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(45%), M184V (64%), E157Q (19%) and L10V/M461/A71V/I54V (6%) respec-
tively. This study reveals the emergence of resistance to DTG-based fixed-dose
combinations, favored by high rates of resistance to NRTIs and NNRTIs. This
finding underlines the need for enhanced viral load monitoring and HIV-1 ge-
notyping tests to guide the choice of NRTIs for combination therapy. In addi-
tion, monitoring for mutations to second-generation NRTIs is essential, given
the scale-up of DTG-based regimens currently underway in Céte d’Ivoire.
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1. Introduction

The advent of antiretroviral therapy (ART) has led to a 59% reduction in new
human immunodeficiency virus (HIV) infections worldwide since the peak in
1995 [1]. However, the emergence of HIV-1 variants resistant to antiretrovirals
(ARVs) is threatening efforts to combat the disease. Several studies have shown
alarming levels of HIV-1 resistance to ARVs, particularly to the widely used
non-nucleoside reverse transcriptase inhibitors (NNRTIs), mainly nevirapine
and efavirenz [2].

To remedy this problem, UNAIDS has recommended triple therapy as the
first-line treatment for HIV-1 in all countries, comprising two nucleoside reverse
transcriptase inhibitors (NRTIs) combined with dolutegravir (DTG), a second-
generation integrase inhibitor offering a greater genetic barrier to resistance.

Since March 1, 2019, Cote d’Ivoire has changed its national first-line treat-
ment policy by systematically switching all infected people to a fixed-dose com-
bination of ARVs based on tenofovir disoproxil (TDF), lamivudine (3TC) and
dolutegravir (TLD) [3], without prior viral load testing or resistance genotyping,
due to its limited capacity to monitor these biological markers, as in many re-
source-limited countries.

This pragmatic approach to the implementation of the new treatment regimen
raises concerns in Cote d’Ivoire, as a recent study evaluated NRTI resistance in
children and adults with virological failure in the context of a systematic switch
to a DTG-based combination, and estimated it at 65% [4]. It is therefore likely
that this approach to the transition to TLD exposes a significant number of
people to the risk of ending up on ineffective functional monotherapy with DTG,
and thus developing resistance to DTG.

Data on DTG resistance obtained in routine health care are scarce in Cote
d’Ivoire. It is therefore necessary to monitor HIV-1 resistance patterns to ARVs
in the context of routine switching to a DTG-based combination in order to op-
timize treatment efficacy. The aim of our study was to evaluate HIV-1 resistance
to ARVs in infected adult subjects in Cote d’Ivoire, in the context of a systematic

switch to a DTG-based combination.
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2. Methodology
2.1. Framework of the Study

This was a prospective, descriptive and analytical study which was carried out
from February 2022 to October 2023 in 02 hospital and university centers (CHU)
in the city of Abidjan, namely, the Cocody CHU and the CHU de Treichville

The services selected were the infectious and tropical diseases department of
the Treichville University Hospital (SMIT), the ambulatory care and advice unit
of the Treichville University Hospital (USAC), the outpatient department of
Cocody University Hospital, the pneumophtisiology department of Cocody
University Hospital (PPH), the neurology department of Cocody University
Hospital, and the care service for people living with HIV at the Pasteur Institute
of Cote d’Ivoire (IPCI).

2.2. Recruitment of Study Participants

The objectives of the study and the blood collection procedures were previously
explained to all participants in simple terms in order to obtain their informed
consent or assent before selection.

To be eligible, participants had to be adults infected with HIV-1, followed
regularly in a cohort and in virological failure (viral load > 1000 copies/mL)
during the last 6 months or naive to antiretroviral treatment. Sociodemographic
data, viral load and treatments were collected from the medical records of study

participants.

2.3. Ethical Consideration

The national ethics committee for life sciences and health (CNESVS) gave ethi-
cal consent for this study to be carried out (Reference number: 197-20/MSHP/
CNESVS-kp). All participants provided written informed consent and assent

before being recruited into the study.

2.4. Collection and Preprocessing of Study Samples

Venous blood was collected in 03 tubes containing ethylene diamine tetra acetic
acid (EDTA) at a rate of 6ml per tube and sent to the molecular biology platform
of the Pasteur Institute of Adiopodoumé, Cote d’Ivoire, for analyzes. The blood
was centrifuged at 2200 rpm for 10 minutes to obtain plasma, of which 05 ali-

quots were stored at —80°C.

