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Abstract
The recent MPXV epidemic in Africa revealed significant viral diversity and complex transmission dynamics, warranting a sub-regional genomic study. We analyzed 1,630 high-quality MPXV clade Ia genomes from seven Central African countries, revealing the complex and concurrent circulation of sub clades Ia and Ib. Sub clade Ia showed high viral diversity in reservoir hosts, detected through zoonotic transmission and associated with a recently observed persistent human epidemic. In contrast, clade Ib showed evidence of sustained human-to-human transmission in East and Southern Africa. Similar to clade Ia, clade IIb exhibits ongoing zoonotic transmission and a persistent human epidemic linked to the circulation of G1 and G2 lineages. Phylogeographic analyses revealed frequent cross-border transmission and significant interconnectedness, consistent with human mobility corridors and international borders. For example, the Democratic Republic of Congo and Sierra Leone appear to be sources of regional exports, while the Cameroon-Nigeria, Central African Republic-Cameroon, and Central African Republic-DRC interfaces reflect ongoing cross-border zoonotic spillovers. These findings underscore the need for harmonized genomic surveillance, APOBEC3-based triage, and integrated One Health strategies to prevent the escalation of local outbreaks into regional epidemics and to guide vaccine deployment and public health preparedness.
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1. Introduction
Monkeypox (mpox) epidemics have historically resulted from the zoonotic spread of monkeypox virus (MPXV) clade I in Central Africa and MPXV clade II in West Africa [1, 2]. However, since 2022, a global mpox epidemic has occurred, with 109,699 laboratory-confirmed cases and 236 deaths in 123 countries from January 2022 to September 2024. This epidemic was much more prevalent in African countries [3, 4]. In response, the World Health Organization (WHO) declared a Public Health Emergency of International Concern [5]. MPXV is an enveloped, double-stranded DNA virus belonging to the Poxviridae family, which includes smallpox viruses (the causative agent of monkeypox) and vaccinia viruses (used in smallpox vaccination). Human-to-human transmission occurs primarily through direct contact with skin lesions, bodily fluids, contaminated objects, or respiratory droplets from an infected person. Animals, particularly rodents, play a crucial role in zoonotic transmission. In humans, MPXV causes Mpox, characterized by fever, lymphadenopathy, and a vesiculopapular rash. There are two distinct genetic clades of MPXV: clade I, found mainly in Central Africa, particularly the Central African Republic (CAR), and associated with severe clinical symptoms and high mortality (4–11%), while clade II, largely confined to West Africa until the 2022 global outbreak, causes less severe disease and a lower mortality rate of <4% [2].
Historically, MPXV clade I has predominated, accounting for 95% of reported cases. In 2017, a major epidemic of MPXV clade IIb occurred in Nigeria, with sustained human-to-human transmission, including through sexual contact. These findings were overlooked until a clade IIb lineage – B.1 – caused a global epidemic in May 2022, with 95,226 confirmed cases in 117 countries by March 2024 [4]. Genomic analyses of B.1 revealed a mutational pattern suggesting non-canonical evolution, driven by an apolipoprotein B messenger RNA editing enzyme, catalytic subunit 3 cytosine deamination (APOBEC3), a hallmark of human-to-human transmission of MPXV [5, 6]. The mutations in MPXV have been confirmed in vitro as originating from the apolipoprotein B mRNA editing enzyme, catalytic polypeptide type 3F (APOBEC3F), suggesting that clade IIb entered human populations as early as 2015 [7]. By April 2024, the global epidemic of clade IIb B.1 had largely subsided, although the virus continued to circulate in Nigeria and other countries. On July 20, 2024, the Central African Republic declared an Mpox epidemic within its territory. It is in this context that this study was conducted, with the objective of determining the prevalence of Mpox at the National Laboratory in Bangui.

2. Methodology
2.1. Type and location of the study
This was a cross-sectional, retrospective study based on a collection of newly completed and near-complete MPXV sequences. Public sequences were extracted from open-access databases such as the Global Influenza All Data Sharing Initiative (GISAID) and other repositories (Pathoplexus), as of August 21, 2025.
2.2. Inclusion and exclusion criteria
The study included only sequences associated with minimal demographic metadata, such as collection date, country, and region.
2.3. Sampling and Data Collection
For our study, we conducted a continent-wide genomic analysis of the Mexican smallpox virus (MPXV) across Africa, integrating 3,450 genomes and public sequences representing clades Ia, Ib, IIa, and IIb, covering the period from 1970 to 2025 and originating from more than 24 African Union Member States. All Member States voluntarily contributed their MPXV genomic data via the secure, cloud-based Terra platform, enabling integrated analyses, harmonized interpretation, and the development of a unified study across the subregion.
