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Abstract 

Yellow Fever virus (YFV) continues to challenge public health systems across the Americas, despite 

decades of successful control and the availability of a highly effective vaccine. Following major 

outbreaks between 2016 and 2022, YFV re-emerged in Brazil in 2023, with a confirmed infection in a 

non-human primate in São Paulo linked to viral strains circulating in the Midwest region. This 

reintroduction, combined with increased YFV activity reported across the Americas, signals an ongoing 

risk of viral persistence and geographic expansion. In this study, we investigate recent YFV dynamics in 

forest and peri-urban settings, integrating genomic evidence with ecological and spatial data to trace 

transmission pathways and assess the potential for urban re-emergence. Our findings highlight the need 

for sustained surveillance in both sylvatic and transitional zones, especially amid fluctuating vaccine 

coverage and environmental changes that may facilitate spillover events. 

Text 

Yellow fever (YF), a mosquito-borne disease caused by Yellow Fever virus (species Orthoflavivirus flavi) 

within the family Flaviviridae, continues to pose a significant public health challenge in endemic regions 

of Africa and the Americas (Lindenbach et al., 2013). The virus persists in nature through two primary 

transmission cycles: a sylvatic cycle, involving nonhuman primates (NHPs) and forest canopy mosquitoes 

such as Sabethes and Haemagogus species, and an urban cycle that has not been documented in Brazil 

since 1942 (Possas et al., 2018). While eradication is unlikely due to the presence of animal reservoirs, 

high vaccine coverage remains the most effective approach to avert urban outbreaks. However, despite 

the availability of a highly effective vaccine, Brazil faced notable YFV re-emergence between 2016 and 

2022 (Faria et al., 2018; Giovanetti et al., 2019; Giovanetti et al., 2023). In early 2023, a YFV infection 

detected in a non-human primate in the state of São Paulo was confirmed through genomic analysis to 

represent a novel introduction originating from the Midwest region of Brazil, reinforcing concerns 

regarding continued viral dissemination and transmission risk (Fernandes et al., 2023). Later that year, 

the Pan-American Health Organization (PAHO) reported a broader rise in YFV activity throughout the 

Americas, reinforcing concerns over the population persistence of the virus and its potential for wider 

spread (PAHO, 2025). Herein, we investigated the re-emergence of YFV post-2023, with emphasis on its 

spread in forest and peri-urban settings. 

Our geographic analysis of confirmed human cases between 2023 and 2025 revealed a 

progressive eastward expansion of YFV circulation (Figure 1). In 2023, the majority of cases remained 

concentrated in western Amazonian regions. However, in 2024 and early 2025, new clusters were 

identified in central and northern Brazil, with increasing detections in southeastern states, including 

previously unaffected areas of the states of São Paulo and Minas Gerais. This pattern is consistent with 

historical observations of YFV dissemination from enzootic Amazonian reservoirs into more populated 

transitional zones (Giovanetti et al., 2023). The country-level distribution of YFV cases demonstrates a 

marked increase in transmission across the region, with Colombia experiencing increases in 2024-2025 
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and Brazil experiencing the sharpest rise in 2025 (Figure 1b). At the Brazilian state level, surveillance

data highlight substantial increases in both case numbers and YFV-related mortality in Pará and Minas

Gerais, which remain areas of concern due to their ecological connectivity and the presence of

vulnerable populations with suboptimal vaccine coverage (Figure 1c). 

Figure 1. Spatiotemporal dynamics and epidemiological trends of yellow fever virus (YFV) circulation in South

America from 2023 to 2025. a) Geographical distribution of confirmed human YFV cases overlaid on a land cover map

of South America. Brazil is highlighted with a black border. Red circles indicate reported cases for each respective year

(2023, 2024, and 2025); b) Number of confirmed YFV cases reported per year by country (Bolivia, Brazil, Colombia

Guyana, and Peru). A marked increase in total cases is observed in 2025; c) Number of confirmed cases (left) and

deaths (right) reported annually by selected Brazilian states. Data highlight rising case numbers in Pará and Minas

Gerais, with associated increases in YFV-related mortality. 

 

To investigate the emergence and spread of YFV in two affected Brazilian states - Pará (PA) and

Minas Gerais (MG) - we implemented an integrated molecular and genomic surveillance approach

Clinical samples were processed at the state public health laboratories, where viral RNA was extracted

and screened by RT-qPCR (Domingo et al., 2012). Positive samples underwent whole-genome

sequencing on MiSeq (Illumina) and MinION (Oxford Nanopore) using the COVIDSeq Assay and Native

Barcoding Kit 96 V14, respectively. Consensus genomes were aligned with complete YFV sequences from

GenBank (as of March 24, 2025) using MAFFT (Katoh and Standley, 2013), and phylogenetic analyses

were performed with IQ-TREE2 (Minh et al., 2020) and BEAST v1.10.4 (Brazird et al., 2018). 

