1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

ﬁ%
S

O

HE

'NS

4

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Lancet Infect Dis. 2013 October ; 13(10): 852-858. doi:10.1016/S1473-3099(13)70187-7.

Impact of tuberculosis screening and isoniazid preventive
therapy on incidence of tuberculosis and death in patients with
HIV infection receiving care in public clinics in Rio de Janeiro,
Brazil: the Tuberculosis/HIV in Rio de Janeiro (THRIio) study: a
stepped wedge, cluster randomized trial

Betina Durovni, MD, Valeria Saraceni, MD, Lawrence H. Moulton, PhD, Antonio G. Pacheco,
PhD, Solange C. Cavalcante, MD, Bonnie S. King, MPH, Silvia Cohn, MS, Anne Efron, MSN,
Richard E. Chaisson, MD, and Jonathan E. Golub, PhD

Municipal Health Secretariat, Rio de Janeiro (BD, VS, SCC); Federal University of Rio de Janeiro
(BD); Scientific Computation Program (AGP), Oswaldo Cruz Foundation (SCC), Rio de Janeiro,
Brazil; Department of International Health (LHM, REC, JEG), Johns Hopkins Bloomberg School
of Public Health; Center for Tuberculosis Research (LHM, BSK, SC, AE, REC, JEG), Department
of Medicine, Johns Hopkins University School of Medicine, Baltimore, MD USA

Summary

Background—~Preventive therapy for tuberculosis among HIV-infected patients is effective but
has not been widely implemented in moderate/high-burden settings.

Objectives—To determine the impact of widespread use of isoniazid preventive therapy on rates
of tuberculosis and death in HIV-infected individuals in Brazil.

Design—Stepped wedge, cluster randomized trial
Participants—~Patients actively enrolled in 29 HIV clinics in Rio de Janeiro, Brazil
Control period—Standard of care

Intervention period—Staff training in tuberculosis screening, performance of tuberculin skin
tests and use of isoniazid preventive therapy.

Randomization—Clinics were randomly allocated a date to begin the intervention period with
two clinics beginning the intervention every 2 months starting September 1 2005.
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Main outcome measures—Tuberculosis incidence alone or combined with death in the
control versus intervention periods through August 31 2009.

Results—Among 17,413 patients in the THRio cohort, 12,816 were eligible for the intervention.
Overall, there were 475 tuberculosis cases and 838 deaths. The intervention increased the rate of
patients receiving skin tests from 19/100 person-years to 59/100 person-years, and from 36/100
person-years to 144/100 person-years for those eligible for isoniazid preventive therapy. In the
control period, 221 tuberculosis cases were diagnosed (1-31/100 person-years) compared to 254
(1-10/100 person-years) in the intervention (unadjusted hazard ratio (HR)=0-87;95%CI:0-69-
1-10). Rates of tuberculosis incidence or death were 3-64 and 3-04/100 person-years, respectively
(HR=0-76; 95%CI:0-66-0-87). When adjusted for age, sex, entry CD4 count and use of
antiretroviral therapy, the HR for tuberculosis was 0-73 (95%CI:0-54-0-99) and for tuberculosis or
death was 0-69 (95%CI:0-57-0-83). Among 12,196 patients remaining in care (secondary
analyses, 399 tuberculosis cases and 656 deaths), the adjusted HR of tuberculosis alone and
combined with death were 0-42 (95%CI:0-29-0-60) and 0-45 (95%CI:0-35-0-56), respectively,

Conclusions—Operational training aimed at increasing tuberculosis screening, provision of
tuberculin skin tests and use of isoniazid preventive therapy in Brazilian HIV clinics significantly
reduced incident tuberculosis and death. Thus, scale-up of preventive therapy for HIV-infected
patients in moderate tuberculosis incident settings is achievable and should be strongly considered
in Brazil and elsewhere.

