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Abstract

Context: The Human Immunodeficiency Virus (HIV) continues to be the
main public health challenge in Gabon. The latest studies highlight a high
rate of virological failure and HIV drug resistance in semi-rural Gabon. In
Libreville, virological failure data is sparse, data on HIV drug resistance for
the former first line and new first-line regimen is lacking. Methods: Between
January 28™, 2019, and January 31%, 2020, we received patient living with HIV
(PLWHA) for CD4 counts, HIV-1 viral load, and/or genotyping of HIV-1
mutation drug resistance. We used the BD FACSPresto for CD4 count, the
Biocentric Generic HIV viral load test for HIV-1 quantification, and the
HIV-1 drug resistance mutation genotyping (ARNS protocol). Results: A to-
tal of 1129 HIV-1 patients have been enrolled for this study. The median age
was 46 years old and the median of CD4 was 386 cells per cubic millimeter.
The virological suppression success was observed at 62.7% of patients on the
former first line regimen and 70.6% of the patient on DBR. We successfully
amplified and analyzed 76 sequences and noticed the presence of the nineteen
different subtypes with the predominance of the subtypes CRF02-AG
(37.95%), followed by subtype A (22.3%). For HIV drug resistance analyses,
108 (65.1%) had resistance mutation to nucleoside reverse transcriptase inhi-
bitors (NRTIs); of these, 91 (84%) present M184V/I. When looking for
NNRTI mutations, 119 (71.7%) sequences had at least one mutation. Of
these, 82 had K103N (68.9%), representing the main NNRTI mutations. The
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pattern showing the high level of resistance (HLR) in all molecules of NRTTs
and NNRTIs, except for the TDF (intermediate resistance) was
M41L-E44DL741-M184-1L210W-T215Y-K101P-K103N-V106I. Conclusion:
This report paints a picture of a relatively female-dominated HIV-infected
Gabonese population with a low level of immunity. The level of drug resis-
tance with the former first-line regimen suggests the need to monitor the
drug Dolutegravir resistance.

Keywords

HIV Infection, HIV Drug Resistance, HIV Genetic Diversity, Dolutegravir,
Gabon

1. Introduction

According to the Joint United Nations Programme on HIV/AIDS (UNAIDS),
the global number of people living with HIV/AIDS (PLWHA) was around 37.6
million in 2020 (UNAIDS 2021). Of this number, 67.3% (25.3 million) were
from Africa, suggesting a continual transmission despite efforts on increasing
access to treatment, diagnostic, and prevention. In 2014, WHO and UNAIDS set
an ambitious program to end the AIDS epidemic as a public health problem by
2030. As a strategy to attend this target: the wild access to antiretroviral therapy
(ART) and the main 95-95-95 spot for 2025, mean 90% of people diagnosed, 90%
of diagnosed have to be under ART and 90% of people under ART have to sup-
press their HIV viral load (HIV VL < 1000 copies/mL (UNAIDS 2021)). Based on
WHO recommendations, the “test, and treat” method has been adopted by many
African countries and particularly by Gabon in 2019. This decision targets the
treatment coverage of 99% of PLHIV. To accelerate the achievement of the
90-90-90 targets, the dolutegravir-based regimen (DBR) in the first line has been
recommended by UNAIDS. In 2019, Gabon officially introduces DBR as a
first-line treatment, according to the national program against HIV and sexual
infectious diseases: a therapeutic DBR transition is underway in Gabon.

Previous investigations have found high genetic diversity (subtypes A, G, F, H
and D) with a dominance of recombinant forms circulating CRF02-AG [1] [2]
[3]. A more recent study in south-eastern Gabon in Haut-Ogooué province
(250,799 inhabitants, about 14% of the Gabonese population) found a high rate
(42.9%) of virological failure linked to 67.2% antiretroviral resistance mutation
rates in patients on the old first-line regimen [4].

Moreover, currently, we do not have a profile of HIV drug resistance prior to
switching to DBR. This missing point could have a negative impact on the suc-
cess of DBR, due to exposure to the dolutergravir monotherapy regimen.

In Libreville, Gabon’s capital where 80% of people living with HIV are lo-
cated, virological failure data is sparse, data on HIV drug resistance for the for-

mer first line and new first-line regimen is lacking. Since 2015, after the vulgari-
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zation by public laboratories and in 2019 after the creation of the “Unite Mixte
de Recherche entre le Centre International de Recherches Medicales de France-
ville et le Service de Sante Militaire’ (UMR CIRMF-SSM), access to viral load
tests and genotyping of resistance mutations has become easier. At this level, it is
important to verify and describe the virological success of the two first lines cur-

rently used and to describe the currently circulating HIV strain.

