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Introduction

In humans, RNA viruses are responsible for a wide range of acute, chronic, emerging and re-emerging infections. Human Immunodeficiency virus (HIV) and hepatitis C virus (HCV) rank as some of the most important public health challenges affecting Africa.





Methods

We performed enzyme-linked immune-sorbent assays to confirm positive specimens, and the genomic characterization on two cohorts of people living with HIV in Douala and Yaoundé for the periods 2005-2006 and 2015-2016. These groups were tested for co-infection with HCV using the enzyme-linked immunosorbent assays. Viral RNA was extracted from positive patients’ plasma samples by QIAGEN method, and specific primers were used to amplify the genes of interest on HIV and HCV genomes. The amplification products were subsequently cloned and sequenced. The nucleotide sequences were aligned, genotyped and phylogenetically analyzed.





Results

The HIV isolate identified in this study belongs to HIV-1 group M Subtype A1. The HCV subtypes characterized in this study are 1h and 4t corresponding to the dominant strains that circulate in Cameroon. Phylogenetic analysis of the HCV NS5B gene showed that the study viruses cluster with Gabonese, Canadian, and previously sequenced viruses from Cameroon.





Conclusion and perspectives

These results shed light on the genetic diversity of HIV and HCV in Cameroon. Virulent HCV infections are common in Cameroon, and therefore there is a great need for further analysis of the viral evolutionary and spatio-temporal patterns.
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1 Introduction

The acquired immune deficiency syndrome (AIDS) pandemic has long captured the attention of the medical world, but despite various strategies it still causes significant morbidity and mortality. There were more than 38.4 million people globally living with human immunodeficiency virus (HIV) in 2021; 1.5 million became newly infected with HIV and 650,000 people died from AIDS-related illnesses in the same year. Furthermore, since the start of the HIV epidemic, 84.2 million people have become infected with HIV, and 40.1 million have died from AIDS-related illnesses. In Western and Central Africa, 5.0 million people were living with HIV in 2021 (1). Unlike HIV/AIDS, viral hepatitis has been understudied in tropical Africa, but, fortunately, disease management has been given greater significance following the endorsement of a new Global Health Sector Strategy on HIV in the 2016–2021 sustainable development goals (SDGs) (2). SDG Target 3.3 aims to end the epidemics of AIDS, tuberculosis, malaria, and neglected tropical diseases, and combat hepatitis, water-borne diseases, and other communicable diseases.

Viral hepatitis infection can cause life-threatening liver disease. Six types of viruses are known to be responsible for hepatitis: A, B, C, Delta, E, and G. Hepatitis B virus (HBV) and hepatitis C virus (HCV) are the most virulent species, with infections among the top 10 causes of death worldwide and therefore can be considered an international concern. HBV and HCV are responsible for most liver cirrhosis and cancers (3). There is currently no vaccine available against HCV. Antiviral medicines can cure approximately 90% of people with HCV, thereby reducing the risk of death from liver cirrhosis and cancer (3–5). The introduction of direct acting antivirals (DAAs), such as daclatasvir (NS5A inhibitor), symeprevir (NS3 inhibitor), and sofosbuvir (NS5B inhibitor), against HCV is revolutionizing HCV treatment and improving the prognosis of HCV infections and also coinfections with other viruses such as HIV. However, the HCV treatment protocol and the duration and the success of treatment with DAAs depend on the stage of the infection (acute or chronic), and more importantly on the HCV genotypes/subtypes (6). Hence, there is a need to always perform HCV genotyping before the initiation of the treatment. The most recent national survey in Cameroon indicates that HCV infections are endemic, with a prevalence of 1.03% in the general population. However, HCV infection prevalence is higher in older populations: 3% between those aged 45–55 years and 7% in people aged above 55 years (7, 8). Additionally, studies show that the HCV epidemic in Cameroon is characterized by significant genetic diversity (9–11).

