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Abstract (251 words) 

 

Objective: To estimate the incidence and risk factors of mortality and severe morbidity 

during the first months following antiretroviral treatment (ART) initiation in West African 

adults. 

Methods: Cohort study in Abidjan. 792 adults started ART with a median CD4 count of 

252/mm
3
 and were followed during a median of 8 months. Severe morbidity was defined as 

all WHO stage 3 or 4-defining morbidity events other than oral candidiasis.  

Results: In patients with pre-ART CD4 count <200, at 200-350 and >350/mm
3
, the incidence 

of mortality was 5.0 [95%CI 2.6-8.7], 1.7 [0.6-3.8] and 0.0 [0.0-3.4]/100 person-years, and 

the incidence of severe morbidity was 13.3 [95%CI 9.0-19.1], 9.5 [6.2-12.9] and 7.9 [3.4-

15.5]/100 person-years, respectively. The most frequent diseases were invasive bacterial 

diseases (32/65 episodes, 49%) and tuberculosis (25/65 episodes, 38%). Both diseases 

followed the same curve of decreasing incidence over time. Patients who experienced severe 

morbidity had higher risks of mortality, of virological failure and of immunological failure. 

Other independent risk factors for mortality and/or severe morbidity were: at baseline, a high 

viral load, an advanced clinical stage, a past history of tuberculosis, a low BMI, a low 

haemoglobin, and a low CD4 count; during follow-up:  a low CD4 count and a persistently 

detectable viral load.  

Conclusion: These data give new arguments to reinforce the hypothesis that, in this region, 

ART should be started before the CD4 count drops below 350/mm
3
. Further studies should 

assess whether patients with low BMI, low haemoglobin, high viral load or past history of 

tuberculosis should start ART earlier. 

  

Keywords: sub-Saharan Africa; tuberculosis; bacterial diseases; HAART; risk factors; 

morbidity; antiretrovirals 
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Introduction 

In sub-Saharan Africa, millions of HIV-infected people are about to start antiretroviral 

treatment (ART) within the next few years
1-3
. Mortality within the first months following 

ART initiation was shown to be higher in sub-Saharan Africa than in industrialized countries
4
.   

Scaling-up the access to ART in African settings where tools for diagnosing and treating 

opportunistic infections are less available than in high-resource settings entails the necessity 

to prevent patients who started ART to die from preventable or curable diseases. It is thus 

important to document the causes of morbidity that continue to occur in patients receiving 

ART, and to identify patients at higher risk of dying or developing severe morbidity once they 

started ART. Previous studies have already identified tuberculosis, acute sepsis, 

cryptococcosis and toxoplasmosis as key causes of mortality in patients starting ART with 

low CD4 count
5-8
.   

We estimated the incidence and risk factors of all causes of severe morbidity and mortality 

within the first months following early ART initiation in 792 HIV-infected adults in Abidjan, 

the economic capital city of Côte d’Ivoire.  

Methods 

Patients 

In December 2002, a multicentre randomised trial (Trivacan ANRS 1269 trial) was launched 

in Abidjan
9
. The protocol was approved by the ethics committee of the Ivorian Ministry of 

Health and the Institutional Review Board of the Agence de Recherche sur le SIDA et les 

Hépatites Virales (ANRS). The main objective of this trial was to assess various structured 

ART interruptions strategies. The trial was designed in two phases. Patients were included in 

the first phase (“ART initiation phase”) if they met the following criteria: age ≥ 18 years, no 

past history of ART, CD4+ T-cell (CD4) count between 150 and 350/mm
3 
or CD4 percentage 

between 12.5% and 20.0%, living in Abidjan and written informed consent. At inclusion, all 

patients started continuous ART and were followed under cohort procedures. After at least six 

months in the ART initiation phase, patients with undetectable viral load and CD4 count > 

350/mm
3
 were randomised into the “ART interruptions strategies” phase. The criteria for 

being randomised had to be reached before 18 months of treatment. This explains why the 

CD4 criterion for being included in the ART initiation phase was atypically high, compared to 

the CD4 starting measure in the international guidelines at the time when the trial was started. 

