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Abstract
Purpose: To determine whether tuberculosis (TB) preventive therapies alter the rate of disease
progression to AIDS or death and to identify significant prognostic factors for HIV disease
progression to AIDS.

Method: In a randomized placebo-controlled trial in Kampala, Uganda, 2,736 purified protein
derivative (PPD)-positive and anergic HIV-infected adults were randomly assigned to four and
two regimens, respectively. PPD-positive patients were treated with isoniazid (INH) for 6 months
(6H; n = 536), INH plus rifampicin for 3 months (3HR; n = 556), INH plus rifampicin plus
pyrazinamide for 3 months (3HRZ; n = 462), or placebo for 6 months (n = 464). Anergic
participants were treated with 6H (n = 395) or placebo (n = 323).

Results: During follow-up, 404 cases progressed to AIDS and 577 deaths occurred. The
cumulative incidence of the AIDS progression was greater in the anergic cohort compared to the
PPD-positive cohort (p < .0001). Among PPD-positive patients, the relative risk of the AIDS
progression with INH alone was 0.95 (95% CI 0.68–1.32); with 3HR it was 0.83 (95% CI 0.59–
1.17); and with 3HRZ it was 0.76 (95% CI 0.52–1.08), controlling for significant baseline
predictors. Among anergic patients, the relative risk of the AIDS progression was 0.81 (95% CI
0.56–1.15). Survival was greater in the PPD-positive cohort compared to the anergic cohort (p = .
0001).

Conclusion: The number of signs or symptoms at baseline and anergic status are associated with
increasing morbidity and mortality. Even though the tuberculosis preventive therapies were
effective in reducing the incidence of TB for HIV-infected adults, their benefit of delaying HIV
disease progression to AIDS was not observed.
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The human immunodeficiency virus-1 (HIV) is spread throughout the world, especially
affecting most of the countries of subSaharan Africa. Since 1996, the use of protease
inhibitors has reduced the incidence of opportunistic infection and death.1-4 However,
access to these medications is limited in Africa because of their cost. HIV-infected patients
living in developing countries are particularly vulnerable, because they cannot afford
antiretroviral medications even when subsidized by governments. Recent political
developments have led to the global funding for HIV/TB/ malaria, with recent awards made
to many developing countries.5,6 President Bush's Emergency Plan for AIDS Relief
(PEPFAR) provides $15 billion, including nearly $10 billion in new funding, to fight the
HIV/AIDS pandemic over 5 years, focusing on 15 of the hardest hit countries.6 About 55%
of this fund is planned for the treatment of individuals with HIV/AIDS.

There is now the promise for greater access to antiretroviral medications. These medications
must be properly used to maximize benefit and minimize untoward, adverse effects.
Although recommendations have been developed and the availability of new antiretroviral
drugs has expanded treatment choices,7 this does not take into account the technology void
in many developing countries. To make informed decisions about when to start treatment,
what therapy to start with, and how to monitor the response to treatment, health care
practitioners need more details about the natural history of HIV infection. Few studies have
addressed disease progression in sub-Saharan Africa, where over 65% of the world's 39.4
million infected adults and children live.7 In Uganda, the prevalence of HIV infection in
adults is estimated at 8% in rural areas and up to 40% in some rural areas and trading
centers.8,9 The cumulative progression to AIDS at 1, 3, and 5 years after seroconversion is
2%, 6%, and 22%, respectively. The median survival time after the onset of AIDS is 9.3
months.10 Although the recent declines in morbidity and mortality due to HIV/AIDS are
attributable to the use of more intensive antiretroviral therapies,3,4 the availability of
antiretroviral drugs is limited in developing countries. Even as the antiretroviral therapy rolls
out in the developing countries, tuberculosis (TB) is still an important coinfection and rates
of TB are likely to remain high.11,12 The clinical course of HIV infection with respect to
factors that may predispose to and promote the development of HIV-related signs is still
unclear. The identification of such significant prognostic factors for the HIV disease
progression contributes substantially to clinical monitoring and the therapeutic decision-
making process.