HCV is a positive-strand RNA virus with a genome of approximately 9.6 kb. It has a single open-reading frame (ORF) that is flanked by 5′ and 3′ untranslated regions (UTRs). The ORF encodes a polyprotein precursor of about 3,010 amino acids that is cleaved by cellular and viral proteases into structural proteins (core, E1 and E2, P7) and non-structural proteins (NS2–5B) (12, 13). HCV isolates are classified into seven major genotypes, each containing several subtypes that differ by about 20% at the amino-acid level (14). Studies conducted in Cameroon have described the dominance of HCV genotypes 1, 2, and 4 (9–11). However, limited data are available for a full-length complete genome analysis of Cameroonian HCV isolates. Coinfection with other viruses is an important hallmark of HCV infection that can contribute to differences in pathogenesis mechanisms and treatment outcomes. For instance, it is possible that the presence of other viruses such as HIV and HBV may exacerbate the pathogenic features of an HCV infection and thereby the clinical and/or therapeutic outcomes. As a matter of fact, it has been observed in a case report study that DAA treatment in patients with an HCV/HBV coinfection may lead to a life-threatening reactivation of an HBV infection (15).

In this study, we performed genomic surveillances and phylogenetic analyses of circulating HIV and HCV mono-infected and coinfected isolates from Cameroonian patients in 2005–2006 and 2015–2016. The evolutionary patterns detected in this analysis are valuable to the monitoring of disease progression and can inform the development of (diagnosis) tools and HCV therapeutics vaccines.




2 Materials and methods

Based on previous reports on HIV and HCV seroprevalence in Cameroon (7, 8), and also a systematic review with meta-analysis (16), we collected representative mono-infected/coinfected samples for the molecular analysis. The positivity of the specimens was confirmed by enzyme-linked immunosorbent assays (ELISAs). From 2005 to 2006, 36 blood specimens from patients who had tested positive for HIV (22 from volunteer blood donors and 14 from newly diagnosed people living with HIV/AIDS not yet on HIV treatment) were collected in Laquintinie Hospital, Douala. From 2015 to 2016, blood samples were collected from 149 HIV-positive patients from Yaoundé Military Hospital and Bastos Clinic, aged 18–64 years. Samples from both cohorts were confirmed as HIV positive by a sandwich ELISA (GENSCREEN PLUS HIV, BioRad, France): GENSCREEN PLUS HIV Ag-Ab is an enzyme immunoassay for the detection of HIV infections; it is based on the principle of the sandwich technique, and thus on the detection of the HIV-1 antigen and the various antibodies associated with HIV-1 and/or HIV-2 virus in human plasma. The solid phase is coated with the following monoclonal antibodies against p24 HIV-1 antigen and purified antigens: gp160 recombinant protein with an artificial functional consensus polypeptide, which is composed of variable sequences of the virus inserted into well-preserved sequences of HIV-1 group O strains and a peptide mimicking the immunodominant epitope of the HIV-2 envelope protein. The GENSCREEN PLUS HIV Ag-Ab conjugates are based on the use of biotinylated polyclonal antibodies to HIV antigens, Avidin, and HIV antigens peroxidase conjugate (gp41) and gp36 mimicking the immunodominant epitopes of the HIV-1 and HIV-2 envelope glycoproteins, and the same functional consensus polypeptide of HIV-1 used for the solid phase. To determine whether these samples were HCV positive they were screened for capsid antigens and antibodies associated with HCV infections using the ORTHO HCV 3.0 ELISA Test System with Enhanced SAVe (Ortho-Clinical Diagnostics Kit, USA). This is a semi-quantitative ELISA for the detection of antigens and antibodies of HCV in human plasma. It uses micro-wells coated with recombinant HCV-encoded antigens as the solid phase. Antigens and antibodies which become bound to the solid phase can be detected by complementary antibodies or antigens, labeled with an enzyme capable of acting on a chromogenic substrate. When an enzyme substrate is applied, the presence of antigens or antibodies can be detected by the development of the colored end-product, the absorbance of which can be read in the spectrophotometer. The assay is a three-stage test carried out in a micro-well coated with a combination of recombinant HCV antigens (c22–3, c200, and NS5).

