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Background. The duration of protection against tuberculosis provided by isoniazid preventive therapy is not known
for human immunodeficiency virus (HIV)-infected individuals living in settings of medium tuberculosis incidence.

Methods. We conducted an individual-level analysis of participants in a cluster-randomized, phased-implemen-
tation trial of isoniazid preventive therapy. HIV-infected patients who had positive tuberculin skin tests (TSTs) were
followed until tuberculosis diagnosis, death, or administrative censoring. Nelson–Aalen cumulative hazard plots were
generated and hazards were compared using the log-rank test. Cox proportional hazards models were fitted to in-
vestigate factors associated with tuberculosis diagnosis.

Results. Between 2003 and 2009, 1954 patients with a positive TST were studied. Among these, 1601 (82%) ini-
tiated isoniazid. Overall tuberculosis incidence was 1.39 per 100 person-years (PY); 0.53 per 100 PY in those who
initiated isoniazid and 6.52 per 100 PY for those who did not (adjusted hazard ratio [aHR], 0.17; 95% confidence
interval [CI], .11–.25). Receiving antiretroviral therapy at time of a positive TST was associated with a reduced risk of
tuberculosis (aHR, 0.69; 95% CI, .48–1.00). Nelson–Aalen plots of tuberculosis incidence showed a constant risk,
with no acceleration in 7 years of follow-up for those initiating isoniazid preventive therapy.

Conclusions. Isoniazid preventive therapy significantly reduced tuberculosis risk among HIV-infected patients with
a positive TST. In a medium-prevalence setting, 6 months of isoniazid in HIV-infected patients with positive TST re-
duces tuberculosis risk over 7 years of follow-up, in contrast to results of studies in higher-burden settings in Africa.
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Isoniazid preventive therapy (IPT) has long been used
to prevent development of tuberculosis in high-risk
populations [1], with efficacy ranging from 60% to
90% [2]. Prior to the human immunodeficiency virus
(HIV) epidemic, IPT reduced tuberculosis incidence

substantially in Alaska Natives in the 1950s where inci-
dence rates (IRs) were similar to those in settings with
highHIV prevalence, such as southern Africa today [1,3],
and the incidence remained low for at least 20 years [1].

In the HIV era, IPT has proved effective in reducing
tuberculosis rates among HIV-infected patients, partic-
ularly among those with a positive tuberculin skin test
(TST) result [4–12]. Trials in Botswana and South Af-
rica, however, show that although IPT significantly re-
duces tuberculosis risk for HIV-infected individuals
and gold miners while they are receiving the drug,
once IPT is stopped risk quickly elevates toward the
level of persons who never received IPT [11, 12].
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These recent results add to the growing evidence [11–14] that
lifetime preventive therapy may be required in these settings
where reinfection with tuberculosis is presumed to be common.
However, in settings of medium tuberculosis incidence, such as
Brazil, it is not known if the currently recommended 6-month
IPT regimen for HIV-infected patients with a positive TST is
effective against tuberculosis over the long term.

We report tuberculosis rates among patients with positive tu-
berculin skin tests in the TB/HIV in Rio (THRio) study, a cluster-
randomized, phased implementation trial that showed that
implementing IPT resulted in reductions in the incidence of
tuberculosis and death among all patients in participating HIV
clinics in Rio de Janeiro, Brazil [15]. In the current analysis, we
have examined the long-term individual-level impact of IPT on
tuberculosis risk in TST-positive patients for up to 7 years.

METHODS

The THRio study has been previously described [15, 16]. In
brief, THRio was a cluster-randomized trial in 29 HIV clinics
in Rio de Janeiro, Brazil, evaluating the impact of an interven-
tion to increase TST and use of IPT on tuberculosis incidence
and mortality [15]. In the 12 816 patients included in the prima-
ry analysis, 2135 had a positive TST result. In this analysis, we
included patients with a positive TST result after September
2003 and excluded patients with tuberculosis diagnosed within
30 days of a positive TST result, as this likely represented prev-
alent tuberculosis. We collected information on dates of TST re-
sults, start of IPT treatment, start of antiretroviral therapy
(ART), and dates of tuberculosis diagnosis and deaths through
medical record review during the study data collection period
between 1 September 2003 and 31 August 2010. Physicians re-
corded “completion” when patients reported taking 180 doses of
IPT. Tuberculosis and death dates were also obtained by cross-
matching with the Rio de Janeiro mortality registry and tubercu-
losis registry through 31 October 2012 [17, 18].