We present here data on severe morbidity that occurred during the ART initiation phase of the 

Trivacan trial.  
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Follow-up 

The procedures of the ART initiation phase have been previously described 
10,11

. In summary: 

at enrolment, patients started either zidovudine (ZDV)-lamivudine (3TC)-efavirenz or ZDV-

3TC-Indinavir/ritonavir (800/100 mg twice daily). CD4 count (True Count
® 
technique on 

FACScan
®
, Becton Dickinson) and plasma HIV-1 RNA (real-time PCR on Taq Man 

technology Abi Prism 7000, Applied Biosystems, threshold of detectability at 300 

copies/mL)
12
 were measured every three months. Cotrimoxazole was systematically given to 

all patients. All clinical events were reviewed by an event documentation committee. The 

diagnostic criteria were the same as those used in the ANRS 1203 cohort study 
13,14

. 

Tuberculosis was defined as definitive when a mycobacterium of the tuberculous group was 

isolated, and as presumptive when all the following criteria were met: (i) consistent clinical 

picture, (ii) presence of acid-fast bacilli on sputum sample, bronchoalveolar lavage or 

normally sterile body fluid or tissue from a site other than lungs or no other clinically 

significant pathogen isolated, (ii) unsuccessful response to standard antibiotherapy and (iii) 

successful response to standard antituberculous therapy. Bacterial diseases with positive blood 

culture for non-typhi Salmonella were classified into WHO clinical stage 4. Bacterial diseases 

with positive blood culture for other clinically significant pathogen were classified into WHO 

clinical stage 3. When blood cultures were negative, the following bacterial diseases were 

classifying into WHO clinical stage 3: pneumonia, pleurisy, enteritis with stool cultures 

positive for non-typhi Salmonella or Shigella sp, salpyngitis, pyelonephritis, prostatitis, orchi-

epididymitis, meningitis, endocarditis, pyomyositis, pericarditis, and deep-abscess. Diseases 

were taken into account only if the date of the first symptoms was posterior to the date of 

ART initiation. 

All care was free-of-charge, and patients were reimbursed for the cost of transportation 

without making any distinction between scheduled and unscheduled visits.  In the study 

centres, participants were attended to by nurses, physicians, and social workers dedicated full-

time to the study. Patients with any severe symptom were attended to first, irrespective of 

whether the visit was unscheduled or scheduled.   

Statistical analyses 

All patients included in the “ART initiation phase” of the Trivacan trial were eligible for the 

present study. They were excluded from the analyses if they were HIV-2 infected, if they had 

undetectable viral load on ART initiation, or if they had an ongoing episode of severe 

morbidity at the time when they started ART. Baseline was the date of ART initiation. The 

date of the end of study was the date of the 18-months visit following ART initiation, or the 

date when the patient was randomised into the ART interruption strategies if < ART initiation 

+18 months.   
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First, we estimated, overall and by baseline characteristics: the incidence of mortality, the 

incidence of severe morbidity, the Kaplan Meier probability of reaching virological success of 

ART and the Kaplan Meier probability of responding immunologically to ART. Severe 

morbidity was defined as all WHO stage 3 or 4-classifying morbidity events (with the 

exception of oral candidiasis). Virological success was defined as the first time when a viral 

load was measured as undetectable. Immunological response was defined as the first time 

when a gain in CD4 of at least 50 cells/mm
3
 since baseline was observed. The trends for 

incidence of mortality and morbidity over time were tested using Poisson regression. 

Second, we studied factors associated with death and with severe morbidity using a 

multivariate Cox proportional-hazard regression analysis. Baseline explicative variables were 

age, sex, body mass index, WHO clinical stage combined with past history of successfully 

treated tuberculosis (stage 1 or 2 versus stage 3 or 4 without tuberculosis past history versus 

stage 3 or 4 with tuberculosis past history), baseline haemoglobin, baseline CD4 count and 

baseline plasma HIV-1 viral load. Follow-up explicative variables were follow-up CD4
 
counts 

and follow-up viral loads (detectable versus undetectable). In a first set of analyses, only 

baseline variables were included in the multivariate model. In a second set of analyses, both 

baseline and follow-up variables were included in the model. For mortality analysis, severe 

morbidity was included in the second set of analyses as a time-independent explicative 

variable. 

