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Although viral load (VL) measurement has become the reference tool for monitoring antiretroviral 
treatment in patients living with HIV, most West African countries do not have it systematically. Long-
term virological data are rare. Here, the matter is to describe virological outcomes and resistance 
patterns at 5 years in HIV-1+ patients and to identify early factors associated with long-term virological 
outcome. This is a prospective cohort study of 971 HIV-infected adults and measurement of HIV viral load 
and genotyping test. Association between early factors and virological outcome at 5 years after 
treatment has been evaluated between 2007 and 2012, in Abidjan, Côte d’Ivoire, West Africa. 971 adults 
on Non-Nucleoside Reverse Transcriptase Inhibitors were included. At M12, M24 and M60 follow-up, 95, 
80 and 65% were on active follow-up. 25, 27 and 29% had detectable viral load, of which 53, 75 and 
72% had at least one resistance mutation. Of the 109 viruses resistant to M60, 84% were definitely 
resistant to NRTIs, 97% to NNRTIs and 13% were possibly or definitely resistant to PIs. Adherence 
(estimated by the Medication Possession Ratio -MPR) and age were significantly associated with 
virological outcome at M60. Proportion of patients with high viral load and at least one resistance 
mutation remains high at M60. MPR is useful as early as month 6 to identify patients who could 
benefit from early interventions, to reinforce adherence and thus avoid selection and accumulation of 
resistance. 
 
Key words: Human immunodeficiency virus, virological outcome, medication possession ratio. 

 
 
INTRODUCTION 
 
HIV/AIDS is among the leading causes of death in the 
world and remains the leading cause of death in Africa. In 
2018, the country had 430,000 people living with HIV and 
11,000 AIDS-related deaths, a 52%  decrease  from  2010. 

12,000 new HIV infections were recorded, a 54% decrease 
compared to 2010 (UNAIDS, n.d). The treatment coverage 
rate was around 63% for all persons living with HIV, while 
73% of them knew their serological status. 



 
 
 
 
 
According report presented in 2018, less than one million 
of people died from acquired immunodeficiency 
syndrome (AIDS)-related illnesses. This was largely due 
to sustained access to antiretroviral therapy, but global 
disparities remain very large. Despite being one of the 
most affected regions, West Africa antiretroviral (ARV) 
coverage rates remain among the lowest: 24%, 
compared to 42% in sub-Saharan Africa and 47% in 
Eastern and Southern Africa (MSF, 2016).  

Since 2013, several studies have shown the benefits 
of early treatment (INSIGHT START Study Group et al., 
2015; TEMPRANO ANRS 12136 Study Group, 2015), 
reduction in mortality, reduction in events classifying as 
AIDS and in transmission of the virus. WHO (2016) 
adopted the "test and treat" strategy and recommends 
that all HIV-infected people receive antiretroviral 
treatment as soon as possible after screening. This 
approach essentially recommends starting HIV-infected 
individuals on first-line ART regardless of the health 
system capacities to provide adequate treatment 
monitoring (WHO, 2010)  and the number of people on 
ARVs will therefore continue to rise. The targets set for 
scaling up HIV treatment beyond 2015 (90% of people 
living with HIV know their HIV status, 90% of HIV-
infected people tested receive sustained antiretroviral 
treatment and 90% of people receiving antiretroviral 
treatment have sustained viral load suppression) mean 
that 15.5 million more people will be on ARVs by 2020, 
that is, an additional 3.1 million per year, while ensuring 
that the millions of patients already on ARVs (WHO, 
2017) are monitored. 

This exponential increase in the number of people on 
antiretroviral therapy will inevitably lead to an increase in 
treatment failure with associated public health costs 
(Pham et al., 2017). Maintaining a situation of virological 
failure in a patient on ARVs exposes them to the risk of 
selection and accumulation of resistance mutations, as 
well as to immunological deterioration that can lead to 
disease progression and an increased risk of transmission 
of the virus (CNS, ANRS, 2016). According to World 
Health Organization HIV drug resistance could be 
responsible for 135,000 additional deaths and 105,000 
new infections over the next five years in sub-Saharan 
Africa alone (WHO, 2017). Diagnosing treatment 
failures and preventing the build-up of resistance 
mutations with a timely switch to second- or third-line 
treatment is one of the remaining challenges (Eholie et 
al., 2019). 

Boender et al. (2015) showed moderate virological 
success rates (85, 86, 84, 89, 89 and 85% on a per-
protocol (PP) basis and 75, 67, 64, 68, and 62%  on  an  
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intention-to- treat (ITT) basis after 6, 12, 24, 36, 48 and 
60 months) with high levels of drug resistance in patients 
with virological failure (87% of patients had at least one 
resistance mutation at the time of their first virological 
failure). Other studies have shown similar (Boender et al., 
2016; Taieb et al., 2017) or suboptimal (Ivers et al., 2005; 
Hammond and Harry, 2008; Barth et al., 2010) short-term 
virological outcomes but still with high levels of resistance 
in virological failure patients (Ivers et al., 2005; Hammond 
and Harry, 2008; Barth et al., 2010; Hamers et al., 2012; 
Taieb et al., 2017). 

