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Abstract
Background—In sub-Saharan Africa, most HIV-infected patients receive antiretroviral therapy
(ART) without virological monitoring. Longitudinal data on secondary resistance are rare.

Methods—We conducted a prospective cohort study of HIV-1 infected adults initiating ART in
three clinics using computerized monitoring systems. Patients had plasma HIV-1 RNA viral load
(VL) tests at month 12 (M12) and month 24 (M24) following ART initiation, and HIV-1
resistance genotype tests if VL was detectable (≥ 300 copies/ml).

Results—Overall, 1,573 patients initiated ART with stavudine/zidovudine plus lamivudine plus
nevirapine/efavirenz. At M12 and M24, 944 and 844 patients, respectively, remained in active
follow-up. Among them: 25% (M12) and 27% (M24) had detectable VLs, and 12% (M12) and
19% (M24) had virus resistant to at least one antiretroviral drug, accounting for 54% (M12) and
75% (M24) of patients with detectable VLs. Among the resistant strains, 95% (M12) and 97%
(M24) were resistant to lamivudine/emtricitabine, efavirenz and/or nevirapine, the frequency of
thymidine analog mutations (TAMs) increased from 8.1% (M12) to 14.7% (M24) and etravirine
resistance increased from 13.5% (M12) to 24.5% (M24).

Conclusion—Of the patients with detectable VLs at M24, 25% still did not harbor resistant
virus. Preventing mutations from emerging with adherence reinforcement in patients with
detectable VLs remains important beyond M24. Switching therapy early in patients with resistance
to 3TC/FTC and/or to NNRTIs to prevent extended resistance to NRTIs and etravirine resistance
from occurring is also a major challenge.

INTRODUCTION
From 2004 through 2011, 5.5 million adults and children initiated antiretroviral treatment in
sub-Saharan Africa 1. To reach this unprecedented level of success, physicians, scientists,
patients, public-health authorities, and the entire community had to learn how to monitor
ART under the routine conditions of large-scale programs in settings with limited facilities.
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This success comes with the further need to address numerous major challenges. These
challenges include: 1) how to achieve universal ART coverage when only approximately
50% of patients eligible for ART had accessed to it in 2011; 2) how to get patients who
initiated ART to stay in care and take their drugs with maximal adherence 2; and 3) how to
detect treatment failure and decide what to do, whether reinforcing adherence or switching
to second-line therapies. 34,5

The facilities required to initiate ART are not the same as the facilities required to address
the challenge of detecting early failure. It is quite easy to initiate ART in a setting with no
access to viral load monitoring and even no access to CD4 counts 6–8. However, it is
difficult to decide who needs to switch to an advanced level of therapy with no access to
HIV-1 viral load or genotypic resistance testing. One aspect of the problem is how to
balance the objective of switching “early enough” in patients harboring resistant viruses to
prevent resistance mutations from accumulating against switching “too early” in patients
who are failing treatment but whose viruses are still sensitive to the drugs they are
taking.9–11

Describing the rate, pattern and order of appearance of resistance mutations and drug
susceptibilities that arise during the first years of treatment may help inform these issues.
Because access to resistance genotype testing is still very limited in sub-Saharan Africa, data
on the emergence of resistance mutations over time are rare in program databases.

In 2006, we launched a prospective cohort study on HIV-infected adults who initiated ART
at three HIV care centers equipped with computerized prescription databases in Abidjan, the
economic capital of Côte d’Ivoire, West Africa.

We describe here the incidence of virological suppression and the incidence and pattern of
resistance mutations and resistance to ARV drugs at 12 and 24 months of treatment in this
routine-care cohort.

METHODS
The VOLTART cohort

We conducted a prospective cohort study of long-term virological outcomes on ART
(VOLTART cohort).12,13 HIV-1 positive and HIV-1/2 positive adults who initiated ART
between February 2006 and May 2007 at one of three HIV outpatient clinics in Abidjan and
returned for their six-month visit were eligible for the study. HIV-2 positive patients were
not eligible. Study subjects received the same standard care and treatment as other HIV-
infected patients on ART at their respective clinics.

