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Abstract (250 words) 

 

Background: The incidence and determinants of severe morbidity recurrence in sub-Saharan 

African HIV-infected adults on antiretroviral therapy (ART) have never been reported. 

Methods: Prospective cohort study of HIV-infected adults sin Abidjan. The association of 

severe morbidity occurrence and recurrence with follow-up CD4 counts and ART on/off 

status was analyzed by means of multivariate failure analysis for recurrent events (Prentice, 

Williams and Peterson model). 

Results: 608 patients (median CD4
 
290/mm

3
) were followed off ART for 1824 person-years 

(PY).  187 of them started HAART (median CD4
 
174/mm

3
) and were followed for 328 PY. 

The incidence of first, second and third severe morbidity events was 40.6/100 PY, 68.4/100 

PY and 93.9/100 PY during the off-ART period, and 28.4/100, 39.4/100 PY and 37.6/100 

during the on-ART period, respectively. The rates of recurrences were higher than the rates of 

first episodes for almost all diseases, even after stratifying by CD4
 
count and by ART on/off 

status. In multivariate analysis, the time-updated CD4 count was independently associated 

with increasing rates of morbidity first events and recurrences, after adjustment on other 

covariates (p<10
-4
). By contrast, there was no association between the ART on/off status and 

the morbidity rates after adjustment on CD4 count (p=0.37).  

Conclusion: introducing ART led to a clear reduction in morbidity, mainly related to the 

ART-induced increase in CD4
 
count. In HIV-infected patients on ART, the incidence of 

severe morbidity varied with past history of morbidity. Past history of morbidity should be 

taken into account when comparing HIV-morbidity rates before and after ART initiation. 

  

Key Words: HIV, adults, morbidity, recurrences, sub-Saharan Africa, HAART 
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Introduction 

By the end of year 2005 in sub-Saharan Africa, 24.5 million adults were living with 

HIV/AIDS of whom 810,000 were actually receiving highly active antiretroviral therapy 

(HAART) (1). 

The number of persons receiving HAART in Africa is hopefully likely to rapidly increase. 

Sub-Saharan African patients who will start HAART within the next few years will be treated 

in a specific context that differs from the treatment conditions in industrialized countries. 

These differences relate to the type of health care facilities and access to health care, and to 

the HIV-morbidity spectrum (2-6). Facilitating access to HAART to millions of persons only 

makes sense if patients receiving HAART also access prevention and treatment of the most 

important causes of severe morbidity that occurs on HAART.  To better organize the access to 

global HIV care, it is essential that rates and determinants of morbidity in patients who start 

HAART should be carefully documented. 

This study aimed at estimating the incidences and determinants of severe morbidity, including 

first episodes and recurrences, in HIV-infected adults before and after HAART initiation in 

Abidjan, the economic capital city of Côte d’Ivoire. 

Methods 

Patients 

The procedures of the Cotrame ANRS 1203 cohort study have been previously described (2, 

7). In summary, from 1996 to 2003, HIV-1 or HIV-1+2 infected adults were recruited and 

followed-up within a therapeutic cohort in Abidjan after written informed consent. Procedures 

included: monthly visits to the study centre; CD4
+
 cell count (CD4 count) every six months; 

health care free of charge with open access to the study clinic in case of a medical problem; 

systematic investigation of the vital status of patients lost to follow-up (8); cotrimoxazole 

prophylaxis (800/160 mg daily) whenever patients reached WHO clinical stage 2 or a CD4 

count below 500/mm
3
 (9); and, from December 1998, antiretroviral therapy whenever patients 

reached the criteria for being included in the Côte d’Ivoire/UNAIDS Drug Access Initiative 

(2). During most of the study period, these criteria were (i) CD4 count < 200/mm
3
, (ii) WHO 

clinical stage 4, or (iii) WHO clinical stage 3 and CD4 count at 200-350/mm
3
.
 
The protocol of 

the ANRS 1203 study was approved by the ethics committee of the Ivorian National 

Programme on AIDS, STDs and Tuberculosis and the institutional review board of the French 

Agency for AIDS research (ANRS, Paris). 