2. Methods

This study investigates the immunological and HIV-1 genetic diversity of pa-
tients living with HIV (PLHIV) and previously diagnosis in all HIV care centers
of Gabon. According to the national and international recommendations,
PLHIVs under ART were submitted to CD4 count, HIV-1 viral load, and HIV-1

drug resistance mutation assay.

2.1. Study Site

The mixed unit between the international center for medical research (CIRMF)
and the healthy military service (SSM) from Gabon was established in 2018. La-
boratories activity started on January 28%, 2019. This unit (UMR CIRM-SSM) is
located in OMAR BONGO ONDIMBA Military hospital in Libreville, kilometric

point 9 (PK 9), working on HIV and associated infectious diseases.

2.2. Recruitment

Patients were directly enrolling in the UMR CIRMEF-SSM when they come for
HIV viral load or CD4 cells count exams. Children were excluding for this study.
Patient came with their laboratory test voucher form from HIV/AIDS care cen-

ters of the capital and the inners regions of Gabon.

2.3. Study Design

We conducted a cross-sectional and analytical study between January 28%, 2019,
and January 31%, 2020. We received PLHIV for CD4 counts, HIV-1 viral load,
and/or genotyping of HIV-1 mutation drug resistance (MDR). All PLHIV came
from HIV-treatment centers approved by the national program against HIV and

provides antiretroviral therapy (ART).

2.4. Absolute CD4 Counts, % of Functional CD4, and Hemoglobin
Concentration

We used the BD FACSPresto (Becton-Dickinson, Bioscience, USA) point-of-care
(POC) system for CD4 count, CD4% as recommended by the manufacturer.
Briefly, 25 pL of total blood samples have been transferred to the BD FACSPres-
to labeled cartridges. The cartridge cap was closed and placed on the POC BD
FACSPresto working station for 18 minutes’ incubation. After this incubation,
the test strip was removed and the cartridge was inserted into the POC BD
FACSPresto analyzer to read the result for about 4 minutes. The absolute CD4
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counts, %CD4 results are displayed on the screen and printed automatically.

2.5. Plasmatic HIV-1 Viral Load

The plasmatic HIV-1 viral load was determined with the Generic HIV viral load
test (Biocentric, 276 Chemin de Roumpinas-83150 Bandol, France). Amplifica-
tion and data acquisition was carried out using the Fluorocycler Detection Sys-
tem (Hain Life science GmbH Hardwiesenstr.1, 72147 Nehren Deutschland)
with a detection cut-off value of 50 HIV-1 RNA copies/mL. After RNA extrac-
tion by the NA Extraction kit (DiaSorin, LTF Labortechnik GmbH & Co. Was-
serburg, Germany), a volume of 10 uL of RNA extract from 1 mL of plasma was
added to 10 uL the master mix of the Generic HIV viral load. The cycling condi-
tions consisted of 50°C for 10 min and 95°C for 5 min, followed by 50 cycles of
95°C for 15 s and 60°C for 1 min.

The patients with viral loads higher than 3 log copies/mL were considered to
present virological failure, as recommended by WHO. However, patients with
viral loads below 3 log copies/mL will be considered virologically successful, as
recommended by WHO.

2.6. HIV-1 Molecular and Phylogenetic Analysis

The HIV-1 subtype and resistance-associated mutation (RAM) of the mains
ARVs were defined by amplification of the reverse transcriptase (RT) and pro-
tease (P) region according to the AC-11 Resistance Group recommendation of
the French National Agency for AIDS Research (ARNS). Using RNA extract
from the NA arrow extraction kit, we performed a reverse-transcription poly-
merase chain reaction (RT-PCR) targeting fragments of 463 bp of protease gene
and 887 bp of reverse transcriptase gene. An RT-PCR using the one-step super-
script IV Invitrogen kit (Thermo Fisher Scientific, 168 Third Avenue Waltham,
MA USA) and nested PCR using 7aq recombinant kit (Thermo Fisher Scientific,
168 Third Avenue Waltham, MA USA) was performed to amplify these genes.
The expected product size was verified with 1.3% agarose gel electrophoresis,
stained with Gel Red, and revealed under ultraviolet transillumination. PCR
amplification products were sent to Macrogen for the sequencing reaction. The
ABI files were analyzed and sequences aligned using DNASTAR Software for
life science (version 17.0.1.83). The obtained local alignment of partial pol/ se-
quences was submitted to the online Stanford University HIV database pro-
gram for analysis and interpretation of HIV-1 drug resistance mutations
(https://hivdb.stanford.edu/hivdb/by-sequences/).

