


Genetic Analysis of HIV-1 Integrase Sequences from Treatment-Naïve Individuals in Yaoundé, Cameroon



Abstract
Aims: To analyze HIV 1 integrase sequence in HIV treatment naïve individuals.
Study design: A cross section study was employed.
Place and Duration of Study: University Teaching Hospital (CHU) Yaoundé, Cameroon, between June 2024 and December 2024.
Methodology: We included 130 treatment-naïve HIV-1 positive adults, 87 females (67%) and 43 males (33%). The participants' ages ranged from 24 to 57 years, with a mean age of 40.5 years. HIV-1 integrase gene sequences were amplified by nested RT-PCR and analyzed via Sanger sequencing. Drug resistance-associated mutations (RAMs) were interpreted using the Stanford HIVdb tool, and subtypes determined by REGA and phylogenetic analysis.
Results:Integrase sequences were successfully analyzed for 53 individuals. One major resistance mutation (1.9%) associated with elvitegravir resistance was detected. Minor RAMs were present in 83.3% of sequences. The predominant subtype was CRF02_AG (54.7%), followed by subtype A (28.3%), G (7.5%), and others.
Conclusion
There is a low prevalence of major INSTI resistance among ART-naïve individuals in Yaoundé, though minor polymorphisms are common. This underscores the need for ongoing molecular surveillance as DTG use expands in Cameroon.
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1.INTRODUCTION
The global HIV/AIDS epidemic continues to be a major public health concern. As of 2023, over 39 million people are living with HIV worldwide, with sub-Saharan Africa accounting for nearly 67% of all infections (UNAIDS, 2023). In Cameroon, the adult HIV prevalence is estimated at 2.7%, with a complex epidemic characterized by high genetic diversity (Bimela et al., 2022; Fokam et al.,2023). Antiretroviral therapy (ART) has significantly improved the prognosis of people living with HIV (PLHIV), transforming HIV into a manageable chronic disease. Among ART regimens, integrase strand transfer inhibitors (INSTIs) have gained prominence due to their potent antiviral activity, low toxicity, and high genetic barrier to resistance (2).
In recent years, INSTIs have become the cornerstone of first-line ART globally due to their high efficacy, low toxicity, and robust resistance barrier. This therapeutic evolution is reflected in Cameroon’s national HIV strategy, where dolutegravir (DTG) was formally adopted as the preferred INSTI in 2017. According to the U.S. HIV Clinical Guidelines, DTG-based regimens are now strongly recommended for initiating ART in treatment-naïve individuals, citing superior clinical outcomes and low virologic failure rates (U.S. DHHS, 2024).
However, despite this global shift, the effectiveness of INSTI-based regimens in real-world, genetically diverse settings like Cameroon remains insufficiently characterized. Cameroon is recognized as a hotspot of HIV-1 diversity, harboring multiple group M subtypes and recombinant forms, notably CRF02_AG. As of 2022, an estimated 480,232 individuals were living with HIV in Cameroon, with a prevalence of 2.7% among adults aged 15–64 (UNAIDS, 2023). While 95.8% of people with HIV were aware of their status and 92.3% were on ART, a notable proportion still enters care ART-naive, raising concerns about transmitted drug resistance, particularly to newer drug classes such as INSTIs. This highlights a key challenge in the implementation of the test-and-treat approach, as some individuals continue to present late and remain ART-naive at diagnosis despite expanded access to care (Luma et al., 2018).
Between 2020 and 2023, studies consistently reported that approximately 10% of ART-naïve individuals in Cameroon initiated care already harboring pre-treatment drug resistance (PDR) (Gouissi Anguechia et al., 2025; Tchouwa et al., 2018). These rates were especially driven by NNRTI-associated mutations, and slightly higher in urban areas compared to rural settings. Routine baseline resistance testing, however, is not widely implemented due to resource constraints, limiting the detection and management of these resistance patterns (5)
Although national data for 2024–2025 are not yet published, the stable close to 10% PDR prevalence observed over recent years suggests likely continuity. Updated data are essential to confirm whether these trends hold, especially as treatment landscapes evolve. The continued rollout of DTG-based regimens has the potential to reduce NNRTI-associated resistance by displacing older first-line therapies, but this benefit hinges on robust and ongoing molecular surveillance.