Finally, we studied whether severe morbidity was associated with virological and 

immunological outcomes. The association of each biological outcome with follow-up severe 

morbidity was studied using a multivariate Cox analysis, adjusting on all characteristics 

associated with the corresponding outcome with a p<0.20 in univariate analysis.  

For the morbidity incidence rate calculation and for the analyses of factors associated with 

morbidity, we only took into account the first event. 

All  Cox proportional-hazard models were checked for the proportional hazards condition. 
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Results 

Patients and follow-up 

Of the 840 adults enrolled in the Trivacan trial, 48 were excluded from the present study 

because they were infected with HIV-2 (n=16), they had an undetectable viral load at baseline 

(n=9), or they had a prevalent episode of tuberculosis at the time when they started ART 

(n=23). The 792 patients who remained in analyses were predominantly with a CD4 count > 

200/mm
3
 (71%)  and at WHO stage 1 or 2 (64%) (table 1). During follow-up, 370 (47%) 

patients were randomized in the Trivacan trial at seven months, 155 (20%) at 10 months, 51 

(6%) at 13 months, 28 (3.5%) at 16 months, and 188 (24%) were never randomised. Of the 

latter, nine were lost-to-follow-up before study termination.   

Causes of severe morbidity and mortality 

During follow-up, 18 patients died (including 8 with at least one documented episode of 

severe morbidity between inclusion and death) and 59 patients presented 65 episodes of 

severe morbidity. Of these episodes, 43 (66%) were recorded for the first time at unscheduled 

visits versus 22 (34%) at scheduled visits.  

The episodes of severe morbidity were invasive bacterial diseases (28 patients, 32 episodes), 

tuberculosis (23 patients, 25 episodes), and other WHO stage 3 or 4 classifying diseases (8 

patients, 8 episodes). The latter included isosporiasis (n=1), cerebral toxoplasmosis (n=1), 

Kaposi’s sarcoma (n=2), unexplained chronic diarrhea (n=2), chronic genital herpes simplex 

virus infection (n=1) and cryptosporidiosis (n=1). The 32 episodes of bacterial diseases were 

16 pneumonia, five isolated bacteraemia, four enteritis, three pyelonephritis, one pyomyositis, 

one deep abscess, one prostatitis and one salpyngitis. At the time when the first bacterial 

episode occurred, the median last available CD4 count was 281/mm
3
 [IQR 197 – 406] and the 

median time since ART initiation was 3.0 months [IQR 1.3-4.5]). A pathogen was isolated in 

18 of these 32 episodes, including in blood culture in 12 episodes. The 18 bacterial strains 

were Streptococcus pneumoniae (n=6), non-typhi Salmonella (n= 6), Escherichia coli (n=4), 

Staphylococcus aureus (n=1) and Enterobacter cloacae (n=1). The 25 episodes of 

tuberculosis (definitive 68%), were pulmonary (64%), extra-pulmonary (24%), and both 

(12%). At the time when the first tuberculosis episode occurred, the median last available 

CD4 count was 235/mm
3
 [IQR 167-315] and the median time since ART initiation was 3.7 

months [IQR 0.5-5.4]). 

In the 18 patients who died, a cause of death could be identified in nine cases: tuberculosis 

(n=3), cerebral toxoplasmosis (n=1), Kaposi’s sarcoma (n=1), isolated bacteraemia (n=1), 

malaria (n=1), cardiac insufficiency (n=1) and trauma (n=1). Of the remaining nine patients, 

three died with symptoms of undiagnosed origin (one pleuritis, one unexplained chronic 
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diarrhea, one acute unexplained fever), and the other six died at home or elsewhere without 

having attended the care centre before death.   

Overall incidence and risk factors of severe morbidity and mortality  

During the entire follow-up, the incidence of severe morbidity was estimated at 10.6/100 

patient-years [P-Y] (95%CI 8.10-13.10), overall and 13.3/100 P-Y, 9.5/100 P-Y and 7.9/100 

P-Y in patients with pre-ART CD4 count <200, at 200-350 and >350/mm
3
, respectively. 

The incidence of death was estimated at 2.6/100 P-Y (95%CI 1.5-4.1) overall, and 5.0/100 P-

Y, 1.7/100 P-Y, and 0.0/100 P-Y in patients with pre-ART CD4 count <200, at 200-350 and 

>350/mm
3
, respectively. 

