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ABSTRACT 
The long-term outcome of ART-naïve people living with HIV (PLHIV) with baseline CD4 count ≥ 350 is not well described. 
We aimed to analyze mortality in an ART-naïve West African cohort of PLHIV followed for 18 years according to the 
effects of CD4 cell count stratum (350-499 versus ≥ 500), HIV serotype and immune activation (IA).  
The cumulative incidences of death in this cohort were calculated using competing risk estimators; treating ART initiation as 
a competing event for death. To evaluate the effect of baseline CD4 cell counts, HIV serotype and beta 2 microglobulin 
(β2m) level on mortality with the presence of competing event, we used competing risks regression models to calculate the 
corresponding sub-distribution hazard ratios (sHR) with adjustment for confounding bias. 
During 18 years of follow up, the 908 patients realized 5367 clinical visits totaling 2138.1 person-years (PY) of exposure 
time. A total of 160 deaths was recorded and 67 patients initiated ART; resulting in a mortality incidence rate of 7.5/100 PY. 
After adjustment, baseline CD4 cell counts between 350 and 499/µL was associated with a 49% increase in mortality 
compared to baseline CD4 cell counts ≥ 500/µL (adjusted sHR (asHR)=1.49; 95% CI=1.07-2.07). HIV serotype was also 
associated with mortality (the asHR were respectively 1.66 (95% CI=1.14-2.43) and 2.15 (95% CI=1.25-3.73) for HIV-1 and 
HIV-1+HIV-2 dual infection (HIV-D) compared to HIV-2 infection). Mortality was also associated with β2m level (≥ 2.85 
mg/L compared to <2.85 mg/L) with an asHR=3.26 (95% CI=2.03-5.25). 
Our study provides a picture of real-life long-term differences in mortality in a context of high prevalence of HIV and 
immune activation. It confirms the benefits of early initiation of ART found in randomized clinical trials (RCT) and suggests 
a potential benefit of the reduction of IA level in African PLHIV. 
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INTRODUCTION 

In developed countries, cohort analyses have evaluated 
mortality and morbidity in antiretroviral therapy (ART) 
naïve people living with HIV (PLHIV) by CD4 cell counts 
strata [1-6]. Such data are very scarce in Sub Saharan Africa: 
the few existing studies are poorly powered due to short 
durations of follow up or limited sample sizes [7-11] 
particularly in patients with high CD4 cell count. Therefore, 
their interpretation is difficult. 

The debate on the best moment to initiate ART remains of 
interest in resource-limited countries (RLC). This is despite 
the WHO recommendations for universal ART that is every 
PLHIV should receive ART regardless of CD4 cell count 
and clinical stage [12]. Such recommendations were strongly 
influenced by the randomized clinical trials (RCT) HPTN 
052, START and TEMPRANO [13-15]. These RCTs were 
globally designed to compare early ART initiation (CD4 cell 
count ≥ 500/µL) and deferred ART initiation (CD4 cell 
count <500/µL or <350/µL or WHO clinical stage 3/4). The 
modest clinical benefits reported in these studies suggest that 
treatment regardless of CD4 may not translate into broader 
public health benefits in RLC for the following reasons. 
First, previous observational studies reported conflicting 
results [16-18] in line with a previous systematic review that 
recommended initiating ART at 350-500 CD4/µL, not above 
500 [19]. Second, subsequent studies showed that there was 
no statistically significant difference in mortality between 
early ART and deferred ART groups in HPTN 052, START 
and TEMPRANO [13-15]. Third, ART is a lifelong 
treatment whose effectiveness over the long term can be 
compromised by adherence issues, drug resistance, long-
term side effects, and costs: antiretroviral drugs are 
expensive and require sustainable funding mechanisms. 
Additional costs in terms of service providers, monitoring 
tools, additional health infrastructures and their impact on 
health systems with insufficient resources may be important 
barriers to the feasibility of universal ART in RLC. The 
current financial environment poses significant challenges 
for funding universal treatment and sustaining existing 
treatment programs. Considering these concerns, 
observational studies done in “real world” conditions may be 
a more reliable guide to the impact of treatment guidelines 
than RCTs, which were conducted in highly resourced 
settings. 