2.7. GeneBank Accession Numbers

We submitted our 76 sequences to the NIH genetic sequence database, through
the submission portal using the Bankit tool with wizards to guide the submission
process. The accession numbers attributed for our sequences granges from
0OK636237 to OK636402.
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2.8. Statistical Analysis

Statistical analysis was performed using R (R Studio Version 1.2.5042) available

online as an R project for statistical analysis (https://www.r-project.org/). Per-
centages (with 95% confidence intervals) were used to describe baseline charac-

teristics of the studied population.

3. Results
3.1. Sociodemographic Characteristics of the Studied Population

A total of 1129 HIV-1 infected individuals have been enrolled for this study
from February 2019 to February 2020 with 1048 (92.8%) of Gabonese and 7.2%
of non-Gabonese. All of these patients come from different HIV-treatment cen-
ters, with 989 (87.6%) from public structures and 140 (12.4%) private structures.
Of the 1129 recruited patients, 733 (64.9%) were from Libreville, Gabon’s capital
and 396 (35.1%) came from the inner country. The dominance of gender was
female with 671 (59.4%) versus male 458 (49.6%). The median age of all patients
was 46 years old with a range age from 16 to 61-year-old (IQR: 38 - 54 years
old). The median of CD4 was 386 cells per cubic millimeter with a minimum of
1 and a maximum of 1681. The majority of patients, 68.7% (38.3% for less than 5
years and 30.4% between 5 and less than 10 years) was under treatment for less
than 10 years and 76.7% of patients were under the older first-line recommend-
ed by WHO and approved by the national program against HIV:

e Former first line: TDF-FTC/3TC-EFV

e Former second line: TDF/ABD-3TC-ATV/r/LPV/r

e Former third line: ATV/r/LPV/r-Darunavir

New first line: TDF-FTC/3TC-DTG

A total of 698 patients (62.0%) were on virological suppression success. The

rate of virological success was higher in patients over 35 years of age (96/187;
62.8%) than in patient less than 35 years of age (91/187; 51.3%). P patients on
the former first line, 62.7% had virological suppression success. A great majority
of patients (70.6%) on the new first line Ze., DRB (TDF-3TC-DTG) had virolog-

ical suppression success (Table 1).

3.2. HIV Genetic Diversity

We successfully amplified and analyzed 76 sequences of the HIV M group from
the RT region. We notice the presence of the nineteen different subtypes. The
predominant subtypes in this population were CRF02-AG 63/166 (37.95%), fol-
lowed by subtype A, 37/166 (22.3%), subtype A+G/I (19: 10.84), and G (13:
7.83%). Three sequences (1.8%) corresponded to unknown subtypes according
to the Stanford algorithm (Figure 1).

When submitting sequences for phylogenetic tree building in PhyML (Figure
2) the 3 unknown sequences (2070_Gab, G13_Gab, and G61_Gab) from the
Standford algorithm cluster with other sequences described in this study. The
2070_Gab cluster with the reference sequence MN337382 (subtype M/O), the
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G13_Gab is in the cluster with the 1669_Gab in the HIV subtype A and the
G61_Gab is in the same cluster with 1445_Gab in the cluster of CRF02_AG.

Table 1. Treatment and virological status of the studied population, according to WHO

recommendations.
Virological success Virological Failure
(HIV VL < 3 log (HIVVL>3log  P-value
copies/mL) copies/mL)
n % n %
Total 698 62.0 431 38.0
Gender Male 234 63.4 135 36.6 <0.001
Female 464 61.1 296 38.9
[16 - 25[ 13 46.4 15 53.6
[25-35] 83 52.2 76 47.8
Age [35-45] 204 59.5 139 40.5 0.004
[35 - 45[ 300 66.5 151 33.5
60 more 97 65.5 51 34.5
TD <5 years 271 62.7 161 37.3
Treatment 1D =5 years 465 66.5 234 33.5
Duration [5-10[ 215 66.7 128 37.3 0.19
(TD) by  [10-15] 146 62.7 89 37.9 ’
years [15-20[ 97 62.1 44 31.2
TD = 20 years 7 43.8 9 56.3
Naive 0 0 3 100
Old first line 543 62.7 323 37.3
Treatment 1.y sed 12 70.6 5 294 011
regimen
2nd line 142 58.7 100 41.3
3rd line 1 100 0 0
%
50
45
40 37.95
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30
25 12229
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Figure 1. Subtypes prevalence from the 76 sequences submitted. The dominant subtypes
are the CRF02_AG and the A.
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Figure 2. Phylogenetic tree of 166 HIV-1 isolates from patients (in blue color) in Libreville and the inner country (Gabon).
Sequences were aligned using Clustal W and analysis was performed using the neighbor-joining method in the Molecular

Evolutionary Genetics Analysis Version X (MEGA X).

