
The Independent Effect of Highly Active Antiretroviral Therapy
on Severe Opportunistic Disease Incidence and Mortality in HIV-
infected Adults in Côte d’Ivoire

Elena Losina, PhD, Yazdan Yazdanpanah, MD, PhD, Sylvie Deuffic-Burban, PhD, Bingxia
Wang, MA, Lindsey L. Wolf, SB, Eugène Messou, MD, Delphine Gabillard, MSc, Catherine
Seyler, MD, PhD, Kenneth A. Freedberg, MD, MSc, and Xavier Anglaret, MD, PhD
From the Departments of Biostatistics and Epidemiology, Boston University School of Public
Health (EL, BW, KAF), and the Divisions of General Medicine and Infectious Disease and the
Harvard Center for AIDS Research, Massachusetts General Hospital, Harvard Medical School,
Boston, MA, USA (LLW, KAF); CNRS UMR 8179, Institut Catholique de Lille (YY, SDB) and EA
2694, Faculté de Médecine de Lille, France (YY); Service des Maladies Infectieuses et du
Voyageur, Centre Hospitalier de Tourcoing, Tourcoing, France (YY); Programme PACCI, Abidjan,
Côte d’Ivoire (EM, CS, XA); Unité INSERM 593, Université Victor Segalen Bordeaux 2, France
(DG, CS, XA).

Abstract
Background—Studies in developed countries have shown highly active antiretroviral therapy
(HAART) decreases incidence of severe opportunistic diseases (ODs) in HIV-infected patients
beyond what is expected from CD4 changes.

Objective—To estimate the independent impact of HAART on reducing ODs and mortality in
Côte d’Ivoire.

Methods—Within 2 longitudinal studies of HIV-infected adults (1996–2003), we identified time
on cotrimoxazole alone and HAART plus cotrimoxazole. WHO stage 3–4 defining events and
severe malaria were divided into those preventable and not preventable with cotrimoxazole.
Incidence of ODs by CD4 stratum was estimated using incidence density analysis. CD4 at time of
OD was estimated using linear interpolation. Using Poisson regression, we estimated the effect of
HAART on OD incidence and mortality by CD4 stratum.

Results—Four hundred forty-six and 135 adults were followed during 6,216 and 3,412 person-
months in the cotrimoxazole alone and HAART plus cotrimoxazole periods. There was a CD4-
independent risk reduction for ODs and mortality during the HAART plus cotrimoxazole period
compared to cotrimoxazole alone, which varied by time on HAART, CD4 stratum, and OD type.
It was mainly seen after 6 months on HAART, and for ODs not preventable by cotrimoxazole.
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The HAART effect differed significantly by CD4 stratum (p=0.02), but was significant in all strata
after 6 months on HAART.

Conclusions—In these sub-Saharan African adults, HAART initiation reduced ODs and
mortality beyond what was expected through the HAART-induced CD4 increase. Further studies
should examine practical implications of this independent “HAART effect” on clinical outcomes
in patients on HAART.
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Introduction
In sub-Saharan Africa, HIV disease continues to be a leading cause of morbidity and
mortality and opportunistic diseases (ODs) remain the most frequent cause of complications
among HIV-infected patients [1,2]. Rates of ODs increase substantially with worsening
immune status, as determined by CD4 counts [3,4]. Highly active antiretroviral therapy
(HAART), introduced around 1996 in the US and Europe and more recently in resource-
limited settings, dramatically reduces HIV-related morbidity and mortality, mainly by
increasing CD4 counts [5–9].