It has also been shown that mortality varied by HIV 
serotype: HIV-2 infection is associated with lower mortality 
than HIV-1 infection [20-22] and HIV-1+HIV-2 dual 
infection (HIV-D) [23]. Some studies claim that co-infection 
with HIV-2 slows the progression of HIV-1 infection while 
others refute this theory [23-28]. 

Recent data on the pathogenesis of HIV argue that chronic 
immune activation is the main factor driving the progression 
of HIV infection [29]. Despite this fact, it was not 
sufficiently studied in Sub-Saharan Africa. 

Our study is the first one to evaluate the clinical impact of 
early treatment in African patients in a “real-world” setting. 
We aimed to describe mortality in an ART-naïve West 
African cohort with high baseline CD4 (≥ 350) followed for 
18 years. The effects of CD4 cell count stratum (350-499 
versus ≥ 500), HIV serotype and immune activation were 
determined in order to provide a more accurate picture of 
these long-term differences. 

METHODS 

Study design and population 

We conducted a prospective cohort study. Our source 
population was the Fajara cohort which has been previously 
described [30,31]. It was a clinical cohort attached to the 
genito-urinary medicine unit of the Medical Research 
Council (MRC) clinic in Banjul, Gambia which was the HIV 
national reference center.  

Between 1988 and 2010, 4078 patients found to be HIV 
positive were included in this observational cohort and 
followed until November 2010. They were included in our 
analysis if: 1) they were aged >16 years; 2) they had a 
measure of CD4 cell count in a period of three months 
following their entry in the cohort; 3) the initial CD4 cell 
counts was ≥ 350/mm3; and 4) duration of follow up was >1 
day. 

Data collection 

After inclusion, patients were invited to attend the clinic at 
least once every three months, irrespective of symptoms. 
Those who failed to attend the clinic were visited at home by 
a fieldworker and were encouraged to return to the clinic. 
Field workers made quarterly visits up country to enroll 
individuals referred from outside of the greater Banjul area. 

During these clinic visits including baseline visit, clinical 
data (weight, height and WHO clinical stage) were collected. 
Socio-demographic data (age, sex, marital status, education 
and occupation) were also collected at recruitment 
(baseline). ART became available from 2004 onwards and 
start dates for ART were collected during clinical visits. 
Blood sample was collected at baseline visit and at 
according to the physician in the course of follow-up for 
CD4 count testing. HIV serotype testing was determined for 
all patients. Blood samples of a subset of patients were bio-
banked and used for immune activation testing. 

The study protocol was approved by the Institutional Ethical 
and Research Review Boards of the participating institutions 
in Senegal: (Comité national d’éthique pour la recherche en 
santé (CNERS) of the Ministry of Health) and in Canada 
(Research Ethical Board of Sainte-Justine University 
Hospital, Montreal). 

HIV serotype testing 

The following serological tests were employed to determine 
HIV sero-status at baseline. 
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Until August 1996, Wellcozyme HIV 1+2 (Murex 
Diagnostics Ltd) tests were used. If reactive (positive), 
samples were re-tested by type specific ELISA (Wellcozyme 
HIV-1 or HIV-2). 

From August 1996, we used the ICEHIV-1.O.2 (Murex) test. 
If reactive, samples were re-tested using the ICE-HIV-2 test. 
Samples positive for both HIV sub-types were further tested 
by Pepti-Lav 1-2 (Sanofi) with a second test completed on a 
sample taken 2-8 weeks after the initial positive result. 

Classic PCR testing of peripheral blood mononuclear cells 
(PBMC) was also used to confirm dual infections. 

CD4 cell counts quantification 

CD4 percentage was estimated by FACScan (Becton-
Dickinson, Oxford, UK) until August 1997 and by FACS 
Calibur (Becton-Dickinson) from September 1997 onwards. 

Beta-2-microglobulin measurement (β2m) 

Plasma levels of β2m were measured using the integrated 
automated Abbott Architect ci4100 system (Abbott 
Laboratories, Wiesbaden, Germany) using Quantia β2m 
reagents under calibrated conditions. Thawed plasma 
samples that were collected in heparinized tubes were used 
for a single time point assessment. The results were 
expressed in mg/L of β2m based on the WHO International 
Standard [32]. 