The main aim of this analysis was to investigate the effect of the tuberculosis preventive
intervention on HIV disease progression to AIDS and survival. Furthermore, significant
prognostic factors for HIV disease progression to AIDS were identified, and the independent
effect of significant demographic, laboratory, and clinical predictors of the outcome was
also estimated in this study.

METHOD
Study Population

The study population comprised participants enrolled in a randomized, double-blinded,
placebo-controlled clinical trial to assess the efficacy of three daily self-administrated drug
regimens for the prevention of TB in HIV-infected adults in Uganda. More detailed
descriptions of the study design, interventions, measurements, and the study profile have
been published elsewhere.13,14 Briefly, between March 1993 and April 1995, 2,736 HIV-
infected adults with no history of previous TB or TB treatment were recruited from five sites
in Kampala, Uganda. Patients with tuberculin skin tests 5 mm or greater were randomly
assigned to receive either placebo daily for 6 months (n = 464), isoniazid 300 mg daily for 6
months (6H; n = 536), isoniazid 300 mg plus rifampicine 600 mg daily for 3 months (3HR;
n = 556), or isoniazid 300 mg plus rifampicine 600 mg and pyrazinamide 2 g daily for 3
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months (3HRZ; n = 462). Patients with cutaneous anergy were randomly assigned to receive
either placebo daily for 6 months (n = 323) or isoniazid 300 mg daily for 6 months (6H; n =
395) by a separate but identical process.

At enrollment, all participants had a complete medical history and physical examination by
trained medical officers. During follow-up, the participants were evaluated monthly during
the first 6 months of the study and every 3 months thereafter or at the time of illness. At
each visit, participants were interviewed regarding symptoms since the last visit, physical
and clinical examinations were performed by clinicians, and current signs and symptoms
related to HIV infection were recorded. Laboratory tests were performed, including
hemoglobin, platelet counts, absolute lymphocyte counts, and aspartate aminotransferase
(AST). In cases of mortality, the cause and date of death were determined through
interviews with family members or review of hospital records when available. The last date
of follow-up was August 8, 1998.

Study Outcomes
In this analysis, the primary outcome (or event) was HIV disease progression to AIDS.

The current study is a secondary analysis, and criteria for disease progression to AIDS in our
study were chosen after the data were collected and are based mainly on the 1990 WHO
classification system for HIV/AIDS.15 In our study, AIDS progression event was defined
when a patient developed any one major sign or three or more minor signs at any given time
during observation. Major signs were defined as Karnofsky performance score less than or
equal to 60, Kaposi's sarcoma, and esophageal candidiasis. The minor signs were defined as
pruritic papules, oral candidiasis, varicella-zoster virus, genital herpes simplex, oral herpes
simplex, and TB. This classification was obtained by a severity order of HIV-related signs
based on CD4 lymphocyte counts at which they occur. Rationale behind the classification
was based on many studies showing that HIV-infected persons present many clinical signs
as the disease progresses15-17 and there is a strong association between HIV-related signs
and CD4 lymphocyte counts at which they occur.18,19

The primary outcome was extended to combine the AIDS progression and death, whichever
came first. For the AIDS progression outcome, individual failure times were defined as the
period between enrollment in the study and the incidence date of the AIDS progression or
censoring. Patients were censored at the last clinic visit before the end of the study (August
8, 1998). The individual survival times for death outcome were calculated up to the date of
death or to the date of the last clinic visit before the end of the study.

Statistical Analysis
Descriptive statistics were utilized initially, starting with the examination of frequency
distributions. When continuous variables were not normally distributed, a transformation
was used to normalize them. Cumulative incidence of each HIV-related sign and the AIDS
progression event (defined above specifically for this analysis) was estimated as the number
of cases per population at risk at baseline. Rates of each HIV-related sign, the AIDS
progression event, and mortality were calculated per 100 person-years observation (PYO).
PYO for participants was calculated from the study enrollment to the first date of the
incidence of each HIV-related sign, the AIDS progression event or death event, or the last
clinic visit before the end of the study follow-up.