In the Cotrame cohort, most patients were prescribed cotrimoxazole either at inclusion or 

shortly after. For the present study, we considered that cotrimoxazole prophylaxis was now 

the gold standard for adults at early stages of HIV-infection in sub-Saharan Africa (9). Thus, 

we chose to exclude the off-cotrimoxazole period from the analyses. Therefore, patients 

included in the present study were all patients from the Cotrame cohort who started 

cotrimoxazole, and baseline was the date of cotrimoxazole initiation. The end of the study 

was October 31, 2003. 
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Definitions  

Symptomatic patients were managed at a dedicated outpatients clinic according to 

standardized algorithms, including laboratory and X-ray investigations, and treatment of the 

most frequent syndromes. Patients needing a day-time parenteral treatment were managed at 

the day-care hospital of the study clinic. For life-threatening diseases or for diseases requiring 

care over night, patients were referred to the Yopougon University Hospital. All clinical 

events were referred for review to an event documentation committee. An infectious disease 

was defined as “definitive” when a clinically significant pathogen was isolated, and as 

“presumptive” when a consistent clinical picture was observed but no pathogen was isolated. 

The main diagnostic criteria (adapted from CDC and WHO standardized definitions) and 

laboratory methods used in the Cotrame cohort have been previously described (2, 7, 10). In 

this study, we describe “serious morbidity” as all episodes of WHO stage 3 or 4 defining 

diseases, and any other clinical events leading to at least one day in hospital and/or leading to 

death (appendix 1).  

An episode of a given disease was considered as a new episode if the date of the end of the 

previous disease episode was separated by more than 30 days from the date of the first 

symptoms of the new episode. For the following WHO clinical stage 4 defining diseases, 

recurrences were not defined as new episodes: 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 tuberculosis, recurrence was considered as a new 

episode when the previous episode was considered as cured according to international criteria.  

Statistical analysis 

For each disease or group of disease, only the three first episodes were considered.   

First, second and third episodes were numbered according to their occurrence since the 

beginning of the entire follow-up period, regardless of the HAART on/off status of the patient 

at the time the episode occurred; for example, when a first episode of a given disease occurred 

before HAART was initiated, and a second episode occurred after HAART initiation, the 

latter is referred to as the “second episode” throughout the manuscript, including when the 

description focuses on the HAART period. 

In the descriptive part of the analysis, we estimated the incidence rate of the first, second, and 

third episodes of each disease or group of disease overall, during the off-HAART period, and 

then during the on-HAART period. The incidence rate of a first, second or third episode of a 

given disease was defined as the number of patients having at least one first, second or third 

incident episode of this disease per 100 patient-years of “at-risk follow-up”. The “at risk 

period” was defined as follows: (i) For the overall incidence of a given episode of disease 

during the entire follow-up, the “at risk period” began at baseline for the first episode and at 

the end of the previous episode for the second and third episodes; the “at risk period” ended at 

the occurrence of the given episode, or at death, last contact with study team if prior to end of 

study (October, 31 2003), or end of study for patients who did not have this episode; (ii) For 

the incidence of a given episode of disease during the off-HAART and on-HAART periods, 

the same definitions were applied, with two differences: for the on-HAART period, baseline  

was replaced by the date of HAART initiation, and for the off-HAART period, the end of 

study was replaced by the date of HAART initiation.  
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In the second part of the analysis, we studied the association of mortality and morbidity on the 

one hand with HAART and current CD4 count on the other hand. A Cox’s proportional-

hazard regression model was used to study the association of mortality (as the main outcome) 

with HAART and current CD4
 
count (as time-dependant covariates), adjusting on baseline 

characteristics. Due to a significant interaction between HAART and CD4
 
count in this 

mortality analysis, we estimated the hazard ratio of death for patients on HAART vs. off 

HAART, stratified by CD4 count strata. A multivariate failure analysis for recurrent events 

model (Prentice, Williams and Peterson [PWP] model) (11) was then used to study the 

association of severe morbidity, including first and recurrent episodes (as the main outcomes) 

with HAART and current CD4 count (as time-dependant covariates), adjusting on baseline 

characteristics. In this morbidity analysis, there was no interaction between HAART and CD4
 

count. In the PWP model, a global p-value covering all episodes of severe morbidity, 

including the first one and the recurrent ones, was first estimated; then, one hazard ratio (with 

one p-value) was estimated for each episode (ie: one for the first episode, one for the second 

episode, and one for the third episode).  A PWP model hazard ratio has the same definition as 

a Cox’s model hazard ratio (eg. the hazard ratio of a first episode of morbidity in patients 

receiving HAART is the risk that a first morbidity event may occur at a given time t for 

patients who started HAART before the time t, relative to the risk at time t for the patient who 

did not). In this study, we first built a PWP model for the overall severe morbidity.  Then, one 

specific model was built for each specific cause of morbidity. The assumption of proportional 

hazards was assessed whenever appropriate. 