Mortality 

Mortality data were collected and updated regularly. The 
dates of death were extracted from hospital records for 
patients who died at the MRC hospital or through interviews 
with relatives and neighbors. 

DATA ANALYSIS 

The characteristics of the population were described using 
medians with interquartile ranges (IQR) for continuous 
variables numbers with corresponding proportions for 
categorical variables. Comparisons of categorical variables 
were done using Chi2 test. The continuous variables were 
compared between two groups by t-test or Mann 
Whitney/Wilcoxon test and between three groups by 
ANOVA or Krusskal Wallis test. 

Survival analyses of death were conducted using competing 
risk estimators. Survival time was the period between the 
date of entry into the cohort and the date of death or date of 
ART initiation. For non-deceased individuals, data were 
censored on the date of last contact. The cumulative 
incidence of death in this cohort was calculated using 
competing risk estimators; treating ART initiation as a 
competing event for death. The comparison of the survival 
curves between the two strata of CD4 cell counts at baseline 

(350-499 and ≥ 500), the three categories of HIV serotype 
(HIV-1, HIV-2 and HIV-1+HIV-2) and the two categories of 
β2m level (≥ 2.85 mg/L and <2.85 mg/L) were carried out 
by examining the overlapping of the confidence bounds of 
the cumulative incidences of the different categories of 
interest. 

To evaluate the association between baseline CD4 cell 
counts (bCD4) (350-499 versus ≥ 500) and mortality with 
the presence of competing event, we used competing risks 
regression models to calculate the corresponding sub-
distribution hazard ratios (sHR). We estimated crude and 
adjusted sHR with 95% confidence intervals (95% CI). 
Confounding was controlled using a 10% change in estimate 
method (variables that change the estimate by ≥|10%| were 
included in the model) among the following potential 
confounders: age (16-24/25-30/31-38/39-76), sex (male vs. 
female), education level (absence/elementary/high 
school/university), occupation 
(absence/informal/employee/executive), inclusion period 
(1992-2004/2005-2010), WHO clinical stage (stages 1-
2/stages 3-4), HIV serotype (HIV-1/HIV-2/HIV-1+HIV-2) 
and CD4 cell counts during follow up (fCD4) which was 
treated as time-dependent variable. Age, sex and inclusion 
period were tested as effect modifiers. The associations 
between mortality and HIV serotype (HIV-1/HIV-2/HIV-
1+HIV-2) and β2m level (≥ 2.85/<2.85) were assessed using 
the same methodology and considering the same potential 
confounders. HIV serotype was also tested as effect modifier 
for the association between mortality and β2m level. 

In order to compare our results, Kaplan Meier method and 
Cox proportional models (censuring PLHIV at ART 
initiation) were also used to estimate survival time and 
compute hazard ratios (HR). 

RESULTS 

The study population included 908 PLHIV recruited in 1992 
and followed up till 2010 totaling 5367 clinical visits, 
resulting in 2138.1 person-years (PY) of exposure time. The 
median number of visits was 5 (IQR = 2-10) and the average 
duration of follow up was 2.5 years (standard deviation (SD) 
= 3.3. Table 1 presents their baseline characteristics. The 
majority were female (75.0%) and age varied from 16 to 79 
years (mean=33 ± 11 years). The predominant HIV serotype 
was HIV-1 (73.5%). 52 people (5.7%) were dually infected 
by HIV-1 and HIV-2 (HIV-D). The socioeconomic level was 
low: 51.7% had no education and 50.5% had no occupation 
at their entry into the cohort; only 14.7% and 3.3% had 
university level of education or were public or private sector 
executives, respectively. 
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Table 1. Baseline characteristics of the study population. 