In settings where drug resistance profile is not performed 
prior to the initiation of ARVs and where viral load 
measurements and genotyping are not yet the standard of 
care and few patients switch to second-line ART and 
switching happens late in the absence of routine viral 
load monitoring (Haas et al., 2015; Namakoola et al., 
2016), describing the rate and pattern of resistance over 
time can be an important aid to defining appropriate 
treatment strategies: choice of second- and third-line 
and measures to avoid selection and accumulation of 
resistance on one hand, and mutations and unnecessary 
regime changes on the other hand (Sigaloff and de Wit, 
2015). 

In 2006, a prospective cohort study of HIV-infected 
adults who started antiretroviral therapy in three health 
centres equiped with computerised prescription 
databases was launched in Abidjan, the economic capital 
of Côte d'Ivoire, West Africa. According to previous 
results of this study, 20, 25 and 27% of patients had a 
detectable viral load (detection threshold of 300 
copies/ml) at 6, 12 and 24 months, of which 35, 54 and 
75% had at least one resistance mutation, respectively 
(Messou et al., 2011, 2013). 

Long-term virological data are scarce. The aim of the 
current study design was to describe the prevalence of 
virological suppression and the prevalence and pattern of 
resistance mutations and drug susceptibilities after 12 and 
60 months of treatment in Côte d‟Ivoire, West Africa. 
 
 
METHODOLOGY 
 

Study design 
 

It is a prospective cohort study of long-term virological outcomes. 
HIV positive adults who started antiretroviral treatment between 
February 2006 and 2012 at one of three outpatient clinics in Abidjan 
and returned for their six-month visit were eligible for this study. 
HIV-2 positive patients were not eligible. The three clinics were the 
„‟Centre de Prise en Charge de Recherche et de Formation 
Yopougon-Attié (CePReF) (18), the service de prise en charge des 
personnes  vivant  avec  le  VIH  de l'hôpital  général  de  Yopougon  
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Attié, and the Centre Médical de Suivi des Donneurs de Sang à 
Treichville (CMSDS). 

All patients received the same standard care and treatment as 
other patients in their respective clinics (Messou et al., 2011, 2013).  
In addition, they received free plasma viral load testing every six 
months and genotyping at 6, 12, 24 and 60 months. 

Viral load measurements were carried out using real time 
polymerase chain reaction ( R T - P C R )  every six months, 
whenever possible. Otherwise, they were carried out on the 
basis of samples taken and frozen at a later date. Genotyping for 
resistance was performed at M6, M12, M24 and M60. 

 
 
Study population 
 

These are the patients included in the study who initiated treatment 
with non-nucleoside reverse transcriptase inhibitor (NNRTIs) as 
first-line therapy. The inclusion criteria were as follows: HIV-1 
positive or HIV-1+2 positive serology; age > 18 years; antiretroviral 
treatment naïve patient; ARV treatment started in the center and 
ongoing for 6 months; for women: no history of antiretroviral 
prophylaxis at PMTCT. Exclusion criteria: HIV-2 positive serology 
alone; refusal to participate.  
Patients gave written informed consent to participate in the cohort 
and the study was approved by the Côte d'Ivoire ethics committee.  

Changes in viral load and resistance testing between the 6-
month (M6) and 12-month (M12) visit and between 12-month 
(M12) and 24-month (M24) visit for all patients enrolled in this study 
have been previously documented (Messou et al., 2013, 2010). 
Factors associated with virological outcomes at M6 and M12 have 
also been described and the drug possession ratio was strongly 
associated with virological outcomes at both visits (Messou et al., 
2013). The objective of this study is to report on the evolution of viral 
load and resistance testing between months 12 (M12) and 60 (M60) 
for all patients who started antiretroviral therapy with an NNRTI-
based regimen as first-line treatment. 

 
 
Care and treatment 
 

All patients followed in the three study clinics started ARV therapy 
according to the WHO (2003-2006) criteria: WHO clinical stage 4, 
regardless of CD4 count, CD4 count ≤200 mm

-3
 regardless of WHO 

stage, or WHO stage 3 and CD4 count 200-350 mm
-3

. As of July 
2010, the 2010 WHO criteria have been applied (WHO, 2010). 

Blood investigations (blood counts, blood sugar, serum creatinine 
and transaminases) were performed before starting with 
antiretroviral therapy. CD4 count and complete blood count were 
measured every six months. 

