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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) [START_REF]Report on the global AIDS epidemic[END_REF].

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 [START_REF] Seyler | Medium-term survival, morbidity and immunovirological evolution in HIV-infected adults receiving antiretroviral therapy, Abidjan, Cote d'Ivoire[END_REF][START_REF] Kabugo | Long-term experience providing antiretroviral drugs in a fee-for-service HIV clinic in Uganda: evidence of extended virologic and CD4+ cell count responses[END_REF][START_REF] Coetzee | Outcomes after two years of providing antiretroviral treatment in Khayelitsha, South Africa[END_REF][START_REF] Van Oosterhout | Evaluation of antiretroviral therapy results in a resource-poor setting in Blantyre, Malawi[END_REF][START_REF] Bourgeois | Field assessment of generic antiretroviral drugs: a prospective cohort study in Cameroon[END_REF]. 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 [START_REF] Seyler | Medium-term survival, morbidity and immunovirological evolution in HIV-infected adults receiving antiretroviral therapy, Abidjan, Cote d'Ivoire[END_REF][START_REF] Anglaret | Pattern of bacterial diseases in a cohort of HIV-1 infected adults receiving cotrimoxazole prophylaxis in Abidjan, Cote d'Ivoire[END_REF]. 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 [START_REF] Anglaret | Impact of vital status investigation procedures on estimates of survival in cohorts of HIV-infected patients from Sub-Saharan Africa[END_REF]; cotrimoxazole prophylaxis (800/160 mg daily) whenever patients reached WHO clinical stage 2 or a CD4 count below 500/mm 3 [START_REF] Who | Guidelines on co-trimoxazole prophylaxis for HIV-related infections among children, adolescents and adults in resource-limited settings[END_REF]; and, from December 1998, antiretroviral therapy whenever patients reached the criteria for being included in the Côte d'Ivoire/UNAIDS Drug Access Initiative [START_REF] Seyler | Medium-term survival, morbidity and immunovirological evolution in HIV-infected adults receiving antiretroviral therapy, Abidjan, Cote d'Ivoire[END_REF]. 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 [START_REF] Who | Guidelines on co-trimoxazole prophylaxis for HIV-related infections among children, adolescents and adults in resource-limited settings[END_REF]. 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.

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 [START_REF] Seyler | Medium-term survival, morbidity and immunovirological evolution in HIV-infected adults receiving antiretroviral therapy, Abidjan, Cote d'Ivoire[END_REF][START_REF] Anglaret | Pattern of bacterial diseases in a cohort of HIV-1 infected adults receiving cotrimoxazole prophylaxis in Abidjan, Cote d'Ivoire[END_REF][START_REF] Anglaret | Causes and empirical treatment of fever in HIV-infected adult outpatients, Abidjan, Cote d'Ivoire[END_REF]. 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, nontuberculous 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 proportionalhazard 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) [START_REF] Kelly | Survival analysis for recurrent event data: an application to childhood infectious diseases[END_REF] 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 meningoencephalitis (n=27), non specific bronchitis (n= 31), non specific pneumonia (n=12) and others severe events (n=166).

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).

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 [START_REF] Mwachari | Mortality and burden of disease in a cohort of HIV-seropositive adults in Nairobi, Kenya[END_REF][START_REF] Mermin | Effect of cotrimoxazole prophylaxis on morbidity, mortality, CD4-cell count, and viral load in HIV infection in rural Uganda[END_REF][START_REF] Corbett | Morbidity and mortality in South African gold miners: impact of untreated disease due to human immunodeficiency virus[END_REF][START_REF] Van Oosterhout | A community-based study of the incidence of trimethoprim-sulfamethoxazole-preventable infections in Malawian adults living with HIV[END_REF] . 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 [START_REF] Mermin | Effect of cotrimoxazole prophylaxis on morbidity, mortality, CD4-cell count, and viral load in HIV infection in rural Uganda[END_REF][START_REF] Brink | Diarrhea, CD4 counts and enteric infections in a community-based cohort of HIV-infected adults in Uganda[END_REF][START_REF] French | Increasing rates of malarial fever with deteriorating immune status in HIV-1-infected Ugandan adults[END_REF][START_REF] Whitworth | Effect of HIV-1 and increasing immunosuppression on malaria parasitaemia and clinical episodes in adults in rural Uganda: a cohort study[END_REF]; (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 [START_REF] Badri | Effect of highly active antiretroviral therapy on incidence of tuberculosis in South Africa: a cohort study[END_REF]. 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 [START_REF] Palella | Declining morbidity and mortality among patients with advanced human immunodeficiency virus infection. HIV Outpatient Study Investigators[END_REF][START_REF] Monforte | The changing incidence of AIDS events in patients receiving highly active antiretroviral therapy[END_REF]. 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 [START_REF] Anastos | The prognostic importance of changes in CD4+ cell count and HIV-1 RNA level in women after initiating highly active antiretroviral therapy[END_REF][START_REF] Moh | Haematological changes in adults receiving a zidovudine-containing HAART regimen in combination with cotrimoxazole in Cote d'Ivoire[END_REF].