Several studies in the US, Canada, and Europe suggest that HAART provides an
independent, protective effect in reducing HIV complications beyond that referable to the
increase in CD4 counts [10–14]. However, these data have not been seen from sub-Saharan
Africa, where the spectrum of HIV morbidity differs from that in North America and Europe
[3,4,15–17]. As HAART availability is rapidly increasing in sub-Saharan Africa through
internationally-supported roll-out programs [1], it is important to examine whether HAART
has an effect on OD incidence independent of CD4 count in that region. If it does, further
questions include whether this “HAART effect” begins immediately after treatment
initiation, whether it is similar across different CD4 count strata and whether it is the same
for ODs that are preventable or not preventable with cotrimoxazole. The answers will help
inform recommendations on HAART use in resource-limited countries, where multiple
sequential HAART regimens are often not available. Our objectives were: 1) to estimate the
impact of HAART within different CD4 count strata on the incidence of severe ODs and/or
death, 2) to examine the impact of time since HAART initiation on these estimates and 3) to
examine whether the effect of HAART is homogenous across different CD4 count strata in a
therapeutic cohort of HIV-infected adults in Côte d’Ivoire, West Africa.

Methods
Population

The study population consisted of HIV-infected adults who participated in two studies in
Côte d’Ivoire between 1996 and 2003: the Cotrimo-CI ANRS 059 randomized, controlled
trial of cotrimoxazole prophylaxis (1996–1998) [3] and the Cotrame ANRS 1203 cohort
study (1998–2003) [4]. Participants in both studies were followed through the same
standardized procedures, which have been described elsewhere [3,4,16,18]. For patients who
participated in at least one of these two studies, we identified two periods of follow-up. In
the first period, patients received cotrimoxazole prophylaxis but not HAART. For this
period, all patients who started cotrimoxazole within the framework of at least one of the
two studies were included. The entry date for the period was the individual date of
cotrimoxazole initiation for each patient. The termination date for the period was the date
when HAART became available for all patients in Abidjan, Côte d’Ivoire (December 31,
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1998). We chose this stopping date because any later endpoint would have introduced the
need to censor follow-up at the time of HAART initiation, introducing the risk of
informative censoring due to individuals initiating HAART at differing disease states. In the
second period, patients received both cotrimoxazole prophylaxis and HAART. For this
period, all patients who started HAART within the framework of the Cotrame cohort were
included. The entry date for the period was the date of HAART initiation. The termination
date for the period was the Cotrame cohort closing date (July 31, 2003). The criteria used for
HAART initiation were: CD4 count < 200 irrespective of WHO stage, CD4 count < 350 and
WHO stage 3 disease, or WHO stage 4 disease irrespective of CD4 count.

Follow-up
For all patients in both periods, the standardized follow-up procedures included complete
blood counts and CD4 counts every six months, standardized diagnosis of specific HIV-
related morbidity, management of morbid events at the study clinic, and systematic
investigation of vital status for subjects who did not keep scheduled appointments. CD4
counts were performed in two different laboratories: the CeDReS laboratory of the
Treichville Hospital, and the Project Retro-CI laboratory. Patients from the Cotrame cohort
who started HAART received antiretroviral drugs through the Côte d’Ivoire/UNAIDS Drug
Access Initiative. In these pharmacies, blood samples for CD4 counts were systematically
collected every three months. At the end of the Cotrame study, the results of these additional
CD4 count measurements were obtained from the Côte d’Ivoire national database and
merged with the cohort database. We performed sensitivity analyses to examine whether the
frequency of CD4 count measurements influenced the results and found minimal effect [16].

Opportunistic diseases
The following specific diagnoses were included in the definition of a severe OD: (i) any
WHO stage 3 or 4 defining diseases, including severe bacterial infections (pneumonia,
bacterial enteritis, isolated bacteremia, invasive urogenital infection), severe fungal
infections (cryptococcal infection and esophageal candidiasis), tuberculosis, isosporosis,
toxoplasmic encephalitis, non-tuberculous mycobacteriosis, and other WHO clinical stage 3
and 4 defining illnesses (Table 1); and (ii) severe malaria, defined as all episodes of
plasmodium parasitemia resulting in at least one day in the hospital. These severe ODs were
further divided into two groups: those that are preventable and those that are not preventable
with cotrimoxazole prophylaxis, as shown in several studies [3,19–22] (Table 1). The
diagnostic criteria used by the ANRS 059 and ANRS 1203 event documentation committees
have been previously reported [3,16].