Results 

Of the 723 adults enrolled in the Cotrame ANRS 1203 Cohort from 1996 to 1999, 608 had 

once started cotrimoxazole prophylaxis and were included in the present study. No patients 

were excluded from the analyses.  Of these 608 patients, 187 started HAART between 

December 1998 and October 2003. Table 1 shows baseline and follow-up characteristics of 

the overall patients included in the study and of the group of patients who received HAART.  

Of the 187 patients who started HAART, 151 (81%) met the Côte d’Ivoire/UNAIDS Drug 

Access Initiative criteria for starting treatment, and 36 patients (19%) did not meet these 

criteria. Of the latter, 17 (47%) were at WHO clinical stage 1 or 2 and had a CD4 cell count > 

200/mm
3
, and 19 (53%) were at WHO stage 3 and had a CD4 cell count > 350/mm

3 
at the 

time
 
when they initiated HAART.   

Morbidity  

During follow-up in the cohort, 1442 severe events were diagnosed in 446 patients, including 

272 episodes of severe bacterial diseases (definitive: n=186, “presumptive”: n=86), 83 

episodes of tuberculosis (definitive: n=64, “presumptive”: n=19), 73 episodes of malaria (all 

definitive), and 30 episodes of non-tuberculous mycobacteriosis (all definitive). The 

remaining 984 events were: oesophageal candidiasis (n=114), meningeal cryptococcosis 

(n=14), cerebral toxoplasmosis (n=5), isosporosis (n=13),  cryptosporidiosis (n=9), 

microsporidiosis (n=6), Kaposi’s sarcoma (n=7), lymphoma (n=3), chronic Herpes simplex 

virus (HSV) genital infection (n=18), unexplained weight loss > 10% (n=186), chronic 

unexplained diarrhoea (n=49), acute unexplained diarrhoea (n=147), chronic unexplained 

fever (n=25),  acute unexplained fever (n=177), anemia (n=24), non specific meningo-

encephalitis (n=27), non specific bronchitis (n= 31), non specific pneumonia (n=12) and 

others severe events (n=166). 
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Figure 1A shows the overall incidence of first, second and third severe events by HAART 

on/off status, irrespective of CD4 count. During the off-HAART period, the incidence of first, 

second and third severe events was 40.6/100 PY, 68.4/100 PY and 93.9/100 PY, respectively; 

During the on-HAART period, the rate was 28.4/100 PY for the first event, 39.4/100 PY for 

the second event and 37.6/100 PY for the third event. 

Figure 1B shows the incidence of first, second and third severe events by CD4 count, 

irrespective of the HAART on/off status. In patients with less than 200 CD4/mm
3
, the 

incidence of first, second and third severe events was 73.3/100 PY, 99.3/100 PY and 

110.1/100 PY, respectively; in patients with more than 350 CD4/mm
3
, the incidence of first, 

second and third severe events was 24.3/100 PY, 31.4/100 PY and 34.7/100 PY, respectively.  

Table 2 shows the incidence rate of the first and second episodes of morbidity irrespective of 

the HAART on/off status, by time-updated CD4 count, by diseases and groups of diseases. 

The incidence rate of the second episode tended to be higher than the incidence rate of the 

first episodes for almost all specific diseases, even after stratifying by CD4
 
count. This 

remained true when stratifying by HAART on/off status (data not shown). 

Table 3 shows the results of the multivariate failure analysis for recurrent events, studying the 

association between severe morbidity, HAART, and CD4
 
count. CD4 count was significantly 

independently associated with an increasing rate of first severe morbidity events and 

increasing rates of recurrence, after adjustment on treatment, age, clinical stage, hemoglobin 

and sex. By contrast, there was no independent association between HAART and severe 

morbidity occurrence and recurrence, after adjustment on CD4
 
count. 

 

Mortality  

During the off-HAART period, the mortality rate was 31.6/100 P-Y (95% confidence interval 

[95%CI] 27.2-36.1) and 7.7/100 P-Y (CI 95% 5.2-10.3) in patients with CD4
 
count below 

200/mm
3 
and between 201 and 350 CD4/mm

3
, respectively. During the on-HAART period, 

these rates decreased to 11.9/100 P-Y (95%CI 6.5-20.1) and 0.9/100 P-Y (95%CI 0.02-5), 

respectively. Due to a significant interaction between HAART and CD4
 
count in mortality 

analysis, we estimated the hazard ratio of death for patients on HAART vs. off HAART, 

stratified by CD4 count strata. HAART was significantly associated with a decrease in 

mortality, and the hazard ratio of death decreased with increasing CD4
 
count; in patients with 

CD4
 
count at 500, 350 and 200 /mm

3
, the adjusted hazard ratio of death in patients on 

HAART compared to patients off HAART was 0.05 (95%CI 0.00-0.60, p<0.01), 0.12 (95%CI 

0.02-0.61, p<0.01) and 0.30 (95%CI 0.13-0.67, p=0.01), respectively.  