Figure 1 shows the incidence of severe morbidity (figure 1A) and mortality (figure 1B) by 

baseline characteristics. In univariate analysis, both mortality and severe morbidity were 

significantly associated with body mass index, haemoglobin, and WHO clinical stage. In 

addition, mortality was significantly associated with baseline CD4 count while the association 

between severe morbidity and CD4 count did not reached significance, and severe morbidity 

was significantly associated with baseline viral load level while the association between 

mortality and baseline viral load did not reach significance. 

Table 2 and 3 show the results of the multivariate analysis of the association between severe 

morbidity or mortality with baseline characteristics on the one hand and with follow-up 

characteristics (adjusting on baseline characteristics) on the other hand. As shown in these 

tables, severe morbidity was independently associated with an advanced baseline WHO stage, 

a low baseline haemoglobin, a high pre-ART viral load, a low follow-up CD4 count and a 

persistently detectable viral load during follow-up. When considering separately the main 

groups of severe morbidity, the two variables most strongly associated with the risk of 

tuberculosis were a past history of tuberculosis and a low follow-up CD4 count, whereas the 

variable most strongly associated with severe bacterial diseases was a high pre-ART viral load 

(table 2). Mortality was independently associated with a low baseline body mass index, a low 

baseline or follow-up CD4 count, a persistently detectable viral load during follow-up, and the 

occurrence of at least one episode of severe morbidity during follow-up (table 3). There was 

no significant association between age or sex and mortality or severe morbidity. 
H
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Evolution of morbidity and mortality over time 

During the first, second and third quarter following ART initiation, the overall incidence of 

severe morbidity was 16.6 (95%CI 10.9-22.4), 10.2 (95%CI 6.1-15.9) and 6.6/100 P-Y 

(95%CI 2.8-12.9), respectively (trend over time: p=0.03), and the incidence of mortality was 

3.1 (95%CI 1.1-6.6), 1.0 (95%CI 0.1-3.7) and 1.5/100 P-Y (95%CI 0.2-5.5), respectively 

(trend over time: p=0.33).  Figure 2 shows the evolution in time of the incidence of mortality, 

overall severe morbidity, tuberculosis and bacterial diseases since ART initiation. The 

incidence rate of morbidity was 25.2 (first quarter), 13.2 (second quarter) and 4.7/100 P-Y 

(third quarter) in patients with pre-ART CD4 count < 200/mm
3
 (trend over time: p=0.02), 

15.1 (first quarter), 8.3 (second quarter) and 8.2/100 P-Y (third quarter) in patients with pre-

ART CD4 count at 200-349/mm
3
 (trend over time: p=0.27) and 8.0 (first quarter), 10.9 

(second quarter) and 5.6/100 P-Y (third quarter) in patients with pre-ART CD4 count > 

350/mm
3
 (trend over time: p=0.80). 

Association between severe morbidity and virological or immunological outcomes 

The probability of reaching at least once viral load undetectability was estimated at 0.82, 0.95 

and 0.97 at 6, 12 and 18 months, respectively. In multivariate analysis, patients who had at 

least one severe morbidity event during follow-up had an adjusted hazard ratio of reaching 

viral load delectability of 0.68 (95%CI 0.51-0.91, p=0.01). Of the 59 patients with at least one 

episode of severe morbidity, 41 had their first episode before viral load undetectability was 

noticed, and 18 had their first episode after having reached at least once viral load 

undetectability. 

The probability of having at least once a gain in CD4 > 50/mm
3
 since baseline was estimated 

at 0.79, 0.94 and 0.96 at 6, 12 and 18 months, respectively. In multivariate analysis, patients 

who had at least one severe morbidity event during follow-up had an adjusted hazard ratio of 

reaching a gain in CD4 > 50/mm
3
 of 0.64 (95%CI 0.48-0.85, p=0.002). 

Discussion 

Our patients started ART with a much more moderate level of pre-ART immunosuppression 

as compared with the vast majority of adults who have been starting ART in sub-Saharan 

Africa for the last years 
4-6,8,15-22

. They were followed under cohort procedures with a 

standardised documentation of all morbidity events and a low rate of follow-up.  