The Kaplan-Meier method20 was used to estimate distribution of time to the occurrence of
the events. The log-rank test was used to compare failure time distributions among treatment
arms. The Cox proportional hazards regression model21 was used to examine the risk of the
AIDS progression (or death) with unadjusted and adjusted analyses. The adjusted analyses
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used the baseline demographic and clinical variables. Univariate and multivariate Cox
proportional hazards regression models were fitted after testing for the proportional hazard
assumption.

To identify potential predictors for the final model, the variables were first examined
individually using univariate analysis. Variables were identified as significant using a 0.1
alpha level in the univariate model, and only these were included in a stepwise method to
determine a final model. For the final multivariate Cox proportional hazards regression
model, a 0.05 alpha level was used.

The following variables were studied as potential risk factors: sex, age (years), education,
marital status, anergic status (PPD < 5 mm), hemoglobin (g/L), platelet counts (/L), body
mass index (kg/m2), AST/SGOT (SGOT > 40 U/L), creatinine level (mg/dL), absolute
lymphocytes count (per mm3), and number of HIV-related clinical signs at baseline.
Important baseline predictors of the AIDS progression and mortality were evaluated using
univariate and multivariate Cox proportional hazard models to determine relative hazards
and 95% confidence intervals (CI). All data analyses were performed using SAS version 8
(SAS Institute, Inc., Cary, North Carolina, USA).22

RESULTS
Between March 1993 and April 1995, 2,736 purified protein derivative (PPD)-positive and
anergic HIV-infected adults were enrolled into the randomized placebo-controlled TB
preventive study in Kampala, Uganda. PPD-positive patients were treated with isoniazid
(INH) for 6 months (6H; n = 536), INH plus rifampicin for 3 months (3HR; n = 556), INH
plus rifampicin plus pyrazinamide for 3 months (3HRZ; n = 462), or placebo for 6 months (n
= 464). Anergic participants were treated with 6H (n = 395) or placebo (n = 323).

Information regarding compliance, adverse drug reactions, and short- and long-term efficacy
of the study regimens has been published elsewhere.13,14 At study enrollment, the mean age
of 2,736 participants was 30 years and 862 (32%) were male. Overall, about 99% of all
patients had good performance status (Karnofsky score ≥ 80) and appeared only mildly ill at
enrollment. At baseline, 2,158 participants had no HIV-related signs, and 491 participants
had one and 81 participants had two HIV-related signs. The most common HIV-related
signs at baseline were pruritic papules, history of varicella-zoster virus, and oral candidiasis
(Table 1).

Natural History
During follow-up (mean = 1.9 years), a total of 1,788 (65%) patients experienced one or
more HIV-related signs at any given time. Of these patients, 1,254 (70%) had one sign, 431
(24%) had two signs, and 103 (6%) had three or four signs (Figure 1). Occurring as a single
HIV-related sign during follow-up, pruritic papules, varicella-zoster virus, and oral
candidiasis were the most common (Table 2). During follow-up, a total of 1,360 episodes of
pruritic papules were recorded (overall incidence rate = 38.8 per 100 PYO). The incidence
rates of pruritic papules in years 1, 2, 3, and 4 were 52.1, 25.3, 25.2, and 21.4 per 100 PYO,
respectively (Table 2). Less frequent signs were oral herpes simplex and Kaposi's sarcoma
with overall incidence rates 1.79 and 0.87 per 100 PYO, respectively.