When we launched the cohort, plasma HIV-1 viral load testing and genotype tests were not
available in routine in Côte d’Ivoire. We did as much as possible to make viral load
measurement available in real-time every six months whenever this was feasible, and to get
retrospective viral load measurements on frozen sample collected on a six-month basis
otherwise.

Patients
We previously reported the evolution of plasma HIV-1 RNA and resistance tests between
the 6-month (M6) and the 12-month (M12) visit for all patients enrolled in the VOLTART
cohort, and showed that the medication possession ratio was strongly associated with
virologic outcomes at both visits. Here, we report the evolution of virologic outcomes
between the 12-month (M12) and the 24-month (M24) visits for all patients, with special
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attention being paid to resistance mutations. The study period was from February 2006 (first
enrollment) to May 2009 (month-24 visit of the last patient).

Standard care and treatment
The standard of HIV care for HIV-1 infected adults on ART in Côte d’Ivoire has been
described elsewhere. 12 All patients followed from the three study clinics initiated ART
according to the 2003–2006 recommendations of the World Health Organization 14.
Chemistry exams (i.e., serum creatinine and transaminase levels) were performed prior to
ART initiation. When patients were HIV-1 infected, first-line ART 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 HIV-2 or HIV-1 and HIV-2 infected, first-line ART consisted of two
NRTIs and one protease inhibitor (PI; lopinavir/ritonavir). CD4 counts, and complete blood
counts were measured every six months. Patients paid a fixed rate of US$2 per month for
antiretroviral drugs and laboratory tests until August 2008, when the national HIV program
made them available free. All patients with CD4 counts ≤500/mm3 were also given
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 adhere to therapy, and a community-based team made telephone calls or home
visits when patients did not show up for clinic visits or to pick up antiretroviral drugs. 8

Monitoring and tracking system
All three study centers used the same standardized forms to record the following variables
during routine visits: (i) initial visit: date, sex, date of birth (or age), height, weight, HIV
type (HIV-1, HIV-2, or both); (ii) follow-up visit: date, weight; (iii) ART initiation visit:
date, WHO clinical stage, weight; (iv) drug prescription (antiretroviral or other): date, name
and quantity of drugs delivered; (v) CD4 count and complete blood count measurement:
date, CD4 count, CD4 percentage, hemoglobin level, and platelet, granulocyte and leukocyte
counts; (vi) telephone call and home visit: dates on which patients were contacted and vital
status on that date; (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 at the same clinic and from the Côte d’Ivoire National AIDS
Control Program guidelines in three ways.

First, real-time viral load measurement was obtained in one of the three participating centers
thanks to the partnership we could establish with ESTHER, a French government program.
The remaining two centers did not get direct funding for viral load testing and had to freeze
plasma samples until further funding was found. In these two centers, M12 and M24 tests
were then retrospectively funded by the ANRS, once all patients had already been followed
more than 24 months. In all patients, plasma HIV-1 RNA tests were performed using ANRS
real-time PCR (Biocentric, Bandol, France; detection threshold of 300 copies/ml).27

Second, if HIV-1 RNA exceeded 300 copies/ml, then genotypic resistance tests were
performed using the consensus technique of the AC11 ANRS resistance group. 28 All
genotype tests were made retrospectively, on frozen samples. The interpretation of drug
resistance was made according to version 2.2 of the ANRS algorithm (http://
www.hivfrenchresistance.org/2012/Algo-sep-2012.pdf). Genotypic resistance tests were
performed in the virology laboratory of the Necker Hospital in Paris, France, which
undergoes an annual external quality assurance evaluation. 29
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Finally, a research coordinator was devoted to monitoring and managing the cohort data and
to tracking patients by telephone and/or home visit.