2.5. Genotyping HIV-1 Drug Resistance Mutations

HIV-1 genotyping was performed using the reference technique of the AC43 HIV-1
resistance study group of ANRS-MIE (http://www.hivfrenchresistance.org).

2.5.1. Viral Extraction
Viral RNA was extracted using the QIAamp Viral RNA Mini Kit (Qiagen, Ger-

many) according to the manufacturer’s recommendations.
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2.5.2.RT-PCR

Amplification of the HIV-1 pol (reverse transcriptase, protease and integrase)
gene regions of interest was performed using the Eppendorf thermal cycler
(VAPO Protect). The SuperScript III One-Step RT-PCR System with Platinum-
Taq DNA kit (Invitrogen) was used for the first PCR according to the manufac-
turer’s recommendations.

Briefly, a 50 uL reaction containing, 25 uL of Master mix (2X), 20 uL RNA, 0.5
nM each primer for RT-PCR, 1 uL Platinum Taq-RT Superscript III and 20 uL
extracted RNA.

Primer pairs used were MJ3/MJ4, 5’PROT1/3’PROT1 and INPS1/INPRS8 for
reverse transcriptase, protease and integrase respectively (Table 1).

Thermal amplification conditions for the RT-PCR were 55°C for 30 min (Ac-
tivation), 94°C for 2 min (Denaturation) and 94°C for 30 s, 55°C for 30 s, 68°C

for 1 min 30 s for 45 cycles and a final extension at 68 °C for 5 min.

2.5.3. Nested-PCR
Nested-PCR was performed using the FIREPol Master (SOLIS BIODYNE) ac-
cording to the manufacturer’s recommendations.

Primers pairs used were A35, NE135, INPS3, INPR9, 5’PROT?2, 3’PROT?2 for
reverse transcriptase, integrase and protease respectively (Table 1). The nested
PCR is a 50 uL reaction containing 10 uL of FIREPol Master Mix 5x, 10 uL ampli-
cons (PCR products), 0.5 nM each primer, 10 uL Buffer 10x and nuclease free wa-
ter.

For Nested-PCR, the thermal conditions for amplification were 95°C for 5
min (Denaturation) and 95°C for 30 s, 61°C for 60 s, 72°C for 4 min for 45
cycles and a final extension at 72°C for 10 min.

Table 1. PCR and sequencing Primers (https://hivfrenchresistance.org/protocols/).

Name Sequences (5’-3’) Target

MJ3 AGT AGG ACCTACACCTGT CA Reverse
Transcriptase

MJ4 CTGTTA GTGCTTTGGTTCCTCT

A35 TTG GTT GCA CTT TAAATTTTCCCATTAGTCCTATT

NE135 CCT ACT AACTTCTGT ATG TCA TTG ACA GTC CAGCT

5PROT1 TAA TTT TTT AGG GAA GAT CTG GCCTTCC Protease
3’PROT1 GCA AAT ACT GGA GTA TTG TAT GGA TTT TCA GG

5PROT2 TCA GAG CAG ACC AGA GCCAACAGCCCCA

3’PROT2 AAT GCT TTT ATT TTT TCT TCT GTC AAT GGC

INPS3 GAA GCCATG CAT GGA CAAG Integrase
INPR9 ATCCTCATC CTGTCT ACT TGCC

INPS1 TAG TAG CCA GCT GTG ATA AAT GTC

INPR8  TTC CAT GTT CTA ATC CTC ATC CTG
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2.5.4. Purification and Sequencing

ChargeSwitch-ProPCR Cleanup Kit (Invitrogen) was used to purify positive am-
plicons on agarose gel (1%) according to the manufacturer’s recommendations.
The BigDye Terminator v3.1 kit (Applied biosystems) was used for the sequenc-
ing reaction according to the manufacturer’s recommendations. An ethanolic
purification process with Agencourt CleanSEQ (BECKMAN) was used for puri-
fication of sequence reaction products in accordance with the manufacturer’s
recommendations. The Analyser 3500 XL genetic analyzer (Applied biosystems)

was used to sequence the genes of interest.

2.6. Data Processing and Statistical Analysis

Sequence analysis for the determination of viral genetic mutations and was per-
formed using HIVGRAD viral genotyping software
(https://www.hiv-grade.de/cms/grade/) using the ANRS-MIE algorithm (ANRS-

AC43: resistance group genotype interpretation). Microsoft Excel 2013 was used

for data processing and SPSS Statistics 17.0.1 for statistical analyses.