The first occurrence of any of these diagnoses for each individual in each treatment period
was defined as the first severe OD event. Though each individual may have contributed
follow-up time for multiple CD4 strata, only one first severe event was counted for each
treatment period. For a given disease, an episode was defined as a new event if no past
episode was known to have occurred, or if a past episode was known to have occurred but
had been considered cured for more than one month. The following WHO clinical stage 4-
defining diseases were considered not curable: cryptococcal meningitis, toxoplasmosis, non-
tuberculous mycobacteriosis, invasive herpes simplex virus or cytomegalovirus diseases,
isosporiasis, cryptosporidiosis, lymphoma, Kaposi’s sarcoma, chronic or recurrent genital
herpes and unexplained weight loss. For these diseases, recurrences were not defined as new
episodes (and were not taken into account for the present study). For tuberculosis,
recurrence was considered as a new episode when the previous episode was considered
cured according to international criteria [23].
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Statistical analysis
During each follow-up period, we considered three endpoints successively: first severe OD,
death, and a composite outcome of first severe OD or death. The primary analyses were
performed within three clinically relevant CD4 count strata: ≤ 50/μl (major risk of death
[16,24]), 51–200/μl (initiation of HAART recommended irrespective of clinical stage [25]),
and >200/μl (initiation of HAART should be considered [25]). CD4 count stratum was
considered as a time-dependent covariate in the analysis. All available CD4 count
measurements for each individual were used throughout the analysis, and were interpolated
linearly between measurements. CD4 counts at the time of diagnosis of an OD were
estimated by linear interpolation between two consecutive CD4 count measurements. We
performed two sets of sensitivity analyses to examine whether the results were sensitive to
the assumption underlying the modeling of CD4 counts at the time of diagnosis of an OD. In
the first sensitivity analysis, we assumed that CD4 counts remain constant until the next
measurement, at which time they change to the next measured value; in the second analysis,
we assumed that CD4 counts change immediately to the level seen at the next measurement.
We also performed additional sensitivity analyses to examine the sensitivity of the results to
the CD4 count strata definitions. Dividing the data into more narrowly defined CD4 strata
introduced more noise into the model, but similar trends were found in the results.

The analysis included four parts. First, we performed an incidence density analysis to
estimate the incidence of a first severe OD during follow-up within each clinically important
CD4 stratum for both groups (cotrimoxazole alone versus HAART plus cotrimoxazole). In
patients on HAART, time on HAART was divided into two groups: months 0 through 6, and
after month 6. This division of time was intended first to examine the effect of immune
reconstitution, and second to distinguish morbidity occurring in patients with a low CD4
count due to HAART failure from morbidity occurring in patients with a low CD4 count
because HAART had been recently introduced. Second, we estimated CD4 count stratum-
specific OD incidence rates for both treatment groups stratified by likely response to
cotrimoxazole (preventable or not preventable). Third, we built a multivariate Poisson
regression model to estimate the HAART effect on severe OD incidence, death, and the
composite outcome of severe OD or death, after adjusting for current CD4 count, WHO
stage at the time of treatment initiation, age, and gender. WHO stage at the time of treatment
initiation was defined as WHO stage at the time of cotrimoxazole initiation for the
cotrimoxazole alone group and WHO stage at the time of HAART initiation for the HAART
plus cotrimoxazole group. Fourth, we built a second Poisson regression model to perform a
test for interaction between the CD4 and HAART effects to determine if CD4 count
modified the impact of HAART on ODs and mortality. The Poisson regression approach
was chosen for the latter analyses because it was the best fit for the data, allowing variance
adjustment for non-independence among multiple observations contributed by the same
individual with the use of generalized estimating equations [26,27]. All analyses were
performed using proc genmod in SAS 9.0. Robust standard errors were used for all analyses.