Characteristics 
Whole study population Study population with a dosage of β2m 

N Median (IQRa) or % N Median (IQRa) or % 

Age (years) 907 31 (25-40) 262 30 (25-37) 

Sex 908 263 

Male 227 25.0 74 28.1 

Female 681 75.0 189 71.9 

Baseline CD4 counts (cells/µL) 908 550 (440-760) 263 

<500 353 38.9 91 34.6 

>=500 555 61.1 172 65.4 

HIV serotype 908 263 

HIV-1 667 73.5 149 56.7 

HIV-2 189 20.8 95 36.1 

HIV-1+HIV-2 52 5.7 19 7.2 

β2m level (mg/L) 263 2.85 (2.2-3.9) 

Education level 450 23 

No education 233 51.8 9 39.1 

Elementary 54 12.0 0 0 

High school 97 21.6 11 47.8 

University 66 14.7 3 13.1 

Profession 425 21 

No current occupation 215 50.6 4 19.1 

Informal work 149 35.1 3 61.9 

Other public or private sector 

 

47 11.1 14 19.0 

Public or private sector executive 14 3.3 0 0 

WHO clinical stage 194 39 

1 or 2 165 85 30 76.9 

3 or 4 29 15 9 23.1 

Inclusion period 914 263 

1992-2004 679 74.3 263 100 

2005-2010 235 25.7 0 0 

Abbreviations: IQR: Interquartile Range 

The cumulative incidences of death and 95% CI are 
represented in Figure 1. 
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Figure 1. Cumulative incidences by competing risks estimation methods. 
Figure 1.1 represents the cumulative incidences of death calculated by two methods: Kaplan Meier (blue) and competing 
risks estimations (red) 
Figure 1.2 represents the cumulative incidences of death calculated by competing risks estimations by CD4 cell counts 
stratum: ≥ 500 and <500 
Figure 1.3 represents the cumulative incidences of death calculated by competing risks estimations by HIV serotype: HIV-1, 
HIV-2 and HIV-dual 
Figure 1.4 represents the cumulative incidences of death calculated by competing risks estimations by B2M level: ≥ 2.85 
mg/L and <2.85 mg/L 

The cumulative incidence of death was 51.1% (95% 
CI=44.0%-57.8%). The cumulative incidences at one year, 
two years, five years and ten years were 7.6% (95% 
CI=5.6%-10.0%), 13.4% (95% CI=10.6%-16.6%), 29.5% 
(95% CI=24.9%-34.2%) and 46.1% (95% CI=39.8%-
52.1%), respectively (Figure 1.1). A total of 160 deaths 
were recorded and 67 patients initiated ART; resulting in an 
incidence rate of 7.5/100 person-years (PY). 

The cumulative incidence was 49.6% (95% CI=40.0%-
58.4%) in the stratum “CD4 ≥ 500”) and 53.5% (95% 

CI=42.8%-62.9%) in the stratum “350-499”) (Figure 1.2). 
The crude and adjusted sHR of the effect of bCD4 stratum 
are summarized in Table 2. After adjustment on age, sex 
and fCD4, bCD4 of 350-499/µL was associated with a 49% 
increase risk of death compared with baseline CD4 ≥ 500/µL 
(asHR=1.49; 95% CI=1.07-2.07; p=0.017). This effect was 
not modified by the following variables: age (p=0.596), sex 
(p=0.808), inclusion period (p=0.747) (data not shown). 
Classical Cox regression model showed similar results. 
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Table 2. Univariable and multivariable regression models evaluating the effect of baseline CD4 cell counts stratum on 
mortality. 

Regression on the cumulative incidence function (CIF)a 

Univariate analysis (N=908) Multivariate analysis* (N=907) 

bCD4b Crude sHR (95% CI) p value Adjusted sHR (95% CI) p value 

≥ 500 1 1 

<500 1.40 (1.02-1.91) 0.035 1.49 (1.07-2.07) 0.017 

Cox regression model 

Univariate analysis (N=908) Multivariate analysis* (N=907) 

bCD4b Crude HR (95% CI) p value Adjusted HR (95% CI) p value 

≥ 500 1 1 

<500 1.63 (1.19-2.23) 0.002 1.44 (1.03-2.02) 0.033 

Note: aFine-Gray regression for competing risks endpoints; bbaseline CD4 cell count; *multivariate model adjusted for the 
following confounding variables (using a 10% change in estimate methods): age, sex and fCD4 

