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1  Introduction
The Oropouche virus (Orthobunyavirus oropoucheense, OROV) is an emerging zoo-
notic arbovirus belonging to the Peribunyaviridae family and Orthobunyavirus genus 
[1–8]. It possesses a trisegmented, single-stranded RNA genome that encodes four 
structural proteins: the nucleocapsid, two external glycoproteins (Gn and Gc), and the 
RNA polymerase [1, 6, 7]. Additionally, it encodes two nonstructural proteins (NSm and 
NSs), which play roles in maintaining viral replication and inhibiting the host immune 
response [1]. Traditionally maintained in a sylvatic transmission cycle among vertebrate 
hosts, including sloths, rodents, non-human primates, and birds, OROV is primarily 
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Abstract
Oropouche virus (OROV) is an emerging zoonotic arbovirus that has recently 
gained attention due to its rapid geographic expansion and increasing public 
health significance. Traditionally confined to the Amazon region, OROV has now 
been detected in several new locations across South and Central America, with 
recent reports extending to the Caribbean and even North America and Europe 
through imported cases. The factors driving its spread are multifaceted, involving 
environmental changes, urbanization, and expanding human-wildlife interactions, 
which have facilitated the establishment of the virus in new ecological settings. In 
this study, we analyze available data to provide a comprehensive overview of the 
re-emergence and expansion of OROV, assessing its transmission dynamics and 
the regions at greatest risk. Additionally, we describe the increasing frequency of 
atypical and severe clinical manifestations, including neurological complications such 
as aseptic meningitis and encephalitis, as well as cases of vertical transmission (VT) 
linked to congenital anomalies and stillbirths. These findings emphasize the urgent 
need for enhanced genomic and epidemiological surveillance, improved diagnostic 
capacities, and proactive public health strategies to monitor and mitigate the 
growing threat posed by OROV.
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vectored by Culicoides paraensis, with Culex quinquefasciatus recently identified as a 
potential secondary vector [1, 2, 7]. Other mosquito species, such as Aedes serratus, Pso-
rophora cingulata, and Haemagogus tropicalis, may also contribute to its transmission. 
Clinically, OROV infection is characterized as a dengue febrile illness characterized by 
fever, headache, myalgia, arthralgia, with an increasing number of cases reporting severe 
neurological complications (NC) such as meningitis and encephalitis [1–3, 5–7]. Alarm-
ingly, recent evidence suggests that OROV may also be associated with congenital anom-
alies through VT [3, 5], and in extreme cases, stillbirths [1, 3–5, 9], raising significant 
public health concerns. Since its initial isolation in 1955 from a febrile patient in Trini-
dad [1–8], OROV has undergone rapid geographic expansion. Once considered endemic 
to the Amazon region, it has spread across Brazil and into multiple South and Central 
American countries, including Peru, Panama, Ecuador, Venezuela, Bolivia, Colombia, 
French Guiana, and Cuba [1, 3, 6, 8]. In recent years, its spread has been particularly 
accelerated, with cases emerging in previously unaffected regions of Brazil, including 
the Midwest, Southeast, and South [1, 3, 6]. Additionally, imported cases have been 
detected in North America and Europe [1, 3], raising concerns about its potential for 
further global dissemination. This study provides an overview of the re-emergence and 
geographic expansion of OROV beyond the Amazon region, analyzing available data to 
elucidate its spread dynamics. Additionally, we highlight the increasing reports of atypi-
cal and severe clinical manifestations, underscoring the need for enhanced surveillance 
and further investigation into the virus’s evolving public health impact.