A total of 29 novel YFV genomes were generated from samples collected between 2023 and

2025, comprising 13 human and 16 non-human primate (NHP) sequences. These genomes were

obtained from different sample types, including serum (n = 13), liver (n = 14), spleen (n = 1), and lung (n
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= 1), and originated from forest, rural, peri-urban, and urban settings (Table 1). Samples were

geographically distributed between Pará in the Northern region (n = 11) and Minas Gerais in the

Southeastern region of Brazil (n = 18) (Figure 2a). 

 

Figure 2. Genomic and epidemiological characterization of YFV cases in Pará and Minas Gerais, Brazil (2023–2025). a) Map of

Brazil indicating the states of Pará (dark blue) and Minas Gerais (gold) under investigation; b) Proportion of YFV genomes by

host (human: orange; NHP: green) and ecological classification (urban, rural/peri-urban, rural, peri-urban, forest/remote rural)

c) Sampling dates of sequenced genomes by state (PA and MG) and host; d) Age distribution of human cases by state.; e) Time-

scaled maximum likelihood phylogeny including genomes generated in this study and publicly available sequences. Tip colors

indicate sampling location; tip fill denotes host (human: orange; NHP: green; mosquito: beige). Vertical bars to the right

summarize host metadata. All sequences belong to the South American I lineage. 

Ecological classification of the sampling sites indicated that all human infections identified in

Pará were associated with forested or remote rural environments. In contrast, viral genomes recovered

from Minas Gerais were predominantly obtained from NHPs across a broader range of ecologica

contexts, including rural, peri-urban, and urban areas. These findings likely reflect regional differences in

host surveillance and sampling coverage rather than true ecological distribution. Notably, the exclusive

detection of human infections in Pará is of epidemiological significance given the limited documentation

of YFV human cases in this northern region in recent years (Figure 2b, Table 1). This is further supported

by active surveillance near the municipality of Breves, where health authorities reported NHP carcasses

and accounts from local residents of primate mortality occurring 2–3 months before human cases. Such

observations underscore the role of NHP epizootic surveillance as a critical early warning tool for YFV
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circulation (Brazilian Ministry of Health, 2025). However, implementing this strategy in the Amazon 

remains challenging due to dense vegetation and limited access, which can hinder timely sample 

collection and transport. 

Temporal analysis of the newly generated genomes indicated sustained YFV circulation in Minas 

Gerais from early 2023 to early 2025, whereas in Pará YFV genome detections were restricted to a 

shorter period, with all sequences clustering in 2025 (Figure 2c). Demographic data from confirmed 

human infections (n = 13) showed that all cases occurred in males aged between 17 and 65 years. 

Comparative analysis revealed a higher median age among infected individuals in Minas Gerais (~52 

years) relative to those in Pará (~39 years), although this difference was not statistically significant (t-

test p = 0.32, Figure 2d) likely due to the small number of data points available for Minas Gerais (n=4). 

Sequencing quality varied across samples, with Ct values ranging from 11 to 35. Genome coverage 

exceeded 85% in 19 of the 29 sequences, and as expected, depth of coverage showed an inverse 

correlation with Ct values (Table 1). 

All genomes generated in this study were classified within the South American I lineage (Figure 

2e). Sequences from Pará formed a well-supported monophyletic group, with Bayesian phylogenetic 

analysis estimating its emergence around mid-March 2024 (95% highest posterior density [HPD]: early 

March 2023 to October 2024). Notably, this clade was rooted by a basal strain from Pará collected in 

2017, suggesting possible undetected viral persistence and subsequent detected re-emergence in the 

region. In contrast, sequences from Minas Gerais clustered with recent genomes from São Paulo (Cunha 

et al., 2025), forming a distinct lineage closely related to a genome from Goiás (Midwest Brazil). The 

estimated time to the most recent common ancestor (tMRCA) for this clade was late February 2019 

(HPD: mid-January 2018 to mid-July 2019). This lineage was genetically distinct from strains associated 

with the 2016–2018 southeastern outbreak, supporting a scenario of a more recent reintroduction likely 

around early 2022, followed by sustained local transmission and diversification (Cunha et al., 2025). 

Together, these findings provide genomic and epidemiological evidence for the co-circulation of 

distinct YFV lineages in Brazil during a period of expansion in viral activity, highlighting patterns of 

persistence and re-emergence in the North of the country, alongside sustained endemic transmission in 

the Southeast. Integrated genomic surveillance remains critical to elucidate region-specific transmission 

dynamics and inform timely, geographically tailored public health responses to mitigate the risk of 

future outbreaks. The findings of this report further underscore the currently existing risk of YFV re-

establishing an endemic transmission cycle, supported by both a high abundance of Aedes aegypti and 

outdated 17DD vaccination coverages across the country.  
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