Death cumulative incidence at one year was 8.8% (95% 
CI=6.3-11.8) among HIV-1 patients and 29.9% (95% 
CI=24.4-35.7) after five years of follow up. In HIV-2 
patients, cumulative incidence at one year and five years 
were 4.4% (95% CI=1.8-8.9) and 21.6% (95% CI=14.1-
30.3), respectively. Cumulative incidences were 6.2% (95% 
CI=1.1-17.9) and 53.2% (95% CI=30.9-71.2) for HIV-D 
patients (Figure 1.3). Table 3 presents the univariable and 
multivariable analysis of the association between HIV 

serotype and mortality. The sHR were adjusted on age, sex, 
education level and inclusion period. Comparing HIV-2 
infection, HIV-1 and HIV-D infection were associated with 
a higher risk of death: the respective asHR were 1.66 (95% 
CI=1.14-2.43) and 2.15 (95% CI=1.25-3.73). The risk of 
death was not statistically different between HIV-D infected 
patients and HIV-1 mono infected patients: asHR=1.36 
(95% CI=0.84-2.21). Similar results were obtained using 
classic Cox regression. 

Table 3. Univariable and multivariable regression models evaluating the effect OF HIV serotype on mortality. 

Regression on the cumulative incidence function (CIF)a 

Univariate analysis (N=908) Multivariate analysis* (N=907) 

HIV serotype Crude sHR (95% CI) p value Adjusted sHR (95% CI) p value 

HIV-2 1 1 

HIV-1 1.24 (0.85-1.80) 0.267 1.66 (1.26-2.81) 0.008 

HIV-D 1.88 (1.02-3.44) 0.041 2.15 (1.24-3.73) 0.006 

Cox regression model 

Univariate analysis (N=908) Multivariate analysis* (N=907) 

HIV serotype Crude sHR (95% CI) p value Adjusted sHR (95% CI) p value 

HIV-2 1 1 

HIV-1 1.45 (0.98-2.13) 0.061 1.80 (1.21-2.68) 0.004 

HIV-D 2.05 (1.10-3.84) 0.025 2.23 (1.18-4.22) 0.013 

The effect of beta 2 microglobulin (β2m) on mortality was 
evaluated in a subpopulation of 263 individuals. The 
characteristics of patients included for the analysis of β2m 
are summarized in Table 1. The β2m level was 

dichotomized with the median value as the cut-off point: ≥ 
2.85 mg/l or <2.85 mg/l. Cumulative incidence of death 
varied with the level of β2m: after ten years, the cumulative 
incidence of death was 51.0% (95% CI=40.2-60.7) in case of 



SciTech Central Inc. 
Int J AIDS (IJA) 53 

Int J AIDS, 1(2): 47-58   Diouf A, Trottier H, Thomas G, Seck A, Thiam M, et al. 

baseline β2m level ≥ 2.85 and 10.6% (95% CI=4.6-19.5) in 
case of baseline β2m level <2.85 (Figure 1.4). Crude and 
adjusted sHR and 95% CI for the association between β2m ≥ 
2.85 mg/l and mortality are presented in Table 4. After 
adjustment on age and sex, Plasma β2m was associated with 
mortality. PLHIV who presented with baseline β2m ≥ 2.85 

mg/l had more than three times higher mortality than people 
who presented with baseline β2m<2.85 mg/l: asHR=3.26 
(95% CI=2.03-5.25). The association was similar for HIV-1 
infection (asHR=3.31; 95% CI=1.77-6.20) and HIV-2 
infection (asHR=3.22; 95% CI=1.37-7.55) as well as for HR 
obtained with classic proportional hazard model. 

Table 4. Univariable and multivariable regression models evaluating the effect of β2m level on mortality. 

Regression on the cumulative incidence function (CIF)a 

Univariate analysis (N = 908) Multivariate analysis* (N = 907) 

β2m level Crude sHR (95% CI) p value Adjusted sHR (95% CI) p value 

<2.85 1 1 

≥ 2.85 3.48 (2.18-5.54) <0.001 3.26 (2.03-5.25) <0.001 

Cox regression model 

Univariate analysis (N=908) Multivariate analysis* (N=907) 

β2m level Crude HR (95% CI) p value Adjusted HR (95% CI) p value 

<2.85 1 1 

≥ 2.85 3.53 (2.15-5.83) <0.001 3.39 (2.16-5.31) <0.001 

Note: aFine-Gray regression for competing risks endpoints, *multivariate model adjusted for the following confounding 
variables (using a 10% change in estimate methods): age and sex 

DISCUSSION 

We conducted a prospective cohort study on a population of 
908 ART-naïve Gambian PLHIV followed between 1992 
and 2010 with an average exposure time of 2.5 years. We 
described pre-ART mortality and estimated the association 
of bCD4, HIV serotype and β2m level using competing risks 
estimation methods and classical methods. 