Trial registration—This trial is registered at clinicaltrials.gov (NCT00107887)
Funding—-Bill & Melinda Gates Foundation; National Institutes of Health

INTRODUCTION

Background and objectives

Isoniazid preventive therapy has long been recognized as an effective intervention for
reducing risk of tuberculosis at the individual and population level.! Studies in people with
HIV infection demonstrate that preventive therapy reduces tuberculosis rates, particularly in
HIV-infected patients with positive tuberculin skin tests.? Evidence from observational
studies in Brazil and South Africa show substantial reductions in tuberculosis risk for HIV-
infected patients who received both isoniazid preventive therapy and antiretroviral
therapy3#. Although use of isoniazid preventive therapy has been recommended by the
World Health Organization since 1998, uptake of this intervention in countries with high
burdens of HIV and tuberculosis has been extremely poor, and most patients eligible for
isoniazid are not receiving it.% Brazil has a moderate tuberculosis incidence rate (38/100,000
in 2011) %, and in Rio de Janeiro, a city where 10% of tuberculosis cases are co-infected
with HIV, the incidence was 95.3/100,000 in 2009 and tuberculosis continues to be a leading
cause of illness and death in people with HIV infection.” We sought to determine the impact
of an intervention to increase use of isoniazid preventive therapy and the subsequent effect
on rates of tuberculosis and death in HIV-infected individuals in Brazil, where antiretroviral
therapy has been freely available through the public sector since 1996.

METHODS

Trial design

The design of the THRio study has been previously described.8 Briefly, THRio was a
stepped wedge, cluster randomized trial in which 29 of the 51 clinics providing antiretroviral
therapy in Rio de Janeiro, representing 57% of all HIV-infected patients, were randomly
assigned to the date when a training intervention would be introduced. Clinics ranged in size
from 121 patients to 1749 patients and were chosen because they were under the
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administrative control of the City Health Department and were geographically dispersed
throughout the city. A stepped wedge design was chosen for operational simplicity and to
ensure that all patients eventually received the intervention.

Intervention—The intervention tested was training HIV and tuberculosis clinic staff to
screen and treat patients for tuberculosis, perform tuberculin skin tests and treat latent
tuberculosis infection with isoniazid preventive therapy. Staff receiving training included
physicians, nurses, social workers, nutritionists and psychologists. All clinics received the
study intervention at a randomly assigned time during a 2.5 year implementation period.
Approximately 1 month prior to the intervention start date at each clinic, staff received HIV/
tuberculosis education and training for tuberculin skin testing, and administration of
isoniazid preventive therapy Thereafter clinics were provided with updated lists of patients
eligible for tuberculin skin testing and isoniazid preventive therapy at least once annually.
Annual meetings were held to provide indicators of clinic performance for tuberculin skin
tests and initiation of isoniazid preventive therapy.

Study procedures and eligibility—Patients who made at least one visit to any of the 29
clinics between September 1, 2003 and September 1, 2005 and patients making their first
clinic visit between September 1 2005 and August 31 2009 were eligible for inclusion in our
analysis. Brazil policy for isoniazid preventive therapy recommends that HIV-infected
patients with no history of tuberculosis diagnosis, treatment, or prior tuberculosis preventive
therapy should undergo tuberculin skin testing and, if positive, receive isoniazid preventive
therapy? Patients were eligible for the THRio intervention if they had not been diagnosed
with tuberculosis or completed isoniazid preventive therapy prior to the study. Staff were
instructed to screen all HIV-infected patients for tuberculosis symptoms and to perform
annual tuberculin skin testing using PPD RT 23 (Statens Serum Institut, Denmark) on
eligible individuals. Patients with tuberculin skin tests reactions = 5mm were asked about
tuberculosis symptoms and had a chest radiograph. Tuberculin-positive patients and those
with documented prior positive tuberculin skin tests who had not received isoniazid
preventive therapy were to be given isoniazid 300 mg with pyridoxine 25 mg daily for 6
months, refilled at 30 or 90 days depending on clinic as were patients with chest
radiographic scars compatible with previous healed tuberculosis and no prior documented
anti-tuberculosis therapy. Physicians recorded “completion” in medical records when
patients reported taking 180 doses of isoniazid preventive therapy.

Randomization and Power—The unit of randomization was the HIV clinic. Clinics
were randomly allocated a date to begin the intervention period of the study with two clinics
beginning the intervention every 2 months starting September 1, 2005. Randomization was
done using a highly restricted randomization design to achieve close balance with respect to
clinic-level covariates including mean CD4 count, clinic size, average education,
tuberculosis treatment levels, existence of a supervised tuberculosis therapy (DOTS)
program and geography.10-12

With a Type | error of 0.05, and a coefficient of variation of 0.2 for TB incidence rates
across clinics (based on a sample of 240 patients in 10 clinics!?), we estimated the study
would have 80% power to detect a 40% reduction in TB incidence.

