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   Abstract.   To assess the extents and determinants of long-term CD4 cell increases after initiation of antiretroviral 
therapy (ART), changes in CD4 cell counts were analyzed in a cohort of HIV-1–infected Senegalese using a mixed-effects 
model. After a median follow-up of 54 months, an average of 483 CD4 cells/mm 3  (95% confidence interval [CI] = 331; 
680) was reached. The average asymptote level was ~421 cells/mm 3  (95% CI = 390; 454) in patients with < 200 cells/mm 3  
at baseline and ~500 cells/mm 3  in patients with > 200 cells/mm 3 . The independent predictors of long-term CD4 cell recon-
stitution were the baseline CD4 cell count and the monthly average viral load over the entire follow-up. This good long-
term immune reconstitution, optimal in subjects with low average viral loads and > 200 CD4 cells/mm 3  at baseline, argues 
in favor of the earliest possible access to ART and underlines the importance of strict compliance with the treatment.   

     INTRODUCTION 

 Highly active antiretroviral therapies (HAART) have con-
siderably changed the clinical outcomes of patients living with 
HIV/AIDS in both developed and developing countries. 1–3  
However, in developing countries, because of programmatic 
issues, the access of people living with HIV/AIDS to antiret-
roviral treatment occurs usually at an advanced disease stage 
with severe immunodeficiency. 4,5  This leads to a high early 
mortality rate after HAART initiation, although the long-term 
clinical outcome in survivors remains good. 3,5,6  In addition to 
its short-term impact on mortality, an advanced disease stage 
may also affect long-term immune recovery under HAART. 

 Generally, after HAART initiation, patients experience a rise 
in CD4 cell count. Early dynamics of CD4 cell reconstitution is 
usually made up of two phases. 7–16  The early phase is typically 
characterized by a high rate of CD4 cell increase and corre-
sponds to a redistribution of trapped T cells. 7,8,14,17  In patients 
with low CD4 cell counts at baseline, this rate of increase is at 
least similar to the one seen in patients with much higher CD4 
cell counts at baseline. 4,18,19  The second phase, a few months 
after HAART initiation, is characterized by a slower rate of 
CD4 cell increase and corresponds to an expansion of naive 
CD4 cells. 7–9,14,16  A few years later, that increase slows down 
significantly 12,19  or settles to a plateau. 20–22  

 The consequences of severe immunodeficiency on long-term 
immune recovery have been the subject of intense contro-
versy. Indeed, in patients with advanced AIDS, several authors 
reported a lack of CD4 cell increase and an impaired CD4 cell 
functional response, 12,19,20,22–24  whereas others reported a delayed 
CD4 cell increase regardless of the level of initial immunode-
ficiency. 25,26  These conflicting results may have resulted from 
confounders such as age, viral load, or follow-up duration. 

 Actually, several studies have shown that optimal CD4 
cell reconstitution was seen in patients with constantly 

undetectable viral loads. 18,21,27  The viral load should be taken 
into account in the analysis of long-term immune reconstitu-
tion. Other factors associated with the viral load but incon-
stantly mentioned in the literature are age, 11,19,22,25,28  sex, 11  and 
HAART regimen. 29  Moreover, in Africa, frequent co-infec-
tions might affect the survival of HIV-1 patients. 30  

 This study analyzes the long-term increase in CD4 cell 
count after HAART initiation in a cohort of adult Senegalese 
patients. This cohort was part of the Senegalese antiretro-
viral drug access initiative (ISAARV) that started in 1998 
and was one of the first such programs in Africa. 5,31  This study 
considered mainly the viral load, the extent of immunodefi-
ciency at baseline, and other baseline cofactors such as age, 
sex, and body mass index. The study focused on two issues: 
does the long-term immunologic response after HAART initi-
ation depend on the extent of the previous immunodeficiency 
and what are the independent determinants of the long-term 
increase in CD4 cell count after HAART initiation? 

   MATERIALS AND METHODS 

  Patients.   From August 1998 to April 2002, 404 HIV-1–
infected patients ³ 15 years of age were enrolled in ISAARV 
(Dakar) and included in this observational study. Data were 
censored as of September 2007. 

 After initial clinical examination and laboratory tests, those 
patients had to undergo clinical examinations at least every 
2 months and laboratory tests at least every 6 months there-
after. Of the 404 patients, 346 had complete data at baseline 
(age, sex, viral load, CD4 cell count, CDC AIDS stage), and at 
least one additional CD4 cell count and one additional viral 
load measurement were included in the analyses, irrespective 
of their follow-up durations. Finally, because laboratory tests 
were very sparse during the last months of follow-up, only the 
results of the first 72 months were analyzed. 

 The initial ART regimen was a triple drug combination: two 
nucleoside reverse transcriptase inhibitors (NRTI) + a non-
nucleoside reverse transcriptase inhibitor (NNRTI) or a pro-
tease inhibitor (PI), except for 18 patients who received only 
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two NRTIs until May 2000. HAART was provided for free 
starting from December 2003. 

