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Abstract 41 

Uruguay experienced its first Chikungunya virus outbreak in 2023, resulting in a significant burden to its 42 

healthcare system. We conducted analysis based on real-time genomic surveillance (30 novel whole 43 

genomes) to offer timely insights into recent local transmission dynamics and eco-epidemiological factors 44 

behind its emergence and spread in the country. 45 

 46 

Text 47 

Chikungunya virus (CHIKV) is an emerging arbovirus posing significant public health challenges 48 

in the Americas. Uruguay reported its first cases in late April to early May 2023, with 51 autochthonous 49 

and 19 imported cases, raising concerns about sustained transmission (1). This event is part of a larger 50 

trend in the Americas, where CHIKV was first detected in 2013 on the island of Saint Martin. The 51 
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Americas have experienced over a million cases in the first year after CHIKV introduction, and by early 52 

2023 over 214,000 cases had been reported (2). 53 

Climate change is a contributing factor to CHIKV's spread, with higher temperatures and altered 54 

rainfall patterns creating new habitats for its main vector - Aedes mosquitoes (3). Unplanned urbanization 55 

may also drive its spread, since Aedes mosquitoes prefer urban environments, mainly breeding in water 56 

containers within households (4). Uruguay's ecological conditions and interconnectedness with 57 

neighboring countries endemic to CHIKV further influence local transmission potential (4). 58 

Understanding the combination of factors driving transmission is crucial for effective surveillance, 59 

prevention, and control.  60 

Despite efforts, significant gaps remain in understanding the genomic diversity and evolution of 61 

circulating CHIKV strains in Uruguay. To address this, we partnered with Montevideo's Central Public 62 

Health Laboratory for genomics and modeling studies. These efforts yielded valuable insights into viral 63 

dynamics, aiding the development of effective future control and surveillance strategies. 64 

Residual clinical samples were collected from CHIKV-positive patients (Ct ≤35) between 65 

February and May 2023. Nanopore technology, was used to generate the first Uruguay's 30 whole 66 

genome sequences (Accession numbers: OR360566-OR360595). Using this data, we constructed 67 

phylogenetic trees to explore the evolutionary and epidemiological links between CHIKV in Uruguay to 68 

those of other sequences of this viral genotype sampled globally. Detailed methodologies are available in 69 

the Supplementary Material. 70 

Additionally, time series data for confirmed, suspected, and probable infections were downloaded 71 

from the PAHO website (5). A measure of climate-driven transmission potential (index P) was estimated 72 

as in (6), using satellite climate data (7) and human incubation and infectious periods as in (8).  73 

Reported cases presented a seasonal signal associated with the local 2022-2023 summer period 74 

(Figure 1A). The correlation between estimated climate-driven transmission potential and reported cases 75 

was high at 0.93, pointing to the role of natural climatic variation in the small CHIKV outbreak. Across 76 

Uruguay, transmission potential was estimated to be highest in the Northwest departments bordering 77 
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Argentina, and lowest in the South including departments surrounding the capital Montevideo (Figure 78 

1B). These observations strongly suggest that local climate is modulating the emergence of CHIKV in 79 

Uruguay, which provides spatio-temporal opportunities for control and mitigation planning. 80 

Out of the tested positive samples, 30 showed sufficient DNA (≥ 2 ng/μL) for library preparation. 81 

The average cycle threshold (Ct) values for PCR were 23.50, ranging from 18 to 32 (Table S1). During 82 

the sequencing process, an average coverage of 97% was achieved, with a range of 84% to 99.5%. The 83 

genotyping assignment confirmed that all samples belonged to the East/Central/South African (ECSA) 84 

lineage. Samples were obtained from six different departments (Table S1 and Figure 1). Median age was 85 

45 years, ranging from 10 to 84 years. Approximately 70% (n=21) were female (Table S1). A total of 22 86 

were identified as autochthonous cases, while the remaining 8 reported a travel history to Brazil (n=1) and 87 

Paraguay (n=7). 88 

A phylodynamic investigation was performed including the 30 newly generated CHIKV genomes 89 

in addition to 819 representative ECSA referenced strains (Fig. 1c). This analysis revealed that the novel 90 

genomes formed a well-structured monophyletic clade, indicating a close genetic relationship. While 91 

genetic data alone cannot establish the directionality of transmission, our findings suggest a probable 92 

origin in Paraguay (Fig. 1c). However, it is crucial to consider the limited availability of whole genome 93 

sequences from other Uruguayan departments and neighboring countries like Argentina. This scarcity of 94 

sequences restricts our ability to better describe and understand the molecular epidemiology of viral 95 

strains at a regional level.  96 

Focusing solely on the novel genomes, we reconstructed viral movements across different 97 

departments in Uruguay. The analysis indicated that the mean time of origin for these samples was in 98 

mid-December 2022, with a 95% highest posterior density (HPD) ranging from early-December 2022 to 99 

early-January 2023. Notably, viruses from this clade spread multiple times from the South Departments 100 

(Canelones, Montevideo, and Maldonado) towards the Midwest (Salto, Paysandú, and Rio Negro) 101 

(Figure 1d). 102 

 103 
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Conclusion 104 

The surge in autochthonous Chikungunya cases in Uruguay and in the Americas more generally raises 105 

concerns for public health. Climate change, unplanned urbanization and the connectedness within 106 

bordering countries that are endemic will have likely contributed to emergence in Uruguay. Swift and 107 

comprehensive action is imperative to control mosquito populations and prevent further transmission. 108 

Learning from past experiences and enhancing regional cooperation are crucial steps in effectively 109 

combating these vector-borne diseases and safeguarding public health. There is a pressing need to 110 

intensify sequencing efforts across the different South American countries to enhance resolution of 111 

phylogenetics in order to better understand the ongoing source-sync dynamics of CHIKV during its 112 

emergence in the continent. 113 

 114 

Figure legend 115 

Figure 1. Eco-epidemiological assessment and temporal trend of CHIKV transmission in Uruguay.  116 

a) Time series of reported CHIKV cases (black, bars) and estimated climate-driven transmission potential 117 

(index P, blue, lines show the mean and shaded area the 95% quantile). The index P is shifted +1 month 118 

into the future (the index tends to precede cases, see (5). b) Map with mean index P at resolution available 119 

in climate data. Official departments are shown, highlighted (black and named) are those for which new 120 

genomes were generated. c) Time-resolved maximum likelihood tree including the newly complete 121 

genome sequence from Uruguay (n=30) generated in this study combined with publicly available 122 

sequences (n=819) from GenBank collected up to July 20th, 2023. Colors indicate geographic location of 123 

sampling. Support for branching structure is shown by bootstrap values at key nodes.; d) Spatiotemporal 124 

reconstruction of the spread of CHIKV-ECSA in Uruguay. Circles represent nodes of the maximum clade 125 

credibility phylogeny, colored according to their inferred time of occurrence (scale shown). Shaded areas 126 

represent the 80% highest posterior density interval and depict the uncertainty of the phylogeographic 127 

estimates for each node. Solid curved lines denote the links between nodes and the directionality of 128 

movement. Curved lines denote the direction of transmission in the anti-clockwise direction.  129 
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