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ABSTRACT

Tuberculosis is the leading cause of death amongst adults with human immunodeficiency virus 
(HIV) infection. The lifetime risk of tuberculosis disease for a person with latent infection is 
estimated at 5-10% with most cases occurring within five years of initial infection. The World 
Health Organization recommends isoniazid preventive therapy (IPT) for latent tuberculosis 
treatment, amongst other strategies. The aim was to assess tuberculosis incidence, survival 
(free of tuberculosis) and associated factors in HIV-positive patients. IPT was offered to 
participants with a positive (≥5mm) tuberculin skin test. Participants were followed from 
February 2003-December 2016. Kaplan-Meier was used for survival analysis. Variables with 
p-value ≤ 0.2 in the univariate analysis entered into the multivariate Cox-Model, keeping 
those with p-value ≤ 0.05. The 95% confidence interval of incidence of tuberculosis was 
estimated using Poisson distribution. One hundred nineteen patients completed the IPT and 
were followed for a median duration of 110.7 months (IQR 93.1-121.0). The probability of 
developing tuberculosis (10 years post-IPT) was 5.4%. Tuberculosis incidence was 0.58/100 
patient/years (CI 95% 0.213-1.264). IPT over 6 months provided long-term protection against 
tuberculosis. AIDS-defining illness was the only statistically significant variable (HR=5.67) in 
the multivariate model.
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INTRODUCTION

Tuberculosis is the leading cause of death among adults with human 
immunodeficiency virus (HIV) infection (WHO, 2018). The lifetime risk of 
developing active tuberculosis disease from a latent tuberculosis infection 
(LTBI) is estimated at 5 to 10%, with the majority of cases occurring within the 
first five years (WHO, 2018). The annual risk of TB disease due to reactivation 
of LTBI for people living with HIV without ART (antiretroviral therapy) has 
been estimated as 3% to 16% per year, which approximates the lifetime risk 
of TB disease for persons with LTBI who are HIV negative. However, even 
with the beneficial effects of ART, the risk of TB disease in this sub-population 
remains high and is greater than that of the general population (NIH, 2019). 
The use of isoniazid to prevent the development of active tuberculosis in HIV 
positive individuals with LTBI is one of the strategies recommended by the 
World Health Organization (WHO, 2018), the European Respiratory Society, 
the European Centre for Disease Prevention and Control (Migliori et al., 2018), 
the National Institute for Health and Care Excellence-United Kingdom (NICE) 
(NICE, 2019) and the Centers for Diseases Control and Prevention (CDC) 

(CDC, 2020). A recent meta-analysis has shown that isoniazid preventive 
therapy (IPT) given with ART reduces the risk of developing active tuberculosis 
by nearly one third when compared with ART alone in people living with HIV 
(Ross et al., 2021). Optimal duration of isoniazid use for LBTI treatment 
remains controversial. Some guidelines (WHO, 2018; Migliori et al., 2018; 
NICE, 2019), including the Brazilian Ministry of Health, have recommended 
regimens of 6 or 9 months of isoniazid use for LTBI treatment (MS, 2020). 
Samandari demonstrated that in a tuberculosis-endemic setting in Botswana, 36 
months of isoniazid prophylaxis is more effective for tuberculosis prevention 
than 6-9 months for HIV positive individuals (Samandari et al., 2015). The 
results of this trial changed WHO recommendations in favor of a longer period 
of IPT (WHO, 2018). However, this strategy is hard to enforce when patients 
are feeling well and do not complain of any symptoms. This may result in a 
lack of motivation for prolonging chemoprophylaxis and consequently lead to 
low adherence and less effectiveness.

The Evandro Chagas National Institute of Infectious Diseases (INI 
- Fiocruz) is a federal reference institution for HIV patients. From 2002 to 
2007, a study was conducted to evaluate the IPT effectiveness amongst HIV 
positive adults. The study showed that isoniazid 300 mg QD was a safe and 
effective prevention option for HIV-tuberculosis co-infected patients (Souza et 
al., 2009). After the study, these same participants were followed in order to 
evaluate tuberculosis disease-related outcomes. The aim of the present study 
was to analyze tuberculosis incidence, patient survival [tuberculosis free time] 
and associated factors.
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MATERIAL AND METHODS

The study population included patients who had participated in the 
previous project (recruited from August 2002-April 2007). As mentioned, IPT 
was offered to HIV patients with a positive (≥5mm) tuberculin skin test (Souza 
et al., 2009). The participants were followed from February 2003 to December 
2016.