To perform genotyping and phylogenetic analyses on HIV and HCV genes, viral RNA was isolated from HIV/HCV coinfected or mono-infected patients’ specimens in the above-mentioned reference hospitals located in Douala and Yaoundé, Cameroon. Because HIV and HCV are both RNA viruses, viral RNA was extracted from human plasma and served as basic genetic material for molecular studies. These molecular studies involved RNA isolation, cDNA synthesis, RT-PCR, nested PCR, semi-nested PCR, gene cloning, DNA sequencing, sequence data management, sequence data analysis, and phylogenetic analysis. To avoid co-purification of cellular DNA, a pre-treatment was necessary before the RNA extraction. For this, 200µL of human plasma samples were filtered through a 0.22µm filter (micrometer column) and viral particles were separated from host contaminants using centrifugation and filtration. To remove contaminated nucleic acids by digestion, the DNAse I enzyme was added for an hour at 37°C. Viral RNA was extracted using the QIAamp viral RNA QIAGEN Kit for viral RNA extraction according to the manufacturer’s instructions, in 50-µL concentrations, and used for both HIV and HCV genome amplification. To preserve the extracted viral RNA, specimens were immediately amplified, used for cDNA synthesis, or stored in absolute ethanol for subsequent analyses. The principal genes characterized were HIV Pol-RT and Env-c2v3, and also HCV Core, E2, and NS5B. Regions encompassing these genes were consecutively reverse transcribed and amplified by polymerase chain reaction (RT-PCR) using specific primers. Tables 1–3 display the primers used to amplify the different regions and the various positions on the viral genomes, as previously described (9–11). The viral RNA of HIV was reverse transcribed at 50°C for 50 min followed by 39 cycles of 94°C for 1 min, 54°C for 1 min, and an extension of 72°C for 1.5 min. The HCV RNA was amplified for 35 cycles of denaturation at 93°C for 30 s, annealing at 60°C for 30 s, and an extension at 72°C for 1 min. All PCR products were resolved in 1.5% agarose gel electrophoresis. PCR products were cloned into a TOPO pCR 2.1 vector using the TOPO pCR cloning technology (ThermoFisher). The resulting clones were used to transform chemically competent DH5-α cells, purified, and sequenced. Plasmid DNA obtained was used for DNA sequencing through the Applied Biosystems BigDye Terminator Sanger cycle sequencing as described by Iles et al., 2015 (11). The derived nucleotide sequences (n = 1 HIV sequences; n = 10 HCV sequences) were aligned using several different software programs: SeqMan implemented in DNASTAR in 2008, Genious version 12.2.3 in 2017, and Clustal W implemented in BioEdit. Consensus nucleotide sequences were compared with a database of reference sequences belonging to different genotypes/sub-genotypes available through NCBI BLASTN/homology search, and the genetic relatedness of the consensus sequences was inferred by phylogenetic analysis.


Table 1 | Primers for cDNA synthesis and nested polymerase chain reaction (PCR) for the HIV-1 group M Env gene.




Table 2 | Primers for the nested PCR to amplify the HIV Pol-RT gene.




Table 3 | Primers for the semi-nested PCR and nested PCR to amplified HCV genes.



In order to determine the evolutionary history of the study HCV and HIV sequences, reference sequences and background datasets were compiled using the NCBI Basic Local Alignment Search Tool (BLAST) database for HCV genes NS5B, E, and HIV pol gene. The first 20 sequences with the lowest e-value against each study sequence were retrieved and aligned with the reference sequences using the –add fragments option of MAFFT online (17). The final alignments were visually checked for artifacts produced during the alignment procedure using AliView (18). All alignments were analyzed for recombination with RDRP 4 software using default settings with the option of linear sequences (19) (https://rdp4.software.informer.com/4.1). Maximum likelihood trees of HCV genes NS5b and E2 were inferred using the web version of IQ-TREE software, with 1,000 ultrafast bootstrap (UFB) replicates generated per partition separately and then concatenated together (20, 21) (iqtree.cibiv.univie.ac.at). For the HIV pol gene, a maximum likelihood tree was built from the web version of IQ-TREE software, with 1,000 replicated of Shimodaira–Hasegawa approximate likelihood ratio test (SH-aLRT) as statistical support, since the length of the sequence was only 3% of the total length of the gene, which was too short for any bootstrap analysis (iqtree.cibiv.univie.ac.at).

Ethical considerations: The present study satisfied the national and international ethical standards: ethical clearance was obtained from the Cameroon National Research Ethics Committee for Human Health, before the study implementation; informed consent was obtained from study participants or through their legal representatives before enrollment and sample collection. The study was conducted in accordance with the CIOMS guidelines, and complied in accordance with the Declaration of Helsinki, 2013. Participants gave their authorization that samples could be transferred from Cameroon to the United States of America for future investigations in the field of genomics and cell biology.