Results
Patients

The cotrimoxazole alone period consisted of 446 HIV-infected subjects followed between
1996 and 1998, with a total of 6,216 person-months of follow-up time (median 10.1 months
per person). The HAART plus cotrimoxazole period consisted of 135 subjects followed
between 1999 and 2003, contributing a total follow-up time of 3,412 person-months (median
25.5 months per person). At baseline, patients followed during the cotrimoxazole alone
period were similar with respect to gender and age to those followed during the HAART
plus cotrimoxazole period (Table 2A). Baseline CD4 counts were higher for the
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cotrimoxazole alone period. During follow-up in the cotrimoxazole alone period, patients
had a median of two CD4 count measurements, while the median number of measurements
during follow-up in the HAART plus cotrimoxazole period was eight (Table 2B).

Opportunistic disease incidence
Figure 1A shows the estimated incidence of first severe OD, by current CD4 stratum and by
treatment status. A consistently higher incidence of first severe OD across all CD4 strata
was estimated during the cotrimoxazole alone period compared to the HAART plus
cotrimoxazole period. Incidence rates of severe morbidity ranged from 20.2/100 person-
months (PM) (95% CI 16.6–23.7) in the lowest CD4 stratum to 3.5/100PM (95% CI 2.9–
4.1) in the highest CD4 stratum for the cotrimoxazole alone period, from 20.2/100PM (95%
CI 9.2–31.2) to 2.8/100PM (95% CI 1.1–4.4) for the HAART plus cotrimoxazole 0–6
months period, and from 6.8/100PM (95% CI 0.1–13.5) to 1.7/100PM (95% CI 1.0–2.3) for
the HAART plus cotrimoxazole >6 months period.

Figure 1B shows the estimated incidence of first severe OD, by current CD4 strata,
treatment status, and type of OD (preventable or not preventable by cotrimoxazole). For
severe ODs that are not preventable with cotrimoxazole prophylaxis, there was a consistent
reduction in risk observed between the cotrimoxazole alone period and the HAART plus
cotrimoxazole >6 months period across all three CD4 strata. Incidence rates of non-
preventable severe ODs ranged from 3.4/100PM (95% CI 2.3–4.5) to 0.7/100PM (95% CI
0.5–0.8) for the cotrimoxazole alone period, from 5.0/100PM (95% CI 1.7–8.3) to
0.9/100PM (95% CI 0.5–1.3) for the HAART plus cotrimoxazole 0–6 months period, and
from 0.7/100PM (95% CI −0.3–1.7) to 0.1/100PM (95% CI 0.07–0.2) for the HAART plus
cotrimoxazole >6 months period. For severe ODs that are preventable with cotrimoxazole,
incidences were generally much lower, ranging from 0.43/100PM (95% CI 0.2–0.6) to
0.35/100PM (95% CI 0.3–0.4) for the cotrimoxazole alone period, from 1.0/100PM (95% CI
−0.13–2.13) to 0.5/100PM (95% CI 0.3–0.8) for the HAART plus cotrimoxazole 0–6
months period, and from 1.2/100PM (95% CI −0.2–2.5) to 0.3/100PM (95% CI 0.2–0.5) for
the HAART plus cotrimoxazole >6 months period.

The independent effect of HAART
There was a CD4-independent reduction in risk of severe OD, death, or both, for patients on
HAART compared to those on cotrimoxazole alone, adjusted for current CD4 count, WHO
clinical stage at the time of treatment initiation, age, and gender (Table 3). This independent
“HAART effect” was greater when patients were on HAART >6 months, and was greater
for death than for severe ODs. Patients who had been on HAART for >6 months and for 0–6
months were 91% (RR 0.09, 95% CI 0.04–0.19) and 78% (RR 0.22, 95% CI 0.12–0.43) less
likely to die than patients followed on cotrimoxazole alone. Patients who had been on
HAART for >6 months and for 0–6 months were 28% (RR 0.72, 95% CI 0.49–1.26) and
21% (RR 0.79, 95% CI 0.53–0.98) less likely to experience severe ODs than patients
followed on cotrimoxazole alone (Table 3).