2  Methods
The epidemiological data analyzed in this study were obtained from the Pan American 
Health Organization (PAHO) and the Brazilian Ministry of Health OROV Panel, provid-
ing comprehensive surveillance records of autochthonous OROV cases across affected 
regions [10, 11]. The data on imported infections in North America were collected from 
the Centers for Disease Control and Prevention (CDC) [12], while the data for Europe 
were sourced from the European Centre for Disease Prevention and Control (ECDC) 
[13]. This comprehensive approach was adopted to enhance the accuracy of informa-
tion regarding the probable epidemiological origins of these infections, as they were not 
classified as autochthonous. We compiled historical outbreak data to assess the virus’s 
re-emergence and geographic expansion, and to track its progression from 1955 to 2025. 
Case reports were categorized by country and region, distinguishing between autoch-
thonous and imported infections. Additionally, a time-series analysis was performed to 
evaluate recent transmission trends from January 2024 to January 2025. Clinical data, 
including atypical and severe manifestations such as NC and vertical transmission, were 
extracted to assess the evolving impact of the virus.

3  Results
3.1  The expansion of oropouche virus: genomic evolution and epidemiological spread

The rapid expansion of OROV illustrates the interplay between environmental change, 
viral evolution, and human-mediated factors driving the emergence and geographic 
spread of arboviruses. Land-use changes, deforestation, urbanization, and global warm-
ing have significantly altered ecological landscapes, enabling the expansion of the main 
vector populations into previously unaffected regions [1–3, 9, 14]. These shifts increase 
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the interface between vectors and susceptible human populations, facilitating viral emer-
gence and sustained transmission. Genomic reassortment can plays a critical role in the 
adaptability and pathogenic potential of Orthobunyaviruses, including OROV. Reas-
sortment events have given rise to novel lineages, such as Iquitos virus, Madre de Dios 
virus, and Perdoes virus, which share genomic segments with OROV [5, 6]. Such genetic 
exchanges can enhance viral fitness, transmission potential, and virulence. Functional 
studies to assess the impact of these changes are warranted, as they may be associated 
with patterns observed in recent outbreaks. Additionally, the introduction of OROV 
into immunologically naive populations further accelerates its spread, underscoring the 
importance of genomic surveillance in tracking viral evolution and emergence [3].

3.2  Historical emergence and geographical expansion

First identified in Trinidad, OROV was detected in Belém, Pará, Brazil, in 1960, in Aedes 
serratus mosquitoes and a wild vertebrate host. The first human outbreak followed in 
1961, affecting approximately 11,000 individuals [1] (Fig. 1a).

This emergence coincided with significant deforestation linked to the construction of 
the Belém–Brasília highway (1958–1960), highlighting the role of human environmental 
modifications in viral spillover events [1]. Initially confined to Pará, OROV expanded to 
Amapá and Amazonas by 1980 and to Maranhão and Goiás by 1988, reaching an esti-
mated 500,000 reported cases in Brazil over the past decades [1, 6]. However, OROV 
cases are likely underestimated due to clinical similarities with dengue and chikungunya 

Fig. 1  Expansion and epidemiological trends of Oropouche virus (OROV) in the Americas. a Geographic spread 
of OROV from 1955 to 2020, elucidating the increasing number of reported outbreak locations (red dots) across 
Latin America and the Caribbean. All maps were generated using R (v.2024.12 + 563) and the following pack-
ages: geobr (v1.7.0, https://github.com/ipeaGIT/geobr), sf, tidyverse, spData, ggrepel, readxl, and colorspace. All 
spatial data were retrieved from publicly available sources and used under open-access terms; b Epidemic curve 
of OROV cases from January 2024 to January 2025, stratified by country. Brazil accounts for the majority of cases, 
with increasing reports from Colombia, Cuba, Ecuador, Guyana, Panama, Peru, Bolivia, and Barbados; c Cumulative 
incidence of OROV cases across the Americas as of 2024–2025, highlighting regional hotspots. The color gradient 
represents the number of reported cases per region, with the highest burden observed in Brazil, particularly in 
Amazonas and Bahia states; d Timeline of key OROV epidemiological events from 2024 to 2025, marking critical 
events such as the virus re-emergence in North Brazil, the first confirmed human deaths, the detection of imported 
cases in Europe and North America, and cases of vertical transmission
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fever, complicating differential diagnosis [1–3]. From 1989 onwards, OROV began its 
international expansion, first reaching Panama and later spreading to Peru (1992), 
Bolivia (2000), Ecuador (2004), Venezuela (2007), Haiti (2014), Colombia (2017), French 
Guiana (2021), and Cuba (2024) [1, 6] (Fig.  1a). These introductions underscore the 
virus’s ability to establish transmission cycles in diverse ecological and epidemiological 
contexts.