When patients were infected with HIV-1, the first line consisted of 
two nucleoside reverse transcriptase inhibitors (NRTIs); zidovudine 
or stavudine plus lamivudine) and one non-nucleoside reverse 
transcriptase inhibitor (NNRTI; efavirenz or nevirapine). When 
patients were infected with HIV-2 or HIV-1 and HIV-2, first-line 
antiretroviral therapy consisted of two NRTIs and a protease 
inhibitor (PI; lopinavir/ritonavir). Only patients who started 
antiretroviral therapy with an NNRTI-based regimen are included in 
this study. 

Patients paid a flat fee of US$2 per month for antiretroviral drugs 
and laboratory tests until August 2008, when the national HIV 
programme made them available free of charge. All patients with a 
CD4 count ≤500mm

-3
 also received cotrimoxazole prophylaxis. 

Isoniazid (INH) prophylaxis was not recommended as it is not 
part of the national treatment guidelines. Support groups were 
organized  to  encourage  patients  to  follow  the  therapy,  and  a 

 
 
 
 
community team made telephone calls or home visits when 
patients did not attend the clinic or take antiretroviral 
 
 

Control and monitoring procedures 

 
All three studied centres used the same standardised forms to 
record the following variables at routine visits: (i) initial visit: date, 
sex, date of birth (or age), height, weight, type of HIV (HIV-1, HIV-
2, or both); (ii) follow-up visit: date, weight; (iii) ARV initiation visit 
date: WHO clinical stage, weight; (iv) prescription of drugs 
(antiretrovirals or others), name and amount of drugs dispensed; 
(v) CD4 count and complete blood count measurement, CD4 
count, CD4 percentage, haemoglobin level and count, name and 
quantity of drugs dispensed; (v) CD4 count and complete blood 
count measurement, CD4 count, CD4 percentage, haemoglobin 
level and platelet, granulocyte and leucocyte counts; (vi) telephone 
call and home visit dates; patients were contacted and marital status 
at that time; (vii) patients known to have died, date of death. 

 
 
Additional procedures 

 
The care provided to patients who agreed to participate in the study 
differed from that provided to other patients in the same clinic and 
from the guidelines of the National AIDS Control Programme of 
Côte d'Ivoire in three ways: (i) plasma HIV-1 RNA viral load 
measurements were performed every six months (ANRS generic 
real-time PCR; Biocentric, Bandol, France; detection limit, 300 
copies/ml) (Rouet et al., 2005); (ii) for all samples with a 
detectable viral load (VL ≥ 300 copies/ml), genotypic testing was 
performed using the ANRS technique (Pasquier et al., 2001) 
(www.frenchresistance.org). After extraction of plasma RNA, 
amplification of the reverse transcriptase and protease genes and 
sequencing were performed. After sequence alignment, 
interpretation of resistance mutations was done using the latest 
update of the ANRS algorithm 
(http://www.hivfrenchresistance.org/2017/Algo2017-HIV1.pdf); (iii) a 
research coordinator who is dedicated to the monitoring and data 
management of the cohort and assists in following up patients by 
telephone and/or home visit. Genotype testing was performed in the 
virology laboratory of the Necker Hospital in Paris, France. This 
laboratory undergoes an annual external quality assurance 
assessment (Descamps et al., 2006). 

 
 
Data description 

 
Patients were defined as lost to follow-up if: (i) their last contact 
with the study team was less than month 60; (ii) their death or 
transfer to another site was not known before month 60; or (iii) no 
further information on their health status could be obtained within 
12 months of the end of the study (that is, between months 60 
and 72). 

Virological treatment outcome at 5 years (M60) is defined as a 
categorical variable with three categories: (i) undetectable viral load 
(UVL); (ii) detectable viral load and no resistance mutations (DVL 
NoR); (iii) detectable viral load and resistance mutations (DVLR). 

 
 
Data analysis 

 
The association between early factors (M0-M6) and virological 
outcome  at  M60 defined as a three-category categorical variable  

http://www.hivfrenchresistance.org/2017/Algo2017-HIV1.pdf)%3B


 
 
 
 
 
was assessed using multinomial regression. The main explanatory 
variables were: variables at initiation (M0): centre, sex, age, WHO 
stage, CD4 count, body mass index (BMI), haemoglobin level, 
history of tuberculosis, ARV regimen at initiation; variables during 
the first 6 months of treatment (M0-M6): delta CD4 M0-M6, delta 
BMI M0-M6, MPR M0-M6. 

Statistical analyses were performed using Stata® software and 
SAS® software. 
 
 

RESULTS 
 
Main characteristics of NNRTI patients 

 
One thousand and five hundred seventy three adults 
started antiretroviral therapy at the three studied centres 
between February 2006 and May 2007. At M6, 1206 
patients were still alive and being managed, of whom 
996 gave their consent to participate. The median age 
was 36 years (interquartile range [IQR], 30-43) and 731 
patients (75%) were female. The distribution of patients 
between the three study centres was as follows: 96 
patients at the CMSDS (10%), 626 patients at 
CePReF (64%) and 249 patients at the Yopougon Attié 
General Hospital (26%). At treatment initiation, 971 were 
on first-line NNRTIs and were included in this study. At 
M60, 635 (65%) were still alive and under active follow-up, 
88 had died, 147 were lost to follow-up and 101 had been 
transferred (Figure 1). 