Interaction between CD4 and HAART effects
In the analysis of severe OD incidence, we did not find a significant interaction between the
CD4 and HAART effects (p=0.11). In the analysis of the composite outcome of severe OD
or death, there was a significant difference in the effect of HAART by the three different
CD4 strata (p=0.02). While the effect of HAART >6 months after initiation was consistent
across all CD4 strata, there was substantial variation in the reduction of ODs or death within
the different CD4 count strata compared to cotrimoxazole during the first 6 months on
therapy (Table 4). We were unable to perform the analysis for death alone due to a small
number of cases.
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Discussion
Using a well-described cohort with cumulative follow-up time of over 9,600 person-months,
we found a CD4-independent additional beneficial effect of HAART compared to
cotrimoxazole alone for HIV-infected adults in Côte d’Ivoire. After adjusting for current
CD4 count, we estimated that HAART reduces the incidence of severe ODs by 21% during
the first 6 months on HAART and 28% during subsequent follow-up on HAART. When
mortality was added to the analysis, we estimated HAART reduces the incidence of a severe
OD or death by 50% during the first 6 months on HAART and 60% during subsequent
follow-up on HAART. The results also reveal that the risk reduction by HAART is not
homogeneous across different CD4 count strata within the first 6 months on HAART.

These findings are consistent with previous studies from the United States and Europe. A
similar effect was seen by Cole et al. in the Multicenter AIDS Cohort Study, McNaghten et
al. in the Adult and Adolescent Spectrum of Disease Project, and Murphy et al. in the Viral
Activation Transfusion Study, all in the US, as well as in Europe by Ledergerber et al. in the
Swiss HIV Cohort Study, Mocroft et al. in the EuroSIDA Study, and Sabin in the
Antiretroviral Therapy Cohort Collaboration [8,12,28–32]. Cole et al. examined the effect of
HAART on the transition to AIDS or death, finding a significant reduction in this composite
outcome, but they did not analyze OD events separately and did not stratify by time on
HAART. McNaghten et al. and Mocroft et al. both found a significant reduction in
mortality, but like Cole et al., they did not analyze OD events or stratify results by time on
HAART. In contrast, the Swiss HIV Cohort Study showed a decrease in OD rates as a
function of time on HAART, but did not include mortality, did not compare with a pre-
HAART group, and did not provide an explicit stratification by CD4. The current study
provided all three, most importantly the comparison to a pre-HAART period, allowing us to
derive relative risk reductions from HAART use.

Sabin and the Antiretroviral Therapy Cohort Collaboration divided patient-time into two
periods: 0–6 months and 7–12 months. They demonstrated that the greatest effect of
HAART on the reduction of ODs occurred in the lowest CD4 stratum. We also observed the
greatest effect of HAART in the lowest CD4 stratum. The Antiretroviral Therapy Cohort
Collaboration studies did not provide a pre-HAART comparator group, as the cotrimoxazole
alone group in our analysis did, and they were therefore unable to show the incremental
effect of HAART over cotrimoxazole prophylaxis. Additionally, as the ODs were grouped
by etiology, their event rates are not directly comparable to our overall event rates.
However, the incidence of events in months 0–6 was significantly higher than the incidence
of events in months 7–12. Similarly, the current study found a greater incremental benefit
from HAART in the period >6 months after HAART initiation. We hypothesize that this
trend is due to the occurrence of immune reconstitution inflammatory syndrome (IRIS)
within the period of time directly following HAART initiation, leading to a higher incidence
of OD events in the 0–6 months following HAART initiation.

In the current analysis, we found a generally greater risk reduction for death than for severe
ODs, which is consistent with the results of Murphy et al., the only other group to examine
the effect of HAART on both death and OD incidence [29]. However, they did not examine
the composite outcome of OD or death, did not stratify results by current CD4 count, and
did not stratify results by time. The greater effect on mortality seen in both studies may be
due to the fact that many AIDS-related deaths occur from chronic causes, such as wasting
and non-OD causes, and HAART may be more protective for those types of deaths than it is
for ODs. This hypothesis is supported for wasting syndrome deaths, as pre-HAART body
mass index has been repeatedly found to be associated with on-HAART mortality in sub-
Saharan Africa [33–36].
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To examine the effects of HAART and cotrimoxazole in patients receiving both treatments,
we stratified ODs based on whether they were preventable with cotrimoxazole. Our data
suggest that, in patients receiving both treatments, the effect of HAART was greater on the
reduction of incidence of ODs that are not preventable with cotrimoxazole. However, since
the study cohort used in this analysis provided follow-up time for both patients on
cotrimoxazole alone and patients on HAART plus cotrimoxazole, and not follow-up time on
HAART alone, we were unable to distinguish the benefit of cotrimoxazole from the benefit
of HAART on reducing the incidence of ODs. This issue should be addressed by further
studies.