Furthermore, local and regional studies have demonstrated that minor INSTI-associated polymorphisms may exist even in ART-naïve individuals (Mikasi et al., 2020; Acharya et al., 2020).While these polymorphisms may not confer resistance alone, they may increase the risk of virologic failure when combined with major mutations or under poor adherence—an especially relevant concern in resource-limited settings.
Despite the growing relevance of INSTIs, Cameroonian surveillance efforts have historically focused on reverse transcriptase and protease genes, neglecting the integrase region. This leaves a critical gap in understanding resistance trends associated with INSTIs. Addressing this, the present study analyzes the HIV-1 integrase gene in treatment-naïve individuals in Yaoundé, offering novel data on RAMs and subtype distributions.
These findings will not only inform ART optimization in Cameroon but also support national efforts to meet 95-95-95 goals by ensuring that first-line regimens remain effective in the face of evolving resistance dynamics.
2.Methods
2.1 Ethical Considerations and Study Sites
The study was conducted in accordance with ethical standards approved by the Cameroon National Ethics Committee, with registered number: N° 2018/02/1064/L/CNERSH/SP. Participation to the study was voluntary and a signed consent form was sought from all participants. Procedures used were standard and involved minimal risk. Informed consent was obtained from all participants after detailed explanation of the study objectives, procedures, and associated risks. Confidentiality and data protection were strictly maintained throughout the research. Recruitment and blood sample collection were carried out at the Yaoundé University Teaching Hospital (CHU), where 130 HIV-positive, treatment-naïve adult participants were enrolled. Initial HIV testing and plasma separation were performed at the Centre for the Study and Control of Communicable Diseases (CSCCD) in Yaoundé. Molecular analyses, including RNA extraction, PCR amplification, sequencing, and bioinformatics processing, were also conducted at this center. 
2.2. Study Population, Sample Collection and Plasma Preparation
The study population consisted of 130 HIV-1 positive, treatment-naïve adults recruited between June and December 2024 at the Yaoundé University Teaching Hospital (CHU) in Cameroon using a convenience sampling method. Eligible participants were 18 years or older, confirmed HIV-positive, and had not initiated antiretroviral therapy (ART). Approximately 5 mL of peripheral blood was collected from each participant using EDTA vacutainer tubes. The samples were transported to the Centre for the Study and Control of Communicable Diseases (CSCCD), where plasma was separated by centrifugation at 2000 rpm for 10 minutes. The plasma was then aliquoted and stored at –20°C. One aliquot was retained for local viral load testing, while the second was used for molecular analysis.
2.3.Viral RNA Isolation, PCR, Nested PCR and Sequencing
Viral RNA was extracted from 140 μL of plasma using the QIAamp Viral RNA Mini Kit (Qiagen, Germany), following the manufacturer’s protocol. Complementary DNA (cDNA) synthesis and first-round (pre-nested) PCR targeting the HIV-1 integrase region were performed using the SuperScript® III One-Step RT-PCR System (Invitrogen, USA) with primers Poli 5F and Poli 8R. Nested PCR was carried out using GoTaq® G2 Flexi DNA Polymerase (Promega) and primers Poli 7F and Poli 6R, amplifying an ~945 bp fragment. PCR products were purified and subjected to Sanger sequencing using the BigDye™ Terminator v3.1 Cycle Sequencing Kit on an ABI 3130XL Genetic Analyzer (Applied Biosystems). Sequence reads were quality-trimmed and assembled into consensus sequences using Sequencer v5.0.
Genetic Subtyping and Resistance Analyses
Genetic subtyping and resistance analyses were performed on the obtained HIV-1 integrase sequences. Assembled sequences were aligned and analyzed using the Stanford HIV Drug Resistance Database (HIVdb) to identify resistance-associated mutations (RAMs) to integrase strand transfer inhibitors (INSTIs) such as dolutegravir, elvitegravir, and raltegravir. Subtype classification was conducted using the REGA HIV-1 Subtyping Tool and confirmed by phylogenetic analysis based on reference sequences from the Los Alamos HIV database. Recombinant forms were identified using the Recombination Identification Program (RIP) and confirmed by similarity plots. The analysis enabled the determination of both major and minor resistance mutations and the genetic diversity of circulating HIV-1 strains within the study population.