The main characteristics of the 971 NNRTI patients are 
shown in Table 1. The main ARV regimens at initiation 
were d4t+3TC+NVP (60%), AZT+3TC+EFV (26%) and 
d4T+3TC+EFV (10%). At M60, 571 patients (90%) were 
still on a first-line regimen and 64 patients (10%) were 
on a second-line regimen. While d4T was the main 
regimen at M0, the main first-line regimens at M60 were 
AZT+3TC+NVP (47%) and AZT+3TC+EFV (31%), 
reflecting the phasing out of d4T. The main second-
line regimens at M60 were TDF+FTC+LPV/r (4%) and 
AZT+3TC+LPV/r (3%). The median CD4 count was 148 
cells/mm

3
 (IQR, 69-228) at baseline, 271 cells/mm

3
 (IQR, 

170-399) at M6 and 502 cells/mm
3
 (IQR, 329-694) at 

M60. 

 
 
Virological status of patients during follow-up (M12, 
M24, M60) 

 
Viral load results were available for 901 patients at M12, 
760 patients at M24 and 631 patients at M60. 25, 27 and 
29% of patients had detectable viral loads at M12, M24 
and M60, respectively.  

Genotypic resistance testing could be performed in 202 
(90%) patients at M12, 189 (94%) patients at M24 and 152 
(83%) patients at M60. 53, 75 and 72% had at least one 
resistance mutation at M12, M24 and M60, respectively 
(Table 2). 
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Description of virus loads and resistance profile at 
M60 
 
At M60, 631 patients had a viral load measurement (2 
patients were in follow-up but not sampled and 2 patients 
were sampled but their results were not available). Of 
these, 184 (29%) had a detectable viral load (VL ≥300 
copies/ml) and 447 (71%) had an undetectable viral load 
(VL <300 copies/ml) (Table 2). 

Out the 184 patients with detectable viral load, 22 
(12%) had a viral load between 300 and 1000 
copies/ml and 162 (88%) had a viral load greater than 
1000 copies/ml. 

At M60, 109 patients had virus carrying at least one 
resistance mutation. These patients represent 59% of 
the patients with a detectable viral load at M60 and 
72% of the patients with genotyping results available 
(Table 2). 

Out of the 109 patients with a detectable viral load and 
at least one resistance mutation, 8 (7%) had a viral load 
between 300 and 1,000 copies/ml, 20 (18%) had a viral 
load between 1,000 and 5,000 copies/ml, 9 (8%) had a 
viral load between 5,000 and 10,000 copies/ml, and 72 
(66%) had a viral load above 10,000 copies/ml. The class 
distribution of viral load at M60 did not differ significantly 
between patients with and without M60 resistance 
(p=0.33) (Table 3). 

Out of the 109 patients with a detectable viral load and 
at least one resistance mutation at M60, 64 (59%), it is 
noticed that those patients had a detectable viral load at 
M24, of which 52 (48%) already had at least one 
resistance mutation. 17 (15%) patients carried at least 
one resistance mutation from M12 to M60. Out of the 45 
patients who had no detectable or available viral load at 
M24 with a resistance at M60, 4 (3%), were no more 
seen, or were transferred at M24, 2 (2%) had no viral 
load measurement and 39 (36%) patients had 
undetectable viral load (Table 4). 

Out of the 109 virus resistants at M60, 92 (84%) had a 
proven resistance to NRTI, 106 (97%) had a proven 
resistance to NNRTI, and 14 (13%) had an established or 
possible resistance to PI. 17 patients (15%) were 
resistant to a certain type; namely: (the NRTI alone, n=T 
(1%); NNRTI alone, n=15 (14%); PI alone, n=l (1%)), 81 
(74%) were resistant to two types: (NRTI+NNRTI, n=79 
(72%); NRTI+PI, n=l (1%); NNRTI+PI, n=l (1%)) and 11 
(10%) were resistants to three types (NRTI+NNRTI+PI, n 
= 1 1 (10%)) (Appendix 1). 

Concerning resistance to NNRTIs, 106 (97%) patients 
carrying a resistant virus to  nevirapine, 102 (94%) to 
efavirenz, 48 (44%) to rilpivirine and, 44 (40%) to 
etravirine, with a proven (resistance, n=32 (29%); 
resistance, n=12 (11%)) (Annexe 1). 

