is likely to be cost-effective in the setting of urban Brazil. Further study 

is required to see if these findings generalize to higher-burden or lower-income settings. In 
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the interim, these findings support existing guidelines to provide IPT in this population, 

suggesting that preventive therapy is not only effective but likely to provide good value for 

money as well.
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Figure 1. Results of the sensitivity analysis on parameters used in the Cost-effectiveness model
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Table 2
Effectiveness outcomes of training to provide TST and IPT in 100 HIV infected patients

Items TB Deaths TB Cases DALYs lost by 100 people over 20 years Discounted Lost DALYs

Without Intervention 1.3 11.5 822 582

With Intervention 1.1 10.0 821 581

Incremental 0.1 1.5 1.6 1.1

Incremental with Discounting 1.1
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