After adjustment, mortality was influenced by CD4 stratum, 
HIV serotype and β2m level. 

In this study, we recruited and followed a significant ART-
naïve population over two decades. Our observational cohort 
reflects the real-life conditions in Sub-Saharan Africa over 
secular time, offering a powerful basis for generalizability 
across different contexts.  

Our mortality rate was similar to those found in Sub-Saharan 
Africa although some authors reported lower values related 
to the differences in methods of survival analysis [7-11,20]. 
However, the exposure times in these studies were relatively 
short. In developed countries like North American and 
European countries, mortality among ART naïve PLHIV is 
lower than what has been found in our cohort: it was lower 
than 0.7/100 PY in the stratum “350-499” and lower than 
0.5/100 PY in the stratum “≥ 500” [1,2]. In EuroSIDA, the 
mortality rate was 1.4/100 PY in a population with ≥ 350 
CD4/µL while in CASCADE, cumulative incidences were 
10% and 44% at five years and ten years after 
seroconversion, respectively [3,6]. 

After adjustment, our study found a 49% increase in 
mortality in the stratum of baseline CD4 350-499 compared 
with the stratum CD4 ≥ 500. A difference in mortality by 
CD4 cell count stratum was previously reported in one study 
[16] but not in others [13,18,34-36]. Importantly, these
studies used a different methodology, considering the time
spent in a specific CD4 cell count stratum instead of baseline
CD4 cell count only. These studies have contributed to the
debate on the best moment to initiate ART without bringing
about a clear consensus. A systematic review including 24
studies with three RCT was in favor of initiating ART at
350-500 CD4/µL [19] and supported the WHO guidelines
for ART initiation issued in 2013 [37]. In 2015, the results of
two major RCTs confirmed those of HPTN 052 and
recommended initiation of ART regardless CD4 cell count
and clinical stage [12]. In these RCTs, a composite measure
of the primary endpoint was death, AIDS event or serious
non-AIDS event. The authors argued there was a clinical
benefit from early initiation of ART, although the
differences in mortality were not statistically significant [13-
15].

One major limitation of RCTs is external validity: this is 
particularly the case for HPTN 052 which was conducted in 
a population of serodiscordant couples (SDC). The PLHIV 
in SDC are known to have an important social support and a 
high risk perception that might contribute to good adherence 
and good results [38-40]. More generally, international 
RCTs are conducted under optimal conditions that do not 



SciTech Central Inc. 
Int J AIDS (IJA) 54 

Int J AIDS, 1(2): 47-58   Diouf A, Trottier H, Thomas G, Seck A, Thiam M, et al. 

reflect those found in real-life: additional technical, financial 
and social supports are given in order to maximize 
adherence. This may explain in part the low number of 
events and deaths in these trials, and their inability to show 
statistically significant differences in mortality. In Sub 
Saharan Africa, it is usually through RCTs or other clinical 
research settings that it is possible to obtain frequent 
measures of CD4 cell count and even viral load among 
ART-naïve PLHIV. Significant loss to follow up has already 
been reported in these PLHIV and it is important to take into 
account this parameter [41-44]. For these reasons, real-life 
data are necessary to support the results of RCTs: this is 
crucial to convince decision-makers that results of RCTs can 
be reproduced in resource-poor settings and even scaled up. 

In this analysis, based on real-life data, we showed that ART 
initiation at CD4 cell count ≥ 500 would reduce mortality 
compared to initiating at a CD4 cell count of 350-499. We 
have chosen to consider baseline CD4 cell count as the main 
exposure variable and to adjust for CD4 cell count 
measurements during follow up. The first visit and baseline 
CD4 cell count determine future clinical management of 
PLHIV in Sub Saharan Africa. Before ART initiation, 
consecutive visits usually depend on the wellbeing of the 
patient and are often irregular. Our study offers insight into 
the natural history of HIV in ART-naïve patients in Sub 
Saharan Africa under real-world conditions. 