Concerning resistance to NRTI, 92 (84%) patients 
carriers of a resistance to lamivudine/emtricitabine, 27 
(25%)  stavudine,   25 (23%)   zidovudine,  9 (8%)  patients  
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Initiation of ARVs

(n=1573) 
 
 

  

 
 

Figure 1. Flow chart diagram. 
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Under Active follow-up at M6 

(n=1206) 
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Included in the VOLTART cohort 

(n=996) 

M0 regime other than 2 NRTI + 1 NNRTI (n=25; 2.6%) 
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Died before M12 (n=13 ; 1.3%) 

Lost-to-follow-up or transferred before M12 (n=41; 4.2%) 

Under Active follow-up at M1 

(n=917 ;94.4%) 

Died before M24 (n=35 ; 3,8%) 

Lost-to-follow-up or transferred before M24 (n=103 ; 11.2%) 

Under Active follow-up at M24 

(n=779 ; 80.2%) 

Died before M60 (n=40 ; 5.1%) 

Lost-to-follow-up or transferred before M60 (n=104; 13.4%) 

Active follow-up at M60 

(n=635 ; 65.4%) 
  

 

Figure 1. Flow chart diagram. 

 
 
 
being treated with tenofovir (with a resistance which is 
sure at n=7 (6%); possible resistance n=2 (2%)), 92 (85%) 

patients treated with abacavir (with a resistance at n=16 
(15%);  a  possible  resistance  at  n=76  (70%)), 3 (3%)  
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Table 1. Main characteristics on ARV initiation, on the 6th month and the 60th month. 
  

Regime, n (%) 
Initiation of ARVs  Month 6 (M6)  Month 60 (M60) 

n=971  n=971  n=635 

First line regime         

d4T 3TC NVP 582 60  497 51  10 2 

d4T 3TC EFV 95 10  149 15  5 1 

AZT 3TC EFV 254 26  255 26  194 31 

AZT 3TC NVP 19 2  32 3  301 47 

Others 21 2  21 2  61 10 

         

Second line regimen         

d4T 3TC IDV - -  5 1  - - 

AZT 3TC LPV/r - -  4 0  20 3 

ABC DDI LPV/r - -  - -  10 2 

TDF FTC LPV/r - -  - -  24 4 

Others - -  8 1  10 2 

         

Change of regimen, n (%)         

2 NRTI + 1 PI - -  17 2  64 10 

Number of CD4*, cells/mnf 148 69-228  271 170-399  502 329-694 

Delta CD4 since MO* - -  126 61-203  362 196-527 

Delta CD4 since M6* - -  - -  211 59-373 

Body Mass Index (BMI)*, kg/m
2
 19.8 17.8-22.1  22.0 19.8-24.2  22.5 19.9-25.2 

Delta BMI since MO* - -  1.9 0.5-3.6  2.2 0.4-4.4 

Delta BMI since M6* - -  - -  0.3 -1.1-2.0 

HIV-1 ARN, n (%)         

Not available - -     4 1 

Available - -     631 99 

< 300 copies/ml - -     447 71 
 

**Median (interquartile range) [IQR]). Other missing data: At MO (Amongst 971 patients included) : weight, n=3 (0.3%). At M6 (Amongst 
971 patients included) : CD4, n=5 (0.5%). At M60 (Amongst 635 patients alive, who did not lost-to-follow up, nor transferred before M60): 
CD4, n=20 (3.1%); weight, n=57 (9.0%). 

 
 
 
patients being treated with didanosine (Appendix 1). 

Concerning the resistance to PI, 14 (13%) patients 
carriers of a resistance to saquinavir (resistance which is 
confirmed, at n=2 (2%); possible resistance, n=12 (11%)) 
and 3 (3%) had a possible resistance to atazanavir 
(Appendix 1). 

The most frequent mutation associated with resistance 
to NNRTIs was 103N. The most frequent mutation 
associated with resistance to NRTIs was 184V and 215 
Y/F (Appendix 2). 
 
 
Analysis of early factors associated with virological 
outcome at M60 
 
This ancillary study aims to describe early factors 
associated  with   virological  outcome  at  M60.  The  study 

population corresponds to patients still in active follow-up 
at M60, with viral load results (631 patients). Patients who 
died, were lost to follow-up or transferred before M60 
were excluded from the analysis (340 patients). 

This ancillary study aims to analyse early factors 
associated with virological outcome at M60. The study 
population consisted of patients still under active follow-up 
at M60 with viral load results (631 patients). Patients who 
died, were lost to follow-up or transferred before M60 
were excluded from the analysis (340 patients). 

Comparison of their initial characteristics with patients 
not included in the analysis (deceased, transferred, lost 
to follow-up) shows that there is no statistically significant 
difference between the two groups, except for the 
centre, which can be explained by the different patient 
profiles in each centre. The patients at the CMSDS are 
blood  donors,  more  aware  of  the  care  system  and this 
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Table 2. Virological status of patients during follow-up (M12, M24, M60). 
 