During follow-up, 577 (21%) deaths occurred for an overall mortality rate of 10.8 per 100
PYO (Table 2). Mortality showed a monotone increasing trend as the number of HIV-related
signs that patients had at baseline and developed during follow-up increased (Figure 1). Of
participants who had 0, 1, and 2 HIV-related signs at baseline, 17%, 33%, and 46% of them
died during follow-up, respectively. Although only 11% of patients who did not develop any
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sign died during follow-up, the mortality among the patients who developed three or more
signs was 48%. A higher proportion of patients who developed Karnofsky score ≤ 60,
esophageal candidiasis, oral candidiasis, or Kaposi's sarcoma during follow-up were dead
than patients who developed any other signs.

A total of 779 (28%) patients developed either AIDS progression or death, and the overall
incidence rate was 15.5 per 100 PYO. Among them, 404 patients progressed to AIDS with
an incidence rate of 8.02 per 100 PYO, and 202 (50%) of the 404 cases died. A total of 375
patients died without AIDS progression.

Predictors of AIDS Progression and Survival
In both univariate and multivariate proportional hazards models, age, anergic status,
hemoglobin, body mass index, AST, absolute lymphocyte count, and number of HIV-related
signs at baseline were associated with disease progression to AIDS (Table 3). However,
other characteristics such as sex, education, marital status, platelet counts, and creatinine
level did not show any association with the AIDS progression. The risk of the AIDS
progression or death increased with age, anergy, elevated AST, and the number of HIV-
related signs at baseline, but the risk decreased with hemoglobin, body mass index, and
absolute lymphocyte count.

Effect of TB Preventive Therapy on AIDS Progression and Survival
During follow-up, 404 AIDS progression cases (267 PPD-positive and 137 anergic) and 577
deaths (351 PPD-positive and 226 anergic) occurred. The cumulative incidence of the AIDS
progression and mortality was greater in the anergic cohort compared to the PPD-positive
cohort (p < .0001, log-rank test). When stratified by anergic status, there was no difference
in the cumulative incidence rates of AIDS progression and mortality among TB preventive
treatment arms for both the PPD-positive and anergic cohorts (Figure 2). Among the PPD-
positive patients, overall AIDS progression incidence rates of the placebo, 6H, 3HR, and
3HRZ arms were 7.02, 7.49, 6.10, and 6.68 per 100 PYO, respectively. Among the anergic
patients, overall AIDS progression incidence rates of the placebo and 6H were 13.7 and 11.7
per 100 PYO, respectively. The results were unchanged even after adjusting for sex, age,
hemoglobin, body mass index, AST, absolute lymphocyte count, and number of HIV-related
clinical signs at baseline in a multivariate Cox proportional hazards model (Table 4). Similar
results were observed for the combined event of AIDS progression and death.

DISCUSSION
The data from this randomized, placebo-controlled study showed that even though the TB
preventive therapies were effective in reducing the incidence of TB for HIV-infected adults,
their benefit of delaying HIV disease progression to AIDS was not observed.

In this analysis, the association of the number of HIV-related signs/symptoms at baseline
and during follow-up with morbidity and mortality was seen after controlling for sex, age,
hemoglobin, body mass index, AST, and absolute lymphocyte count. Association with the
disease progression to AIDS and survival was made through the linkage of the signs and
symptoms to replication of HIV virus and to decline of CD4 lymphocyte counts.

The progression of HIV infection is the result of a decline in immune competence that
occurs due to increased replication of HIV virus. As the disease progresses, HIV-infected
persons suffer and present with many clinical signs and symptoms, which may be
systemically classified in severity from stages I to IV according to the WHO.15-17 A severity
order of HIV-related signs based on CD4 lymphocyte counts at which they occur has been
suggested from studies in developed countries.18,19 HIV disease progression is known to be
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similar for patients in Africa and in developed countries.23-25 In Uganda, HIV-infected
patients had less than 3.5 months of the median survival and less than 200 CD4 count
around the time of developing Kaposi's sarcoma, esophageal candidiasis, and wasting
syndrome.26,27 On the other hand, the Karnofsky performance status is a measure of global
health status that is widely used for HIV-infected patients. Studies have shown a strong
effect of the stage of the disease on the Karnofsky performance status for HIV-infected
patients.28-30 The classification of AIDS progression in this analysis was made through a
severity order of HIV-related signs based on CD4 lymphocyte counts at which the HIV-
related signs occur.