Data collection—Medical record data for all patients were abstracted onto standardized
forms at baseline and at approximately nine-month intervals by trained study personnel
uninvolved in clinical care. Completed forms were mailed to the data management center for
entry. Seven abstraction visits were conducted during the study and through nine months
following study conclusion to ensure complete data capture. Information collected included

Lancet Infect Dis. Author manuscript; available in PMC 2014 October 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Durovni et al.

Page 4

HIV-related diagnoses, CD4 cell counts, HIV viral loads, antiretroviral therapy use and all
diagnostic and treatment data for both active and latent tuberculosis. Supervisors re-
abstracted 5% of records for quality control and an external study monitor consistently
reported < 1% of randomly reviewed records had minor inconsistencies. To ensure all
tuberculosis cases and deaths were captured, we cross-matched the THRio registry with the
Rio de Janeiro City tuberculosis and mortality surveillance databases.

Statistical Analysis—The primary outcomes were crude and adjusted incidence of active
tuberculosis and incidence of active tuberculosis or death before and following exposure to
the intervention. 13 Tuberculosis was defined according to the Brazilian guidelines!* as 1) at
least one positive culture for Mycobacterium tuberculosis; or 2) positive acid fast bacilli
smear; or 3) clinical and radiographic presentation consistent with tuberculosis and response
to treatment.

Rates of tuberculin skin testing and isoniazid preventive therapy initiation were compared
between control and intervention periods across clinics using a Poisson regression
accounting for within-clinic correlation via inclusion of a scale parameter for
overdispersion. The denominator time for the tuberculin skin test rates started at entry into
the cohort and for isoniazid preventive therapy rates on the date of a first positive tuberculin
skin test. Incidence rates were calculated for both primary outcomes with total person-time
in each period as the denominator and 1) all tuberculosis events, and 2) all tuberculosis
events and deaths, as the numerator, standardized to 100 person-years of observation. The
start of follow-up time was September 1, 2005, or the date of first clinic visit for patients
who enrolled in care after the study began. Patients were followed through the first of death,
tuberculosis diagnosis or August 31, 2009 (administrative censoring). Person-time was
allocated to the control period from the time of entry into the study until the patient attended
his or her clinic after the intervention was introduced. Patients who died or were diagnosed
with tuberculosis within 60 days of their first clinic visit, whether that visit was during the
clinic’s control or intervention period, were excluded from the analysis because they were
considered to have entered the study with an incipient endpoint.

In the primary intent-to-treat analysis, all patients eligible to receive either tuberculin skin
test or isoniazid preventive therapy were included. We considered patients exposed to the
intervention once they attended a clinic that had entered the intervention period of the trial,
whether or not they received tuberculin skin testing or isoniazid preventive therapy. Patients
who transferred clinics contributed follow up time to each clinic during the time they
attended it. However, once a patient had observation time in a clinic in the intervention
period, they were analyzed as having received the intervention. Tuberculosis incidence and
mortality rates on each day were compared between patients who had been exposed to the
intervention to those who had not yet been exposed to the intervention. Because this was a
stepped wedge design, clinics provided different lengths of time to the control and
intervention periods.

A secondary analysis of “stayers” was performed to assess the impact of the intervention on
patients retained in care, as a number of patients eligible to receive tuberculosis testing and
isoniazid preventive therapy never returned to the clinic after implementation of the
intervention. The stayers analysis was a post-hoc analysis designed prior to initiation of data
analysis and included those patients who had consistent contact with a clinic, defined as
receiving at least one CD4 determination per year. In principle, patients should be seen at
clinic, with routine CD4 testing, thrice yearly. Thus, patient time was censored one year
after the last CD4 result in these analyses.