2.4. Sequencing and Bioinformatics Analysis
2.4.1. Genome Assembly:
Samples from six Member States of the subregion were assembled according to the library preparation strategy. For data generated by probe hybridization capture, genomes were assembled using various pipelines, such as the viral-ngs assemble_denovo_metagenomic pipeline with automated reference genome selection, czid, consensus fasta, metatropics, or other country-specific internal pipelines. When amplicon sequencing was used as the enrichment method, genomes were assembled using the ARTIC-MPXV pipelines for Illumina or Nanopore.
2.4.2. Phylogenetic Analysis
We used NextClade v3.16.0 [8] to assign a clade and lineage to each genome, according to the nomenclature [9]. This assignment allowed us to segment the genomes based on their clade of origin. The genomes were compiled for each clade, along with metadata relating to the country of origin and the collection date. For each clade, we used Squirrel v1.2.2 to perform alignment, phylogenetic analysis, and APOBEC3 reconstruction [10]. Squirrel aligns the MPXV genomes by mapping them to RefSeq Clade I or Clade II (access numbers: NC_003310 and NC_063383, respectively) using minimap2 and constructs an alignment using gofasta [11]. By default, the 3’ INT (Inverted Terminal Repeat) region and a set of known problematic regions are masked. The software automatically selects a suitable outgroup to root the tree based on the specified clade and uses IQTREE2 to estimate a maximum likelihood phylogeny, according to the HKY model [12]. Ancestral state reconstructions are performed, and Squirrel uses these node state reconstructions to infer mutations that have occurred along each branch of the phylogeny. Squirrel categorizes each SNP according to whether or not it appears in an APOBEC3 context and plots a phylogeny with these reconstructions along the branches. Initially, Squirrel was run in quality control (QC) mode, which flags SNPs that might arise from assembly or alignment issues (e.g., clustered SNPs, N-adjacent SNPs, convergent SNPs, or reversions from the reference sequence). Each SNP was visually examined, and then Squirrel was run a second time with an additional mask file that included the flagged clustered and N-adjacent SNPs. Convergent SNPs were not masked, and reversions were used to identify potential assembly errors in the genomes. For the combined phylogenetic analysis, a subset of genomes was selected to represent the major diversity of each clade (218 genomes in total, including 64, 100, 13, and 41 for clades Ia, Ib, IIa, and IIb, respectively). The genomes of clades I and II were first aligned and masked separately using SQUIRREL, relative to their respective RefSeq sequences and masked with the appropriate mask files. The alignments were then combined by MAFFT profile alignment, which assumes the phylogenetic independence of each clade [13]. IQTREE2 was used to estimate a maximum likelihood tree, with the HKY model and 1000 ultrafast bootstrap resamplings (Minh et al., 2020).
2.5. Ethics
This study received approval from the Research Ethics Committee of the Doctoral School of Human and Veterinary Health Sciences at the University of Bangui (ESP/CE/78/2024). Participants provided verbal consent for data collection and analysis.
3. Results
3.1. Genomic Diversity of Clade II (a and b) and Clade I (a and b)
In an unprecedented sub-regional effort, we collected 2,877 MPXV virus genomes from clinical samples, including 1,630 genomes from Clade Ia and 1,247 from Clade Ib (Figure 1). These genomes were analyzed by comparing them to a set of reference genomes previously made available in public databases. They were collected in six Central African countries, all member states of the African Union (AU): Cameroon, Central African Republic (CAR), Democratic Republic of Congo (DRC), Gabon, Guinea, and Republic of Congo (DRC). This broad geographical representation allowed for a nuanced understanding of regional transmission dynamics and the evolutionary trajectories of the virus. This comprehensive dataset covering Central Africa marks a transformative moment in pathogen genomics, offering the most complete view to date of the diversity and evolution of the MPXV clade at the sub-regional and African levels (Figure 1)
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Figure 1: The genetic diversity of MPXV is divided into two main clades: clade I (primarily from Central Africa) and clade II (West Africa). To date, three persistent human epidemics have been characterized, represented by triangles on the phylogenetic tree and corresponding to the persistent human epidemics (sh)-2017 (clade IIb), sh2023 (clade Ib), and sh2024 (clade Ia). B) General distribution of MPXV clades in Africa. Distribution of MPXV clades, including clades Ia, Ib, IIa, and IIb, and their relationship to the lineages responsible for recent epidemics.