Socio-demographic characteristics (gender, age, educational level, 
ethnicity and alcohol or tobacco use), lab results, immunological (CD4 count 
[cells/µL]) before and after use of IPT, CD4 nadir, viral load (VL-copies/
mL) at start of IPT, history of antiretroviral use (ART) and comorbidities (ex. 
diabetes, or AIDS-defining conditions) (Schneider et al., 2008) were extracted 
from the records and data set in the previous study.

The use of a tuberculosis treatment regimen due to either clinical 
or lab-based diagnosis (smear and/or/positive culture for Mycobacterium 
tuberculosis) was the criterion for active tuberculosis disease determination.

The time free of tuberculosis was defined as the time, in months, from 
the end of IPT to either the development of active tuberculosis disease or some 
form of censoring (i.e. non-occurrence of the outcome event, death including 
from tuberculosis or loss to follow-up). 

The Kaplan-Meier method was used to calculate the probability of 
survival during 10 years of follow-up. Observed curves were then compared 
by using the log-rank test. Hazard proportion Cox models were applied for 
univariate and multivariate analyses. To construct the multivariate model, 
we selected the univariate predictors with p-values ≤0.20. Due to their 
plausibility, sex and age variables were included in the final model regardless 
of their significance. For the remaining predictors, those with p-values ≤0.05 
were not discarded. Tuberculosis incidence was established using the Poisson 
distribution to estimate 95% confidence intervals. The analysis used SPSS 
software (IBM Corp, 2016) and the R version 4.0.4 (R Project, 2021).

The Ethics Committee of the Evandro Chagas National Institute of 
Infectious Diseases-Fiocruz approved the study protocol (number 000011/009-
02). All participants signed an informed consent form.

RESULTS

From August 2002 to April 2007, 138 patients were recruited and 
treated with IPT. During the follow up period, 19 participants did not complete 
IPT use (ten dropped out, seven stopped IPT use due to adverse events and two 
patients were lost during follow up). One hundred nineteen patients completed 
the isoniazid regimen and were followed for a median duration of 110.7 months 
(IQR 93.1-121.0), or 9.2 years (Table 1).



204 J Trop Pathol Vol. 50 (3): 201-211. jul-sep. 2021

Table 1. Sociodemographic and clinical characteristics of study population
n (%)

Total 119 (100)
Tuberculosis (N = 119)  
     Yes 6 (5)
CD4 Nadir (cell/µL) Median (IQR)
CD4 Nadir (cell/µL)

254 (160 - 375) 
 

     <200 51 (42.9)
     ≥200 68 (57.1)
CD4 before IPTa (cell/µL) Median (IQR) 552 (403 - 707) 
CD4 before IPT1 (cell/µL)  
     <500 51 (43.6)
     ≥500 66 (56.4)
CD4 after IPTa (cell/µL) Median (IQR) 546 (363 - 705) 
CD4 after IPTa (cell/µL)  
     <500 53 (44.5)
     ≥500 66 (55.5)
Ethnicity  
     Not white 56 (47.1)
     White 63 (52.9)
Alcohol  
     Yes 44 (37)
     No 75 (63)
Diabetes  
     No 90 (75.6)
     Yes 29 (24.4)
Formal education  
     ≤8 years 54 (45.4)
     >8 years 65 (54.6)
Tobacco  
     Yes 65 (54.6)
     No 54 (45.4)
Age  
     < 35 years 89 (74.8)
     ≥35years 30 (25.2)
Sex  
     Male 79 (66.4)
     Female 40 (33.6)
Antiretroviral therapy useb  
     Yes 88 (73.9)
     No 31 (26.1)
AIDS-defining conditionsc  
     No 93 (78.2)
     Yes 26 (21.8)
Viral load (copies/mL)b  
     < 200 65 (54.6)
     ≥ 200 54 (45.4)

aIPT - Isoniazid Preventive therapy; bat the start of IPT; cCenters for Disease Control 
and Prevention
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Most patients were men (66.4%). 54.6% had more than 8 years of 
schooling. 52.9% were white; and the median age was 41. Approximately 
54.6% had viral loads under 200 at the start of IPT. 73.9% were taking ARVs 
as shown in Table 1. The median CD4 cell count pre-IPT was 552 cells/µL 
(IQR 403-707) and post IPT fell to 546 cells/µL (IQR 363-706). The median 
CD4 nadir was 254 cells/µL (IQR 160-375). Seven (6%) died (one as a result 
of pulmonary tuberculosis). During the study follow up, six patients (5%) 
developed active tuberculosis (four pulmonary and two extra-pulmonary – one 
disseminated and 1 laryngeal). All of them had CD4 cell count > 350 cells/µL 
and 5/6 patients were using ART at TB diagnosis. 