Lancet Infect Dis. Author manuscript; available in PMC 2014 October 01.
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Cox proportional hazards modeling on a calendar time axis to account for secular trends
with gamma-distributed random effects for clinic-level shared frailty was conducted to
compare instantaneous risk of outcomes of those in intervention status to those in control
status. Crude Cox models were conducted for the primary analysis and adjusted models
were generated accounting for important covariates potentially associated with the
intervention and the outcomes. These factors were sex, age at entry, antiretroviral therapy at
baseline, and time-varying (last observation carried forward) CD4 count. 15 A time-varying
binary covariate tracking intervention status was fit using definitions of times-at-risk in each
period given above. These analyses were conducted with R version 2, and fit separately in
Stata/MP 12.1 (College Station, TX) for verification. This trial is registered at
clinicaltrials.gov (NCT00107887)

Ethics and Sponsor’s Role—Approval was granted by the Comite de Etica em Pesquisa
of the Municipal Health Secretariat of Rio de Janeiro and the Johns Hopkins Medicine
Institutional Review Board (Baltimore, US). The need for informed consent was waived
because the intervention under study was training clinic staff to better perform practices that
were already standard recommended practices in these clinics. Approval for the study was
also obtained from the director of each clinic. An independent Data Safety and Monitoring
Board reviewed the protocol and interim results annually. The sponsors of the study had no
role in study design, data collection, data analysis, data interpretation, or writing of the
manuscript.

The initial THRio cohort consisted of 17,413 HIV-infected patients, 11,629 who had visited
study clinics prior to trial start and 5,784 patients who entered clinical care between
September 1, 2005 and August 31, 2009. According to a priori exclusion criteria, 4,597
(26%) patients were excluded from the analysis for the following reasons: diagnosed with
tuberculosis prior to study start date plus 60 days (n=3,566); completed isoniazid preventive
therapy prior to the study plus 60 days (n=920); or died within 60 days of study start
(n=111). After these exclusions, 12,816 patients remained in our study sample.

Among these 12,816, 61% were male, the median age was 37 years (interquartile range
(IQR) 3045 years), the median CD4 was 408 cells/mm?3 (IQR 248-598), and 60% were
receiving combination antiretroviral therapy at baseline (Table 1). At first visit in the
intervention period, the median CD4 was 426 cells/ mm3 (IQR 268-619).

Table 2 describes the tuberculin skin test and isoniazid preventive therapy experience among
the 12,816 eligible patients. Among these patients, 472 had a positive tuberculin skin test
prior to THRIio start date and were eligible for isoniazid preventive therapy. Among the
12,344 eligible for a tuberculin skin test, 7,361 (60%) had at least one tuberculin skin test
placed and read. Among 6,224 eligible for a second tuberculin skin test, 2,919 (47%)
received at least one more test. In total, 1,455 (20%) of the 7,361 patients receiving at least
one test had a positive result. Among all tuberculin-positives, 1,186 (82%) started isoniazid
preventive therapy and 1,003 (85%) completed therapy. Rates of tuberculin skin tests were
significantly greater in the intervention period (59/100 person-years) compared to the
control period (19/100 person-years, p<0.001), as were rates for initiation of isoniazid
preventive therapy amongst those with a positive tuberculin skin test (144/100 vs. 36/100
person-years, p<0.001). An additional 286 patients initiated isoniazid preventive therapy for
reasons other than a new positive tuberculin skin test; 211 had a previous positive tuberculin
skin test, 70 had a previous positive chest radiograph, and 5 had both a prior positive
tuberculin skin test and chest x-radiograph. Treatment completion was 83% in these
patients. Among all patients initiating preventive therapy, 1-5% (N=22) reported adverse
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events leading to therapy interruption, mostly pruritis (n=7) and gastrointestinal disturbances
(n=5), with only 3 patients experiencing liver toxicity.

During the THRio study period, 725 patients were diagnosed with tuberculosis, of whom
250 (34%) were excluded because tuberculosis was diagnosed within 60 days of clinic entry
and was classified as prevalent. Among the 475 tuberculosis cases included in the analysis,
404 (85%) were identified from medical records and 71 (15%) from the tuberculosis
registry. Among 838 deaths, 294 (35%) were found in medical records and 544 (65%) in the
mortality registry. In the control period, there were 221 patients diagnosed with tuberculosis
and 391 deaths during 16,830 person-years of follow up, for a tuberculosis incidence rate of
1.31/100 person-years and a tuberculosis or death incidence rate of 3-64/100 person-years.
The estimated coefficient of variation of the TB rates, calculated as the square root of the
variance of the gamma-distributed rate multipliers, was 0-22.16 In the intervention period,
there were 254 patients diagnosed with tuberculosis and 447 deaths during 23,093 person-
years of follow up, for a tuberculosis incidence rate of 1.10/100 person-years and a
tuberculosis or death incidence rate of 3-04/100 person-years (Table 3). The unadjusted Cox
proportional hazard ratios were 0-87 (95% CI: 0-69-1-10; p=0-24) for tuberculosis and 0-76
(0-66-0-87; p<0-001) for tuberculosis or death. After adjustment for age, sex, baseline
highly active antiretroviral therapy and time-varying CD4 cell count, the adjusted hazard
ratio for tuberculosis was 0-73 (95% CI 0-54-0.99; p=0-04) and was 0-69 (95% CI 0-57—
0-83; p<0:001) for tuberculosis or death. The full adjusted model is provided in the online
supplement, along with the unadjusted hazard ratio for the patients included in the full
model.

