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W N e

Abstract: Recent outbreaks of Oropouche virus (OROV) in Latin America demonstrate shifting
epidemiological trends, with increasing clinical severity and geographic expansion driven by
environmental and anthropogenic factors, many of which remain uncertain. Viral evolution with
new reassortant strains, changes in vectors, environmental degradation, and human activities
have been postulated as factors that have facilitated its spread into new areas beyond the
Amazon Basin. Multiple reports starting in July 2024 of pregnant women with Oropouche fever
developing vertical infections and adverse perinatal outcomes, including placental infection,
stillbirth, and fetal infections with microcephaly and malformation syndromes, have reinforced
the public health significance of this disease. Here, we describe the evidence surrounding
this re-emerging epidemic threat, examine these changes, and propose specific strategies for
enhanced surveillance and a public health response.
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1. Expanding Frontiers of Oropouche Virus

Oropouche virus (OROV), an arbovirus of the Orthobunyavirus genus, historically
caused localized outbreaks in tropical forest regions of South and Central America, primar-
ily in the Brazilian Amazon. Since late 2023, OROV has spread to new territories, including
the Caribbean and non-endemic areas of Brazil and Central America, likely driven by
new recombinant lineages of the virus [1-3]. As of 13 December 2024, there have been
13,014 confirmed cases of Oropouche fever in the Americas region that include imported
infections in the United States of America and Canada [4]. For the first time, adult deaths
have occurred from Oropouche fever [5].

Traditionally presenting as a self-limiting disease, recent outbreaks have revealed
more severe outcomes, prompting investigations into the roles of viral evolution, environ-
mental changes, heightened surveillance, and human activities in shaping its clinical and
epidemiological profile. Table 1 summarizes the main evidence currently available on the
epidemiological changes and contributing factors associated with this expansion, as well as
the knowledge gaps that still need to be addressed.
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Table 1. Comprehensive overview of key factors in the current Oropouche virus outbreak.
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2. Virological Aspects

The recent reemergence of OROV in new geographical areas has been attributed to
a monophyletic lineage, OROVBR-2015-2024, which arose through genetic reassortment
involving distinct clades [1] and rapidly replaced earlier lineages in the Amazon. Labo-
ratory in vitro studies demonstrated that the OROVBR-2015-2024 strain exhibits higher
replication efficiency in mammalian cell cultures compared to the prototype BeAn19991
strain. Additionally, this strain formed more plaques with significantly larger diameters [6].
Plaque reduction neutralization tests conducted with human serum samples from con-
firmed infections (collected in 2016 in Amazonas, Brazil) and experimentally infected mice
revealed that OROVBR-2015-2024 is serologically distinct and significantly less neutralized
by antibodies generated from previous strains, such as BeAn19991 [6]. This divergence
raises concerns about the possibility of reinfections, emphasizing the need for further
studies to clarify the virological implications of this lineage.

The higher replicative capacity observed in vitro provides critical insights into the
competitive advantage of the OROVBR-2015-2024 reassortant strain, potentially indicating
an increased ability to infect vectors and enhance replication efficiency that likely contribute
to greater infectivity and transmission capacity through both traditional and novel vec-
tors [7]. Coupled with the immunological changes observed in vitro, these factors may help
explain the rapid replacement of earlier lineages by OROVBR-2015-2024 in the Amazon
region and its exclusive detection in cases of extra-Amazonian transmission during the
current outbreak.

3. Impact of Climate Change and Human Activities on OROV Spread
and Vector Populations

The combined effects of climate change and human activities have played a pivotal
role in the expansion OROV outbreaks beyond the Amazon Basin, altering vector ecology
and increasing transmission potential in extra-Amazonian regions [8].

Local climate change profoundly affects the life cycle and geographic distribution of
OROV vectors, particularly Culicoides paraensis (Diptera: Ceratopogonidae). Rising temper-
atures and extended rainy seasons create optimal conditions for vector reproduction [9].
In extra-Amazonian regions, shifting climatic patterns are fostering the establishment of
vector populations previously confined to tropical ecosystems, thereby expanding the
potential range of OROV transmission [8].

Climate change and human activities, which have been shown to play crucial roles
in the epidemiology of many arthropod-borne viruses, such as deforestation, agriculture,
and urban expansion [16], appear to have significantly altered the natural behavior of
OROV and driven its geographic expansion beyond its historical pattern of self-limited
outbreaks in isolated Amazon Basin villages [1,8]. Deforestation disrupts natural habitats,
bringing humans into closer contact with wildlife reservoirs and vectors. In regions
like AMACRO (an acronym for the area encompassing parts of Amazonas, Acre, and
Rondénia), agricultural-driven deforestation has been linked to notable increases in vector
populations along forest edges [9]. The changing infrastructure has not only increased
human mobility but also facilitated the transportation of infected vectors and reservoir
hosts [9]. This interconnectedness has led to viral dispersal across previously non-endemic
regions, including urban and semi-urban centers [8].