3 Results

A total of 185 HIV/HCV coinfected and mono-infected samples were analyzed from two study periods (2005–2006 and 2015–2016). We identified 73 samples that were positive for the capsid antigens and antibodies associated with HCV infections using ELISA. From these positive samples, 36 isolates were reverse transcribed and amplified by PCR, among which 17 HCV NS5B genes (47.22%), four HCV E genes (11.11%), and one HIV isolate (2.77%) were successfully sequenced. The alignments with the background dataset and the study sequences were inspected for recombination using RDRP4, with six different methods (RDP, GENECONV, MaxChi, Bootscan, Chimaera, and SiScan) that ran simultaneously against the sequences. The events detected by more than three of the above methods were considered positive. We determined that one sequence each in HCV NS5B and HIV background datasets had signals of recombination. We also identified nine study sequences for the HCV NS5B gene and two sequences for the HCV E gene that had significant genetic divergence. The recombinant and the divergent sequences were removed from the multi-sequence alignment and subsequent analyses.

The characterization of eight HCV NS5B genes showed that the study sequences from Cameroon belonged to genotypes 1 and 4 (Figure 1). Four HCV NS5B sequences belonged to genotype 1 subtype “h”. Sequences from samples labeled Cameroon 5 and Cameroon 6 clustered closely with each other and with the strains from Gabon and Canada (UFB=72), and sequences from samples labeled Cameroon 10 and 16 clustered together with each other and other previously sequenced HCV strains from Cameroon collected in 2016 (UFB=100). The study strains with identifiers Cameroon 1, 2, 12, and 14 belong to genotype 4 subtype “t” and clustered closely with each other and viruses from Canada, Gabon, and other local strains of HCV from Cameroon (UFB ranges from 82 to 100) that circulated during 2006–2014 (Figure 1). The HCV E gene sequences belong to genotype 2 (Figure 2) and cluster phylogenetically separately from each other. The isolate HCV_044E2 clusters with viruses from the United Kingdom (UFB=49), and HCV_036E2 was contiguous to a French isolate (UFB=26).




Figure 1 | Maximum-likelihood tree of the HIV pol gene. The study sequence is represented by the bold green branch leading to the tip label. The tip colors represent HIV group M Subtype A1. The number at the internal node represents the SH-aLRT support of the ancestor node of the study sequence. The scale represents the nucleotide substitution per site.






Figure 2 | Maximum-likelihood tree of the HCV E gene. The study sequences are represented by the bold green branches leading to their tip labels. The tip colors represent HCV genotype 2. The numbers at the internal nodes represent the bootstrap support of the ancestor nodes of the study sequences. The scale represents the nucleotide substitution per site.



The isolate HIV_040C belonged to group M’s A1 subtype and clustered with viruses that circulated in Pakistan in 2014 (Figure 3); however, the support value is not significant (SH-aLRT=40.7) due to the short sequence length obtained from sequencing.




Figure 3 | Maximum-likelihood tree of the HCV NS5B gene. The study sequences are represented by the bold green branches leading to their tip labels. The tip colors represent HCV genotypes 1, 2, 3, and 4. The numbers at the internal nodes represent the bootstrap support of the ancestor nodes of the study sequences. The scale represents the nucleotide substitution per site. Triangles in the phylogeny represent collapsed branches leading to sequences that are not relevant to the study dataset.



An age-stratified analysis shows that HCV-infected and HIV/HCV-coinfected individuals are, on average, older (35% patients above 55 years old) than HIV mono-infected (51% patients between 20 and 39 years old) (p-value <0.05).




4 Discussion

The present findings corroborate and extend previous investigations on circulating HIV and HCV diversity in Africa. The results obtained from the present study show that the HIV isolate is from HIV-1 group M Subtype A1. Subtype A1 is among the most prevalent subtypes in Cameroon, after the circulating recombinant form CRF02_AG [Geography Search Interface (lanl.gov)].