The ART-LINC team previously reported that patients starting ART in low-income settings 

had a higher hazard of mortality than those starting ART in high income settings during the 

first few months following ART initiation 
4
. In our study, the rapidly declining rate over time 

of tuberculosis and invasive bacterial diseases may partly explain these findings. 
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Our patients were followed under trial conditions, with all care free of charge. The rate of 

mortality would have been likely to be higher if these patients would have been followed-up 

in field conditions. Despite optimal conditions of access to care, the rate of mortality was not 

null in patients with pre-ART CD4 count at 200-350/mm
3
. Furthermore, even if most patients 

who experienced severe morbidity did not die, the occurrence of at least one severe morbidity 

event after ART initiation was significantly associated with impaired medium term 

immunological and virological outcomes. These data suggest that starting ART before the 

CD4 count drops below 350/mm
3
 in HIV-infected adults in Côte d’Ivoire may prevent short 

term mortality on ART and improve short term immunological and virological treatment 

outcomes by reducing the rate of severe morbidity.   

Data from CD4-guided structured treatment interruptions strategies trials performed in 

industrialised and low resource countries showed that patients “off” ART had higher severe 

morbidity and mortality rates than those “on” ART, even at CD4 counts higher than those 

currently recommended in international guidelines for ART initiation
9,23
. This led some 

experts to suggest that the issue of “when to start ART” should be rapidly addressed through 

trials comparing the current starting criteria with earlier criteria 
24
. The spectrum of HIV-

morbidity in sub-Saharan Africa gives specific arguments to suggest that ART should be 

started earlier than currently recommended. In a cohort study of HIV-infected untreated adults 

in South Africa, the risk of AIDS in patients with a CD4 count at 250-350/mm
3
 was 1.9 times 

greater than the risk previously reported from European cohorts 
25
. In sub-Saharan Africa 

before the ART era, the rates of HIV-associated tuberculosis and invasive bacterial diseases – 

and, consecutively, the rate of severe morbidity at early stages of immunosupression – were 

shown to be higher than in high income countries. The high rate of bacterial diseases, among 

others, led WHO experts to recommend that cotrimoxazole prophylaxis should be started 

earlier in Africa than in industrialized countries 
26-28

. In this context of early severe morbidity, 

starting ART at earlier stage of immunosupression would be logical. 

To refine the criteria for starting ART in Africa, the pre-ART factors associated with the 

outcomes need to be better documented, in order to treat first and foremost patients who will 

be at higher risk of failing treatment. The CD4 count is not the only pre-ART factor to predict 

the events occurring after ART initiation.  In our study, patients with low haemoglobin level, 

low body mass index and advanced WHO stage were at higher risk of dying and/or 

developing severe morbidity, as previously reported by others 
4,5,16-18

. The CD4 count and 

plasma viral load measurements performed after ART initiation were stronger risk factors for 

the on-ART severe morbidity and mortality than the pre-ART CD4  and viral load values, 

even during the first year of treatment 
8,29,30

. A high plasma viral load was more strongly 

associated with the occurrence of severe bacterial diseases than with the occurrence of 

tuberculosis. Finally, a past episode of successfully treated tuberculosis before ART initiation 

was independently associated with the risk that a new episode of tuberculosis would occur 
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once ART has been started. This is the second time that an association between past history of 

tuberculosis and incident tuberculosis on ART is reported in Côte d’Ivoire 
14
. Interestingly, 

though, such association was not found in other studies performed in South Africa 
8,31
. There 

could be two explanations for this divergence. First, the history of tuberculosis is not an easy 

variable to record exhaustively in routine care conditions 
32
. The longer the time since a past 

episode of tuberculosis occurred, the higher the risk that a patient may omit to declare it but 

also the higher the risk that a relapse may occur 
8
. Second, the local context of tuberculosis 

care, for example the percentage of patients who self-administer their anti-tuberculosis 

treatment compared to the percentage of those who receive directly observed therapy, may 

lead tuberculosis to be more likely to relapse on ART in some settings compared with others 
33,34

.    

The main limit of our study was that patients who reached criteria for ART success after 

seven months were randomised into the Trivacan trial and therefore left the study.  Thus, after 

seven months, the follow-up of the healthier patients was censored whereas the sickest 

patients remained in follow-up.  This could have led to an overestimation of the mortality and 

morbidity rates after seven months. If no follow-up censoring had been made, the decreasing 

rate of mortality and morbidity over time would have probably been even more marked.   