3.3  Contemporary epidemic dynamics

A resurgence of OROV activity was first observed in northern Brazil in 2020, with cases 
detected in Amapá, Amazonas, Pará, Piauí, and Rondônia [6, 8]. By 2023, a substantial 
rise in infections was noted, particularly in Amazonas (457 cases), with the first detec-
tion outside endemic areas occurring in Espírito Santo [11]. This geographic expansion 
signaled OROV’s potential for sustained transmission in new regions. By early 2024, 
OROV had demonstrated persistent transmission beyond historical zones, prompting 
the World Health Organization (WHO) to issue an epidemiological alert. By August 3, 
2024, the alert level was raised from medium to high following the first reported fatali-
ties linked to OROV, including four deaths associated with vertical transmission [1, 
6, 11, 15, 16] (Fig. 1b–d). Brazil reported 13,784 cases across 22 states, with the high-
est incidence in Espírito Santo (1923 cases), Bahia (890), Amazonas (651), Rondônia 
(1251), and Rio de Janeiro (151) [11] (Fig. 1c). Molecular clock analyses estimated that 
the viral sublineage responsible for the outbreak emerged in late 2021, with phylogenetic 
data suggesting initial circulation in the northern region before spreading southward 
and across international borders into Peru [6]. Beyond Brazil, 11 additional countries 
reported OROV cases in 2024: Bolivia (356 cases), Cuba (626), Colombia (74), Ecuador 
(3), Guyana (3), Panama (16), Peru (1,263), and Barbados (2), with imported cases docu-
mented in Canada (2), the Cayman Islands (1), and the United States (108) [16] (Fig. 1b, 
d). Notably, OROV was also detected in Europe, with cases in Germany (3), Spain (21), 
and Italy (6), underscoring the virus’s expanding geographic footprint and the potential 
for autochthonous transmission in previously unaffected regions [6, 16].

3.4  The continued expansion of OROV in 2025

By 2025, Brazil had reported 5514 additional OROV cases, with the highest burden in 
Espírito Santo (4643 cases), followed by Paraíba (287), Rio de Janeiro (485), Minas Gerais 
(63), Amapá (28), and Ceará (5) (Fig. 1c). New cases were also detected in Panama (79), 
Peru (2), Cuba (4), and Guyana (1), along with imported infections in Canada (1) and 
Europe (Germany, Spain, and Italy) [16] (Fig. 1b, d). One fatal case was confirmed, fur-
ther highlighting concerns about the virus’s evolving pathogenic potential.