The majority of studies with African isolates display the circulation of HCV genotypes 1, 4, and 5; thus, these strains most commonly occur in Africa (22–25). With the core and NS5B gene sequences, HCV genotypes 1 and 4 were identified in the present study, and our findings reveal that these strains belong to subtypes or sub-genotypes 1h and 4t, respectively. There are reports that fewer people with genotype 1 infections experience viral clearance with treatment than people with genotype 2 infections (6), whereas the same treatment protocol is recommended in people with genotypes 1 and 4. Genotypes 2 and 3 also circulate in Cameroon (9, 26), and the HCV E gene sequences in the present study were shown as belonging to genotype 2. This information was derived from analysis of the NS5B gene, as performed in other studies for genotyping and genetic diversity investigations (10, 11, 27). Furthermore, the HCV NS5B gene seems to be suitable for diagnostics, as amplification was efficient in more than 60% of the HIV/HCV coinfected isolates. In fact, the genetic heterogeneity in the HCV genome has been used to identify phylogenetically distinct genotypes HCV-1 to HCV-6 (28, 29) and many subtypes (30). A study conducted in the bordering country of Gabon also showed a high prevalence of HCV genotype 4, which might suggest some extent of transmission events between the countries. Since infection due to the mentioned genotypes is also known to be virulent (6), this might explain the great challenge of chronic hepatitis progression in the Central Africa sub-region. The phylogeny of HCV E2 presents long branches leading to E2 isolates, suggesting that additional data would be valuable for more accurate inferences of the evolutionary and transmission dynamics of HCV in Cameroon. Furthermore, we noticed that, regardless of whether the samples were collected in Douala or in Yaoundé within the various periods, there is no difference in terms of circulating HCV genotypes in Cameroon. The same genotypes 1 and 4 are identified as predominant even with NCBI BLAST. Because these strains are the most aggressive ones and are less likely thangenotypes 2 and 3 to respond to interferon treatment, WHO updated itsevidence-based recommendations for the use of DAAs, and this should beimplemented in these settings and the consequences of this evaluated.

Investigation also revealed that HIV/HCV-coinfected individuals are older on average than HIV mono-infected individuals, with an unusually high HCV prevalence (24.82%), and the majority are aged over 55 years. This corroborates the findings of a study in Cameroon from the late 1950s, which indicates that HCV is associated with age and access to medical care for patients aged over 50 years (7).




5 Conclusion

These results shed light on the genetic diversity of HIV and HCV in Cameroon. Virulent HCV infections are common in Cameroon, and therefore there is a need for further analysis of the viral strains driving these dynamics, as well as monitoring the disease progression in the sub-region. These findings are crucial for WHO policy and practice, as well as Cameroon’s Ministry of Health’s Strategic Plan. Comprehensive representation of the HCV and HIV diversity circulating in Africa can help inform the pre-clinical evaluation of vaccine candidates and therapeutics.
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RT1 GGAAACCAAAAATGAGGGGGAATTGGAGG 1,961-1,989 Outer/sense
RT2 TCTACTTGTCCATGCATGGCTTC 3,975-3,953 Outer/antisense
RT3 ATTTTCCCATTAGTCCTATT 2,127-2,146 Inner/sense

RT4 ATGTCATTGACAGTCCAGCT 2,901-2,882 Inner/antisense
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NS5B region (semi-nested PCR)

YO 2774 TATGATACCCGCTGCTTTGACTC 8,259-8,278 Outer/sense
YO 2775 GCAGAGTACCTCGTCATAGCCTC 8,641-8,622 Outer/antisense
YO 2776 GCTAGTCATAGCCTCCGT 8,633-8,619 Inner/antisense

Core Region (Nested PCR)

YO 2777 ACTGCCTGATAGGGTGCTTGCGAG 291-311 Inner/sense
YO 2778 ATGTACCCCATGAGGTCGGC 748-732 Outer/antisense
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YO 2780 CATGTGAGGGTATCGATGAC 721-705 Outer/antisense

i
E2 Region (PCR)
E2-S1-G6 ATGGCDTGGGAYATGATGATGAAYTGG 1293-1319 Inner/sense

Ks4-1b ATGTGCCAGCTGCCATTGGT 1606-1587 Outer/antisense
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JA167 [ TATC(C/T)TTTGAGCCAATTCC(C/T)ATACA 6846-6869 Outer/sense
JA170 GTGATGATAT(A/G)CA(A/G)TAGAAAAATTC 7388-7364 Outer/antisense
JA168 ACAATG(C/T)ACACATGGAATTA(A/G)GCCA 6958-6982 Inner/sense

JA169 AGAAAAATTC(C/T)CCTC(C/T)ACAATTAAA 7373-7349 Inner/antisense