3. Results
3.1. Characteristics of Study Participants

A total of 139 people were recruited, including 92 women and 47 men, with an
average age of 44 for the study population. 36 people, or 24%, were without
ARV, and 103 participants, or 76%, were on ARV therapy. Of these, 48% were
on dolutegravir-based triple therapy. The average duration of ARV treatment

was 5 years. The median viral load was 4.8 with an Intervale of 3 to 8 (Table 2).

3.2. Results of Molecular Analysis

We genotyped 139 HIV-1-infected samples for mutations in the reverse tran-
scriptase, protease and integrase genes. Of the 139 samples analyzed, 52% (73/139)
were successfully amplified and sequenced.

Biostatistical analyses were carried out on 15% (11/73) of the reverse tran-
scriptase sequences, 88% (64/73) of the protease sequences and 22% (16/73) of

the integrase sequences.

3.3. Frequency of HIV-1 Resistance to
Different ARV Classes

The frequency of HIV-1 resistance to NRTIs was 73% (8/11). Resistance to 3TC,
FTC and ISL was observed in 64% (7/11) of participants. Resistance to ABC was
also observed at a frequency of 36% (4/11), and to AZT and TDF/TAF at a fre-
quency of 27% (3/11) (Figure 1).

NNRTI resistance was observed in 82% (9/11) of people living with HIV-1. The
frequency of resistance to EFV and NVP was 73% (8/11). The frequencies of re-
sistance to DOR, RPV and ETR were 36% (4/11), 27% (3/11) and 9% (1/11) re-
spectively (Figure 2). The frequency of resistance to PIs was 11% (7/64). It was
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9% (6/64) for LPV and ATV/r and 6% (4/64) for DRV_QD. There was 0% resis-
tance to DRV (Figure 3). The frequency of IINT resistance was 19% (3/16).
HIV-1 resistance to EVG and RAL was 19% (3/16). Participants were resistant to
BIC, CAB and DTG at a frequency of 6% (1/16). Resistance to DTG_BID was 0%
(0/16) (Figure 4).

Table 2. Social, demographic, biological and therapeutic characteristics of study partici-
pants.

Sex at birth (n: 139)
Men, n (%) 47 (34)
Women, n (%) 92 (66)

Age (years) Average (Range)

Study population 44 (17 -77)
Men 46 (17 - 70)
Women 43 (18 - 77)

Therapeutic status n (%)

Naive 36 (24)

On ARV treatment 103 (76)
Viral load (Logl0 copies/mL) Median (Interval) 4.8 (3-8)

Duration of treatment (years) Mean (Interval) 5(1-19)

Therapeutic lines

ARV-naive subjects 36 (26)
ARV regimen 103 (74)
TDF-3TC-DTG/AZT-3TC-DTG /TDF-3TC-DTG-DRV/r 50 (48)
TDEF-3TC-EFV 15 (15)
TDF-3TC-LPV/r 3(3)
TDEF-3TC-ATV/r 3(3)
TDE-3TC-DRV/r 1(1)
TDF-3TC-DRV-RAL/r 1(1)
AZT-3TC-LPV/r 11(11)
AZT-3TC-ATV/r 9(9)
AZT-3TC-EFV 1(1)
ABC-3TC-ATV/r 4(4)
ABC-3TC-EFV 2(2)
ABC-3TC-LPV/r 3(3)

3TC: lamivudine; AZT: zidovudine; ABC: abacavir, TDF: tenofovir disoproxil fumarate;
ATV/r: Atazanavir/ritonavir; LPV/R: Lopinavir/ritonavir; DRV/r: Darunavir/ritonavir;
EFV: Efavirence; DTG: Dolutegravir. *: First detection of HIV, without treatment.
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TDF: tenofovir disoproxil fumarate, TAF: tenofovir alafenamide; AZT: zidovudine; ABC:
abacavir; ISL: Islatravir FTC: emtricitabine; 3TC: lamivudine.

Figure 1. Frequency of NRTI resistance in the study population.
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Figure 2. Frequency of NNRTI resistance in the study population.
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Figure 3. Frequency of NNRTI resistance in the study population.