Statistical analysis
Patients were defined as lost-to-follow-up if: (i) their last contact with the study team was
<month 24; (ii) they were not known to be dead or transferred out before month 24; or (iii)
no further information on their vital status could be obtained within the 6 months following
the study endpoint (i.e., between months 24 and 30).

The medication possession ratio (MPR) was defined as the number of daily doses of
antiretroviral drugs dispensed by the pharmacy to each patient divided by that patient’s total
follow-up time in days since ART initiation.

Analyses were performed using the SAS® software, version 9.2 (SAS institute Inc., Cary,
North Carolina, USA).

RESULTS
Patients

Overall, 1,573 adults initiated ART at the three study centers between February 2006 and
May 2007. At M6, 1,206 patients were still alive and in care. Of these, 996 (HIV-1 positive
n=944 [94.8%]; HIV-1/2 positive n=22 [2.2%]; HIV positive with no subtype discrimination
n=30 [3.0%]) gave written informed consent to participate in the cohort. At M24, 844 (85%)
were still alive and in active follow-up, 48 were dead, 58 were lost-to-follow-up, and 36 had
been transferred out (Figure 1).

The median baseline age for the cohort was 36 years (interquartile range [IQR], 30–43), and
747 patients (75%) were women. Table 1 presents the main characteristics of the study
participants at ART initiation, M12 and M24.

Plasma HIV-1 RNA
We obtained HIV-1 RNA results for 925 patients at M12 and 763 patients at M24. At M12,
25% of the patients with available tests had HIV-1 RNA ≥300 copies/ml; among them, 85%
had HIV-1 RNA ≥1,000 copies/ml. At M24, 27% of the patients with available tests had
HIV-1 RNA ≥300 copies/ml; among them, 87% had HIV-1 RNA ≥1,000 copies/ml (Table
1).

Of the 169 patients who had HIV-1 RNA ≥300 copies/ml at M12 and HIV-1 RNA test
results at M24, 35% had undetectable viral loads at M24. Of the 585 patients who had
undetectable viral loads at M12 and HIV-1 RNA test results at M24, 15% had HIV-1 RNA
≥300 copies/ml at M24. Of the 204 patients who had HIV-1 RNA ≥300 copies/ml at M24,
110 (54%) already had HIV-1 RNA ≥300 copies/ml at M12 and thus remained on a failed
ART regimen for more than 6 months (Table 2).

Resistance to antiretroviral drugs
At M12, 111 patients were infected with HIV-1 virus, which was resistant to at least one
antiretroviral drug. These patients represented 12% of the 925 patients with available HIV-1
RNA tests and 54% of the 207 patients with HIV-1 RNA ≥300 copies/ml (Table 3).

Of the 111 resistant viruses, 105 (95%) were resistant to lamivudine/emtricitabine and/or
nevirapine/efavirenz (lamivudine/emtricitabine only, n=7; nevirapine/efavirenz only, n=31;
both n=67). Nine patients harbored a virus with thymidine analog mutations (TAMs),
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accounting for 0.97% of the 925 patients with available HIV-1 RNA tests, 4.3% of the 207
patients who had detectable HIV-1 RNA and for 8.1% of the 111 patients harboring a virus
resistant to at least one antiretroviral drug. Fifteen patients harbored a virus resistant to
etravirine (Y181V n=1; E138K, n=2; Y181C + H221Y, n=4) or possibly resistant to
etravirine (E138A/G/Q/R, n=8), accounting for 1.6% of the 925 patients with available
HIV-1 RNA tests, 7.2% of the 207 patients with HIV-1 RNA ≥300 copies/ml and 13.5% of
the 111 patients harboring a virus resistant to at least one antiretroviral drug (Tables 3 and
4).

At M24, 143 patients were infected with a virus resistant to at least one antiretroviral drug.
These patients represented 19% of the 763 patients with available HIV-1 RNA tests and
75% of the 191 patients with HIV-1 RNA ≥300 copies/ml.