This study was based on a large number of participants from an area with a high prevalence
of HIV infection and TB. In our cohort, age, anergic status, hemoglobin, body mass index,
AST, absolute lymphocyte count, and the number of clinical signs of HIV infection at
baseline were associated with the AIDS progression. The older age in an HIV-infected
individual has been found in several studies to be correlated with rapid disease progression.
31,32 Our analysis also showed that older age was associated with shorter time to the AIDS
progression and survival. Survival was shorter among men than women but did not differ in
the time to AIDS progression. The risks of AIDS progression and death were increased
among anergic participants in our cohort, consistent with the previous studies.33,34 Another
important finding of the current study was that AST is associated with the AIDS progression
and mortality. Our study showed that AST higher than 40 U/L in an HIV-infected
participant was associated with rapid AIDS disease progression and high mortality.

In our study, the number of initial HIV-related signs was highly predictive of the outcomes –
risks of AIDS progression and death. Significant associations between the number of HIV-
related signs at baseline and the AIDS progression or mortality were observed. Significant
associations were also observed between the number of HIV-related signs during follow-up
and mortality. This showed a dose-response relationship in which the general trend in risk of
mortality was upward in more signs at baseline and during follow-up. There was no
evidence of confounding by the number of HIV-related signs at baseline. Without the
baseline signs/symptoms variable, the model was stable and presents similar estimates of
risk for other independent variables. We have retained the analysis including the baseline
signs/symptoms because it will tell us whether a person with one or two of the minor
symptoms/signs is more likely to develop other signs, symptoms, or conditions that
represent advanced HIV disease or AIDS. Moreover, from a clinical perspective, especially
in a resource-limited setting such as Africa, it is useful to know that when a person presents
with one of the minor signs he/she will develop AIDS sooner than a person without any
symptoms or signs.

Our finding that the TB preventive therapy had no protective effect on HIV progression and
death was consistent with other clinical trials 33,34 and a recent meta-analysis.35 In a
randomized controlled study from Zambia, Quigley and colleagues found that protective
benefit from treatment of latent TB infection was observed during the first 30 months after
beginning treatment, however, there was no effect on HIV progression on mortality.34

Bucher and colleagues found in a meta-analysis of seven randomized controlled trials that
prophylaxis with isoniazid reduced the risk of TB in persons with HIV infection (relative
risk [RR] = 0.73, 95% CI 0.57–0.95).35 However, two observational studies conducted in
Spain36 and Brazil37 and a clinical trial in Haiti38 found that TB preventive therapy
improved survival of HIV-infected, PPD-positive patients, which was contrary to our
finding. Pinho and colleagues found in their prospective observational cohort study that anti-
TB chemoprophylaxis was associated with a substantially prolonged survival after adjusting
CD4 counts in Brazil (hazard ratio [HR] = 0.24, 95% CI 0.09–0.65).37 Pape and colleagues
found in a randomized clinical trial that isoniazid effectively decreased the incidence of TB
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(odds ratio [OR] = 5.7, 95% CI 1.2–29.8) and delayed the onset of AIDS (OR = 3.83, 95%
CI 1.41–10.4) for PPD-positive patients in symptom-free HIV-seropositive individuals in
Haiti.38 The efficacy of isoniazid in our study was similar to the efficacy of 71% found in
Pape's study, but our analysis was based on a larger sample size and also addressed some of
the methodologic issues raised about the Haitian study.