In conclusion, this large cohort study of the mortality and morbidity in adults who started 

ART at intermediate stages of immunosuppression in West Africa gives new arguments to 

reinforce the hypothesis that, in this region, ART should be started before the CD4 count 

drops bellow 350/mm
3
. Further studies should assess whether patients with low BMI, low 

haemoglobin, high viral load, clinical stage3 or past history of active tuberculosis should start 

ART earlier. 
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Table 1. Baseline and follow-up characteristics of the 792 patients 

 

Baseline characteristics   

Female, n (%) 606  (77 %) 

Age (years), median [IQR] 34  [29-40] 

WHO clinical stage & past history of tuberculosis, n (%)   

Stage 1 or 2 505  (64 %) 

Stage 3 or 4 without past history of tuberculosis 229  (29 %) 

Stage 3 or 4 with past history of tuberculosis 58  (7 %) 

Body mass index (kg/m
2
), median [IQR] 21.5  [19.5-23.7] 

 < 18.5 kg/m
2
, n (%) 118 (15 %) 

 18.6 – 25 kg/m
2
, n (%) 177 (22 %) 

 > 25 kg/m
2
, n (%) 497 (63 %) 

CD4 count (/mm
3
), median [IQR] 252  [188-327] 

 < 200/mm
3
, n (%) 232 (29 %) 

 200-349/mm
3
, n (%) 408 (52 %) 

 > 350 /mm
3
, n (%) 152 (19 %) 

Haemoglobin (g/L), median [IQR] 113  [102-123] 

 < 90 g/L, n (%) 64 (8 %) 

 > 90 g/L, n (%) 728 (92 %) 

Plasma HIV-1 RNA (log10 copies/ml), median [IQR] 5.01 (4.46-5.45) 

 < 5 log10 copies/ml, n (%) 387 (49 %) 

 > 5 log10 copies/ml, n (%) 405 (51 %) 

Initial ART regimen, n (%)   

ZDV 3TV EFV  710  (90 %) 

ZDV 3TC IDV/r 82  (10 %) 

Follow-up characteristics   

Cumulative follow-up time (person-years) 693  

Follow-up time per patients (months), median [IQR] 8.0  [7.0-13.2] 

Status on study termination    

 Dead  18 (2 %) 

 Alive and in active follow-up  765 (97 %) 

 Lost to follow-up* 9 (1 %) 

 

Footnotes for table 1 

Lost to follow-up: last contact with study team > 1 day at study termination and no further 

vital status information until September 30
st
 2006 

IQR: interquartile range 
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Table 2. Factors associated with the risk of overall severe morbidity, tuberculosis, and invasive bacterial diseases after ART initiation: 

multivariate Cox hazards proportional regression analysis. 
 

 Overall severe morbidity  Bacterial diseases  Tuberculosis  

 HR (95 CI %) p  HR (95 CI %) p  HR (95 CI %) P 

Baseline*            

WHO staging and TB history vs. stage 1or 2   0.01    0.49    0.01 

Stage 3 or 4 without past history of TB 1.72 (1.01 ; 2.94) 0.05  1.62 (0.73 ; 3.59) 0.24  1.59 (0.63 ; 4.02) 0.33 

Stage 3 or 4 with past history of TB 2.78 (1.38 ; 5.61) 0.004  1.45 (0.41 ; 5.14) 0.56  4.73 (1.70 ; 13.13) 0.003 

Haemoglobin < 90 vs. > 90 g/L 2.11 (1.13 ; 3.94) 0.02  1.19 (0.39 ; 3.59) 0.76  4.35 (1.72 ; 10.97) 0.002 

Viral load > 5 vs.< 5 log10 copies/ml 1.82 (1.06 ; 3.12) 0.03  3.73 (1.38 ; 10.08) 0.009  2.25 (0.90 ; 5.59) 0.08 

Body mass index   0.16    0.32    0.22 

 < 18.5 vs. > 20.5 kg/m2 1.68 (0.91 ; 3.08) 0.09  1.74 (0.73 ; 4.15) 0.21  0.71 (0.21 ; 2.35) 0.57 