In this study, the probability of developing tuberculosis within 10 years 
post-IPT was 5.4% (Figure 1). 

Figure 1. Kaplan Meier survival analysis – Probability of developing 
tuberculosis after Isoniazid Preventive Therapy (n= 119).

Analysis did not capture median survival time probably due to the small 
number of tuberculosis related outcomes (Figure 1). Patients were followed for 
13.9 years (February 4, 2003 to December 31, 2016). The incidence for this 
period was 1.59 cases of tuberculosis per 100.000 persons (95% CI 0.58-3.46), 
or 0.58 per 100 persons/years - PY (95% CI 0.213-1.264). In the univariate 
Cox models, only age [HR= 6.2 (1.1; 33.9)] and having had at least one 
AIDS - defining illness [HR=7.6(1.3; 41.4] were associated with high risk of 
developing active tuberculosis. ARV use was not significant (p value = 0.635). 
In the multivariate model, having had at least one AIDS-defining illness was 
the only significant variable (HR = 5.67 [1.01; 31.78]), even when controlled 
regarding gender and age (Table 2 and Figure 2). 
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Table 2a. Crosstabulation, univariate and multivariate models for Tuberculosis 
infection.

Variables
 Tuberculosis 

Probability (10 years) LRd
Multivariate models

No Yes Adjusted HR p-value

Total 113 6  0.95 (0.91-0.99)

 n (%) n (%)

Sex   0.1

     Male 77 (97.5) 2 (2.5) 0.97 (0.94-1) 1

     Female 36 (90) 4 (10) 0.9 (0.81-1) 2.5 (0.4-14.2) 0.3

Age   0.0

     < 35 years 87 (97.8) 2 (2.2) 0.97 (0.94-1) 1

     >= 35years 26 (86.7) 4 
(13.3) 0.87 (0.75-1) 4.19 (0.7-23.9) 0.1

Years of Education   0.2

     <= 8 years 50 (92.6) 4 (7.4) 0.92 (0.85-1)

     >8 years 63 (96.9) 2 (3.1) 0.97 (0.93-1)

 Ethnicity   0.3

     No white 52 (92.9) 4 (7.1) 0.92 (0.86-1)

     White 61 (96.8) 2 (3.2) 0.97 (0.92-1)

Alcohol   0.0

     Yes 44 (100) 0 (0)

     No 69 (92) 6 (8) 0.92 (0.85-0.98)

Tobacco   0.3

     Yes 63 (96.9) 2 (3.1) 0.97 (0.93-1)

     No 50 (92.6) 4 (7.4) 0.92 (0.85-1)

Diabetes   0.6

     No 86 (95.6) 4 (4.4) 0.95 (0.91-1)

     Yes 27 (93.1) 2 (6.9) 0.93 (0.84-1)

aIPT - Isoniazid Prophylactic therapy; bCenters for Disease Control and 
Prevention; cat the start of IPT; dLR – Likelihood ratio.
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Table 2b. Crosstabulation, univariate and multivariate models for 
Tuberculosis infection.

Variables
Tuberculosis

Probability (10 years) LRd
Multivariate models

No Yes Adjusted HR p-value

113 16

n (%) n (%)

CD4 (cells/µL) Nadir   0.1

     <200 50 (98) 1 (2) 0.98 (0.94-1)

     >=200 63 (92.6) 5 (7.4) 0.92 (0.86-0.99)

CD4 (cells/µL) before IPTa   0.2

     <500 47 (92.2) 4 (7.8) 0.92 (0.84-1)

     >=500 64 (97) 2 (3) 0.97 (0.93-1)

CD4 (cells/µL) after_IPTa   0.0

     <500 48 (90.6) 5 (9.4) 0.9 (0.82-0.99)

     >=500 65 (98.5) 1 (1.5) 0.98 (0.96-1)