Although the original data were designed to investigate TB incidence as a primary outcome,
our analysis of this study suggested that the TB preventive therapy does not slow AIDS
progression. When we analyzed the association between the number of signs and symptoms
and morbidity and mortality according to patients' anergic status, it become clear that the
association remained true in PPD-positive, anergic, or all participants. However, our study
showed that the risks of AIDS progression, death, and the combined event of AIDS
progression with death were higher among anergic participants than among PPD-positive
participants, consistent with earlier studies.39,40 Significant predictors of AIDS progression
and death remained the same in our model, with and without controlling for TB preventive
treatments. The findings from our study were also unchanged when the analyses were
restricted to data when TB incidence cases were included or excluded or when TB was
regarded as a non–HIV-related sign.

Our study had some limitations. This study was based on an established cohort with
unknown dates of seroconversion; consequently, estimates of progression to AIDS and death
did not provide the complete picture of the incubation periods of AIDS and natural history
of HIV-infection in the study groups. The study lacked important surrogate markers such as
CD4 cell counts and viral load as well as other clinical signs such as HIV wasting syndrome.
The analyses for the study cohort were performed without those covariates, hence our
definition of the AIDS progression applied to this study was limited.

Our study has important implications for the care of HIV-infected individuals. In aggregate,
the evidence from many studies shows that several signs and symptoms are associated with
CD4 lymphocyte counts and viral load measurement, which are used for the classification of
the AIDS progression. In developing countries where the CD4 counts and viral load
measurement are not widely available, clinicians need to utilize clinical signs or symptoms
to make the disease prognosis. Because significant associations between the number of signs
at baseline and the AIDS progression or survival are observed, treatment may be warranted
if a patient starts to develop three or more HIV-related signs and symptoms. Because anergy
is also associated with AIDS progression and poor survival, clinicians need to treat an
anergic patient aggressively.

In this study, the TB preventive therapies did not show a benefit in delaying HIV disease
progression. However, TB remains an important disease and cause of death in Africa. Even
as antiretroviral therapy is rolled out in Africa, rates of TB are likely to remain high. Future
independent studies should focus on the dual effect of TB preventive therapy and
antiretroviral therapy for HIV-infected persons.
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Figure 1.
Proportion of deaths according to the number of HIV-related signs (A) at baseline and (B)
during follow-up.
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Figure 2.
Time to AIDS progression or death, whichever come first, among the TB preventive
treatment regimens.
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Table 4

Multivariate Cox proportional hazard model for the relative hazard of AIDS progression and the combination
of AIDS progression or death

AIDS progression AIDS progression or death

RHa 95% CI RH 95% CI

PPD-positiveb

 Placebo (n = 464) 1.0 — 1.0 —

 6H (n = 536) 0.95 0.68–1.32 1.02 0.80–1.30

 3HR (n = 556) 0.83 0.59–1.17 0.91 0.71–1.17

 3HRZ (n = 462) 0.76 0.52–1.10 0.87 0.67–1.14

 3HR & 3HRZ (n = 1,018) 0.80 0.59–1.08 0.90 0.72–1.12

PPD-positivec

 6H (n = 536) 1.0 — 1.0 —

 3HR (n = 556) 0.88 0.63–1.23 0.89 0.70–1.14

 3HRZ (n = 462) 0.81 0.56–1.17 0.86 0.66–1.12

 3HR & 3HRZ (n = 1,018) 0.85 0.63–1.14 0.88 0.71–1.09

Anergic

 Placebo (n = 323) 1.0 — 1.0 —

 6H (n = 395) 0.81 0.56–1.15 1.00 0.78 – 1.28

Note: Event = major sign or ≥3 minor signs or death, whichever comes first. RH = relative hazard; CI = confidence interval.

a
The relative hazard is adjusted for sex, age, hemoglobin, body mass index, SGOT, absolute lymphocyte count and the number of HIV-related

signs at baseline in a Cox proportional hazards regression model; Baseline sign is the number of HIV-related signs at baseline: {Karnofsky score ≤
60, TB, esophageal candidiasis, VZV, Kaposi's sarcoma, oral candidiasis, pruritic papules, herpes simplex, oral herpes simplex (oral)}.

b
Placebo is the reference group.

c
6H is the reference group.
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