Virological and immunological evolution after HAART initiation 

At six months after HAART initiation, 62% of patients who started HAART had a plasma 

HIV-RNA below 200 copies/ml. Figure 2 shows the mean decrease and increase in CD4 

count preceding and following HAART initiation in the 187 patients who received HAART. 

In these patients, the mean increase in CD4 count between HAART and six months initiation 

was statistically significant (p<0.0001). 
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Discussion 

We followed 608 HIV-infected adults during a median of 40 months in Abidjan, within the 

framework of a therapeutic cohort study. This cohort was designed to document morbidity, 

first in patients receiving cotrimoxazole prophylaxis before the HAART national program 

was launched in Côte d’Ivoire, and then in patients receiving HAART together with 

cotrimoxazole prophylaxis. Patients were followed-up free of charge in a study care center, 

and all episodes of morbidity were exhaustively recorded and documented, with standardized 

criteria applied by an event documentation committee. Measuring the incidence of each of the 

severe HIV-related diseases within the same group of patients provides a clear picture of the 

burden of disease in a given population. Before the HAART era, this had been done in only a 

few cohort studies in sub-Saharan Africa (12-15) . To our knowledge, this is the first time that 

severe morbidity is exhaustively reported both in the pre-HAART and HAART periods, in the 

same patients, and through recurrent event analyses. 

In this cohort we found that: (i) introducing HAART led to a clear reduction in morbidity and 

mortality; (ii) the dramatic decrease in severe morbidity appeared to be mainly related to the 

HAART-induced increase in CD4 count (13, 16-18); (iii) for a given CD4 count stratum, the 

short-term spectrum of HIV morbidity appeared to be unchanged before and after HAART 

was started; (iv) the recurrence rates of all diseases appeared to be higher than the rates of first 

episodes, even after HAART was started. 

Regarding HAART efficacy, a decreasing incidence of tuberculosis has already been reported 

in South African patients on HAART, compared to the pre-HAART period (19). Our study 

demonstrates the efficacy of HAART in reducing not only tuberculosis but also the other 

major causes of HIV morbidity in a sub-Saharan African cohort, as previously shown in 

industrialized countries (20, 21). Our data also demonstrate that a significant rate of severe 

HIV morbidity persists after HAART initiation, and emphasize the role of the time-updated 

CD4 count as a key predictor of morbidity occurring under HAART (22, 23).  

Regarding HIV-morbidity recurrence, recurrence rates of tuberculosis and of pneumococcal 

invasive diseases have previously been reported to be higher than rates of first episodes in 

HIV-infected untreated Kenyan adults, (24, 25). In our study, we considered up to three 

episodes of each disease, and we found that the rates of second and third episodes were 

systematically higher than the rate of first episode for all groups of diseases, even after 

stratifying by CD4 count and by HAART on/off status. This has three important implications 

both in terms of patients care and in terms of knowledge on HIV morbidity in Africa. First, 

for the physicians: when investigating the cause of a given syndrome, physicians should take 

into account the HAART on/off status, the current CD4 count, but also the past history of 

morbidity, including the past history of morbidity “off” HAART if the patient is “on” 

HAART (26-29). Second, for the epidemiologists: in patients on HAART, the first episode of 

a disease may be the “truly first” episode (no past history of this disease before HAART 

initiation) or a recurrent episode (this disease already occurred once before HAART 

initiation). Our findings mean that the incidence of a given disease in a population on 

HAART may vary depending on the frequency of the past history of this disease in this 

population. This should be carefully taken into account when comparing rates of morbidity on 

HAART between different populations and different settings, or within the same population 

between the pre-HAART and on-HAART periods. Third, for the researchers: the possibility 

that some patients with past history of a given disease before HAART initiation could benefit 
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from a time-limited chemoprophylaxis during the first months on HAART should be 

explored, as recently suggested for tuberculosis (30, 31). 