3.5  Emerging clinical manifestations and public health implications of OROV infection

The 2023–2025 OROV outbreak revealed severe and previously unreported clinical 
manifestations, including VT, NC, and fatal outcomes, marking a significant shift in its 
pathogenicity. One of the most concerning developments was congenital infection [5, 
8]. On August 3, 2024, Brazil confirmed the first case of fetal death due to intrauterine 
OROV transmission in the state of Pernambuco (Fig. 1d). Molecular analysis detected 
viral RNA in umbilical cord blood, cerebrospinal fluid, and multiple fetal organs, con-
firming vertical transmission. Retrospective serological investigations identified 
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IgM-reactive newborns between 2014 and 2018, with three additional cases confirmed in 
2024, one also testing positive by RT-PCR [5]. These findings align with other orthobu-
nyaviruses, such as the Schmallenberg and Akabane viruses, both associated with tera-
togenic effects, as well as other arboviruses, such as Zika virus, which caused congenital 
disorders during its epidemic. Histopathological and immunohistochemical analyses 
revealed morphological changes consistent with viral infection and suggest transpla-
cental transmission [5]. Beyond congenital infections, NC emerged as a major concern. 
Although suspected cases of OROV-associated meningitis and encephalitis date back to 
the 1980s, the lack of diagnostic tools precluded confirmation. The recent outbreak pro-
vided evidence of the OROV neurotropism —the ability to infect and replicate within 
the nervous system—and its potential to cause neurological manifestations, with the 
first confirmed case of OROV-associated encephalitis in August 2024 in a male resident 
of Piauí [16]. Additionally, three neonates with OROV-related microcephaly were identi-
fied, and in 2025, Cuba documented three cases of Guillain-Barré syndrome linked to 
OROV infection (Fig.  1d).These recent findings in humans suggest a potential role of 
OROV in these infections, and studies aimed at understanding this occurrence and vali-
dating this role are of utmost importance. Furthermore, experimental animals models 
further support these observations, demonstrating OROV’s ability to target microglial 
cells and surpass the blood-brain barrier [7]. Given this, infected neonatal BALB/c mice 
exhibit severe neurological signs, including ataxia and limb paralysis, often leading to 
death, while studies using human brain slice cultures have confirmed the virus’s ability 
to infect and disrupt neural tissue [7]. For the first time, OROV has been linked to fatal 
outcomes. In 2024, Brazil reported four confirmed deaths across three states, with four 
additional cases under investigation [11, 16]. The first two fatalities occurred in previ-
ously healthy women (aged 24 and 21) from Bahia, both developing severe coagulopathy, 
liver dysfunction, and presenting high viral loads, with lethal outcomes within four days 
of symptom onset [1, 15]. These cases either belonged to pregnant women nor exhib-
ited neurological symptoms. Genetic analyses of three fatal cases identified point muta-
tions that might be potentially linked to increased virulence, though further studies are 
required to confirm their role [6].

4  Key challenges, implications and future directions
Climate change has markedly accelerated the spread of vectors and, consequently, the 
emergence of associated pathogens. In the case of Oropouche virus (OROV), this has 
been exacerbated by persistent limitations in surveillance—stemming from insufficient 
attention and constrained resources allocated to public health systems—alongside delays 
in containment efforts. A critical limitation remains the underreporting of cases, often 
driven by clinical symptom overlap with other arboviruses (e.g., dengue, chikungunya). 
This is further compounded by the variability in surveillance capacity across countries 
and regions, and limited access to specific diagnostic tools for OROV detection outside 
Brazil, which significantly hampers early detection and timely public health responses. 
These surveillance and diagnostic gaps represent key challenges that undermine our 
understanding of the virus’s true burden and transmission dynamics. Addressing these 
limitations is essential for the development of effective control strategies. The emergence 
of atypical and severe manifestations—including congenital infections, neuroinvasive 
disease, and fatalities—raises the hypothesis of a possible shift in the virus’s pathogenic 
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potential. However, these associations remain putative, and further investigation is 
needed to elucidate underlying mechanisms. In particular, functional studies are war-
ranted to assess whether recent mutations may contribute to increased virulence or 
altered tissue tropism. Given OROV’s increasing geographic reach and its potential to 
establish endemicity in new areas, the virus represents a growing public health threat 
that demands a coordinated international response. Strengthening diagnostic capac-
ity, harmonizing surveillance systems, and integrating proactive mitigation strategies 
will be critical to containing its spread. As OROV continues to expand beyond its his-
torical range, global collaboration—particularly in research, genomic monitoring, and 
field-based surveillance—will be essential to prevent its further establishment and to 
anticipate and mitigate future outbreaks.
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