   3.2. Genomic diversity of MPXV clade Ia
A total of 1,630 MPXV clade Ia genomes from four Central African countries were analyzed. The dataset consisted primarily of genomes from the Democratic Republic of the Congo (DRC, n = 1,514 [92.88%]), with contributions from the Central African Republic (CAR, n = 92 [5.64%]), the Republic of the Congo (DRC, n = 22 [1.35%]), and Cameroon (CAM, n = 2 [0.12%]). To this extensive geographic sample, a set of contextual genomes from clade Ia from the DRC (26), CAR (10), Cameroon (2), Gabon (2), South Sudan (2), and the Republic of the Congo (1) was added. Phylogenetic analysis classified the genomes into different main groups, arbitrarily defined as clusters (Figure 2). Among the previously described clade Ia groups, Group I included genomes from Gabon (2), Cameroon (4), and the Central African Republic (CAR) (2). The two CAR genomes specifically originated from districts near the Cameroonian border. Notably, this group excluded genomes from the Democratic Republic of the Congo (DRC) and the Republic of the Congo (DRC), highlighting the circulation of the virus within a distinct regional reservoir. Group II emerged as the dominant lineage, comprising 1,536 genomes. This group included 20 genomes from the Republic of the Congo (RoC), 90 from the Central African Republic (CAR), and 1,426 from the Democratic Republic of the Congo (DRC). Group II exhibited not only the largest number of genomes but also the greatest genetic diversity (Figure 2). Interestingly, Group II also included genomes linked to the sh2024 outbreak that occurred in Kinshasa, the capital of the DRC. Group III comprised 27 genomes, all originating from the Democratic Republic of the Congo (DRC). Within this group, two distinct subgroups were identified, comprising 13 and 14 genomes, respectively. In addition, we identified a new lineage, called Group VI, closely related to Group III, consisting of 40 genomes from the DRC. Groups IV and V comprised 25 and 6 genomes, respectively, all originating from the DRC. Although small in size, these groups contributed to establishing the overall phylogenetic landscape and highlighted the genomic complexity within the DRC. Finally, two genomes from the DRC and one from the Republic of the Congo did not cluster with any of the previously described groups, suggesting the potential existence of other groups, as was the case for Group V.
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Figure 2. Maximum likelihood phylogenetic tree of MPXV clade Ia. Panel A: Overall tree with the group II genomes grouped together, providing an overview of clade Ia diversity. Panel B: Subtree of group II, highlighting its internal structure and subgroups.
4. Discussion
Mpox surveillance in Africa in general, and in the Central African Republic (CAR) in particular, is hampered by a low case confirmation rate, despite the systematic collection of blood, scab, and lesion samples from all suspected patients. The reliability of these results was based on the quality of the data methodologies used. This exclusive access allowed for the acquisition of sequencing data at the sub-regional level and its comparison with data from the Central African Republic at the National Laboratory of Clinical Biology and Public Health. These results confirm the clade structures described previously while also providing new insights into intraclade diversity. Clade Ia appears to be primarily determined by reservoirs in Central Africa, with the DRC, the Republic of China (Republic of China), and the CAR constituting key areas of zoonotic maintenance and diversification. The DRC, in particular, harbors high intraclade diversity (groups II to V) and potential new groups (VI), a DRC-specific cluster, which is consistent with the long-term maintenance of the virus and its local evolution. Neighboring interfaces, such as Cameroon and Gabon, Cameroon and CAR, DRC and CAR, or DRC and the Republic of China, provide clear examples of ongoing zoonotic transmission and cross-border movement. Furthermore, the first documentation of CAR genomes within group I—composed mainly of genomes from Gabon and Cameroon—demonstrates how expanded sampling improves our understanding of the virus's spatial distribution and reinforces the importance of broader regional genomic surveillance. However, we are also observing the emergence of persistent H2H strains in the DRC, indicating that zoonotic maintenance and human-to-human transmission now coexist within this clade Ia [14]. Genomic profiles, combined with transmission within key populations and mobility linked to insecurity and rural vulnerability, promote local amplification and regional spread, thus intensifying the public health threat beyond traditional foci. Unlike clade Ia and ancestral clade I, clade Ib has demonstrated sustained human-to-human transmission, suggesting the involvement of cryptic reservoirs or undetected asymptomatic infections. Its emergence was first observed in the DRC through clustered outbreaks in the eastern region, before spreading to neighboring countries, where significant epidemics have been recorded in Uganda and Burundi [15,16]. Multiple introductions have since been detected in other non-endemic countries in East and Southern Africa, including Ethiopia, Kenya, Tanzania and Malawi, highlighting its geographic expansion and epidemic potential [17].
5. Conclusion
Analysis of Mpox virus genomic sequences from the Democratic Republic of Congo, the Central African Republic, Congo-Brazzaville, and Cameroon reveals significant genetic diversity, reflecting both the virus's evolutionary dynamics and the specific epidemiological contexts of each region. The similarities observed between certain sequences suggest epidemiological links and cross-border transmission, while the identified genetic variations demonstrate the virus's ongoing adaptation within human and animal populations. These results underscore the importance of genomic sequencing as a crucial tool for surveillance, understanding transmission, and anticipating the emergence of new Mpox virus lineages in Central Africa. They highlight the need to strengthen regional cooperation, genomic data sharing, and surveillance capacities to improve the prevention and control of future epidemics. Finally, this study contributes to a better understanding of the evolution of the Mpox virus and constitutes a scientific basis for public health.
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