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, [START_REF] Gilks | Recent transmission of tuberculosis in a cohort of HIV-1-infected female sex workers in Nairobi, Kenya[END_REF][START_REF] Gilks | Invasive pneumococcal disease in a cohort of predominantly HIV-1 infected female sexworkers in Nairobi, Kenya[END_REF]. 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 [START_REF] Gordon | Nontyphoidal salmonella bacteraemia among HIV-infected Malawian adults: high mortality and frequent recrudescence[END_REF][START_REF] Sonnenberg | HIV-1 and recurrence, relapse, and reinfection of tuberculosis after cure: a cohort study in South African mineworkers[END_REF][START_REF] Grant | Effect of routine isoniazid preventive therapy on tuberculosis incidence among HIVinfected men in South Africa: a novel randomized incremental recruitment study[END_REF][START_REF] Antonucci | Risk factors for tuberculosis in HIV-infected persons. A prospective cohort study. The Gruppo Italiano di Studio Tubercolosi e AIDS (GISTA)[END_REF]. 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 from a time-limited chemoprophylaxis during the first months on HAART should be explored, as recently suggested for tuberculosis [START_REF] Seyler | Risk factors for active tuberculosis after antiretroviral treatment initiation in Abidjan[END_REF][START_REF] Harries | Preventing recurrent tuberculosis in high HIV-prevalent areas in sub-Saharan Africa: what are the options for tuberculosis control programmes?[END_REF].

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 [START_REF] Monforte | The changing incidence of AIDS events in patients receiving highly active antiretroviral therapy[END_REF][START_REF] Badri | Initiating highly active antiretroviral therapy in sub-Saharan Africa: an assessment of the revised World Health Organization scaling-up guidelines[END_REF][START_REF] Cassone | Antiretroviral therapy with protease inhibitors has an early, immune reconstitutionindependent beneficial effect on Candida virulence and oral candidiasis in human immunodeficiency virus-infected subjects[END_REF][START_REF] Skinner-Adams | Antiretrovirals as antimalarial agents[END_REF].

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 [START_REF] Monforte | The changing incidence of AIDS events in patients receiving highly active antiretroviral therapy[END_REF][START_REF] Konopnicki | Hepatitis B and HIV: prevalence, AIDS progression, response to highly active antiretroviral therapy and increased mortality in the EuroSIDA cohort[END_REF]. Further long-term studies of morbidity in patients on HAART in Côte d'Ivoire should also specifically address HBV comorbidity [START_REF] Rouet | HBV and HCV prevalence and viraemia in HIV-positive and HIV-negative pregnant women in Abidjan, Cote d'Ivoire: the ANRS 1236 study[END_REF].

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 [START_REF] French | Immune restoration disease after antiretroviral therapy[END_REF][START_REF] Kumarasamy | Incidence of Immune Reconstitution Syndrome in HIV/Tuberculosis-Coinfected Patients After Initiation of Generic Antiretroviral Therapy in India[END_REF][START_REF] Sungkanuparph | Opportunistic infections after the initiation of highly active antiretroviral therapy in advanced AIDS patients in an area with a high prevalence of tuberculosis[END_REF][START_REF] Lawn | Immune reconstitution disease associated with mycobacterial infections in HIV-infected individuals receiving antiretrovirals[END_REF].

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.

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 HIVmorbidity rates between different populations, or when comparing morbidity before and after HAART initiation within the same population.
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