 This research received ethical clearance from the National 
Ethic Committee of Senegal, and all patients gave their writ-
ten informed consent. 

   Laboratory tests.   The CD4 cell counts were obtained using 
the FACSCount System (Becton Dickinson, San Jose, CA). The 
plasma viral loads were determined using either Bayer bDNA 
HIV-1 Quantiplex assay, version 2.0 or 3.0 (Bayer Diagnostics, 
Tarrytown, NY) or Amplicor HIV-1 Monitor assay, version 1.5 
or 2.0 (Roche Molecular Systems, Belleville, NJ). Detectability 
thresholds were 500 copies/mL for Bayer and 50 copies/mL 
for Roche. The threshold of 500 copies/mL was used for the 
analysis. All tests were carried out at Dakar, Senegal, and the 
laboratories were involved in an external quality assessment. 

   Statistical analysis.    General approach.   The study distin-
guished three categories of CD4 cell counts at baseline: < 100, 
100–199, and ³ 200 cells/mm 3 . The medians of the CD4 cell 
counts computed over successive 6-month periods were plot-
ted against time. 

 The evolution of the CD4 cell count over time was esti-
mated using a mixed-effects model. 32,33  In such a model, each 
estimated coefficient is made up of two components: 1) a fixed 
effect that represents the average value of the coefficient in 
the cohort and 2) a random effect that represents the individ-
ual deviation from that cohort average. 

   Long-term immune response.   This called for a mechanistic 
model that represents the hypothetical dynamics of CD4 cells 
after HAART initiation as already established by previous 
studies. The model provides parameters with genuine clinical 
significance and allows testing the effects of the baseline cova-
riates (age, sex, etc.) and of the viral load. 

 Specifically, modeling the increase in CD4 cells during 
the first 6 years after HAART initiation used an asymptotic 
regression model; i.e., a non-linear function of time with a final 
horizontal asymptote. In this model, the asymptote represents 
the predicted CD4 cell level after apparent stabilization. That 
level may be either a return to a normal CD4 cell level in 
response to antiretroviral therapy or a persistence at a sub-
normal level in case of impaired immune reconstitution. 

 The model included four parameters: the asymptote ( Asym ), 
the baseline value ( C  0 ), the logarithm of the initial rate of 
increase ( lrc 1), and the change in that rate after 6 months 
( lrc 2) 34,35 :      

 A piecewise log-linear component was used to distinguish 
the immune response during the first 6 months from that 
response thereafter. In other words, the rate parameter is 
“–exp( lrc 1) ×  t ” before 6 months and becomes “–exp( lrc 1) ×  t  + 
 lrc 2 × ( t  − 6)” after 6 months. 

 Square root–transformed CD4 cell counts were used to 
approximate a normal distribution; however, to facilitate 
interpretation, the results were expressed back in the original 
scale (i.e., number of CD4 cells/mm 3 ) whenever possible. The 
delta method was used to compute the 95% confidence inter-
vals (CIs) in the original scale. 

 Sex, age, CD4 cell count (> 200 versus £ 200 cells/mm 3 ), and 
AIDS clinical stage at inclusion were considered as potential 
predictors of the long-term CD4 cell count. Virologic success 

was defined as a viral load of < 500 copies/mL. The relation-
ship between the viral load and the long-term CD4 asymptote 
was analyzed through three variables: the time to virologic suc-
cess, the monthly average viral load over the entire follow-up, 
and the proportion of the remaining follow-up time spent with 
viral suppression starting from detection of that suppression 
(this variable was assigned value zero in patients who never 
achieved viral suppression). An interaction term between the 
parameter for the long-term CD4 cell count (Asym) and the 
vital status of the patient at the end of follow-up was intro-
duced. Therefore, the long-term CD4 cell count was estimated 
for patients who survived. The covariates were entered in the 
model one at a time and their significance was assessed using 
the likelihood ratio test for nested models. The latter models 
were estimated using the maximum likelihood and their good-
ness-of-fit assessed with graphical tools. 34  

 To assess the goodness-of-fit of the asymptotic model, we 
also modeled the CD4 cell response in three subsets defined 
by their baseline CD4 cell counts (< 100, 100–200, and > 200 
cells/mm 3 ) with mixed-effects polynomial regression models 
of time. The order of the polynomial of time was chosen high 
enough (fourth order) to give a good fit to the CD4 cell count. 

 The open-source statistical package R (library nlme 34 ) was 
used for all statistical analyses (available at:  http://www.r-proj-
ect.org ). 