4. Geographic and Epidemiological Spread

The ongoing OROV outbreak highlights a significant geographic expansion, moving
beyond its historically endemic Amazon Basin regions to previously unaffected areas in
South and Central America including the Caribbean, and particularly Cuba [2,4]. Cases
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have been reported in non-endemic regions such as the Atlantic Forest, demonstrating
transmission in environments far removed from the virus’s typical tropical rainforest
habitat. Increasingly, OROV transmission has been observed in semi-urban and peri-urban
zones, where novel ecological conditions and vector species may play a role [9]. However,
these transmission events appear to remain largely restricted to vegetated peripheral urban
areas, raising important questions about the potential of urban vectors, such as Culex
mosquitoes, to sustain effective transmission cycles or whether ecological barriers limit
their involvement in the virus’s spread [8].

The simultaneous detection of OROV transmission in multiple non-contiguous loca-
tions, such as different regions in Brazil and Cuba, suggests a significant epidemiological
shift, highlighting the impact of long-distance dispersal caused by humans [9]. Phylody-
namic reconstructions revealed that 22% of the current spread of OROV within the Amazon
region involves long-range migrations (>10 km), consistent with viral dispersal facilitated
by human activity. Factors such as migration, trade, tourism, and transportation networks
are likely driving this movement, allowing the virus to establish itself in geographically
distant and ecologically diverse regions [1]. These findings highlight the key role of human
behavior in shaping the geographic expansion of OROV, challenging traditional assump-
tions about its transmission dynamics and raising urgent concerns about its potential for
infiltration into urban areas and crossing of international borders [2].

The detection of OROV transmission in regions with high tourist traffic, particularly in
countries in the northern hemisphere, increases the risk of introduction of this vector-borne
disease into new territories that share similar climatic seasons. This potential for global
spread highlights the critical need for proactive surveillance in non-endemic areas.

5. Transmission and Vector-Host Dynamics

By November 2024, only seven studies had examined vector competence for OROV.
The virus is primarily transmitted to humans by C. paraensis, a biting midge widely dis-
tributed in the Americas, from the United States to Argentina, known for thriving in
anthropogenic environments and exhibiting generalist feeding behavior targeting humans
and domestic animals [10]. Another potential vector is Culicoides sonorensis, which has
shown limited OROV transmission capacity under experimental conditions. The proximity
of vector breeding sites to human habitation is a significant risk factor for OROV infection,
influenced by the anthropophilic behavior of these insects. In this regard, a good candidate
could be Culicoides insignis, which spreads from the southeastern Unites States through
Central America, the Caribbean, and South America, where it is considered an important
vector of bluetongue virus, a disease that affects sheep, cattle, and other ruminants. In fact,
a recent study confirmed this widespread biting midge species as a potential OROV vector
in the Peruvian Amazon [17]. Other anthropophilic Culicoides species may also contribute to
OROV transmission; however, studies examining their activity patterns, vectorial capacity,
and competence are needed to confirm this potential [18].

Mosquitoes (Diptera: Culicidae) are suspected of playing a minor role in OROV trans-
mission, with species like Coquillettidia venezuelensis and Aedes serratus proposed as sylvatic
vectors, and Culex quinquefasciatus as a potential urban vector. However, mosquitoes (in-
cluding both Aedes and Culex spp.) exhibited an infection rate consistently below 20%, and
showed limited OROV transmission [10].

Notably, neither C. paraensis nor C. sonorensis has been documented to date in the
Greater Antilles (which does not rule out their presence), where OROV was first reported
in Haiti a decade ago [12]. Emerging scenarios, such as the current epidemic in Cuba,
have led to speculation about a potential shift toward mosquito vectors; nonetheless,
no scientific evidence currently supports this hypothesis. In fact, biting midges remain
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significantly under-researched compared to other arthropod vectors in the Caribbean, such
as mosquitoes, sandflies, and ticks [19].

This arbovirus is believed to be maintained in a sylvatic cycle, with wild animals acting
as reservoirs, including sloths, nonhuman primates, rodents, and birds [20]. Additionally,
reports of OROV infections in individuals living far from forested areas suggest the potential
existence of an urban transmission cycle. The potential role of domestic animals has recently
been suspected in Brazil as neutralizing antibodies to OROV have been detected in cattle
and dogs [13]. During previous outbreaks, domestic birds such as chickens and ducks were
shown to have antibodies against OROV, and consequently they have been suggested as
amplifiers [20]. However, the existing literature on OROV detection in reservoir hosts is
limited, resulting in a lack of scientific evidence to support this hypothesis.