TST was performed with purified protein derivative RT23
(Statens Serum Institut, Copenhagen, Denmark) by trained
nurses, and results were read in the clinic within 2–7 days.
After ruling out active tuberculosis disease with a clinical histo-
ry and chest radiography, patients with a positive TST result
were prescribed isoniazid 300 mg with pyridoxine 25 mg per
day for 6 months, refilled at 30- or 90-day intervals. Brazilian
national guidelines up to 2006 recommended ART for HIV-in-
fected patients with a CD4 count <200 cells/µL [19]. In 2007,
the guidelines changed to recommend ART to patients with a
CD4 count <350 cells/µL [20] and were changed again to
CD4 <500 cells/µL in 2010 [21].

The primary endpoint was development of incident tuber-
culosis, defined according to Brazilian guidelines as at least 1
positive culture for Mycobacterium tuberculosis, positive acid-

fast bacilli smear, or clinical and radiographic presentation con-
sistent with tuberculosis and response to treatment [22]. We
calculated IRs and compared risk of tuberculosis in 2 ways:
(1) for all TST-positive patients beginning 30 days after the
date of the positive test and (2) for TST-positive patients begin-
ning on the date that IPT began. We followed patients for up to
7 years and censored follow-up at the first of tuberculosis diag-
nosis, death, or the last matching date with the tuberculosis and
mortality registries (31 October 2012). We calculated IRs per
100 person-years (PY), and 95% confidence intervals (CIs)
based on the Poisson distribution. Cox proportional hazards re-
gression models were fitted to investigate factors associated with
tuberculosis. Nelson–Aalen cumulative hazard plots were fitted
and hazards were compared using the log-rank test. We also cal-
culated tuberculosis IRs in 6-month increments starting at ini-
tiation of IPT.

For the analysis of all TST-positive patients, the primary ex-
posure variable was IPT initiation. IPT was treated as a time-
dependent variable. Time from TST positive until start of IPT
was considered “no IPT” time, and changed to “IPT” time when
treatment was initiated. Patients treated for <15 days were con-
sidered to have not initiated IPT. Other covariates were receipt
of ART, CD4 cell count and age at the time of a positive TST
result, and sex. For the analysis restricted to IPT initiators, co-
variates of interest were receipt of ART at or prior to IPT start
date, CD4 cell count and age at IPT start date, and sex. Sensi-
tivity analyses removed patients who died or were diagnosed
with active tuberculosis disease within 60 and 90 days after a
positive TST result.

RESULTS

Among 2135 patients with a positive TST result in the THRio
study, 181 were excluded for this analysis for the following rea-
sons: had a positive TST prior to 2003 (n = 123), tuberculosis
was diagnosed within 30 days of initiating IPT (n = 43), first re-
corded positive TST result was after the IPT start date (n = 9), or
the recorded IPT start date was the same as the recorded IPT
end date (n = 6). Among the 1954 patients who met the inclu-
sion criteria for our analysis, 1601 (82%) started IPT and 353
did not (18%). Median time to start IPT treatment was 35
days following a positive TST result (interquartile range [IQR],
9–99 days). Among the 1601 initiating IPT, 1330 (83%) were
reported to have completed 6 months of treatment, and the me-
dian length of IPT among those who completed treatment was
185 days (IQR, 181–216 days). Median follow-up was 4.8 years
(IQR, 3.6–6.0 years) from time of positive TST result and 4.7
years (IQR, 3.7–5.6 years) from time of IPT initiation. Tubercu-
losis IRs and hazard ratios (HRs) for all patients with a positive
TST and for those with a positive TST who started IPT are
shown in Tables 1 and 2, respectively. Patients initiating IPT
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were older (median, 40 years [IQR, 33–48 years] vs 37 years
[IQR, 30–45 years]; P < .001), had higher CD4 counts at time
of positive TST (median, 525 cells/µL [IQR, 359–735 cells/µL]
vs 447 cells/µL [IQR, 285–648 cells/µL]; P < .001), and were
more likely to be on ART at time of positive TST (62% vs
53%; P = .002) than those who did not start IPT.

During follow-up of all patients with a positive TST, 127 first
episodes of tuberculosis were diagnosed (IR, 1.39/100 PY): 86
episodes among the 353 patients who never received IPT (IR,
6.52/100 PY) and 41 episodes among the 1601 who initiated
IPT (IR, 0.53/100 PY; HR, 0.16 [95% CI, .11–.23]; Table 1).
In the multivariate Cox proportional hazards model comparing
IPT vs no IPT, initiating IPT was associated with a 83% reduc-
tion in tuberculosis risk (adjusted HR [aHR], 0.17 [95% CI,
.11–.25]) and taking ART was associated with a 31% reduced
risk (aHR, 0.69 [95% CI, .48–1.00]). There was little evidence
of interaction between initiating IPT and taking ART (P = .50).