Our observation that mortality was higher in HIV-1 and 
HIV-D infected than in HIV-2 infected patients has 
previously been reported [20-23]. HIV-2 is less virulent with 
a slower progression than HIV-1. The underlying 
mechanisms are not fully understood yet, but some authors 
linked it to the virus-cell interactions during surface 
envelope Glycoprotein engagement of cell receptors, the 
difference in the humoral response or genomic differences 
[45-48]. We found that mortality of HIV-D patients was 
higher than that of HIV-1 patients but the difference was not 
statistically significant as it was the case of the majority of 
previous studies [23,25,27]. This is in contradiction with the 
results of Esbjörnsson et al. who reported an inhibition of 
HIV-1 disease progression by contemporaneous HIV-2 
infection and a lower mortality in HIV-D patients [26,28]. It 
was important to produce valid estimations of mortality by 
HIV serotype in West Africa where both viruses remain 
endemic. 

Through this study, we also found that the plasmatic level of 
β2m was strongly associated with death, similarly in HIV-1 
and HIV-2 infected patients. The role of immune activation 
(IA) in HIV disease progression and death was previously 
reported by studies from different contexts [31,49-55]. 
However, these studies were cross-sectional, of short 
duration or mainly concerned PLHIV in advanced disease 
stages. Two studies conducted in Rwanda and Zambia did 
not find a role of β2m in mortality of HIV patients [56,57]. 
Our study confirmed the role of IA in HIV-1 and HIV-2 

disease progression and mortality even in PLHIV with high 
CD4 cell count and followed for 18 years. There is little data 
examining these relationships in the context of high 
prevalence of both IA and HIV infection. In addition to HIV 
disease progression, IA has been recognized as the main risk 
factor for non-AIDS related morbidity and mortality in 
PLHIV even under effective ART [29,58-60]. As a result, IA 
has become a therapeutic target and specific therapies are 
being developed [29,61]. Our study can contribute to inform 
the best usage of such therapies in Sub Saharan Africa. 
Moreover, we used β2m as soluble marker of IA. β2m has 
already been shown to be suitable marker for a general IA in 
HIV infection and is stable for long-term storage of plasma 
samples and freeze-thawing [62]. This low cost and easily 
quantifiable marker has a public health interest in contrast 
with cellular markers which are usually preferred in research 
contexts. 

However, our study presents some limitations: potential 
confounders such as body mass index (BMI), hemoglobin 
level and viral load were not collected although their roles in 
mortality were not unanimously recognized [31,33]. The 
effect of β2m level was evaluated in a subpopulation of the 
cohort with a possibility of selection bias. However, the 
selection of this subpopulation preceded the event and was 
not related to any of our exposure variables, minimizing a 
possibility of such bias. Moreover, a significant proportion 
were lost to follow up. In sensitivity analyses, if we 
considered all those lost to follow up as deceased, the effects 
of our exposure variables were underestimated (toward the 
null), while considering them all as alive did not 
significantly change the associations (supplementary 
results). It is more likely that the lost to follow-up remained 
alive for several reasons. Firstly, they were younger, were 
more frequently working, had a higher level of education 
and were more frequently infected by HIV-2. Secondly, the 
procedures of the study described in the methods were very 
effective to report deaths even if they occurred out of 
hospital. Thirdly, the existence of alternative therapeutic 
options (traditional medicine and then ART programs in 
surrounding countries) was considered the main reason of 
lost to follow up. 

CONCLUSION 

In this observational cohort of ART-naïve Gambian PLHIV 
followed for two decades, we demonstrated that mortality 
was higher in those with baseline CD4 cell count of 350-499 
compared to those with a baseline CD4 ≥ 500. We 
confirmed that mortality is lower in HIV-2 infection than in 
HIV-1 and HIV-D infections with no argument of the 
inhibition of HIV-1 progression by HIV-2 co-infection. 
Using a soluble marker of IA with potential public health 
interest, we found a strong and durable association between 
β2m and mortality. These data are scare in Sub Saharan 
Africa and provide a picture of real-life long-term 
differences in mortality. They clearly indicate that early 
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ART initiation and lower levels of IA would reduce 
mortality in a context of high prevalence of HIV and IA. 
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