The limits of our data include the following: 

First, as our follow-up before HAART initiation was long, a great percentage of patients who 

started HAART had a first episode of severe morbidity before HAART was initiated. As a 

consequence, the “at-risk period” for first events on HAART was limited. This may have 

reduced the statistical power when looking for an association between HAART and morbidity 

independently from the CD4 count evolution. This could explain why we found that HAART 

was not independently associated with morbidity while associated with a reduction of 

mortality independently from immune reconstitution. Another explanation could be the 

relationship between CD4 count and HAART, as patients with lower CD4 were also more 

likely to be prescribed HAART.  Therefore inclusion of both HAART as a time-dependent 

coefficient and CD4 count as a time-dependent covariate in the same model may have 

introduced a bias in the conclusion on the net effect of HAART, even if no statistical 

interaction was detected between both variables in the morbidity analysis. Further analyses 

using different statistical methods should explore whether this independent effect of HAART 

exists in HIV-infected sub-Saharan African adults, as it has been already hypothesized by 

others (21, 32-34). 

Second, Hepatitis B virus (HBV) and Hepatitis C virus co-morbidity was not systematically 

explored. Furthermore, though this was a cohort study with systematic biological and 

radiological explorations and more available facilities than in most other care centers in 

Africa, diseases necessitating invasive histological, fibroscopic or radiological explorations 

remained more difficult to document than more easily accessible infectious diseases. Some 

specific diseases such as lymphoma or cytomegalovirus invasive infections were thus 

probably underestimated. In industrialized countries, some rare diseases have been shown to 

emerge in the medium-term in patients receiving HAART (21, 35). Further long-term studies 

of morbidity in patients on HAART in Côte d’Ivoire should also specifically address HBV co-

morbidity (36).  

Third, the high number of deaths that occurred among patients off HAART may have 

increased the risk that the rate of serious morbidity occurrence or recurrence in patients on 

HAART would have been underestimated.  This informative censoring may have introduced a 

bias in the analysis assessing the association between morbidity and HAART 

Finally, our cohort procedures included bi-annual CD4 count measurement but no 

contemporaneous CD4 count and viral load measurement at the onset of clinical episodes. 

Thus, we were not able to ascertain which percentage of documented diseases could be 

attributable to the immune reconstitution syndrome, combining atypical clinical presentation 

with concomitant increasing CD4
 
count and decreasing plasma HIV-RNA (37-40).  

In conclusion, after HAART initiation in this cohort of West African HIV-infected adults, 

severe morbidity and mortality decreased substantially in relation with immune reconstitution, 

but significant medium-term rates and recurrence rates of morbidity persisted. The most 

frequent HIV-related diseases were invasive bacterial diseases and tuberculosis. Our first 

conclusion is that sub-Saharan African HIV/AIDS care programs should deal with the access 

to drugs and care against HIV-related diseases as carefully as they do with antiretroviral 

treatments. 
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In HIV-infected patients either “on” HAART or “off” HAART, the incidence of severe 

morbidity was not only strongly associated with the time-updated CD4 count, but also highly 

varied with past history of morbidity, including the past history of morbidity “off” HAART if 

the patient was “on” HAART. Our second conclusion is that, in sub-Saharan Africa, past 

history of morbidity should be taken into account when comparing overall and specific HIV-

morbidity rates between different populations, or when comparing morbidity before and after 

HAART initiation within the same population. 
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Table 1: Patients baseline and follow-up characteristics  

Overall cohort (n=608)   

Women, n (%)  424 (69.7) 

Baseline Age (years), median (IQR) 31 (26–37) 

Baseline WHO clinical stage, n (%)    

 1 26 (4.3) 

 2 212 (34.9) 

 3 299 (49.2) 

 4 71 (11.7) 

Baseline CD4 count (/mm
3
)
 †
, median (IQR) 290 (161-477) 

Baseline Hemoglobin (g/L), median (IQR) 107 (97–117) 

Follow-up from baseline to study termination    

      Cumulative (person-years) 2152  

      Per patients (months), median (IQR) 40 (18-68) 

Status at study termination   

  Dead, n (%) 261 (43.4%) 

  Lost to follow-up*, n (%) 75 (12.4%) 

Patients who started HAART (n=187)   

Women, n (%)  129 (69.0) 

CD4 count at HAART initiation (/mm
3
)
 †
, median (IQR)  174 (82-279) 

Initial HAART regimen, n (%)   

 2 NRTIs + 1 PI 92 (49.8) 

 2 NRTIs + 1 NNRTI  95 (50.2) 

Follow-up from HAART initiation to study termination    

  Cumulative (person-years) 328  

  Per patients (months), median (IQR) 19 (8-32) 

Status at study termination   

  Dead, n (%) 16 (8.6) 

  Lost to follow-up*, n (%) 4 (2.2) 
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Footnotes for table 1: 

 

n: number of patients   

 †
 missing data, n=1   

IQR: interquartile range  

* Patients lost to follow up tended to be younger (p=0.06) and at less advanced clinical and  

immunological stage of disease (p=0.06 and p=0.09, respectively), though differences  

between two groups did not reach statistical significance”. 