 Parameter 
M12  M24  M60 

N %  N %  N % 

Died 13 1  48 5  88 9 

Lost-to-follow-up or transferred active 41 4  144 15  248 26 

 follow-up 917 95  779 80  635 65 

         

Viral loads          

NA 16   19   4  

VL <300 copies/ml 677 75  558 73  447 71 

VL >300 copies/ml 224 25  202 27  184 29 

         

Genotypic tests          

NA 22   13   32  

No resistance 95 47  48 25  43 28 

Resistance* 107 53  141 75  109 72 
 

N: Number of patients; NA: not available (patients deceased, lost to follow-up or transferred or in follow-up but with the test not 
performed). *Resistance mutations are provided in detail in annexes 1 and 2 g. 

 
 
 

Table 3. Distribution of viral load at M60 in categories amongst patients with at 
least one resistance mutation 
 

VLM60 (copies/ml) 

Detectable viral loads at M60 

No resistance  Resistance 

n %  n % 

[300-1000] 7 16  8 8 

[1000-5000] 9 21  20 18 

[5000-10000] 2 5  9 8 

> 10000 25 58  72 66 

Total 43 100  109 100 
 

The Fisher Exact Test: p=0.33. 

 
 
 
centre follows, for example, seroconverters with low 
immunosuppression. 

In terms of risk factors, adherence (p=0.001) and age 
group (p=0.003) were significantly associated with 
virological outcome at M60. Patients with an MPR of 
less than 80% between initiation and month 6 were 3.12 
times more likely to have a detectable viral load with 
resistance mutations than an undetectable viral load at 
M60, compared with patients with a MPR of 95% or 
greater (p<0.0001). Similarly, patients under 37 years of 
age were 2.23 times more likely to have a detectable 
viral load without resistance mutations than an 
undetectable viral load at M60 and 1.54 times more likely 
to have a detectable viral load with resistance mutations 
than an undetectable viral load at M60, compared to 
patients over 37 years of age. CD4 count at initiation was 
not significantly associated  with  virological  outcome  at 

M60 (Table 5). 
 
 
DISCUSSION 
 
This study is a prospective cohort in three major HIV 
care programs in Abidjan, Côte d'Ivoire. These almost 
10-year-old results are still relevant in a "test and treat" 
context in which asymptomatic patients have been 
starting ARV treatment immediately since 2015, with a 
major compliance issue for patients who do not feel 
"sick". The lessons to be learned are also important in 
terms of the management of virological failure and 
resistance mutations by practitioners, in the era of 
“dolutegravir switch” (an integrase inhibitor and powerful 
antiretroviral, very effective); many countries in sub-
Saharan   Africa   are  gradually  substituting   NNRTIs  to 
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Table 4. Virological status at M12 and M24 of 109 patients with at least one resistance mutation at M60. 
 

Parameter 
M12 

M24 

Viral load  Genotype 

NA Indetectable  Detectable NA No resistance Resistance 

N % N N %  N % N N % N % 

Viral Load 109 100 6 39 36  64 59 3 9 8 52 48 

NA 2 2 0 0 0  2 2 0 0 0 2 2 

Indetectable VL Genotype 75 69 5 33 30  37 31 3 7 6 27 25 

Detectable VL Genotype 32 29 2 0 0  25 23 0 2 2 23 21 

NA 2 2 0 0 0  2 2 0 0 0 2 2 

No Resistance 10 9 1 3 3  6 6 0 2 2 4 4 

Resistance * 20 18 0 3 3  17 15 0 0 0 17 15 

 
 
 
adopt the WHO-recommended second-generation 
integrase-strand transfer inhibitor (WHO, 2019). In order 
to maintain the long-term efficacy of these new therapies, 
all factors involved in the management and follow-up of a 
patient (along the continuum of care), both individual, 
structural and programmatic, must be effectively 
monitored (Villabona-Arenas et al., 2016)  

The establishment of a data analysis and monitoring 
system for sites where this new therapeutic guideline is 
being implemented or will soon be implemented would be 
useful for HIV programs in sub-Saharan Africa; this data 
would undoubtedly help them to capitalize as soon as 
possible on the actions to be taken in order to preserve 
the gains and benefits of these powerful treatments. It is 
clearly established that when ARVs are not effective (due 
to de facto monotherapy, poor adherence to treatment or 
monitoring of therapeutic response), the waiting time until 
the appearance of virological failure or resistance 
mutation should be shorter and vice versa (Feder et al., 
2016). 

To our knowledge, this is one of the largest cohort 
studies of long-term virological outcomes in sub-Saharan 
Africa with such detailed data on resistance mutations. 
Data on this type of intervention, as in Senegal, are 
invaluable to ensure a « smooth » transition to 
dolutegravir or EFV 400 mg as recommended  (Diouara 
Diop-Ndiaye et al., 2014; Diouara Ndiaye et al., 2014a, 
b). However, these results must be interpreted taking into 
account limitations of the study. 