3.4. Distribution of Resistance Mutations in Reverse
Transcriptase, Protease and Integrase Genes

Analysis of the 11 reverse transcriptase sequences identified 25 substitutions, 84%
(21/25) of which were major NRTI mutations and 16% (4/25) minor mutations.
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DTG_BID: Dolutegravir double dose; DTG: Dolutegravir; CAB: Cabotegravir; BIC: Bic-
tegravir; RAL: Raltegravir; EVG: Elvitegravir.

Figure 4. Frequency of PI resistance in the study population.
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Figure 5. Major mutations in HIV-1 resistance to NRTIs and their frequency of occur-
rence in the study population.

The most frequently observed major mutation in HIV-1 resistance to NRTIs
was the substitution of a methionine at position 184 by a valine (M184V), with a
frequency of occurrence of 64% (7/11). The minor mutation frequently asso-
ciated with NRTI resistance was the substitution of Aspartic Acid at position 67
by Asparagine (D67N), with a frequency of 18% (2/11) (Figure 5).

Analysis of the 11 reverse transcriptase sequences identified 23 substitutions,
of which 65% (15/23) were major HIV-1 NNRTI mutations and 35% (8/23) were
minor mutations.

The major NNRTI resistance mutation frequently observed was the substitu-
tion of a Lysine at position 103 by an Asparagine (K103N), with a frequency of
45% (5/11).

Minor mutations frequently associated with HIV-1 resistance to NNRTIs were

the substitution of a Valine in position 90 by an Isoleucine (V90I) and the subs-
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titution of an Alanine in position 98 by a Glycine (A98G), with a frequency of
18% (2/11) for each mutation (Figure 6).
Analysis of the 64 HIV-1 protease sequences identified 56 substitutions, of

which 80% (45/56) were major mutations and 20% (11/56) minor mutations.
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Figure 6. Major mutations in HIV-1 resistance to NNRTIs and their frequency of occur-
rence in the population studied.

04 major mutations were frequently observed, each conferring 6% (4/64) re-
sistance to Pls: these were the substitution of a Leucine in position 10 by a Va-
line (L10V), the substitution of a Methionine in position 46 by an Isoleucine
(M461), the substitution of an Alanine in position 71 by a Valine (A71V) and the
substitution of an Isoleucine in position 54 by a Valine (I54V). The minor muta-
tion frequently associated with PI resistance was the substitution of an Isoleucine
at position 84 by a Valine (I184V) (Figure 7).

Analysis of the 16 integrase sequences identified 15 substitutions, of which
40% (6/15) were major mutations and 60% (9/15) minor mutations.

The most frequently observed major mutation conferring IINT resistance was
the substitution of glutamic acid at position 157 by glutamine (E157Q), with a
frequency of 19% (3/16). The minor mutation frequently associated with IINT
resistance was the substitution of leucine at position 74 by isoleucine (L74I),
with a frequency of 25% (4/16) (Figure 8).

4. Discussion

Our study evaluated HIV-1 resistance to ARVs in infected adults in Cote d’Ivoire
in the context of a systematic switch to a dolutegravir-based combination. The
NNRTI resistance rate was 82%. This rate is lower than that of Kouamou and
colleagues, who conducted a study in Zimbabwe in 2019 on resistance to ARVs

after optimising treatment regimens with dolutegravir and found a prevalence of
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Figure 7. Major mutations in HIV-1 resistance to PIs and their frequency of occurrence
in the study population.
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Figure 8. Major mutations in HIV-1 resistance to IINTs and their frequencies of occur-
rence in the population studied.

85%. The difference observed could be explained by the large size of the Kouamou
sample [5]. Other studies carried out in Gabon in 2022 by Bivigou-Mboumba and

—

colleagues [6] and in Ghana in 2023 by Appah and colleagues [7] revealed lower
prevalences of 71.7% and 12% respectively; the high rate of HIV-1 resistance to
NNRTIs observed in our study is probably due to the prolonged exposure of our

participants to this class of ARV's before switching to TLD. The median duration
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of antiretroviral treatment (interquartile range) was 5 (1 - 19) years.

The most frequently observed NNRTI resistance mutation was K103N with a fre-
quency of 45%. This prevalence is lower than that obtained by Bivigou-Mboumba,
who obtained a frequency of 68.9% [6]. These high prevalences of this resistance
mutation could explain the high resistance of HIV-1 to NNRTIs [8].