NRTIs: nucleosidic reverse transcriptase inhibitors (AZT+3TC, n=112 ; d4T+3TC, n=37 ;  

d4T+ddI, n=23 ; AZT+ddI, n=15) 

PI: protease inhibitor (indinavir, n=49; nelfinavir, n= 37; saquinavir, n=6) 

NNRTI: non-nucleosidic reverse transcriptase inhibitor (efavirenz, n=93) 
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Table 2: Incidence rate of first and second episodes of diseases irrespective of the HAART on/off status, by time-updated CD4 count 

Disease  First episode  Second episode 

  CD4 > 350  CD4 200-350  CD4 < 200  CD4 > 350  CD4 200-350  CD4 < 200 

  IR 95%CI IR 95%CI IR 95%CI IR 95%CI IR 95%CI IR 95%CI

Bacterial  5.2 (3.5-6.8) 10.5 (7.6-13.4) 17.4 (14.0-20.9) 7.0 (2.6-15.3) 24.9 (14.5-39.9) 25.3 (16.7-33.9)

Invasive uro-genital  1.4 (0.7-2.4) 1.6 (0.7-3.1) 3.6 (2.3-5.3) 3.2 (0.1-17.7) 10.7 (1.3-38.5) 5.4 (0.6-19.5)

Enteritis  2.3 (1.3-3.6) 2.8 (1.5-4.6) 6.1 (4.3-8.3) 5.2 (0.6-18.9) 3.4 (0.1-18.7) 8.4 (3.1-18.3)

Isolated bactaraemia  1.0 (0.4-1.9) 2.2 (1.1-3.8) 4.6 (3.0-6.2) 0.0 (0.0-50.1) 14.7 (3.0-42.9) 9.9 (2.7-25.4)

Muco-cutaneous  0.1 (0.0-0.7) 0.5 (0.1-1.5) 0.7 (0.2-1.6) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0)

Otitis-Sinusitis  0.7 (0.3-1.6) 2.3 (1.2-4.0) 1.8 (1.0-3.1) 0.0 (0.0-19.3) 5.4 (0.1-30.1) 23.9 (6.5-61.2)

Pneumonia  0.9 (0.3-1.8) 3.4 (2.1-5.4) 2.5 (1.5-4.0) 5.1 (0.1-28.4) 7.0 -1.0-28.8) 11.7 (2.4-34.2)

Mycobacterial  1.7 (1.0-2.9) 3.7 (2.3-5.7) 10.2 (7.8-12.7) 0.0 (0.0-11.6) 9.1 (1.9-26.5) 11.3 (4.9-22.3)

Atypical mycobacteriosis  0.0 (0.0-0.4) 0.9 (0.3-2.0) 3.4 (2.2-5.1) NA - NA - NA -

Tuberculosis  1.7 (0.9-2.9) 2.9 (1.7-4.8) 6.6 (4.6-8.6) 0.0 (0.0-12.5) 6.4 (0.8-23.0) 9.8 (3.6-21.3)

Constitutional  14.4 (11.4-17.4) 20.1 (15.7-24.5) 37.9 (32.2-43.6) 10.9 (6.7-16.9) 30.4 (21.1-42.2) 58.1 (46.5-69.8)

Weight loss > 10% of UO  4.3 (2.8-5.8) 8.5 (6.0-11.1) 18.9 (15.4-22.4) NA - NA - NA -

Diarrhoea of UO  2.5 (1.5-3.9) 6.5 (4.3-8.8) 15.0 (11.9-18.1) 1.6 (0.0-8.8)  16.2 (7.4-30.8) 26.7 (17.6-38.9)

Fever of UO  7.0 (5.0-8.9) 7.6 (5.1-10.0) 11.7 (9.0-14.3) 4.5 (1.5-10.5) 15.6 (7.8-28.0) 22.6 (14.0-34.6)

