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RESEARCH LETTER

Genomic and eco-epidemiological investigations in Uruguay reveal local
Chikungunya virus transmission dynamics during its expansion across the
Americas in 2023
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ABSTRACT
Uruguay experienced its first Chikungunya virus outbreak in 2023, resulting in a significant burden to its healthcare
system. We conducted analysis based on real-time genomic surveillance (30 novel whole genomes) to offer timely
insights into recent local transmission dynamics and eco-epidemiological factors behind its emergence and spread in
the country.
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Main

Chikungunya virus (CHIKV) is an emerging arbovirus
posing significant public health challenges in the
Americas. Uruguay reported its first cases in late
April to early May 2023, with 51 autochthonous and
19 imported cases, raising concerns about sustained
transmission [1]. This event is part of a larger trend
in the Americas, where CHIKV was first detected in
2013 on the island of Saint Martin. The Americas
have experienced over a million cases in the first
year after CHIKV introduction, and by early 2023
over 214,000 cases had been reported [2].

Climate change is a contributing factor to CHIKV’s
spread, with higher temperatures and altered rainfall
patterns creating new habitats for its main vector –
Aedes mosquitoes [3]. Unplanned urbanization may

also drive its spread, since Aedes mosquitoes prefer
urban environments, mainly breeding in water con-
tainers within households [4].

Uruguay’s ecological conditions and interconnect-
edness with neighbouring countries endemic to
CHIKV further influence local transmission potential
[4]. These ecological conditions include factors such as
temperature, humidity, and rainfall, which can
directly affect the presence and abundance of Aedes
mosquitoes. As climate change continues to manifest
globally, it has the potential to alter these ecological
parameters, thereby impacting the distribution and
behaviour of Aedes mosquitoes increased risk of
CHIKV outbreaks in areas previously considered
non-endemic. Understanding the combination of
these factors driving transmission is crucial for effec-
tive surveillance, prevention, and control.
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Despite efforts, significant gaps remain in under-
standing the genomic diversity and evolution of circu-
lating CHIKV strains in Uruguay. To address this, we
partnered with Montevideo’s Central Public Health
Laboratory for genomics and modelling studies.
These efforts yielded valuable insights into viral
dynamics, aiding the development of effective future
control and surveillance strategies.

Clinical samples (n = 30) were collected from
patients with suspected CHIKV infection at the Central
Laboratory of Health of Uruguay as part of routine
diagnostic procedures. These samples were sub-
sequently subjected to molecular analysis to confirm
the presence of CHIKV [2]. Subsequently, all 30
screened samples meeting specific criteria, including a
Ct value of ≤35 and the availability of key

epidemiological metadata were submitted to whole-
genome sequencing. This metadata included infor-
mation such as the date of symptom onset, date of
sample collection, sex, age, and municipality of resi-
dence. Nanopore technology, was used, as previously
described [2], to generate the first Uruguay’s 30 whole
genome sequences (Accession numbers: OR360566-
OR360595). Using this data, we constructed phyloge-
netic trees to explore the evolutionary and epidemiolo-
gical links between CHIKV in Uruguay to those of
other sequences of this viral genotype sampled globally.
Detailed methodologies are available in the Sup-
plementary Material.

Additionally, time series data for confirmed, sus-
pected, and probable infections were downloaded
from the PAHO website [5]. A measure of climate-

Figure 1. Eco-epidemiological assessment and temporal trend of CHIKV transmission in Uruguay. (a) Time series of reported
CHIKV cases (black, bars) and estimated climate-driven transmission potential (index P, blue, lines show the mean and shaded
area the 95% quantile). The index P is shifted +1 month into the future (the index tends to precede cases, see [5]. (b) Map
with mean index P at resolution available in climate data. Official departments are shown, highlighted (black and named) are
those for which new genomes were generated. (c) Time-resolved maximum likelihood tree including the newly complete genome
sequence from Uruguay (n = 30) generated in this study combined with publicly available sequences (n = 819) from GenBank col-
lected up to July 20th, 2023. Colours indicate geographic location of sampling. Support for branching structure is shown by boot-
strap values at key nodes. The inset on the left represents a map of South America, with highlighted South American countries
bordering Uruguay (Brazil, Paraguay, and Argentina); (d) Spatiotemporal reconstruction of the spread of CHIKV-ECSA in Uruguay.
Circles represent nodes of the maximum clade credibility phylogeny, coloured according to their inferred time of occurrence (scale
shown). Shaded areas represent the 80% highest posterior density interval and depict the uncertainty of the phylogeographic
estimates for each node. Solid curved lines denote the links between nodes and the directionality of movement. Curved lines
denote the direction of transmission in the anti-clockwise direction.
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driven transmission potential (index P) was estimated
as in [6], using satellite climate data [7] and human
incubation and infectious periods as in [8].