Of the 143 resistant viruses, 139 (97%) were resistant to lamivudine/emtricitabine and/or
nevirapine/efavirenz (lamivudine/emtricitabine only, n=6; nevirapine/efavirenz only, n=29;
both n=104). Twenty one patients harbored a virus with TAMs, accounting for 2.8% of the
763 patients with available HIV-1 RNA tests, 11.0% of the 191 patients who had detectable
HIV-1 RNA and 14.7% of the 143 patients harboring a virus resistant to at least one
antiretroviral drug. Thirty-five patients harbored a virus resistant to etravirine (Y181V, n=1;
E138K, n=1; Y181C + H221Y, n=13; 4 mutations, n=1) or possibly resistant to etravirine
(E138A/G/Q/R, n=11; 3 mutations, n=8)(Table 4), accounting for 4.6% of the 763 patients
with available HIV-1 RNA tests, 18.3% of the 191 patients with HIV-1 RNA ≥300 copies/
ml and 24.5% of the 143 patients harboring a virus resistant to at least one antiretroviral
drug.

Of the 143 patients who harbored a resistant virus to at least one antiretroviral drug at M24,
66 (46%) already had a resistant strain at M12, 16 (11%) had detectable HIV-1 RNA but no
mutation at month 12, 54 (38%) had undetectable HIV-1 RNA at month 12, and 7 had
unavailable HIV-1 and/or genotype tests at month 12 (Table 2). Among the 35 patients who
had strains with resistance to etravirine at M24, 10 (29%) had undetectable HIV-1 RNA
levels at M12, 25 (71%) had detectable HIV-1 RNA levels at M12 with no resistance, 18
(51%) had resistance to EFV/NVP but no resistance to etravirine at M12, and 12 (34%) had
resistance to etravirine at M12 (including 4 to etravirine only and 8 to EFV/NVP/etravirine).

Finally, 110 patients had a HIV-1 RNA ≥300 copies/ml both at M12 and at M24. Among
these 110 patients, four (2.6%) and 17 (15.4%) harbored a virus with TAMs at M12 and
M24 (p=0.001); and 12 (10.9%) and 25 (22.7%) harbored a virus resistant to etravirine at
M12 and M24 (p=0.0002);

Discussion
We conducted a prospective cohort study nested in three large HIV care programs in
Abidjan, Côte d’Ivoire, a country where the CRF02_AG subtype of HIV is predominant and
the rate of primary HIV-1 resistance to antiretroviral drugs remains below five percent. 15

The study participants received the same care and treatment as non-participants at the same
HIV care centers. In addition to providing regular follow-up, they also had plasma collection
for HIV-1 RNA testing every six months and genotypic resistance testing if their HIV RNA
levels were >300 copies/ml. For most patients, tests were done retrospectively on frozen
samples, when funds were obtained. Therefore, most virological tests results were not
available to patients and physicians on a real-time basis and could not be used to adapt the
treatment between M12 and M 24,.
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Because this was a cohort study, our data provide clear estimates of virological outcomes in
the entire population of patients who initiated ART within the study period. Data are missing
for patients lost-to-follow-up (16.2% prior to M12, 2.6% between M12 and M24) and for
2% and 10% of the patients who were still in the active file at M12 and M24, respectively.

We determined four main findings.

First, 25% and 27% of the patients who initiated ART and were still in active follow-up had
a plasma HIV-1 RNA level ≥300 copies at month 12 and month 24, respectively. The
percentage of patients infected with resistant HIV-1 strains was 12% at month 12 and 19%
at month 24, accounting for 54% and 75% of patients with plasma HIV-1 RNA ≥300 copies
at month 12 and month 24, respectively.

Second, among patients who had reached undetectable viral loads at month 12, 15% had
detectable viral loads at month 24, of whom two out of three harbored resistant viruses.
These results illustrate that maintenance of adherence is a permanent battle and that in
regard to monitoring adherence, it is necessary to repeat viral load testing regularly.
Reaching undetectable viral loads early does not preclude failing treatment within the
following months.