3. RESULTS AND DISCUSSION
3.1. Demographic Characteristics
A total of 130 HIV-1 treatment-naïve individuals were recruited for the study, comprising 87 females (67%) and 43 males (33%), resulting in a sex ratio of 2:1. The participants' ages ranged from 24 to 57 years, with a mean age of 40.5 years. This demographic distribution reflects a predominantly female study population within the adult age group in Yaoundé, Cameroon.Figure 1. Distribution of study subjects according to gender
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3.2. RNA concentration, quality estimation and PCR
RNA concentration and purity were assessed using a NanoDrop ND-1000 spectrophotometer by measuring absorbance at 260 nm and 280 nm, with an optimal A260/A280 ratio of ~2.0 indicating high RNA quality. Following quantification, complementary DNA (cDNA) synthesis and amplification of the HIV-1 integrase gene were performed using reverse transcription PCR (RT-PCR). The first round (pre-nested PCR) was conducted with the SuperScript® III One-Step RT-PCR System (Invitrogen), and the second round (nested PCR) used GoTaq® G2 Flexi DNA Polymerase (Promega). PCR amplification targeted an ~945 bp fragment of the HIV-1 integrase gene, and successful amplification was confirmed by electrophoresis on a 0.8% agarose gel.

Figure 3: Electrophoresis of positive amplicons.
The gel shows a visible, specific band of (~945bp) in size for four patient amplicons, negative template control (NTC), and 1KB ladder. The amplified ~945bp fragments were purified.

















3.3. Analyses of HIV-1
In order to fully characterize each sample sequence, the Stanford HIV Drug Resistance Interpretation Program comprehensively analyze the selected samples.  Expected PCR products were obtained for 65/130 (50%) of the subjects. Reliable complete HIV integrase nucleotide sequences were obtained for 52 viruses (40%) on which genetic subtyping and drug resistance analysis were performed. The detected mutations, nucleotide substitutions and their potential significance are shown in Table 1 below. One major mutation(P145S) was detected in the subjects. This mutation has a high-level resistance to Elvitegravir but 100% susceptibility to Raltegravir and Dolutegravir. However, minor resistance mutations (A128T, P145S, Q95K, G140A/C, G163R/K, G140R) and polymorphisms (E157Q) for integrase inhibitors (INIs) were detected in six different subjects (023, 033, 044, 051, 055, 056).
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Table 1. Drug resistance associated mutations, frequency and coding nucleotides in HIV-1
	Integrase mutation
	Frequency
	Wild type
	Mutant
	Comments

	A128T
	1/52
(1.9%)
	ACT
	GCT
	A128T is a non-polymorphic mutation selected in vitro by EVG. It does not appear to reduce INIs susceptibility


	E157Q
	2/52
(3.8%)
	GAA
	CAA
	E157Q is a polymorphic mutation selected in patients receiving RAL and in vitro by EVG. It appears to have little, if any, effect on INIs susceptibility


	P145S
	1/52
(1.9%)
	CCG
	TCG
	P145S is a rare non-polymorphic mutation selected in vitro by EVG and rarely in patients receiving EVG. It causes high-level resistance to EVG but not to RAL or DTG


	Q95K
	1/52
(1.9%)
	CAA
	AAA
	Q95K is a non-polymorphic accessory mutation selected in patients receiving RAL and in vitro by EVG. Alone, it has little if any effect on INIs susceptibility


	G140S/A/C
G163R
	1/52
(1.9%)
1/52
(1.9%)
	GGG
GGT
GGT
	GCG,
TGT
CGT
	G140S/A/C are non-polymorphic mutations that usually occur with Q148 mutations in patients receiving RAL or EVG. Alone, they do not reduce INIs susceptibility. However, in combination with Q148 mutations they are associated with >100-fold reduction in RAL and EVG susceptibility and an up to 10-fold reduction in DTG susceptibility. -G163R/K occur in 5% to 10% of subtype F viruses from ARV-naive patients but are otherwise non-polymorphic. They are commonly selected in patients receiving RAL. Alone, they have little, if any, effect on INSTI susceptibility.


	G140R
	1/52
(1.9%)
	GGA
	AGA
	G140S/A/C are non-polymorphic mutations that usually occur with Q148 mutations in patients receiving RAL or EVG. Alone, they do not reduce INSTI susceptibility. However, in combination with Q148 mutations they are associated with >100-fold reduction in RAL and EVG susceptibility and an up to 10-fold reduction in DTG susceptibility. G140R is an unusual mutation at this position.



3.4. HIV Integrase Genotypes
	To get the genotypes of the different subjects, we use the Stanford HIV Drug Resistance Database Program which is shown on figure 1below.
Figure 4: Frequencies of various viral subtypes. 