Having a CD4 count ≤200 cells/µL at time of a positive TST
result was associated with an increased tuberculosis risk (aHR,
6.35 [95% CI, 3.68–10.95]) compared with having a CD4 count
≥500 cells/µL. Sex and age were not associated with tuberculosis

risk (Table 1). Sensitivity analyses allowing for longer periods of
time (60 and 90 days) for diagnosing active tuberculosis follow-
ing a positive TST result revealed HRs nearly identical to those
for the primary 30-day analysis.

Among patients who completed IPT, there were 31 episodes
of tuberculosis (IR, 0.49/100 PY) vs 8 episodes (IR, 0.91/100 PY;
HR, 0.54 [95% CI, .24–1.35]) among those who did not com-
plete IPT. Two cases were diagnosed among 68 patients for
whom outcome of IPT is not known. Patients completing IPT
were older (median, 41 years [IQR, 33–48 years] vs 37 years
[IQR, 31–46 years]; P < .001) and more likely to be on ART
(68% vs 55%; P < .001) than patients not completing IPT. In
the multivariate model of TST-positive patients who initiated
IPT, ART at time of IPT was associated with a 48% reduction
in tuberculosis risk (aHR, 0.52 [95% CI, .27–.99]) (Table 2).

We calculated tuberculosis IRs by 6-month intervals (Table 3).
Only 1 diagnosis of tuberculosis was made during the 6 months
after IPT began, and this case occurred at 162 days from initiation
of IPT in a patient who stopped treatment after 116 days. Of the
31 tuberculosis cases diagnosed among patients who completed
therapy, 14 (45%) were diagnosed in the first 24 months

Table 1. Tuberculosis Incidence Rates and Cox Proportional Hazards Model for HIV-Infected Patients With a Positive Tuberculin Skin
Test (TST), Followed for up to 7 Years After Positive TST

Patient Characteristics No. of Patients
No. Tuberculosis

Cases/PY
Incidence Rate/
100 PY (95% CI) HRa (95% CI)

Adjusted HRa,b

(95% CI)

All TST+ patients 1954 127/9117 1.39 (1.16–1.66)
Initiated IPT

Yes 1601 (82%) 41/7798 0.53 (.38–.71) 0.16 (.11–.23) 0.17 (.11–.25)

No 353 (18%) 86/1319 6.52 (5.21–8.05) Ref Ref
ART at TST+

c

Yes 1186 (61%) 64/5396 1.19 (.91–1.51) 0.67 (.47–.94) 0.69 (.48–1.00)

No 768 (39%) 63/3721 1.69 (1.30–2.17) Ref Ref
Sex

Male 1216 (62%) 78/5652 1.38 (1.09–1.72) 1.03 (.72–1.47) 1.13 (.79–1.63)

Female 738 (38%) 49/3465 1.41 (1.05–1.87) Ref Ref
Age at TST+, y

<30 330 (17%) 28/1608 1.74 (1.16–2.52) 2.10 (1.12–3.93) 1.24 (.65–2.38)

30–39 625 (32%) 36/2998 1.20 (.84–1.66) 1.42 (.78–2.60) 1.03 (.56–1.89)
40–49 617 (32%) 48/2826 1.70 (1.25–2.25) 1.97 (1.10–3.51) 1.55 (.87–2.79)

≥50 382 (19%) 15/1684 0.89 (.50–1.47) Ref Ref

CD4 at TST+, cells/µL
<200 150 (8%) 27/639 4.22 (2.78–6.15) 7.50 (4.38–12.85) 6.35 (3.68–10.95)

200–349 349 (18%) 40/1577 2.54 (1.81–3.45) 4.56 (2.79–7.48) 4.26 (2.59–6.99)

350–499 436 (23%) 32/2077 1.54 (1.05–2.17) 2.81 (1.68–4.72) 2.61 (1.55–4.37)
≥500 987 (51%) 26/4680 0.55 (.36–.81) Ref Ref

Abbreviations: ART, antiretroviral therapy; CI, confidence interval; HIV, human immunodeficiency virus; HR, hazard ratio; IPT, isoniazid preventive therapy; PY,
person-years; Ref, reference; TST, tuberculin skin test.
a IPT time dependent.
b Adjusted for all variables listed.
c ART at TST+refers to whether patients were receiving ART at the time that their TST was positive.
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following initiation, compared with 6 (75%) of the tuberculosis
cases diagnosed among patients who did not complete therapy.
Figure 1 shows tuberculosis incidence increasing markedly in
the first 2 years following a positive TST result for those who
did not initiate IPT, whereas those receiving IPT had a lower haz-
ard of developing disease (P < .01, log-rank test). No substantial
rise is seen over the 7-year period among those initiating IPT.