Third, 46% of patients who had detectable HIV-1 RNA and available genotype test results at
month 12 did not yet have resistance mutations. This percentage was half as high (25%) but
still significant at month 24. 16 Thus, preventing resistance from emerging with
interventions aiming at reinforcing adherence in patients with detectable viral loads is still
worthwhile beyond the first two years of treatment. This suggests that systematic viral load
measurements during the first two years of ART may help identify those patients who could
still benefit from adherence reinforcement. 17

Fourth, most of the resistance mutations that developed in the first year of NNRTI-based
first-line ART were to lamivudine/emtricitabine, nevirapine and/or efavirenz. 16,18–22

During the study period, most patients initiated ART with ZDV or d4T plus 3TC plus NVP
or EFV. As expected, the most frequent NRTI mutations were M184V and TAMs, while
V75A/M/S/T, K65R and Q151M were very rare. 16,19 The frequency of TAMs increased
from 8.1% to 12.6% in all resistant strains from month 12 to month 24. This trend illustrates
the challenge of targeting patients who harbor viruses resistant to lamivudine/emtricitabine
and/or nevirapine/efavirenz as early as possible to switch patients to a second-line regimen
before they select resistance to other NRTIs. 11,20,23 This is all the more important because
the reported rates of virological failure to second-line therapy in resource-limited settings
are high and are associated with the duration of exposure to previous drug regimens. 5

Because patients on second-line therapies who are treated with LPV/r monotherapy have
worse outcomes than those treated with LPV/r and Truvada 24, it is important that patients
who switch from a first-line NNRTI-based ART to a second-line PI-based one can receive
effective NRTI in association with their PI.

While 15 strains were resistant to etravirine at month 12, etravirine resistance developed
rapidly over the second year of treatment. 20 At month 24, 18% of patients with detectable
HIV-1 RNA at month 24 harbored strains resistant to etravirine, accounting for 4% of the
entire cohort. The most frequent mutations causing etravirine resistance were Y181C +
H221Y and E138A/G/Q/R. This again highlights the importance of making viral load testing
routinely available as a tool for detecting incomplete viral suppression and prompting
appropriate interventions before mutations accumulate. 11 Consistent data regarding
resistance to etravirine were recently reported by researchers from Mali. 25

Messou et al. Page 6

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



To our knowledge, this is one the largest cohort studies on medium term virological
outcomes in sub-Saharan Africa. This study has several limitations. First, we did not have
genotype test results prior to ART initiation. Virologic resistance at 6 months may in part be
due to primary resistance. 26 However, the prevalence of resistance mutations in adults with
recent HIV infection in Côte d’Ivoire was estimated to be lower than 5%. 15 Second, some
data are missing because 13% of the patients who were in active follow-up at month 6
refused to enroll in the study, 2% of the patients who enrolled at month 6 did not receive
HIV RNA measurements at month 12, and 11% of patients who had detectable HIV RNA
did not have available genotype test results. Third, the threshold of HIV RNA detectability
was ≥300 copies/ml, which may have led us to underestimate the proportion of patients who
were not completely virologically suppressed and thus the proportion of patients with
resistance. Fourth, nearly one-third of the patients initiating ART in these programs either
died, transferred out or were lost-to-follow-up before month 6. However, their outcomes
were likely worse than those of patients who enrolled in the study, and the association we
found between MPR and virological outcomes in patients who enrolled is likely to also exist
in patients who did not.

In conclusion, preventing the emergence of resistance mutations by implementing adherence
reinforcement in patients with detectable VLs is important beyond M24. Switching therapy
early in patients with early resistance to 3TC/FTC and/or to first generation NNRTIs to
prevent TAMs and etravirine resistance is a challenge. Three options could be pursued to
address this challenge: begin patients on more forgiving first-line regimens 27,28, make
genotype testing widely available, or validate alternative methods (e.g., repeating viral load
measurements after an intensive phase of adherence reinforcement) for distinguishing
patients who harbor resistant viruses in settings where genotype tests are available. 29,30
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Figure 1.
Flow Chart
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