     RESULTS 

  Cohort characteristics.   Patients’ characteristics at baseline 
are given in  Table 1           . The median follow-up time with informa-
tion on the CD4 cell count was 54 months (interquartile range 
[IQR] = 42–66). During follow-up, 56 patients died (16%) so 
the median CD4 cell counts available for each patient fell to 
seven (IQR = 5–9). Moreover, as of September 2007, 80 (23%) 
patients were censored, and 22 (9%) were lost to follow-up 
( Figure 1  ). 

 Among the 346 patients, 13 began with a dual ART regi-
men (3.75%), and 141 had a PI (41%). During follow-up, 162 
patients had at least one change in their ART (47.09%), the 
maximum being five changes. 

   Viral markers of HIV disease.   Nearly 91% of the subjects 
achieved a virologic success in a median time of 6 months 
(IQR = 6–12). As shown in  Figure 2  , the probability of achiev-
ing an undetectable viral load increased steeply over the first 
24 months but moderately thereafter. The multivariate analy-
sis showed that older ages and higher baseline CD4 cell counts 
were associated with an increased probability of virologic 

  Table 1  
Baseline characteristics of the 346 HIV-1–infected patients under HAART, 

Senegal, 1998–2007 
Characteristic Value at baseline

Age, median [IQR] (years) 37 [31–43]
Female sex 192 (55%)
CD4 cell count (cells/mm 3 )
 < 100 135 (39%)
 100–200 99 (29%)
 > 200 112 (32%)
Viral load, median [IQR] (log 10  copies/mL) 5.17 [4.65–5.57]
AIDS clinical stage
 CDC A or B 157 (46%)
 CDC C 188 (54%)

    IQR = interquartile range.  
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success (relative risks: 1.14 [95% CI = 1.01; 1.29] by 10-year 
increment and 1.01 [95% CI = 1.01; 1.11] by 50 CD4 cells/
mm 3 , respectively). The correlation coefficient between the 
time to virologic success and the monthly average viral load 
over entire follow-up was 0.48 (95% CI = 0.4; 0.56). During 
the study period, 68% of the viral load measurements were 
< 500 copies/mL, and 61% of the study population remained 
< 500 copies/mL at all visits after achieving a first undetectable 
viral load. 

   Immune reconstitution.   A plot of the median CD4 cell 
counts of the three groups defined according to the CD4 cell 
count at baseline is shown in  Figure 3  . That median increased 
from 139 cells/mm 3  (IQR = 59–226) at baseline to 483 cells/
mm 3  (IQR = 331–680) at 72 months. The median changes in 
CD4 cell counts between baseline and the last measurement 
for the three CD4 groups are summarized in  Table 2              . 

 The final asymptotic model without covariates had a mod-
eled average baseline CD4 cell level of 137 CD4 cells/mm 3  
(95% CI = 124; 150). The rate of increase in CD4 cells (using 
the square root of the CD4 cell counts) during the first 6 
months was 0.078 per month (95% CI = 0.069; 0.088); it showed 

a significant change afterward (−0.02, 95% CI = −0.01;−0.04]) 
until an asymptote around 453 CD4 cells/mm 3  (95% CI = 425; 
482). Random effects were permitted for the intercept and the 
asymptote but were not necessary for the log of the rate of 
increase. The between-subject variation in the asymptote was 
quite large (the SD of the square root of the number of CD4 
cells per cubic millimeter was 5.14 [95% CI = 4.70; 5.61), lead-
ing to a 95% prediction interval for the asymptote of 98–1,067. 
For each group defined according to the CD4 cell count at 
baseline, the curves of a polynomial model and of the fitted 
mean responses with the asymptotic model are displayed and 
show similar patterns ( Figure 3 ). 

 In a second step, we assessed the associations between the 
covariates and the between-subject variation in the asymptote 
level ( Table 3              ). In univariate analyses, the CD4 cell count at 
baseline, the time to first virologic success, and the monthly 
average viral load over entire follow-up were significantly 
associated with the level of the asymptote. There was also a 
borderline effect of sex on the asymptote level. The average 
asymptote level of the group with a baseline CD4 cell count 
< 200 cells/mm 3  and who survived was 421 CD4 cells/mm 3  

   Figure 1 . Description of the population studied—Initiative Sénégalaise d’Accès aux Antirétroviraux, 1998–2007.    
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(95% CI = 390; 454). Approximately one quarter of the patients 
starting with a CD4 cell count < 200 cells/mm 3  reached a CD4 
cell count of 600 cells/mm 3 , and ~15% reached a CD4 cell 
count of 700 cells/mm 3 .The asymptote level of the group with 
a baseline CD4 cell count > 200 cells/mm 3  was higher (mean 
level, 519 CD4/mm 3 ; 95% CI = 474; 564). 