Fungal     

 Stage 4 classifying*  0.6 (0.2-1.4) 1.5 (0.6-2.9) 13.2 (10.4-16.1) 0.0 (0.0-0.0) 8.4 (1.7-24.6) 21.6 (13.0-33.8)

Parasitologic  3.3 (2.2-4.9) 2.8 (1.6-4.6) 7.5 (5.4-9.5) 8.0 (2.2-20.5) 16.5 (5.4-38.6) 20.2 (9.7-37.2)

Malaria  2.7 (1.6-4.1) 2.2 (1.1-3.8) 3.7 (2.4-5.5) 7.4 (1.5-21.6) 9.3 (1.1-33.6) 15.2 (4.9-35.4)

Stage 4 classifying*  0.2 (0.0-0.9) 0.9 (0.3-2.1) 2.8 (1.7-4.3) 0.0 (0.0-60.5) 12.1 (0.3-67.7) 24.7 (8.0-57.7)

Other  0.5 (0.1-1.2) 0.2 (0.0-1.0) 1.0 (0.4-2.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0)

Kaposi’s sarcoma   0.0 (0.0-0.4) 0.3 (0.0-1.2) 0.7 (0.2-1.6) NA - NA - NA -

Viral   0.1 (0.0-0.7) 2.2 (1.1-3.8) 2.8 (1.7-4.4) 0.0 (0.0-46.9) 5.6 (0.1-31.4) 17.7 (5.7-41.2)

Genital herpes  0.1 (0.0-0.7) 0.7 (0.2-1.8) 1.2 (0.6-2.3) NA - NA - NA -

Herpes zoster  0.0 (0.0-0.4) 1.2 (0.5-2.5) 0.7 (0.2-1.6) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0)

Visceral HSV or CMV  0.0 (0.0-0.4) 0.2 (0.0-1.0) 0.8 (0.3-1.8) NA - NA - NA -
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Footnotes for table 2: 

  

IR: incidence rate, per 100 person-years;  

95%CI: 95% confidence interval;  

NA : non applicable;  

UO: unknown origin 

HSV: Herpes Simplex Virus 

CMV: cytomegalovirus 

* See appendix 1 for details on specific diseases included in these group. 
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Table 3: Association between severe morbidity first occurrence and recurrences, CD4 count, and HAART on/off status: multivariate 

analysis   

 

    First event  Second event  Third event 

  Global p  HR (95% CI) p  HR (95% CI) p  HR (95% CI) p 

               

Association with 

HAART* 

 

 

 

   

 

   

 

   

Overall severe events 
†
 0.37  1.08 (0.62-1.80) 0.78  0.76 (0.48-1.18) 0.22  0.70 (0.41-1.21) 0.21 

Bacterial 
†
 0.01  0.89 (0.51-1.53) 0.66  0.79 (0.35-1.81) 0.58  0.11 (0.02-.43) 0.001 

Constitutional 
†
 0.81  1.05 (0.68-1.64) 0.81  1.10 (0.68-1.77) 0.68  0.73 (0.33-1.58) 0.42 

Mycobacterial ° 0.13  0.86 (0.43-1.72) 0.68  5.67 (1.00-32.02) 0.05  - - - 

Fungal ° -  0.22 (0.05-0.92) 0.04  - - -     

Parasitic ° 0.72  1.24 (0.64-2.40) 0.52  0.58 (0.09-3.55) 0.56  - - - 

Malignant ° -  1.29 (0.16-10.37) 0.81  - - -  - - - 

Viral 
†
 0.48  1.49 (0.61-3.70) 0.39  0.35 (0.05-2.66) 0.31  - - - 

Others 
††
 0.48  1.25 (0.69-2.27) 0.45  0.52 (0.14-1.92) 0.33  - - - 

               

Association with CD4
 
 

count ** 

              