In the stayers analysis, 621 patients were excluded and 2083 had their person-time reduced
during the control period, and 1009 patients were excluded and 2969 patients had their
person-time reduced from the intervention period. A total of 5523 and 5085 person-years
were lost in the control and intervention periods, respectively, accounting for 33% and 22%
of follow-up time in the periods. In the control period, 200 patients were diagnosed with
tuberculosis and 302 deaths were reported during 11,307 person-years of follow up for a
tuberculosis incidence rate of 1-77/100 person-years and a tuberculosis or death incidence
rate of 4-44/100 person-years (Table 4). In the intervention period, 199 tuberculosis cases
and 354 deaths were reported among 18,008 person-years for rates of 1-11/100 person-years
for tuberculosis incidence and 3-:07/100 person-years for tuberculosis or death. Crude hazard
ratios for tuberculosis and tuberculosis or death were 0-42 (95%ClI: 0-31-0-58; p<0.001) and
0-50 (0-41-0-60; p<0.001), respectively. Adjusted models revealed similar hazard ratios. The
full adjusted stayers model is provided in the online supplement, along with the unadjusted
hazard ratio for the patients included in the full model. In the stayers analysis sample, rates
of tuberculin skin tests were significantly greater in the intervention period (74/100 person-
years) compared to the control period (29/100 person-years, p<0.001), as were rates for
initiating IPT (172/100 vs. 52/100 person-years, p<0.001).

DISCUSSION

The THRio intervention of training clinicians to screen for tuberculosis, perform tuberculin
skin testing and offer isoniazid preventive therapy to HIV-infected patients with access to
antiretroviral therapy had a modest impact on tuberculosis incidence (13% reduction) and a
larger and statistically significant impact on tuberculosis or death (24% reduction). Upon
adjustment for important covariates such as age, sex, CD4 count and receipt of antiretroviral
therapy, the intervention had greater effect, with 27% and 31% reductions in tuberculosis
and tuberculosis or death, respectively. Our stayers analysis examined the impact of the
intervention on those patients who were retained in care, and here the impact was even
greater (58% and 55% reductions in tuberculosis or tuberculosis and death, respectively).
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These effects are noteworthy, as the THRio study included patients with free access to
antiretroviral drugs, which we and others have demonstrated reduce the risk of tuberculosis
substantially1®. The larger effect on tuberculosis and death in the unadjusted analysis could
reflect deaths from tuberculosis in the control period that were not diagnosed pre-mortem.1’
Thus, THRio shows that isoniazid preventive therapy to tuberculin skin test-positive patients
with access to antiretroviral therapy has additional benefits for reducing the risk of
tuberculosis and death. These benefits are substantial and important, as the risk of
tuberculosis remains elevated in HIV-infected individuals receiving antiretroviral therapy
compared to HIV-uninfected people from the same population. Baseline data from this study
found individual level effects of isoniazid preventive therapy and antiretroviral therapy, with
a multiplicative impact of the two, though the baseline study revealed many limitations of
the current implementation of tuberculin skin testing and isoniazid preventive therapy in
HIV-infected patients in Rio de Janeiro. Preliminary results from a recent randomized
clinical trial among HIV-infected patients receiving antiretroviral therapy in South Africa
reported a 37% reduced risk for tuberculosis among patients receiving 12 months of
isoniazid preventive therapy versus placebo (panel).18