DISCUSSION

In this prospective study of HIV-infected patients with positive
TST followed for up to 7 years in Rio de Janeiro, Brazil, those

receiving 6 months of IPT received durable protection from de-
veloping tuberculosis. More than half of the tuberculosis epi-
sodes that developed after initiation of IPT were diagnosed
within the first 2 years, and 75% of the cases among patients
who did not complete IPT occurred during this time period.
ART was also independently associated with reduced tuberculo-
sis risk, and tuberculosis risk was significantly greater among
patients with lower CD4 counts at time of positive TST and
at time of starting IPT, emphasizing the importance of earlier
diagnosis of HIV and TST screening in Brazil [23].

Whether IPT provides long-term protection against tubercu-
losis in HIV-infected individuals has been questioned, as trials

Table 2. Tuberculosis Incidence Rates and Cox Proportional Hazards Model for HIV-Infected Patients With a Positive Tuberculin Skin
Test Who Received at Least 30 Days of Isoniazid Preventive Therapy (IPT), Followed for up to 7 Years Following Initiation of IPT

Patient Characteristics No. of Patients No. Tuberculosis Cases/PY
Incidence Rate,

per 100 PY (95% CI) HR (95% CI)
Adjusted HRa

(95% CI)

TST+ patients
Starting IPT 1601 41/7422 0.55 (.40–.75)

ART at start of IPT

Yes 1061 (66%) 22/4857 0.45 (.28–.69) 0.60 (.32–1.11) 0.52 (.27–.99)
No 540 (34%) 19/2565 0.74 (.45–1.16) Ref Ref

Sex

Male 988 (62%) 26/4547 0.57 (.37–.84) 0.92 (.49–1.74) 0.93 (.49–1.78)
Female 613 (38%) 15/2875 0.52 (.29–.86) Ref Ref

Age at start of IPT, y

<30 235 (15%) 6/1126 0.53 (.19–1.16) 1.65 (.50–5.40) 1.42 (.42–4.83)
30–39 504 (31%) 14/2391 0.59 (.32–.98) 1.80 (.65–4.99) 1.63 (.58–4.54)

40–49 517 (32%) 16/2401 0.67 (.38–1.08) 2.04 (.75–5.57) 1.87 (.67–5.15)

≥50 345 (22%) 5/1503 0.33 (.11–.78) Ref Ref
CD4 at start of IPT, cells/µL

<200 94 (6%) 6/427 1.41 (.52–3.10) 5.16 (1.91–13.95) 5.91 (2.16–16.18)

200–349 277 (17%) 11/1315 0.84 (.42–1.50) 3.08 (1.34–7.11) 3.14 (1.36–7.27)
350–499 358 (23%) 12/1663 0.72 (.37–1.26) 2.62 (1.15–5.94) 2.58 (1.14–5.86)

≥500 862 (54%) 11/3974 0.28 (.14–.49) Ref Ref

Abbreviations: ART, antiretroviral therapy; CI, confidence interval; HIV, human immunodeficiency virus; HR, hazard ratio; IPT, isoniazid preventive therapy; PY,
person-years; Ref, reference; TST, tuberculin skin test.
a Adjusted for all variables listed.

Table 3. Tuberculosis Incidence Rates Following Initiation of Isoniazid Preventive Therapy (IPT) Among Patients With a Positive
Tuberculin Skin Test Who Completed and Those Who Did Not Complete 6 Months of IPT

Time From
IPT Initiation

IPT Treatment Completed (n = 1330) IPT Treatment Not Completed (n = 203)

Tuberculosis Cases/PY IR/100 PY(95% CI) Tuberculosis Cases/PY IR/100 PY(95% CI)

0–6 mo 1/655 0.15 (.004–.85) 0/99 0

7–12 mo 4/653 0.61 (.17–1.57) 3/97 3.1 (.64–8.77)
13–18 mo 6/647 0.93 (.34–2.02) 2/95 2.1 (.25–7.40)

19–24 mo 3/643 0.47 (.10–1.36) 1/93 1.1 (.03–5.85)