6. Clinical Impacts

Since March 2024, severe reported cases of OROV infection have revealed significant
changes in its clinical profile [2]. In Bahia, two previously healthy women aged 21 and 24
with no risk factors succumbed to rapid disease progression characterized by hemorrhagic
manifestations and multi-organ dysfunction [5]—the first deaths attributable to OROV
infection. In Pernambuco, a 28-year-old pregnant woman at 30 weeks of gestation devel-
oped acute febrile illness, which culminated in fetal demise; tests confirmed OROV RNA
in the placenta and fetal organs [2]. Additionally, a well-documented and peer-reviewed
published case from Ceara provided robust evidence of vertical transmission. This case
involved a 40-year-old pregnant woman in her third trimester who developed an acute
febrile illness diagnosed as OROV [11]. Following a stillbirth, OROV RNA was detected
in umbilical cord blood and various fetal tissues including the placenta, lung, heart, liver,
spleen, and central nervous system. Maternal and fetal viral sequences showed close
similarity [11]. Alternative infectious causes associated with fetal loss or acute hemorrhagic
febrile syndromes, such as dengue, Zika, chikungunya, and yellow fever, were rigorously
excluded in all cases. Other retrospective studies have suggested OROV to be a potential
cause of congenital malformations, including microcephaly, with findings of OROV IgM in
newborns and maternal samples, and OROV RNA and antigens detected in multiple fetal
tissues in severe cases [3,11,14,15,21,22]. While the mechanisms of intrauterine OROV trans-
mission remain unknown, they are likely the result of maternal viremia followed by binding
of OROV to as-of-yet unknown surface receptors on placental cells at the maternal-fetal
interface, placental infection, and viral passage into the fetal blood stream [15,21].

Another new manifestation of the novel reassortant strains is its ability to infect semen.
Replication-competent OROV has been identified in the semen of a 42-year-old healthy man
who developed Oropouche fever while visiting Cuba [23], a finding that introduces the
potential for additional complications of Oropouche fever including sexual transmission.

The emergence of severe forms, previously unreported in adults, and vertical trans-
mission with adverse fetal outcomes linked to the OROV-2023-24 lineage are suggestive of
changes in pathogenicity [5,11]. These observations align with in vitro findings of increased
viral replication in mammalian cells and altered responses to pre-existing antibodies [6].
However, it is premature to draw definitive conclusions. Additional studies on pathogenic-
ity and virus-host interactions are essential, as these findings could also reflect the higher
absolute number of cases and improved diagnostic capacity for detecting severe clinical
presentations.

7. Concluding Remarks and Implications for Public Health

The remarkable and rapid spread of OROV may be attributed to a combination of inter-
related factors. Genetic evolution of the virus has occurred against a backdrop of significant
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environmental degradation, characterized by unprecedented deforestation, illegal mining,
and the human occupation of vast areas of the Brazilian Amazon. These activities have
brought the virus closer to densely populated regions, facilitating its transmission. This
gradual increase in infections has created a large pool of viremic individuals, amplifying
the potential for further spread.

Compounding these factors is the high mobility of individuals exploring the Ama-
zon and the existence of favorable ecological conditions for vector presence outside the
Amazon Basin. Studies during the ongoing outbreak revealed that Oropouche fever cases
were concentrated in rural areas of small municipalities with agriculture-modified environ-
ments [9]. Notably, transmission was significantly higher in villages surrounded by banana
plantations and cassava cultivation. Furthermore, C. paraensis, the primary vector of OROV,
has dispersed across various countries, adapting to diverse environmental and ecological
conditions. It is, therefore, necessary that entomological studies focusing on biting midges,
which combine traditional morphological identification methods with new molecular tech-
niques, as well as studies on vector competence and capacity, be promoted, especially in
those countries with significant knowledge gaps regarding these telmophagous insects [24].

Public awareness campaigns to educate communities about biting midges and other
potential vector species, and targeted interventions to control their populations, are equally
vital to reduce transmission risks. As OROV continues to extend its reach into non-endemic
regions, fostering regional and international collaboration will be essential to mitigate its
spread and protect vulnerable populations. These efforts must be supported by robust re-
search, policy development, and resource allocation to ensure comprehensive preparedness
and response to this re-emerging arboviral threat.

Conflicts of Interest: The authors declare no conflict of interest.
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