The THRio study evaluated the impact of a short course (6 months) of isoniazid preventive
therapy in an HIV-infected population in a setting with a moderate incidence of tuberculosis.
Several recent individual clinical trials in very high incidence settings in southern Africa
have shown improved efficacy of extended durations of isoniazid preventive therapy in
HIV-infected patients, and protection waned once patients stopped treatment.1920 Brazil’s
tuberculosis epidemic is considerably less severe than southern Africa’s, thus the durability
of a short course of isoniazid preventive therapy for HIV-infected patients with positive
tuberculin skin tests appears to be robust, as reinfection is less likely. Whether the
combination of antiretroviral therapy and a short course of isoniazid are sufficient for
providing durable protection against tuberculosis in high burden settings is uncertain. It is
also possible that treatment of latent tuberculosis with a more sterilizing regimen, such as a
rifamycin-based regimen, might be more efficacious than treatment with isoniazid alone.?!

Our intent was to conduct a study under normal clinic conditions in an effort to represent a
sustainable model, without the stringent conditions of a clinical trial. Thus, a large number
of patients either never attended or had limited attendance at the clinic during the
intervention and were therefore not exposed to the intervention. One marker of attendance is
the reporting of CD4 counts, which Brazilian guidelines recommend be done three times
annually. However, 1,982 (15.5%) patients included in the primary analysis never had a
reported CD4 count, and were subsequently excluded from the adjusted analysis, as CD4
count was a potential explanatory variable included in the model. Tuberculosis rates were
considerably higher in patients with no CD4 reported, and these patients tended to be newly
diagnosed HIV-infected patients during the intervention period who had little to no contact
with the clinic following their HIV diagnosis and prior to their TB diagnosis. Thus, adjusted
analyses reported marginally better protection. When we restricted our analysis to HIV
patients who had at least yearly encounters with a study clinic and were therefore more
likely to be exposed to the intervention, we observed an even larger and highly significant
reduction in the incidence of tuberculosis (58%) and tuberculosis or death (55%). The
estimates of the effectiveness of our intervention range from the intent-to-treat results and
the results seen in the subset of patients who have regular contact with the clinic: i.e. from
the 13% and 24% reductions (and their confidence intervals) observed in the intent-to-treat
analysis and the >50% reductions observed in the stayers analysis. The stayers analysis
results emphasize the need for strategies to maintain attendance in clinic to improve HIV
outcomes.
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The overall impact of our intervention was diminished by patients, newly diagnosed with
HIV, presenting with tuberculosis before preventive measures could be offered. Twenty-one
percent of all tuberculosis diagnoses during the THRio study period were among patients
newly diagnosed with HIV. These patients were excluded from our analyses a priori
because they did not have an opportunity to benefit from the study intervention. This finding
emphasizes the need for strategies to diagnose HIV earlier and start preventive therapy and
antiretroviral therapy as soon as possible after diagnosis to reduce tuberculosis risk.

Because tuberculosis deaths are likely underreported among HIV-infected patients in Rio de
Janeiro, we combined the outcome of TB and death to capture effects related to prevention
of tuberculosis deaths by the intervention.22 Our finding that the intervention reduce the risk
of tuberculosis and death more substantially than tuberculosis alone suggests that there was
underascertainment of tuberculosis deaths, consistent with reports from South Africa.23 The
THRIo intervention was a health services intervention, based on training clinic staff,
including physicians, nurses, social workers, psychologists and nutritionists, to better
recognize and treat tuberculosis among HIV-infected patients. Though the provision of
tuberculin skin tests and isoniazid preventive therapy was the primary focus, an increased
awareness by all those receiving the training may have provided additional inestimable
benefits, such as earlier tuberculosis diagnosis or earlier initiation of antiretroviral therapy,
thus decreasing mortality?4-26. Though our study horizon was only four years, patient care
may have improved over this time period (60% receiving antiretroviral therapy at study start
compared to 73% at study end), thus providing more benefit to patients in the intervention
period. Although only 9% of the population actually received isoniazid preventive therapy,
these patients, those screened for latent and active tuberculosis, may have stayed more
connected to the clinic and benefited accordingly. The stepped wedge design was chosen for
operational simplicity, though this study design did present several challenges. Though the
analysis accounted for secular trends, it is still possible there were interactions between
secular trends and some covariates. Finally, increased tuberculosis screening and use of
isoniazid preventive therapy could have had secondary benefits, decreasing transmission of
Mycobacterium tuberculosis in health facilities and thereby decreasing incidence more
broadly.