Reported cases presented a seasonal signal associ-
ated with the local 2022–2023 summer period (Figure 1
(a)). The correlation between estimated climate-dri-
ven transmission potential and reported cases was
high at 0.93, pointing to the role of natural climatic
variation in the small CHIKV outbreak. Across Uru-
guay, transmission potential was estimated to be high-
est in the Northwest departments bordering
Argentina, and lowest in the South including depart-
ments surrounding the capital Montevideo (Figure 1
(b)). These observations strongly suggest that local cli-
mate is modulating the emergence of CHIKV in Uru-
guay, which provides spatio-temporal opportunities
for control and mitigation planning.

Out of the tested positive samples, 30 showed
sufficient DNA (≥ 2 ng/μL) for library preparation.
The average cycle threshold (Ct) values for PCR
were 23.50, ranging from 18 to 32 (Table S1). During
the sequencing process, an average coverage of 97%
was achieved, with a range of 84% to 99.5%. The gen-
otyping assignment confirmed that all samples
belonged to the East/Central/South African (ECSA)
lineage (Table S1). Samples were obtained from six
different departments (Table S1 and Figure 1). Median
age was 45 years, ranging from 10 to 84 years.
Approximately 70% (n = 21) were female (Table S1).
A total of 22 were identified as autochthonous cases,
while the remaining 8 reported a travel history to Bra-
zil (n = 1) and Paraguay (n = 7).

Aphylodynamic investigationwas performed includ-
ing the 30 newly generated CHIKV genomes in addition
to 819 representative ECSA referenced strains (Figure 1
(c)). This analysis revealed that the novel genomes
formed awell-structuredmonophyletic clade, indicating
a close genetic relationship. While genetic data alone
cannot establish the directionality of transmission, our
findings suggest a probable origin in Paraguay (Figure
1(c)). However, it is crucial to consider the limited avail-
ability of whole genome sequences from other Urugua-
yan departments and neighbouring countries like
Argentina. This scarcity of sequences restricts our ability
to better describe and understand the molecular epide-
miology of viral strains at a regional level.

Focusing solely on the novel genomes, we recon-
structed viral movements across different departments
in Uruguay. The analysis indicated that the mean time
of origin for these samples was in mid-December
2022, with a 95% highest posterior density (HPD) ran-
ging from early-December 2022 to early-January 2023.
Notably, viruses from this clade spread multiple times
from the South Departments (Canelones, Montevideo,
and Maldonado) towards the Midwest (Salto, Pay-
sandú, and Rio Negro) (Figure 1(d)), This dissemina-
tion pattern may be influenced and enhanced by a

range of factors, including human mobility, trade
and travel patterns, climatic conditions, and the pres-
ence of suitable mosquito vectors.

Conclusion

The surge in autochthonous Chikungunya cases in
Uruguay and in the Americas more generally raises
concerns for public health. Climate change,
unplanned urbanization and the connectedness within
bordering countries that are endemic will have likely
contributed to emergence in Uruguay. Swift and com-
prehensive action is imperative to control mosquito
populations and prevent further transmission. Learn-
ing from past experiences and enhancing regional
cooperation are crucial steps in effectively combating
these vector-borne diseases and safeguarding public
health. There is a pressing need to intensify sequen-
cing efforts across the different South American
countries to enhance resolution of phylogenetics in
order to better understand the ongoing source-sync
dynamics of CHIKV during its emergence in the
continent.
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