This study has several limitations. First, due to limited statistical power, we were not able to
establish a statistically significant interaction effect between the CD4 count and the HAART
effect for severe ODs when they were not considered in combination with death. We were
not able to establish any interaction effect for death events alone. Additionally, the numbers
of each type of OD in our dataset were not sufficient to analyze the effect of HAART on
individual ODs. Second, patients from the HAART plus cotrimoxazole group may have
been more likely to have a history of prior OD at baseline than those from the cotrimoxazole
alone group. Given that the incidence of severe OD recurrence may differ from the
incidence of first occurrence, this may have biased the analysis for the association between
OD incidence and treatment period.

However, rates of OD recurrence are likely to be higher than rates of first occurrence for
most ODs [37,38]. Therefore, this potential bias would have acted to mask an independent,
protective effect of HAART, not to enhance it. Third, in the analyses on severe OD alone,
follow-up was censored at the time of death for those patients who died without a severe
morbid event, introducing the risk of informative censoring. However, this risk of selection
bias does not exist for the analyses considering death alone and the composite outcome
(severe OD or death). Since the analyses using each of the three outcomes gave similar
results, we believe that the results showing the independent HAART effect on severe
morbidity and/or mortality are robust. Fourth, CD4 count measurements were available
every six months during the cotrimoxazole alone period and every three months during the
HAART plus cotrimoxazole period. Results of a sensitivity analysis revealed that our
findings were robust to the difference in CD4 count measurement frequency between the
two groups. Due to the nature of data available at the time this analysis was conducted, there
is almost twice as much follow-up time for the cotrimoxazole alone group, which is
composed of many patients with short follow-up, while the HAART plus cotrimoxazole
group is composed of fewer patients with longer follow-up. Finally, data on plasma HIV-1
RNA were not available from the cohort studies, so we were not able to adjust these
analyses for viral load.

In conclusion, in this first study from sub-Saharan Africa to examine the association
between HAART and severe morbidity or death, adjusted for current CD4 count, we found
that HAART had an independent protective effect against both death and severe morbidity.
This effect was greater after 6 months on HAART. If the effect observed in this analysis is
also applicable in patients experiencing immunological or virological failure, there may be
benefit gained from continuing an initial HAART regimen in the presence of observed
failure in settings where additional HAART options are not available. Further studies are
warranted to examine the HAART effect in patients experiencing failure. When considering
only ODs preventable by cotrimoxazole, the HAART effect additional to cotrimoxazole was
negligible. This highlights the specific importance of continued efforts to expand
cotrimoxazole prophylaxis in sub-Saharan Africa.
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Figure 1.
Figure 1A: Crude incidence rates of any first severe opportunistic disease stratified by CD4
count and HAART use. Error bars represent the upper bound of the 95% confidence
interval.
Figure 1B: Crude incidence rates of first severe opportunistic disease stratified by CD4
count, HAART use, and response to cotrimoxazole. Error bars represent the upper bound of
the 95% confidence interval.
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Table 1

Opportunistic diseases considered for the current analysis

Opportunistic disease

Preventable with cotrimoxazole

Severe Bacterial Infections

 Pneumonia

 Bacterial enteritis

 Isolated bacteremia

 Invasive urogenital infection

Malaria

Toxoplasmic encephalitis

Isosporosis

Pneumocystis jirovecii pneumonia

Not preventable with cotrimoxazole

Severe Fungal Infections

 Extra-pulmonary cryptococcal infection

 Esophageal candidiasis

Tuberculosis

Non-tuberculous mycobacteriosis

 Mycobacterium avium complex bacteremia

Other Severe Illnesses

 Other WHO clinical stage 3 defining events

 Other WHO clinical stage 4 defining events
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Table 2