 18.6-20.5 vs. > 20.5 kg/m2 1.54 (0.87 ; 2.74) 0.14  0.80 (0.41 ; 5.14) 0.66  1.83 (0.77 ; 4.37) 0.17 

CD4 count   0.67    0.69    0.70 

< 200 vs.>350/mm
3
 1.36 (0.61 ; 3.05) 0.45  1.64 (0.46 ; 5.89) 0.45  0.67 (0.19 ; 2.37) 0.54 

200-350 vs.>350/mm3 1.12 (0.51 ; 2.46) 0.77  1.27 (0.36 ; 4.49) 0.71  0.97 (0.31 ; 3.05) 0.96 

Follow-up**            

Follow-up CD4 count    0.008    0.49    0.01 

< 200 vs.>350/mm3 2.90 (1.44 ; 5.85) 0.003  1.57 (0.56 ; 4.43) 0.39  4.50 (1.45 ; 13.97) 0.009 

200-350 vs.>350/mm3 1.42 (0.76 ; 2.65) 0.27  0.90 (0.37 ; 2.19) 0.81  1.42 (0.48 ; 4.17) 0.52 

Follow-up viral load. Detect vs. undetect 2.41 (1.26 ; 4.62) 0.008  2.45 (0.87 ; 6.91) 0.09  2.38 (0.81 ; 6.97) 0.11 

Footnotes for table 2: HR: Hazard Ratio; CI: Confidence interval; TB: tuberculosis 

* for baseline variables, results shown are those of the multivariate model including only baseline variables. 

** for follow-up variables, results shown are those of the multivariate model including baseline variables and follow-up variables. 

Detect: detectable
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Table 3. Factors associated with the risk of mortality after ART initiation: multivariate 

Cox hazards proportional regression analysis. 

 

 Mortality 

 HR (95 CI %) p 

Baseline*    

WHO staging and TB history vs. stage 1or 2   0.30 

Stage 3 or 4 without past history of TB 2.05 (0.68 ; 6.13) 0.20 

Stage 3 or 4 with past history of TB 2.67 (0.65 ; 11.00) 0.17 

Haemoglobin < 90 vs. > 90 g/L 2.66 (0.92 ; 7.72) 0.07 

Viral load > 5 vs.< 5 log10 copies/ml 1.04 (0.38 ; 2.87) 0.94 

Body mass index   0.04 

 < 18.5 vs. > 20.5 kg/m
2
 4.74 (1.33 ; 16.90) 0.02 

 18.6-20.5 vs. > 20.5 kg/m
2
 4.11 (1.15 ; 14.68) 0.03 

CD4 count < 200 
 
vs. > 200/mm

3 **
 2.77 (1.00 ; 7.63) 0.05 

Follow-up***    

Follow-up CD4 count < 200 
 
vs. > 200/mm

3
 6.13 (2.18 ; 17.26) < 0.001 

Follow-up viral load. detect. vs. undetect. 6.57 (1.90 ; 22.80) 0.003 

Follow-up severe morbidity 6.79 (2.42 ; 19.07) < 0.001 

 

Footnotes for table 3: HR: Hazard Ratio; CI: Confidence interval; TB: tuberculosis 

* for baseline variables, results shown are those of the multivariate model including only 

baseline variables. 

** as there was no death in patients with baseline CD4 count > 350/mm
3
, baseline CD4 count 

had to be used in two classes for mortality analyses.  

*** for follow-up variables, results shown are those of the multivariate model including 

baseline variables and follow-up variables. 

Detect.: detectable 
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Figure 1A. Incidence of severe morbidity on ART according to pre-ART characteristics 
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Footnotes for figure 1A: 

Lines on the bars show the 95% confidence interval 

BMI: body mass index; the p values shown in the figure are those of the univariate analysis ; 

results of the multivariate analysis are shown in table 2 
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Figure 1B.  Incidence of mortality on ART according to pre-ART characteristics 
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Footnotes for figure 1B: 

Lines on the bars show the 95% confidence interval 

BMI: body mass index; the p values shown in the figure are those of the univariate analysis ; 

results of the multivariate analysis are shown in table 3 
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p = 0.02 p = 0.26 
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p = 0.004 
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Figure 2. Incidence of severe morbidity by time since ART initiation 
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