 In multivariate analyses, patients with baseline CD4 cell 
counts > 200 cells/mm 3  had, on average, a 1.15-fold higher long-
term CD4-cell level (95% CI = 1.02; 1.44) in comparison with 
patients with < 200 CD4 cells/mm 3 . Each increase of 1 log 10  of 
the monthly average viral load over the entire follow-up was 
associated with a 1.3-fold decrease of the CD4 cell asymptote 
level (95% CI = 1.03; 1.56). The average asymptote level of 
patients who started with < 200 CD4 cells/mm 3 , maintained a 
good virologic suppression, and survived was 734 CD4/mm 3  
(95% CI = 647; 822). A subject starting with > 200 CD4 cells/
mm 3  and maintaining a good virologic suppression would 
reach an average CD4 cell count of ~828 cells/mm 3  (734; 923), 
which is a normal level. 

 The sensitivity of our results was analyzed to assess the 
influence of the sparseness of the measurements during the 
last months of follow-up and the influence of the CD4 cell 
value in patients who died. Results are given in relative rate 
of change in the value of the estimated coefficient. Using a fol-
low-up duration ranging from 54 to 72 months, the amplitudes 

of the variations in the coefficients of the multivariate model 
were < 10%. Excluding from the analyses all the patients who 
died led to < 10% changes in those coefficients. 

    DISCUSSION 

 This study outlined the effects of the baseline CD4 cell 
count and of the viral load on long-term immunologic recon-
stitution after HAART initiation in a low-resource setting. It 
used a mechanistic model based on a simplification of the bio-
logic process under study (CD4 immune reconstitution). The 
model allowed a specific analysis of the main features of CD4 
cell dynamics and was independent of the data structure. 

 These results confirm the place of the viral markers of 
HIV disease as a determinant of long-term immunologic 
reconstitution as already found by others in industrialized 
countries. 7,11,18,20,21,25,27  Several studies took into account a so-
called “virologic response” to explain immune reconstitu-
tion but the definition of that “response” was not always the 
same. 11,12,15,21,25,27  In this study, the virologic response was consid-
ered under three aspects: the monthly average viral load over 
the entire follow-up, the proportion of time with viral suppres-
sion after achieving undetectability, and the time to first virus 
undetectability. Using these variables as surrogates of the viro-
logic response avoids relying on a particular time point or on 
an arbitrary cut-off. In our results, only the monthly average 
viral load was independently associated with long-term CD4 
cell reconstitution. This indicates a stronger association of the 
long-term immune response with the virologic failure than 
with the time to virologic success and also that the extent of 
the virologic rebound is also a key variable. 

 Among patients’ characteristics measured at baseline, only 
the CD4 cell count was an independent predictor of long-term 
immune reconstitution. It is important to emphasize that we 
could not conclude whether, after 72 months of follow-up, 
patients with low CD4 cell counts at baseline reached the same 

   Figure 3 . Median CD4 cell counts after HAART initiation in 
groups defined by their counts at baseline (< 100 lower curves, 100–
200 median curves, and > 200 cells/mm 3  upper curves). Thick dashes 
represent the observed medians, thin dashes the asymptotic models, 
and dots represent the polynomial models. Figures at the bottom of 
the frame are the number of contributors to each measurement.    

   Figure 2 . Non-parametric estimation of the probability (and 95% 
confidence interval) of achieving an undetectable viral load along time 
in 346 HIV-infected patients under HAART, Senegal, 1998–2007.    

  Table 2  
Median observed CD4 cell counts at baseline, last measurement before 

72 months, and difference between baseline and last measurement 
according to different categories of CD4 cell numbers at baseline 

CD4 cell count at 
baseline

Number of 
observations 

(loss to follow-up/
death)

Median (IQR) 
difference 

(cells/mm 3 )

Median CD4 
at baseline 
(cells/mm 3 )

Median CD4 
at last 

measurement 
(cells/mm 3 )

< 50 cells/mm 3 78 (7/16) 175.5 (65; 395) 21.5 208
50–100 cells/mm 3 57 (6/13) 132 (52; 321) 74 219
100–200 cells/mm 3 99 (7/19) 203 (95; 338) 148 344
> 200 cells/mm 3 112 (12/9) 144 (17; 308) 259 455

    IQR = interquartile range.  
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level as patients with much higher counts. Only studies with 
longer follow-ups may provide that answer, but the most inter-
esting result is that patients with < 200 CD4 cells/mm 3  needed 
significantly more time to reach the same CD4 levels than 
patients with higher CD4 cell counts before HAART initia-
tion (the estimated asymptote is lower in the former patients) 
even though several studies have shown that the initial rates of 
increase in CD4 in the former patients could be higher. 13,14,27  

 There was a borderline interaction between long-term CD4 
cell count and sex that faded out when the viral load and the 
baseline CD4 cell count were included in the model. Contrary 
to other studies, we did not find a significant association 
between long-term immune reconstitution and age at inclu-
sion, although the median age at baseline in the Senegalese 
cohort was lower than in many European or American 
cohorts. 11,19,22,25,28  However, age was found to be associated to 
the virologic response. In another study, Etard and others 36  did 
not find a significant association between age and adherence. 
Further exploration of this association should be done. 