The tree subtype was also submitted to the online REGA HIV-1 Subtyping
Tool-Version 3.0. and we obtained three independent trees (Supplementary da-
ta).

In the phylogenetic tree, the 318_Gab sequence appears to be near the type O,
N, or P. Looking for the sequence from the Standford algorithm (REGA HIV-1
subtyping analysis), this sequence appears to cluster with a non-subtype B
(GenBank accession number AF005496).

3.3. Reverse Transcriptase Resistance Mutations (RTRM)

From the 76 sequences obtained for HIV drug resistance analyses, 108 (65.1%)
had resistance mutation to nucleoside reverse transcriptase inhibitors (NRTIs).
Of these, 91 (84%) present M184V/I conferring a high level of resistance
(Standford algorithm) to 3TC and FTC, a low level of resistance to ABC; 43
(39.8%) present K219E/Q, an accessory mutation resulting to a combination of
thymidine analog mutation (TAMs) occur in combination with other TAMs; 39
present K70R (36.1%), and 38 present T215Y/F (35.2%) representing the four
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major NRTI mutation. When looking for NNRTI mutations, 119 (71.7%) se-
quences had at least one mutation. Of these, 82 had K103N (68.9%), 32 had
Y179L (26.9%), and 30 had P225H (25.2%), representing the three main NNRTI
mutations. The pattern showing the high level of resistance (HLR) in all mole-
cules of NRTIs and NNRTTIs, except for the TDF (intermediate resistance) was
M41L-E44D-L741-M184-L210W-T215Y-K101P-K103N-V106I.

4. Discussion

In this study, we try to describe the virological profile of HIV-infected individu-
als living in Gabon (64.6% from the capital and 35.1% from the inner of the
country), before the total dolutegravir-based regimen transition. The previous
studies discussing HIV genetic diversity, virological failure, and drug resistance
were performed in semirural and rural areas [1] [4] [5]. In Libreville, access to
viral load and genotyping tests was difficult for patients, because of the cost and
availability of a specialized laboratory. The establishment of the International
Center of Medical Research of Franceville (CIRMF) in the capital of Gabon, spe-
cifically for this issue of monitoring people living with HIV, has allowed, with
the military health service of Gabon, to generate these updated data on the viro-
logical diversity of HIV and the level of resistance to antiretroviral drugs.

Our study is characterized by a population under treatment for less than 10
years (68.7%) with the dominance of HIV-infected women. This confirms that
HIV infection remains a public health challenge and a major burden carried by
women from sub-Saharan Africa [6]. This disproportion could be explained by
socio-economic, cultural, and genetic factors that remind fully undescribed in
Africa. We also highlight that young adults seems to be in virological failure
than older adults (more than 35 years of age). This founding has been already
described in studies [7] [8] [9]. The reason highlight was the poor adherence
because of stigma-related problems like secrecy and other sociological factors. In
Gabon the stigmatization continues to be a problem in young adult.

The mean CD4 cell count was fewer than 500 cells per cubic millimeter,
showing a low response to CD4 restoration. Patients who have been on treat-
ment for more than 5 years and who have not managed to exceed 500 CD4 cells
per cubic millimeter are usually started on treatment with CD4 below 200 cells
per cubic millimeter [10]. At this level, immune restoration is less efficient. Also,
this population is more representative of people over 45 years old [11] [12]. That
is consistent with our studied population with a median age of 46 years old.

The genetic diversity of this studied population is consistent with the previous
studies in Gabon [2] [3] and Central Africa [13] [14]. However, one of our se-
quences appears to cluster with the recombinant M (subtype D) and O subtype
brings us to describe for future analysis the full-length or near full-length se-
quence of this isolate. Indeed, the subtype O described in Cameroon [15] [16]
was far away (the year 1996) described in Gabon but just for three sequences of

900 base-pair fragment in strains isolated from the year 1988 to the year 1993
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[17]. We need to perform a large-scale HIV genetic diversity study to best un-
derstand the circulating dynamic of HIV in Central Africa.