Abbreviations: CI, confidence interval; IPT, isoniazid preventive therapy; IR, incidence rate; PY, person-years.
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in Africa suggest that people with HIV are only protected from
tuberculosis while receiving isoniazid and that the protection is
diminished once the drug is stopped [8–14]. Most recently, the
Thibela tuberculosis study suggested that high rates of tubercu-
losis transmission in gold mines may have led to reinfection im-
mediately following completion of a 9-month regimen of IPT
for miners, thus resulting in no impact of IPT in the 12 months
after completion of treatment. Earlier studies of IPT in Haiti,
the United States, Mexico, and Brazil did not show any dimin-
ution of protection, but follow-up was limited and many pa-
tients died of AIDS, as the studies were done prior to
combination ART [4, 6, 9]. In an individually randomized clin-
ical trial in Cape Town, Rangaka et al report a more gradual in-
crease in tuberculosis rates after cessation of 1 year of IPT [14].
However, a recent modeling analysis utilizing data from 3 pre-
ventive therapy trials in Africa [10, 12, 24] concluded that cur-
rent preventive therapies, including isoniazid, are not sufficient
to cure latent tuberculosis in most people with HIV, thus lead-
ing to high tuberculosis rates upon cessation of IPT [25].

Whether high rates of tuberculosis after cessation of IPT are
due to reinfection or failure to sterilize latent tuberculosis is un-
clear. In a number of African trials, patients stopping IPT ap-
pear to “catch up” with those not treated or given placebo,
suggesting that isoniazid may be suppressing, but not sterilizing,
latent infection. This was particularly notable in the Thibela

tuberculosis trial [13], conducted among gold miners in South
Africa who also have high rates of silicosis, which increases the
risk of tuberculosis independent of HIV infection [26]. Con-
versely, annual rates of M. tuberculosis infection in African set-
tings are considerably higher than in Brazil, supporting the role
of reinfection. A potential unifying hypothesis for the differenc-
es observed in our study and in African trials is that rates of in-
fection and reinfection with M. tuberculosis result in a larger
individual bacillary burden of latent tuberculosis that is more
difficult to sterilize, and that this is compounded by reinfection.

If reinfection or lower burden of latent infection are the pri-
mary factors influencing tuberculosis risk among those treated
with IPT, then in countries with medium or low tuberculosis
incidence, a short-course regimen may be sufficient to provide
lasting protection. Tuberculosis incidence in Rio de Janeiro is
79.2 per 100 000 [27], twice the Brazilian national rate but
less than one-tenth the rate in South Africa. Whereas rates of
tuberculosis in Brazilians with HIV infection and a positive
TST are similar to those reported elsewhere, the risk of tubercu-
losis in patients with TST-negative results is substantially lower
than in African patients with HIV, indicating that new tubercu-
losis infections are less common. Our analysis suggests that in
settings such as this, IPT given for 6 months provides long-term
protection against tuberculosis, and longer courses are not
required.

Figure 1. Nelson–Aalen plots of tuberculosis incidence for patients starting and those not starting isoniazid preventive therapy (IPT). Abbreviation: TST,
tuberculin skin test.
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An important limitation of our analysis was that IPT was pro-
vided by clinicians in routine practice, and those who did not
receive treatment differed significantly from those who did.
We have adjusted for these baseline differences in our multivar-
iate analyses, but residual confounding is likely. In addition, we
relied on the recording of “complete” or “not complete” in the
patients’ medical records for determining if 6 months of IPT
was received. However, when we plot tuberculosis risk by IPT
initiation, we clearly see that tuberculosis risk remains low
over 7 years for those receiving IPT. Among the cases of tuber-
culosis that developed among those who completed therapy,
16% occurred in the year following initiation, and among
those who did not complete treatment, 38% of tuberculosis
cases were diagnosed in this time frame. Although we cannot
rule out reinfection in these patients, our results suggest that
lack of cure of infection was the more likely reason for these tu-
berculosis events [25], whereas reinfection may have been the
cause for later events. Another limitation is that we only consid-
ered ART at time of IPT initiation and potential later benefits of
starting ART would be missed.

In conclusion, we have shown that IPT significantly reduces
tuberculosis risk among TST-positive, HIV-infected patients in
Brazil independent of ART. Our data suggest that a 6-month reg-
imen of IPT is sufficient to reduce tuberculosis risk for as long as
7 years, but failing to complete the IPT regimen may yield high
tuberculosis risk. Better operationalizing of IPT for people with
HIV in Brazil is imperative to help curb tuberculosis risk, as
too few patients are receiving this beneficial treatment.
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