 As reported in numerous other studies, we found there was 
a two-stage increase of the CD4 cell count, 8,11,13–16,18,27  but no 
significant differences before 12 months in the rate of CD4 
cell increase according to AIDS stage, age, or CD4 cell count 
at baseline. Our study considered only one specific aspect of 
the immune function, the change in the number of CD4 cells, 
but did not take into account the proportion of naive CD4 or 
memory CD4 cells. Our results should be completed by stud-
ies on other immune reconstitution markers because the func-
tions of the newly produced CD4 cells may be impaired. 7,14,18  

 Subjects who died shortly after HAART initiation are likely 
to have had very low CD4 cell counts and different CD4 dynam-
ics than those of surviving patients. The model used in this analy-
sis accommodated this by stratification of the vital status of the 
patients. Therefore, long-term CD4 cell count level was esti-
mated for a population who survived long enough. Moreover, 
excluding the patients who died of the analysis, we found that our 
results were not sensitive to the extreme values in the patients 
who died (change in point estimates < 10%). We also found that 
the number of CD4 cell measurements during the last months of 
follow-up had no impact on the positive results obtained. 

 This study presents several strengths and limitations. Despite 
its limited size, the study cohort boasts a long follow-up and 
few were lost to follow-up. There were missing data because 

some patients were included too late to achieve the 72 months 
of follow-up, but these data were missing completely at ran-
dom, which did not bias the results. However, the departure 
from the horizontal asymptote of  the empirical mean CD4 cell 
count after 60 months of follow-up may also suggest a “not 
completely at random” dropout mechanism. 33  In such a case, 
patients with low CD4 cells are more prone to dropout, leading 
to an apparent trend in the mean response. Diggle and others 33  
have already shown that, if the dropout depends on past but 
not on future measurements, it can be ignored for likelihood-
based inference. In other words, curves issued from a polyno-
mial model or an asymptotic model give the mean response 
corrected for dropout. A simple polynomial random effects 
model fitted to the square root–transformed CD4 cell counts 
would be compatible with a plateau after 60 months. However, 
a slow increase for some subset of patients cannot be excluded, 
and longer follow-ups as in other observational studies are still 
needed to complete these results. 

 In summary, despite a great non-negligible initial immune 
reconstitution and even after 72 months on HAART, patients 
with the most advanced disease were still unable to reach the 
same CD4 cell counts as patients with a milder disease. These 
results argue strongly in favor of the earliest possible access to 
HAART and a sustained virologic suppression through strict 
compliance with the treatment. 
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29, 2008. 

      Acknowledgments:   We are grateful to Jean Iwaz (Hospices Civils de 
Lyon, France) for his assistance in the preparation and the revision of 
this manuscript. 

 Financial support: This study was partially funded by the French 
“Agence Nationale de Recherche sur le SIDA et les hépatites 
virales” (ANRS, Projects 1215 and 1290), the European Union 
(Project B7-6211/99/005), and the Institut de Recherche pour le 
Développement (IRD). The first author received a fellowship from 
Sidaction foundation. 

 Disclosure: All authors declare that they have no conflict of interest in 
relation to this article. 

 ANRS 1290 Study Group: I. Ndoye (Multisectorial AIDS Program, 
Dakar, Senegal), E. Delaporte, J. F. Etard, C. Laurent, B. Taverne, 
M. Thierry-Mieg (UMR 145, Research Institute for Development 
(IRD)/University of Montpellier, Dakar, Senegal and Montpellier, 
France), M. M. Bitèye, A. B. Dieng, A. Diouf, A. Sarr, L. Zié (Regional 

  Table 3  
Change in position of the asymptote CD4 cell count after HAART according to its long-term predictors 

Predictors of long-term CD4 cell count asymptote

Univariate analyses Multivariate analyses*

Change in square roots of 
predicted CD4 cell asymptote

Changes in predicted CD4 cell 
asymptote (cells/mm 3 )

Change in square roots of 
predicted CD4 cell asymptote

Changes in predicted CD4 cell 
asymptote (cells/mm 3 )

Age at baseline (per year) +0.02 [−0.05;0 .08] +0.7 [−32; 33]† – –
Gender (female vs. male) +0.93 [−0.21; 2.08] +38 [−2; 100] – –
CDC stage (A/B vs. C) −0.01 [−0.65; 0.49] −3 [−24; 18] – –
Baseline CD4 cell count (> 200 vs. < 200 

cells/mm 3 ) +2.24 [1.05; 3.42] +97 [61; 132] +1.95 [0.88; 3.02] +112 [84; 140]
Mean viral load (per unit increase in 

log 10  copies/mL) −2.39 [−2.91; −1.87] −150 [−175; −125] −3.13 [−3.71; −2.56] −163 [−188; −138]
Time to the undetectable viral load 

(per month) −0.1 [−0.13; −0.06] −121 [−144; −98] – –
Proportion of the remaining follow-up 
with viral suppression‡ 4.54 [3.01; 6.07] 179 [157; 201] – –

    Univariate and multivariate analysis using a non-linear mixed-effects model, 346 HIV-1–infected patients under HAART, Senegal, 1998–2007.  
  *   Only significant predictors were kept into the final model.  
  †   Confidence intervals computed using the Delta method (potentially inaccurate because of approximation).  
  ‡   Proportion of the remaining follow-up time spent with viral suppression starting from detection of that suppression (this variable was assigned value zero in patients who never achieved viral 

suppression).  