The NRTI resistance rate was 73%. This rate is lower than that of Fily and
colleagues in 2018 in Uganda, who found a prevalence of 82.8%. The difference
observed could be explained by the fact that participants in Fily’s study were
mainly patients who had failed second-line treatment and had therefore been
exposed to NRTIs for a long time [9]. However, other studies have shown lower
prevalences of HIV-1 resistance to NRTIs. In Cote d’Ivoire, Dechi and col-
leagues conducted a study in 2022 on HIV-1 resistance to nucleoside reverse
transcriptase inhibitors in children and adults in the context of a systematic
switch to a dolutegravir-based combination, and found a rate of 65% [4]; the
study by Salou and colleagues in Togo in 2020 revealed an NRTI resistance rate
of 2.2%; the difference observed could be explained by the accumulation of mu-
tations predicting resistance to NRTIs in many of Salou’s viral strains [10].

The most frequently observed NRTI resistance mutations were M184V, L74I
and M41L. These mutations were identified by Maena and colleagues in their
study of the determinants of viral load non-reduction in adolescents in Mbale
district, eastern Uganda [11], and by Koay and colleagues in their study of HIV
drug resistance in children and adolescents [12]. The high prevalence of HIV-1
resistance mutations to NRTIs could explain the virological failures of PLHIV-1
on regimens consisting of 2 NRTIs + 1 NNRTI, and would probably be respon-
sible for the functional monotherapy of dolutegravir-based regimens.

The rate of resistance to PI was 11%. This rate is lower than those of Oluniyi
and colleagues in 2022 in Nigeria [13] and Musengimana and colleagues in 2022
in Rwanda [14], who found prevalences of 6.1% and 3.5% respectively. HIV-1
resistance rates to PIs are generally low because PIs are mainly used in patients
who have failed first-line treatment; they are therefore more robust to resistance.
Major mutations were frequently observed, each conferring 6% (4/64) of PI re-
sistance: these were L10V, M461, A71V and I54V.

The percentage of participants with at least one IINT resistance mutation was
19% (3/16). This rate is higher than that of Bwire in 2023, whose study aimed to
detect dolutegravir resistance and associated mutations in Tanzanian adults liv-
ing with HIV-1 in Dar es Salaam. The investigators found that 10.08% of
PLWH-1 had major IINT resistance mutations [15]. This difference could be re-
lated to the use of different lists of resistance mutations, as we take into account
some integrase gene mutations that may be considered as polymorphisms by
other interpretation algorithms.

The frequency of resistance to BIC, CAB and DTG was 6% for each molecule,
and 19% for EVG and RAL. Anne-Geneviéve Marcelin and colleagues also found
that the frequency of resistance to 2nd-generation IINTs was lower than that of

Ist-generation IINTs in their study of integrase inhibitor resistance in ARV-naive
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and ARV-treated patients [16].

The E157Q mutation was at the origin of resistance to first-generation IINT
and could not be the sole cause of resistance to second-generation IINT [16]. The
resistance pathways identified in the present study for second-generation IINT
were associated with the E157Q, N155H, T97A, Y143R and L74I mutations. These
results corroborate those of Marcelin and colleagues, who also found E157Q,
N155H, T97A and L74I mutations in cases of resistance to second-generation
IINT. No resistance to DTG_BID has been reported, as confirmed by several stu-
dies showing that twice-daily dolutegravir-based regimens give better results

than once-daily dolutegravir-based regimens [17] [18].

5. Conclusions

This study revealed HIV-1 resistance mutations in all ARV classes tested, with
high rates of resistance to NRTIs, which could explain functional monotherapy
in cases of virological failure of dolutegravir-based treatments. In fact, a low
prevalence of PLWH-1 had resistance mutations to 2nd-generation integrase in-
hibitors, including dolutegravir, proving the high genetic barrier to resistance of
this class of ARVs.

Routine switching to TLD may therefore put the new therapeutic regimen at
risk when NRTI resistance mutations go undiagnosed. Despite its efficacy, the
emergence of resistance to dolutegravir means that efforts to monitor viral load
and sequencing of strains before treatment, to guide the choice of NRTIs. In ad-
dition, monitoring of resistance mutations to identified 2nd-generation INTTs is
essential, as the introduction and intensification of dolutegravir-based regimens

is underway in Cote d’Ivoire.

6. Limits

The sequencing method used in this work to determine HIV-1 ARV resistance
mutations is the Sanger method. Although this is a reference method, the results
of this research would have provided more information if new-generation se-

quencing methods had been used.
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