First of all, there was no genotypic resistance test 
carried out before the initiation of antiretroviral 
treatment, which makes it impossible to know the 
proportion of primary resistance. However, it has been 
estimated to be less than 5% in Côte d'Ivoire (Toni et al., 
2007; Ayouba et al., 2009). Secondly, some data are 
missing. 17% of patients refused to participate in this 
study. The current study found 2, 2 and 1% of patients 
being followed up at M12, M24 and M60 did not have 
viral load measurements; 10, 6 and 17% of  patients  with 

detectable viral load at M12, M24 and M60 did not have 
resistance genotyping test results. Thirdly, the detection 
threshold was 300 copies/ml, which may have led to 
an underestimation of the proportion of patients with 
detectable viral load. On the other hand, amplification 
difficulties are to be expected in the case of a viral load of 
less than 1,000 copies/ml, so that the detection threshold 
for HIV must have had an impact on the proportion of 
patients with resistant virus. Finally, almost one third of 
the patients who started ARV treatment at the three 
sites w h o  died, were transferred or were lost to follow-
up before the 6th month. Their outcomes were probably 
worse than those of the patients included in the study 
25% and 29% of patients who started antiretroviral 
therapy and were still on active follow-up at M60 had a 
detectable viral load (≥ 300 copies/ml) at M12 and M60. 
Of these, 85 and 88% had a viral load ≥ 1000 copies/ml. 
These figures are more than 2 times higher than what is 
expected to achieve the 90-90-90 targets. 

Out of the patients who had an undetectable viral load 
at M12, 26% had a detectable viral load at M60, two out 
of three of whom harboured resistant viruses. These 
results underline that viral load suppression is a dynamic 
process and that adherence must be constantly 
monitored. While viral load measurement has become 
the reference tool for ARV monitoring, access is still limited 
in most West African countries (MSF, 2016) and more 
needs to be done. 

The percentage of patients infected with resistant HIV-1 
strains, representing 54 and 72% of patients with 
detectable viral load and genotype test results available 
at 12 and 60 months. Previous studies in sub-Saharan 
Africa have shown similar or higher rates of resistance 
mutations in virological failure (Boullé et al., 2016; 
Konou et al., 2015; Loubet et al., 2015; Namakoola et 
al., 2016; Steegen et al., 2017; Villabona-Arenas et al., 
2016). This finding has several implications. First, 46 
and 28% of patients with virological failure had virus that 
was still susceptible to ongoing  treatment  at  M12  and 
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Table 5. Early factors associated with virological outcome at M60 
 

Parameter 
Virological outcome vs. undetected 

VL 

Univariate Analysis  Multivariate Analysis 

RR CI 95% p  RR CI95% p 

Centre vs. TS¥    0.12     

CP¥ 
Detectable VL and no resistance 1.99 (0.69-5.75) 0.2     

Detectable VL and resistance 1.71 (0.74-3.91) 0.21     

         

YA¥ 
Detectable VL and no resistance 3.16 (1.03-9.75) 0.05     

Detectable VL and resistance 2.32 (0.94-5.73) 0.07     

         

Gender, Female vs. Male 
Detectable VL and no resistance 1,1 (0.62-1.94) 0.75     

Detectable VL and resistance 1.45 (0.86-2.44) 0.16     

    0.002    0.003 

Age, <37 ans vs. >37 ans 
Detectable VL and no resistance 2.25 (1.34-3.79) 0.002  2.23 (1.32-3.76) 0.003 

Detectable VL and resistance 1.63 (1.06-2.49) 0.03  1.54 (1.00-2.38) 0.05 

    0.55     

WHO Stage, 3 ou 4 vs. 1 ou 2 
Detectable VL and no resistance 1.01 (0.56-1.81) 0,99     

Detectable VL and resistance 1.35 (0.78-2.33) 0.28     

    0.65    0.61 

Number of CD4 on initiation  vs. <100 mm
-3

 

100-200 mm
-3

 
Detectable VL and no resistance 1.22 (0.65-2.29) 0.53  1.21 (0.64-2.27) 0.56 

Detectable VL and resistance 1.07 (0.64-1.80) 0.8  0.99 (0.58-1.68) 0.96 

         

>200 mm
-3

 
Detectable VL and no resistance 1.57 (0.86-2.86) 0,14  1.58 (0,86-2.89) 0.14 

Detectable VL and resistance 1.22 (0.74-2.04) 0,44  1.22 (0,73-2.05) 0.45 

BMIϕ on initiation vs. <18.5 kg/m
2
    0.47     

18.5-22.5 kg/m
2
 

Detectable VL and no resistance 0.69 (0.40-1.20) 0.19     

Detectable VL and resistance 0.75 (0.46-1.21) 0.23     
         

>22.5 kg/mm
2
 

Detectable VL and no resistance 0.62 (0.32-1.22) 0.17     

Detectable VL and resistance 0.77 (0.44-1.35) 0.36     
    0.3     

Hemoglobin at initiation, vs. absence or mild anemia 

Moderate anemia 
Detectable VL and no resistance 0.7 (0.39-1.27) 0.24     

Detectable VL and resistance 0.92 (0.55-1.54) 0.75     
         

Severe anemia 
Detectable VL and no resistance 1.34 (0.64-2.82) 0.44     

Detectable VL and resistance 1.36 (0.69-2.68) 0.38     
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Table 5. Contd. 
 