3.5. DISCUSSION
In this study, the majority of participants were females (67%), suggesting a higher enrollment of women, which may reflect the higher HIV prevalence observed among women in Cameroon. This gender disparity is consistent with findings from recent epidemiological studies indicating that biological, behavioral, and socio-cultural factors increase women’s vulnerability to HIV infection (UNAIDS, 2023). The predominance of women may also be attributed to their more frequent use of health services and increased willingness to undergo testing. Most participants were within the sexually active age range of 24 to 57 years, with the highest representation between 38 and 43 years and a mean age of 40.5 ± 7.5 years, aligning with patterns observed in similar demographic analyses (7).
In our cohort, several accessory and polymorphic integrase mutations were identified, consistent with global surveillance of INSTI-naïve populations. E157Q, detected in a CRF02_AG sequence, aligns with widely reported minor polymorphisms that are naturally present in 2–6% of untreated individuals and typically exert minimal impact on susceptibility to dolutegravir (DTG) and raltegravir (RAL), though a modest decrease in elvitegravir (EVG) susceptibility (up to 2.4‑fold) has been observed in vitro (8). G163R, found in subtype A, is rare in non-F subtypes but, E157Q generally does not impair INSTI efficacy when detected alone(9). Q95K, observed in a subtype G sequence, is another accessory mutation with negligible effect when unaccompanied by major resistance mutations(6). In subtype A, G140S/A/C mutations were also found, these are non-polymorphic and, although not impactful alone, can drive high-level resistance (>100-fold to RAL/EVG and ~10-fold to DTG) when paired with Q148 mutations(10). The A128T mutation in CRF02_AG, similarly selected in vitro by EVG, shows little phenotypic effect on INSTI susceptibility(10). Finally, P145S, a rare mutation also detected in CRF02_AG, is notable for conferring high-level EVG resistance while having minimal impact on RAL and DTG susceptibility.
Overall, our findings are consistent with other recent surveillance studies reporting low prevalence of major INSTI resistance among treatment-naïve patients, even in diverse non-B subtypes(6). However, the presence of accessory mutations—particularly when combined—underlines the importance of continued molecular monitoring as INSTI-based regimens become increasingly utilized.
The data show a clear predominance of minor integrase polymorphisms—present in 5 out of 6 sequences (83.3%)—over major resistance mutations, found in just 1 out of 6 (16.7%). This distribution likely reflects the recent introduction of dolutegravir (DTG) in Cameroon (2017) and the limited use, if any, of other integrase inhibitors until recently. Similarly, Semengue et al. (2021) reported a comparable absence of major integrase strand transfer inhibitor (INSTI) mutations but a high prevalence of accessory polymorphic mutations (>50%) among ART‑naïve individuals in Cameroon(11). Likewise, Mikasi et al. (2020) confirmed this pattern, underscoring that while major INSTI resistance remains rare, naturally occurring minor mutations are widespread among non-B subtypes(11). Cases in Mozambique and South Africa have shown similar results, with low major resistance and frequent minor variants, emphasizing the global nature of this trend.
Regarding subtype distribution, this study revealed a genetic landscape dominated by CRF02_AG (54.7%), followed by subtypes A (28.3%), G (7.5%), C (3.8%), F2 (3.8%), and CRF09_cpx (1.9%). These findings are consistent with recent genomic surveillance, which indicates that CRF02_AG remains the most prevalent form in Cameroon—comprising approximately 50–70% of infections—and that the country harbors unusually high HIV-1 diversity, including multiple recombinants and rare lineages(12). The pronounced genetic heterogeneity and dominance of CRF02_AG reflect the longstanding and dynamic HIV epidemic in the region.
Together, our results highlight the current landscape of INSTI resistance and subtype complexity: while major resistance to INSTIs remains uncommon, the ubiquitous presence of minor polymorphisms, especially in the context of evolving treatment regimens, underscores the need for continuous molecular monitoring, particularly as dolutegravir-based therapies become the standard of care.
4. CONCLUSION
This study provides important baseline data on the genetic diversity and integrase inhibitor resistance-associated mutations among treatment-naïve HIV-1 infected individuals in Yaoundé, Cameroon. The predominance of minor mutations and the near absence of major resistance mutations suggest a low level of transmitted resistance to integrase strand transfer inhibitors (INSTIs), likely due to the recent and limited introduction of these drugs, particularly dolutegravir. The high prevalence of the CRF02_AG subtype, along with the detection of other subtypes and recombinant forms, confirms the extensive genetic heterogeneity of HIV-1 circulating in Cameroon. These findings underscore the importance of ongoing molecular surveillance to monitor emerging resistance patterns and guide the effective use of INSTI-based regimens in resource-limited settings.
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