This studied population mostly in the old first-line regimen (TDF-FTC/
3TC-EFV) shows a virological success of 62%, far away from the 95-95-95 to-
wards achieving UNAIDS endpoints. Many factors could be targeted in this
context: the non-adherence of the patient, the psychological breakdown due to
stigma and discrimination, the management of co-morbidity tuberculosis, and
viral hepatitis which are still not effective and not efficient. It is worth mention-
ing here that most of the buildings that house the HIV-care centers are isolated
from the hospital services, which indicates exclusive access for PLWHA, thereby
increasing the stigma. Evidence on the impact of the use of new technologies
(point-of-care) on the care of by the Community Health Workers (CHWs) has
been gathered in several studies [18] [19] [20]. In Gabon, these technologies are
not sufficiently well developed and the CHWSs are not sufficiently trained and
well equipped. The CHWs should be trained and provided with the necessary
resources to do their work better.

In 2019 the UNAIDS established the 90-90-90 endpoint. To accelerate the
third 90 (90% of PLWHA under treatment should have an HIV viral load sup-
pressed), the Dolutegravir-based regimen has been recommended for the
first-line treatment. In Gabon, this DBR has been initiated in January 2019. Our
studied population is composed of 1.5% of patients in DBR and which show a
virological success of 70.6%, nearer to the objectives than the former first line
than the old first-line regimen. This assessment confirms the implementation of
the DBR in Gabon as shown by other scientific research [21] [22] [23]. However,
it would be wise to monitor the emergence of resistance to DTG, as patients are
currently on a three-molecule regimen, two of which have already shown resis-
tance in the past; patients run the risk of being on bi- or mono-therapy if the
strains they are harboring are resistant to one or both molecules of this DBR.

Furthermore, patients undergoing third-line treatment in this study had a
100% virological suppression success rate. Patients failing the second line of
treatment are introduced to a 3rd line committee. This committee is composed
of the senior physicians of the centers for the care of patients living with HIV
and of a biologist and a pharmacist. Other countries adopted national programs
for third-line treatment and covered virological success of 95.5% for Zimbabwe
[24], 70% for adolescents in Thailand [25]. Further studies are needed to assess
factors associated with this failure.

Globally, HIV drug resistance remained a stumbling block to the achievement
of the 90-90-9 goals. Some studies show the impact of HIV genetic diversity in
virological success. Our studied population is characterized by the dominance of
the circulating recombinant form (CRF) subtype. This CRF was previously de-
scribed as a dominant subtype by previous publications in Gabon [3] [26] and
Cameroon [27] [28]. A more recently conducted study in the southeast of Gabon

(Franceville, provincial capital of Haut-Ogooué) shows the dominance of HIV-1
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subtype “A” followed by “CRF” [4], in agreement with the previous studies
conducted in the Republic of Congo, neighboring the province of
Haut-Ogooué whose provincial capital is Franceville [29] [30]. The unknown
subtypes describe in this study and the previous one [4] highlights the high
genetic diversity of HIV in Gabon and call more studies on HIV genetic diversi-
ty, using next-generation sequencing technology in this part of the African con-
tinent.

Reverse transcriptase resistance mutations described in this study are in con-
cordance with the previous study in Gabon [4] and Cameroon [27]. This study
confirms that TDF has a high genetic barrier and therefore a low level of resis-
tance as described in the literature [27] [31]. However, the high level of 3TC/FTC
resistance of the old first-line regimen could expose to DTG monotherapy on the
new first line (TDF-3TC/FTC-DTG) treatment. Indeed, it may be that the rapid
implementation of the DTG-based regimen did not account for the level of re-
sistance to 3TC and FTC in the treatment switch. A prospective study focusing
on the surveillance of emergence DTG resistance is expected in Gabon.

The limitation of this study is the omission of protease inhibitor resistance

study and the second-line treatment failure.

5. Conclusion

This report paints a picture of a relatively female-dominated HIV-infected Ga-
bonese population with a low level of immunity, the bulk of whom have been on
HIV treatment for more than 5 years. The continuing increase in genetic diver-
sity shows a steady intermingling of the population in Central Africa. The level
of drug resistance in the old first-line regimen suggests the need to monitor the
appearance of drug resistance to Dolutegravir, the based molecule of the new

first-line regimen.
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Supplementary Data 1. Phylogenetic tree of 3 HIV-1 isolates from patients in Libreville and the inner country (Gabon), described
as unknown subtype by the Stanford algorithm. All phylogenetic tree was performed by the online REGA HIV-1 Subtyping Tool
Version 3.0. Ref: Title: Automated subtyping of HIV-1 genetic sequences for clinical and surveillance purposes: Performance
evaluation of the new REGA version 3 and seven other tools. Authors: Pefia ACP, Faria NR, Imbrechts S, Libin P, Abecasis AB,
Deforche K, Gomez A, Camacho R]J, de Oliveira T, Vandamme A-M. Journal: Infectious Genetics and Evolution 2013; 19:337-48.
doi: 10.1016/j.meegid.2013.04.032.
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