1052 DEBEAUDRAP AND OTHERS

Research and Training Center for HIV/AIDS, Fann University 
Teaching Hospital, Dakar, Senegal), V. Cilote, I. Lanièce (French 
Ministry of Foreign Affairs, Dakar, Senegal), I. Ndiaye, A. Ndir, 
C. T. Ndour, C. S. Senghor, P. S. Sow (Department of Infectious Diseases, 
Fann University Teaching Hospital, Dakar, Senegal), M. Basty Fall, 
N. M. Dia Badiane, N. Diakhaté, M. Diallo, L. M. Diouf, N. F. Ngom 
Guèye (Ambulatory Care Unit-Red-Cross, Fann University Teaching 
Hospital, Dakar, Senegal), K. Ba Fall, P. M. Guèye, C. Périno (Military 
Hospital of Dakar, Senegal), P. A. Diaw, H. Diop Ndiaye, S. Mboup, 
N. C. Touré Kane (Le Dantec University Teaching Hospital, Virology 
and Bacteriology Laboratory, Dakar, Senegal), K. Sow (AIDS Control 
Division, Ministry of Health, Dakar, Senagal), K. Diop, B. Ndiaye 
(Central Pharmacy, Fann University Teaching Hospital, Dakar, 
Senegal), M. Ciss (Ministry of Health, National Drug Laboratory, 
Dakar, Senegal), and A. Desclaux (Paul Cezanne University, CReCSS, 
Aix-en-Provence, France). 

 Authors’ addresses: Pierre De Beaudrap and René Ecochard, Service 
de Biostatistique, 162 avenue Lacassagne, F-69003, Lyon, France. 
Jean-François Etard and Eric Delaporte, Institut de Recherche pour 
le Développement, 911 avenue Agropolis BP64501 Montpellier 
cedex 5, France. Assane Diouf, Centre de Recherche Clinique de 
Fann, CHU de Fann, BP 5035, Dakar, Sénégal. Ibrahima Ndiaye, 
Pape Mandoumbé Guèye, and Papa Salif Sow, Centre de Recherche 
Clinique de Fann, Hôpital de Fann, BP 5035, Dakar, Sénégal. Ndèye 
Fatou Guèye, Centre de Traitement Ambulatoire, Hôpital de Fann, BP 
5035, Dakar, Sénégal. Souleymane Mboup, Laboratoire de virologie, 
Hôpital le Dantec, 30 avenue Pasteur, Dakar, Sénégal. Ibra Ndoye, 
Centre National de Lutte contre le SIDA, Immeuble Concorde, 191 
Route de Ngor, BP 25 927, Dakar, Sénégal.  

 Reprint requests: Pierre de Beaudrap, IRD, UMR 145, 911 Avenue 
Agropolis, BP 64501, F-34394 Montpellier, France, E-mail: pierre
.debeaudrap@ird.fr.   

  REFERENCES 

   1.   Mocroft A, Ledergerber B, Katlama C, Kirk O, Reiss P, d’Arminio 
Monforte A, Knysz B, Dietrich M, Phillips AN, Lundgren JD, 
2003. Decline in the AIDS and death rates in the EuroSIDA 
study: an observational study.  Lancet 362:  22–29.  

   2.   Mocroft A, Vella S, Benfield TL, Chiesi A, Miller V, Gargalianos P, 
d’Arminio Monforte A, Yust I, Bruun JN, Phillips AN, Lundgren 
JD, 1998. Changing patterns of mortality across Europe in 
patients infected with HIV-1. EuroSIDA Study Group.  Lancet 
352:  1725–1730.  

   3.   Braitstein P, Brinkhof MW, Dabis F, Schechter M, Boulle A, Miotti 
P, Wood R, Laurent C, Sprinz E, Seyler C, Bangsberg DR, 
Balestre E, Sterne JA, May M, Egger M, 2006. Mortality of 
HIV-1-infected patients in the first year of antiretroviral ther-
apy: comparison between low-income and high-income coun-
tries.  Lancet 367:  817–824.  

   4.   Lawn SD, Wood R, 2006. How can earlier entry of patients into 
antiretroviral programs in low-income countries be promoted? 
 Clin Infect Dis 42:  431–432.  