AIDS-defining conditionsb   0.0

     No 91 (97.8) 2 (2.2) 0.98 (0.94-1) 1

     Yes 22 (84.6) 4 
(15.4) 0.84 (0.71-1) 5.6 (1.0-31.7) < 0.05

Viral load (copies/mL) near IPTa   0.7

     <200 62 (95.4) 3 (4.6) 0.95 (0.9-1)

     >=200 51 (94.4) 3 (5.6) 0.94 (0.88-1)

Antiretroviral therapy usec   0.6

     Yes 83 (94.3) 5 (5.7) 0.94 (0.89-0.99)

     No 30 (96.8) 1 (3.2) 0.97 (0.91-1)    

aIPT - Isoniazid Prophylactic therapy; bCenters for Disease Control and Prevention; cat 
the start of IPT; dLR – Likelihood ratio.

Figure 2. Confidence Intervals for the Hazard Ratios by predicting variable. 
n=119 patients.
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DISCUSSION

HIV infection is a serious risk factor for activation of latent tuberculosis 
infection (Johnson et al., 2001) and many authors have endorsed IPT as an 
effective means of tuberculosis prevention (Golub et al., 2015; WHO, 2018). 
In a recent systematic review, focusing on isoniazid prophylactic therapy for 
prevention of tuberculosis in HIV-positive adults, IPT was associated with 
preventing active tuberculosis (Ayele et al., 2015). A persisting question 
within the medical community is how long patients are protected from active 
tuberculosis by IPT. In this study, during follow up, 5% of the participants 
developed tuberculosis, with one patient dying as a result and the probability 
of developing tuberculosis within 13 years post-IPT was 5.4%. In another 
Brazilian study, de Pinho et al. (2001), 5% of participants who used IPT for 6 
months also developed active tuberculosis; with a median follow-up time of 
43.6 months. Golub et al. (2015) also showed that a 6-month regimen of IPT 
reduced tuberculosis risk for as long as 7 years among TST-positive, HIV-
positive patients in Brazil, regardless of ART use. The incident rate found 
in Golub´s study, 0.53/100 person-years (PY), was similar to that found in 
our study (0.58 per 100 PY during 13 years). However, the impact of ITP on 
incidence rate may be different in other settings with higher incidence rates of 
tuberculosis infection, due to the high probability of reinfection (Gupta et al., 
2012; Suthar et al., 2012; TEMPRANO et al., 2015).

In the univariate Cox models, only age and having had at least one 
AIDS defining illness were associated with high risk of developing active 
tuberculosis. In contrast to other studies, this showed that ART use had an 
impact on tuberculosis risk for this study. ART use was not associated with 
the reduction of tuberculosis incidence (Golub et al., 2007; Golub et al., 2009; 
Rangaka et al, 2014). This finding may be explained by our only considering 
ART use at the time of IPT initiation. Therefore, the potential benefits of starting 
ART use after IPT may not have been detected. CD4 cell count (cells/µL) at 
start of IPT was also not associated with a reduction in tuberculosis incidence. 
In fact, CD4 cell count may have fluctuated during patient follow-up.

This analysis suggests that in settings such as Rio de Janeiro state, 
IPT given for 6 months provides long-term protection against tuberculosis. 
Although the study consisted of a small sample, the main strength of this study 
was the length of follow up time (median of 9.2 years) when compared to other 
similar studies with shorter periods. 

In the multivariate model, having had at least one AIDS defining illness 
was the only significant variable, even when controlled by the variables gender 
and age. This is expected as an AIDS defining illness is always associated with 
an immunosuppression status, which is also related with risk for tuberculosis 
infection.
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In conclusion,  the tuberculosis incidence was 1.59 cases of 
tuberculosis per 100,000 patients or 0.58 per 100 PY. The probability of 
developing tuberculosis within 10 years post-IPT was 5.4%. The occurrence 
of very few events suggests that IPT strategy was satisfactory in preventing 
tuberculosis during the follow up period of this study. Our analysis suggests 
that in similar settings, IPT given for 6 months provides long-term protection 
against tuberculosis. 

Having had at least one AIDS defining illness was the only statistically 
significant variable (HR = 5.67) in the multivariate model. 

Further studies focusing on the type of prophylactic regimens and on 
duration of the protective effect of treatment of latent tuberculosis in HIV sub-
population are necessary.
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