The THRio intervention was successful in increasing the use of tuberculin skin tests and
isoniazid preventive therapy, as recommended by the Brazilian Ministry of Health. Median
times to skin testing and to isoniazid for skin test-positive patients were markedly reduced
following the intervention compared to before.2: Nevertheless, 36% of tuberculosis cases
diagnosed after the intervention were among patients who had not yet received a tuberculin
skin test. Strategies for delivering tuberculosis preventive therapy more expeditiously are
urgently required. Use of interferon-gamma release assays linked to routine CD4 cell count
measurements could potentially simplify the process of diagnosing latent tuberculosis
infection and speed the time to initiation of preventive therapy. Alternatively, providing
tuberculosis preventive therapy to all HIV-infected patients, as recommended by the World
Health Organization®, could ensure broader uptake. While earlier trials have shown either
very modest or no benefit of isoniazid preventive therapy for tuberculin-negative
individuals? 20, recent results from Rangaka and colleagues demonstrate that isoniazid is
highly protective in tuberculin- and interferon-gamma-negative individuals receiving
antiretroviral therapy, though these results may not be applicable in Brazil where TB
exposure and transmission are both markedly less than in South Africa.2’

Despite limitations inherent to a study conducted in a real-world setting, we showed that
tuberculin skin test screening and provision of isoniazid preventive therapy to HIV-infected
patients with access to highly active antiretroviral therapy significantly reduced the risk of
tuberculosis and death and should be widely implemented. In settings similar to those of
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Brazil, where rates of latent tuberculosis infection are reasonably high but repeat reinfection
with tuberculosis is uncommon, provision of one 6 month regimen of isoniazid preventive
therapy is likely to have lasting protection from tuberculosis. Providing preventive therapy
on a large scale through routine HIV clinic care is an effective way to significantly reduce
tuberculosis incidence and death among HIV-infected patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Panel: Research in context

Systematic Review

We searched PubMed for articles published in the HIV era with the search terms
“isoniazid preventive therapy” or “tuberculosis preventive therapy” or “tuberculin skin
test” and “HIV” and “tuberculosis.” Only English language titles were included. We also
included results reported at recent scientific meetings. These results were combined with
a published systematic review.?

I nter pretation

Isoniazid preventive therapy reduces the risk of tuberculosis in HIV-infected
individuals?, especially those with a positive tuberculin skin test.? 20 Despite being
recommended for more than 15 years by the World Health Organization, relatively few
people with HIV received isoniazid preventive therapy until recently. We trained HIV
clinicians to screen for latent and active tuberculosis and to provide isoniazid preventive
therapy to patients with a positive tuberculin skin test. We have shown that significant
reductions of tuberculosis and mortality risk can be achieved in the population of HIV-
infected patients enrolled in care through this intervention in a setting with a moderate
tuberculosis epidemic.
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17,413 patients visiting clinics
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29 Clinies eligible for inclusion

29 Clinics receiving intervention

4,597 patients excluded
3,566 tuberculosis diagnosis prior to study start date

111 dies within 60 days of study start date

920 completed isoniazid preventive therapy priorto study start date

12,816 patients eligible for intervention

9,708 eligible patients contributing
to control period

10,752 eligible patients contributing
to intervention period

Figure 1.

Trial Profile (CONSORT Diagram modified for stepped wedge cluster-randomized trial)
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Table 1
Patient characteristics
Total number of patientsin analysis 12,816
Men (%) 7,789 (61%)
Median age at entry, years (interquartile range) 37 (30-45)

Median CD4 at entry, per mm? (interquartile range)*

408 (248-598)

Years since HIV diagnosis at entry (interquartile range)

2.4 (0.4-5.8)

Receiving antiretroviral therapy at entry (%)

7,657 (60%)

*
2319 (18%) patients had no CD4 result available within 180 days of entry

+

2813 (22%) patients had no CD4 result available within 180 days of intervention
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Table 2
Rates of tuberculin skin testing and initiation of isoniazid preventive therapy among tuberculin skin test
positives
Control Period (per 100 per son- Intervention Period (per 100 per son- value
years) years) P
Rate of tuberculin skin testing 19 59 <0.001
Rate of initiating isoniazid preventive therapy 36 144 <0.001
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