   5.   Etard JF, Ndiaye I, Thierry-Mieg M, Gueye NF, Gueye PM, 
Laniece I, Dieng AB, Diouf A, Laurent C, Mboup S, Sow PS, 
Delaporte E, 2006. Mortality and causes of death in adults 
receiving highly active antiretroviral therapy in Senegal: a 
7-year cohort study.  AIDS 20:  1181–1189.  

   6.   Lawn SD, Myer L, Orrell C, Bekker LG, Wood R, 2005. Early mor-
tality among adults accessing a community-based antiretroviral 
service in South Africa: implications for programme design. 
 AIDS 19:  2141–2148.  

   7.   Mezzaroma I, Carlesimo M, Pinter E, 1999. Long-term evaluation 
of T-cell subsets and T-cell function after HAART in advanced 
stage of HIV-1 disease.  AIDS 13:  1187–1193.  

   8.   Pakker NG, Notermans DW, de Boer RJ, Roos MT, de Wolf F, Hill 
A, Leonard JM, Danner SA, Miedema F, Schellekens PT, 1998. 
Biphasic kinetics of peripheral blood T cells after triple combi-
nation therapy in HIV-1 infection: a composite of redistribution 
and proliferation.  Nat Med 4:  208–214.  

   9.  Powderly WG, Landay A, Lederman MM, 1998. Recovery of the 
immune system with antiretroviral therapy: the end of oppor-
tunism?  JAMA 280:  72–77. 

  10.   Shelburne SA, Montes M, Hamill RJ, 2006. Immune reconstitution 
inflammatory syndrome: more answers, more questions.  J 
Antimicrob Chemother 57:  167–170.  

  11.   Hunt PW, Deeks SG, Rodriguez B, Valdez H, Shade SB, Abrams 
DI, Kitahata MM, Krone M, Neilands TB, Brand RJ, Lederman 
MM, Martin JN, 2003. Continued CD4 cell count increases in 
HIV-infected adults experiencing 4 years of viral suppression 
on antiretroviral therapy.  AIDS 17:  1907–1915.  

  12.   Smith CJ, Sabin CA, Lampe FC, Kinloch-de-Loes S, Gumley H, 
Carroll A, Prinz B, Youle M, Johnson MA, Phillips AN, 2003. 
The potential for CD4 cell increases in HIV-positive individu-
als who control viraemia with highly active antiretroviral ther-
apy.  AIDS 17:  963–969.  

  13.   Binquet C, Chene G, Jacqmin-Gadda H, Journot V, Saves M, 
Lacoste D, Dabis F, 2001. Modeling changes in CD4-positive 
T-lymphocyte counts after the start of highly active antiretrovi-
ral therapy and the relation with risk of opportunistic infec-
tions: the Aquitaine Cohort, 1996–1997.  Am J Epidemiol 153:  
386–393.  

  14.   Pakker N, Kroon E, Roos M, 1999. Immune restoration does not 
invariably occur following long-term HIV-1 suppression during 
antiretroviral therapy.  AIDS 13:  203–212.  

  15.   Bennett KK, DeGruttola VG, Marschner IC, Havlir DV, Richman 
DD, 2002. Baseline predictors of CD4 T-lymphocyte recovery 
with combination antiretroviral therapy.  J Acquir Immune 
Defic Syndr 31:  20–26.  

  16.   Bosch RJ, Wang R, Vaida F, Lederman MM, Albrecht MA, 2006. 
Changes in the slope of the CD4 cell count increase after initia-
tion of potent antiretroviral treatment.  J Acquir Immune Defic 
Syndr 43:  433–435.  

  17.   Autran B, Carcelain G, Li TS, Blanc C, Mathez D, Tubiana R, 
Katlama C, Debre P, Leibowitch J, 1997. Positive effects of com-
bined antiretroviral therapy on CD4+ T cell homeostasis and 
function in advanced HIV disease.  Science 277:  112–116.  

  18.   Kaufmann GR, Bloch M, Zaunders JJ, Smith D, Cooper DA, 2000. 
Long-term immunological response in HIV-1-infected subjects 
receiving potent antiretroviral therapy.  AIDS 14:  959–969.  

  19.   Kaufmann GR, Bloch M, Finlayson R, Zaunders J, Smith D, 
Cooper DA, 2002. The extent of HIV-1-related immunodefi-
ciency and age predict the long-term CD4 T lymphocyte 
response to potent antiretroviral therapy.  AIDS 16:  359–367.  

  20.   Garcia F, de Lazzari E, Plana M, Castro P, Mestre G, Nomdedeu 
M, Fumero E, Martinez E, Mallolas J, Blanco JL, Miro JM, 
Pumarola T, Gallart T, Gatell JM, 2004. Long-term CD4+ T-cell 
response to highly active antiretroviral therapy according to 
baseline CD4+ T-cell count.  J Acquir Immune Defic Syndr 36:  
702–713.  