History of TB, Yes vs No 
Detectable VL and no resistance 0.82 (0.40-1.69) 0.6     

Detectable VL and resistance 1.06 (0.60-1.87) 0.85     

    0.12     

ARV  Regime, vs. 2NRTI + NVP2 NRTI 
+ EFV 

Detectable VL and no resistance 1.2 (0.72-1.99) 0.48     

Detectable VL and resistance 1.55 (1.02-2.38) 0.04     

    0.92     

Delta CD4 M0-M6, <100 mm
-3 

vs >100 
mm

-3
 

Detectable VL and no resistance 1.05 (0.63-1.75) 0.84     

Detectable VL and resistance 1.09 (0.70-1.69) 0.69     

    0.4     

Delta BMI M0-M6, <2 vs. >2 
Detectable VL and no resistance 1.03 (0.63-1.68) 0.91     

Detectable VL and resistance 1.34 (0.88-2.03) 0.18     

 
 
 
M60. These patients need to be identified in 
order to enhance adherence to treatment and 
avoid unnecessary regime changes. Second, 
according to previous results from this study 
(Namakoola et al., 2016; Pham et al., 2017), 35, 
54, 75, and 72% of patients with detectable viral 
load and available genotype test results, had a 
resistance mutation at M6, M12, M24 and M60. 
The mutation rates tend to stabilise or decrease 
over time, but at M60 there is still a high proportion 
of patients with high viral loads and at least one 
resistance mutation, that is, patients with fewer 
treatment options, who are likely to have an 
unfavourable disease course and to transmit 
resistant HIV strains. 

In the era of  Dolutegravir, these patients who 
are not "virologically suppressed" would not benefit 
from it because the national recommendations 
recommend switching to this molecule only for 
those who are virally suppressed; otherwise, 
intense reinforcement of compliance and if still 
unsuccessful, switching to 2nd line. Adherence 
data from two large cohorts in Africa and Asia 
have highlighted that these are interventions that 
need to occur  as  early  as  possible  to  minimize 

virologic failure and the emergence of ARV 
resistance (Bijker et al., 2017). 

The genotypic resistance profile in patients 
receiving antiretroviral therapy with an NRTI-based 
regimen was as initially described (Loubet et al., 
2015; Namakoola et al., 2016; Steegen et al., 
2017; Villabona-Arenas et al., 2016). 95 and 
100% of resistant viruses were resistant to 
lamivudine/emtricitabine and/or nevirapine/ 
efavirenz at M12 and M60. During the study 
period, most patients started antiretroviral 
therapy with ZDV or d4T plus 3TC plus NVP or 
EFV. As expected, the most frequent NRTI 
mutations were M184V and TAMs (T215Y/F) while 
tenofovir, abacavir and didanosine selected 
resistance mutations are rare. The frequency of 
TAMs increases from 8.1 to 25% in all resistant 
strains from months 12 to 60. In addition, five 
patients harboured virus with codon 69 insertion. 
These results reflect the increased complexity of 
NRTI resistance patterns over time, with more 
multiple NRTI. 

In addition, although most viruses remained 
susceptible to the NRTIs used for second-line 
treatment   (tenofovir,  abacavir),  some  studies 

have shown that tenofovir-based regimens fail in 
a significant proportion of patients who have 
evidence of prior exposure and drug resistance 
to older thymidine analogues such as zidovudine 
and stavudine (Gregson et al., 2017). At M60, 98% 
of the resistant viruses had lost sensitivity to the 
first-generation NRTIs nevirapine and efavirenz, 
and only 54% remained fully sensitive to the 
second-generation NRTIs rilpivirine and etravirine. 
Finally, only one patient harboured virus 
potentially resistant to saquinavir/ritonavir. Other 
studies showed higher rates of PI resistance, but 
the patients included had been on antiretroviral 
therapy for more years (Namakoola et al., 2016). 

In conclusion, prevention of the emergence of 
resistance mutations by monitoring viral load 
and reinforcing compliance in patients with 
detectable viral load is important beyond 5 years 
of follow-up. Increasing access to viral load and 
genotypic resistance testing for detectable viral 
load should be a priority and the use of an 
integrase inhibitor such as Dolutegravir with a 
high genetic barrier is an alternative for patients 
with resistance to all NRTIs. 

Ensuring  a  continuous  supply  of  drugs and  
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facilitating timely reporting of viral load and genotypic 
results when available are issues that are still difficult to 
implement in practice but should no longer be. Finally, it 
remains important to determine the factors associated 
with mutation selection, such as advanced stages of 
infection (De Beaudrap et al., 2013), that can help 
predict the presence of resistance in order to help 
clinicians choose the best treatment option when 
genotyping tests are not available. 
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