Table 2A: Baseline characteristics of patients included within the two periods

Characteristics Cotrimoxazole alone period* HAART plus cotrimoxazole period*

Number of patients 446 135

Baseline age, median (IQR) 32 (27–38) 35 (29–41)

Sex, female (%) 265 (59%) 85 (63%)

Baseline CD4 count/μl, median (IQR) 248 (138–446) 127 (58–226)

Baseline WHO stage, n (%)

 Stage 3 244 (55%) 61 (45%)

 Stage 4 69 (15%) 56 (41%)

Table 2B: Follow-up characteristics of patients included within the two periods

Characteristics Cotrimoxazole alone period* HAART plus cotrimoxazole period*

Follow-up time on treatment

 Cumulative, person-months

  Overall 6,216 3,412

  By CD4 stratum

   Within CD4 ≤ 50/μl 615 102

   Within CD4 51–200/μl 1,883 1,129

   Within CD4 >200/μl 3,714 2,184

 Median (IQR), months 10.1 (8.8–20.0) 25.5 (15.2–37.0)

Number of events during follow-up

 Death, number of events

  Overall 97 15

  By CD4 stratum

   Within CD4 ≤ 50/μl 33 6

   Within CD4 51–200/μl 42 8

   Within CD4 >200/μl 22 1

  By time since HAART initiation

   0–6 months 8

   > 6 months 7

 Severe morbidity, number of events

  Overall 217 73

  By CD4 stratum

   Within CD4 ≤ 50/μl 41 8

   Within CD4 51–200/μl 84 25

   Within CD4 >200/μl 92 40

  By time since HAART initiation

   0–6 months 37

   > 6 months 36

CD4 measurements during follow-up

 Number of measurements per patient, median (IQR), range 2 (2–3), range: 1–7 8 (4–14), range: 1–23
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Table 2B: Follow-up characteristics of patients included within the two periods

Characteristics Cotrimoxazole alone period* HAART plus cotrimoxazole period*

  Number of measurements ≤ 50/μl; median (IQR) 115; 17 (5–33) 71; 15 (7–29)

  Number of measurements 51–200/μl; median (IQR) 355; 133 (90–168) 423; 138 (98–171)

  Number of measurements >200/μl; median (IQR) 679; 390 (272–603) 768; 336 (262–477)

HAART: Highly active antiretroviral therapy; IQR: Interquartile range.

*
97 patients contributed successively to both periods.
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Table 3

Association between severe OD occurrence and/or mortality and treatment status: multivariate analysis

Factor Severe OD Relative Risk
(95% CI)

Mortality Relative Risk
(95% CI)

Severe OD or Mortality Relative Risk
(95% CI)

CD4 stratum

 ≤ 50/μl 5.37 (3.87–7.43) 5.33 (3.82–7.44) 5.34 (4.10–6.96)

 51–200/μl 2.42 (1.81–3.24) 3.11 (2.34–4.14) 2.68 (2.12–3.37)

 >200/μl 1.00 1.00 1.00

WHO stage

 1,2 0.86 (0.61–1.21) 0.64 (0.45–0.90) 0.77 (0.58–1.02)

 3 0.96 (0.72–1.28) 0.83 (0.62–1.10) 0.91 (0.72–1.15)

 4 1.00 1.00 1.00

Period of treatment

 HAART + Cotrimoxazole

  HAART >6 months 0.72 (0.49–1.26) 0.09 (0.04–0.19) 0.40 (0.30–0.55)

  HAART 0–6 months 0.79 (0.53–0.98) 0.22 (0.12–0.43) 0.50 (0.35–0.73)

 Cotrimoxazole alone 1.00 1.00 1.00

OD: Opportunistic disease; HAART: Highly active antiretroviral therapy

CD4 counts in this analysis are current CD4 counts estimated as described in the Methods section. For each factor (CD4 stratum, WHO stage,
Period of treatment), the risk ratios are adjusted for the other two factors as well as age and gender.
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