  21.   Tarwater PM, Margolick JB, Jin J, Phair JP, Detels R, Rinaldo C, 
Giorgi J, Munoz A, 2001. Increase and plateau of CD4 T-cell 
counts in the 3(1/2) years after initiation of potent antiretrovi-
ral therapy.  J Acquir Immune Defic Syndr 27:  168–175.  

  22.   Moore RD, Keruly JC, 2007. CD4+ cell count 6 years after com-
mencement of highly active antiretroviral therapy in persons 
with sustained virologic suppression.  Clin Infect Dis 44:  
441–446.  

  23.   Lederman HM, Williams PL, Wu JW, Evans TG, Cohn SE, 
McCutchan JA, Koletar SL, Hafner R, Connick E, Valentine 
FT, McElrath MJ, Roberts NJ Jr, Currier JS, 2003. Incomplete 
immune reconstitution after initiation of highly active antiret-
roviral therapy in human immunodeficiency virus-infected 
patients with severe CD4+ cell depletion.  J Infect Dis 188:  
1794–1803.  

  24.   Lange CG, Lederman MM, Medvik K, Asaad R, Wild M, Kalayjian 
R, Valdez H, 2003. Nadir CD4+ T-cell count and numbers of 
CD28+ CD4+ T-cells predict functional responses to immuni-
zations in chronic HIV-1 infection.  AIDS 17:  2015–2023.  

  25.   Staszewski S, Miller V, Sabin C, Schlecht C, Gute P, Stamm S, Leder 
T, Berger A, Weidemann E, Hill A, Phillips A, 1999. Determinants 
of sustainable CD4 lymphocyte count increases in response to 
antiretroviral therapy.  AIDS 13:  951–956.  

  26.   Piketty C, Castiel P, Belec L, Batisse D, Si Mohamed A, Gilquin J, 
Gonzalez-Canali G, Jayle D, Karmochkine M, Weiss L, Aboulker 
JP, Kazatchkine MD, 1998. Discrepant responses to triple com-
bination antiretroviral therapy in advanced HIV disease.  AIDS 
12:  745–750.  



1053IMMUNE RECONSTITUTION AFTER INITIATION OF HAART

  27.   Le Moing V, Thiebaut R, Chene G, Leport C, Cailleton V, Michelet 
C, Fleury H, Herson S, Raffi F, 2002. Predictors of long-term 
increase in CD4(+) cell counts in human immunodeficiency 
virus-infected patients receiving a protease inhibitor-contain-
ing antiretroviral regimen.  J Infect Dis 185:  471–480.  

  28.   Tumbarello M, Rabagliati R, de Gaetano Donati K, Bertagnolio S, 
Montuori E, Tamburrini E, Tacconelli E, Cauda R, 2004. Older 
age does not influence CD4 cell recovery in HIV-1 infected 
patients receiving highly active antiretroviral therapy.  BMC 
Infect Dis 4:  46.   

 29.   Sloand EM, Kumar PN, Kim S, Chaudhuri A, Weichold FF, Young 
NS, 1999. Human immunodeficiency virus type 1 protease 
inhibitor modulates activation of peripheral blood CD4(+) T 
cells and decreases their susceptibility to apoptosis  in vitro  and 
 in vivo. Blood 94:  1021–1027.  

  30.   Jaffar S, Grant AD, Whitworth J, Smith PG, Whittle H, 2004. The 
natural history of HIV-1 and HIV-2 infections in adults in 
Africa: a literature review.  Bull World Health Organ 82:  
462–469.  

  31.   Laurent C, Diakhate N, Gueye NF, Toure MA, Sow PS, Faye MA, 
Gueye M, Laniece I, Toure Kane C, Liegeois F, Vergne L, 
Mboup S, Badiane S, Ndoye I, Delaporte E, 2002. The Senegalese 
government’s highly active antiretroviral therapy initiative: an 
18-month follow-up study.  AIDS 16:  1363–1370.  

  32.   Laird NM, Ware JH, 1982. Random-effects models for longitudi-
nal data.  Biometrics 38:  963–974.  

  33.   Diggle P, Heagerty P, Liang K, Zeger S, 2002.  Analysis of 
Longitudinal Data.  Second edition. Oxford: University Press.  

  34.   Pinheiro J, Bates D, 2000.  Mixed-Effects Models in S and S-Plus . 
New York: Springer.  

  35.   Potvin C, Lechowicz MJ, Tardif S, 1990. The statistical analysis of 
ecophysiological response curves obtained from experiments 
involving repeated measures.  Ecology 71:  1389–1400.  

  36.   Etard JF, Lanièce I, Fall MB, Cilote V, Blazejewski L, Diop K, 
Desclaux A, Ecochard R, Ndoye I, Delaporte E; ANRS 
1215/1290 Study Group, 2007. A 84-month follow up of adher-
ence to HAART in a cohort of adult Senegalese patients.  Trop 
Med Int Health 12:  1191–1198.     