Overall severe events 
†
 < 10

-4
  0.90 (0.88-0.93) < 10

-4
  0.91 (0.87-0.95) < 10

-4
  0.95 (0.90-1.01) 0.08 

Bacterial 
†
 < 10

-4
  0.90 (0.86-0.95) < 10

-4
  0.94 (0.87-1.02) 0.11  0.86 (0.70-1.06) 0.16 

Constitutional 
†
 < 10

-4
  0.91 (0.88-0.95) < 10

-4
  0.86 (0.81-0.91) < 10

-4
  0.85 (0.77-0.94) 0.002 

Mycobacterial ° < 10
-4
  0.82 (0.76-0.89) < 10

-4
  0.72 (0.56-0.93) 0.01  - - - 

Fungal ° -  0.59 (0.53-0.66) < 10
-4
  - - -  - - - 

Parasitic ° < 10
-4
  0.90 (0.85-0.96) < 10

-4
  0.92 (0.76-1.10) 0.34  - - - 

Malignant ° -  0.67 (0.52-0.86) 0.002  - - -  - - - 

Viral 
†
 < 10

-4
  0.83 (0.74-0.92) < 10

-4
  0.73 (0.42-1.27) 0.27  - - - 

Others 
††
 0.29  0.96 (0.91-1.01) 0.12  0.98 (0.88-1.08) 0.66  - - - 
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Footnotes for table 3: 

 

* adjusted on age, sex, baseline haemoglobin, WHO clinical stage, and CD4 count 

** for 50 cells/mm
3
 higher ; adjusted on age, sex, baseline haemoglobin, WHO clinical stage, and 

HAART on/off status 

Other variables significantly associated with severe morbidity : 
† 
WHO clinical stage; 

† †  
WHO 

clinical stage and age; ° none 

HR: Hazard Ratio; 95% CI: 95% confidence interval;  

p: multivariate failure analysis for recurrent events (Prentice, Williams and Peterson method). A 

global p-value covering all episodes of severe morbidity, including the first one and the recurrent 

ones, was first estimated; then, one hazard ratio (with one p-value) was estimated for each episode 

(ie: one for the first episode, one for the second episode, and one for the third episode).  There was 

one multivariate model of analysis for the overall severe morbidity , and one for each disease 

(bacterial diseases, tuberculosis and malaria); for each model, we only show here the hazard ratios 

and p-values for the two main explicative covariates (CD4 count and HAART).   

See appendix for details on specific diseases included in each group. 
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Figure 1. Incidence rates of primary and recurrent severe events  
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status  
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Figure 2: CD4 count decrease and increase before and after HAART initiation in patients 
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Legend for figure 2: 

 

0 : day of HAART initiation 

 

∆ CD4 : Mean difference between CD4 count at HAART initiation and CD4 count at a given time 

before and after HAART initiation 
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Figure 1A. Incidence rate of first, second and third severe events, by HAART on/off 

status  
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Figure 1B. Incidence rate of first, second and third severe events, by time-updated CD4 

count 
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Figure 2. CD4 count decrease and increase before and after HAART initiation in 

patients who started HAART (n=187) 

 

 

 

 

 

 

Time (in months) before and after HAART initiation 

∆
 C
D
4
 /
 m
m
  

(m
ea
n
 a
n
d
 s
ta
n
d
a
rd
 d
ev
ia
ti
o
n
) 

H
A

L author m
anuscript    inserm

-00173538, version 1



 24 

 

Appendix: Severe Diseases classification 

 

Group Sub-Group Diseases 

Bacterial Invasive abdomino-uro-genital Prostatitis, pyelonephritis, 

orchitis/epididymitis, salpyngitis, 

enteritis, liver abscess, cholecystitis, 

peritonitis 

 Isolated bacteraemia  

 Muco-cutaneous Muco-cutaneous abcess with 

bacteraemia or with SC*  

 Otitis-sinusitis Otitis or  Sinusitis with bacteraemia or 

with SC* 

 Pneumonia  

Constitutional Weight loss > 10% of unknown origin  

 Diarrhea of unknown origin Chronic, or acute with SC* 

 Fever of unknown origin Prolonged, or acute with SC* 

Mycobacterial Atypical mycobacteriosis   

 Tuberculosis  

Fungal Muco-cutaneous Oro-pharyngeal candidiasis 

  Prolonged vaginal candidiasis 

 WHO stage 4 classifying Oesophageal candidiasis, meningeal 

cryptococcosis 

Parasitic Malaria Malaria with SC* 

 WHO stage 4 classifying Cryptosporidiosis, isosporiasis, 

pneumocystosis, cerebral toxoplasmosis 

 Others Any other parasitic disease with SC* 

Malignant Hepatocarcinoma  

 Dysplasia of the uterine cervix  

 Carcinoma of the uterine cervix  

 Kaposi’s sarcoma 

Lymphoma 

 

Viral Herpes simplex virus (HSV) genital infection  

 Invasive HSV or cytomegalovirus infection  

 Herpes zoster  

 Other Any other viral disease with SC* 
   

* SC: severity criteria: at least one day at hospital, or episode considered as leading to death 

by the event documentation committee 
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