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A B S T R A C T   

The Oropouche virus is an important arthropod-borne virus in the Peribunyaviridae family that can cause febrile 
illnesses, and it is widely distributed in tropical regions such as Central and South America. Since the virus was 
first identified, a large number of related cases are reported every year. No deaths have been reported to date, 
however, the virus can cause systemic infections, including the nervous and blood systems, leading to serious 
complications. The transmission of Oropouche virus occurs through both urban and sylvatic cycles, with the 
anthropophilic biting midge Culicoides paraensis serving as the primary vector in urban areas. Direct human-to- 
human transmission of Oropouche virus has not been observed. Oropouche virus consists of three segments, and 
the proteins encoded by the different segments enables the virus to replicate efficiently in the host and to resist 
the host’s immune response. Phylogenetic analyses showed that Oropouche virus sequences are geographically 
distinct and have closer homologies with Iquitos virus and Perdoes virus, which belong to the family Peri
bunyaviridae. Despite the enormous threat it poses to public health, there are currently no licensed vaccines or 
specific antiviral treatments for the disease it causes. Recent studies have utilised imJatobal virusmu
noinformatics approaches to develop epitope-based peptide vaccines, which have laid the groundwork for the 
clinical use of vaccines. The present review focuses on the structure, epidemiology, immunity and phylogeny of 
Oropouche virus, as well as the progress of vaccine development, thereby attracting wider attention and 
research, particularly with regard to potential vaccine programs.   

1. Introduction 

Oropouche virus (OROV) is a member of the Bunyavirales order, 
Peribunyaviridae family, Orthobunyavirus geneus, the Orthobunyavirus 
oropoucheense species, characterized by a negative-sense, single- 
stranded RNA structure and spherical lipid envelope genome (Files 
et al., 2022; Valero. 2017; Kuhn et al., 2023). Comprising three 
single-stranded RNA segments, OROV is enveloped by a helical nucle
ocapsid that encodes essential components such as the virus 
RNA-dependent RNA polymerase (RdRp), viral surface glycoproteins 
(Gn and Gc), and nucleocapsid protein (N). OROV is classified within the 
Orthobunyavirus genus, which encompasses 129 viruses were assigned as 
the type species, and nine were classified as related unclassified. Spe
cifically, OROV is categorized under the Simbu serogroup, which com
prises 25 viruses divided into two phylogenetic subclades—Manzanilla 
and Oropouche (subclade A), and Simbu, Akabane, Sathuperi, Sha
monda, and Shuni (subclade B) (Cardoso et al., 2015; Travassos da Rosa 
et al. 2017). 

The virus was first identified in Trinidad and Tobago during an 
outbreak of febrile illness. Since then, the virus has been detected epi
demics have occurred in several countries in South and Central America, 
including Brazil, Peru, and Panama (Gutierrez et al., 2020; Bonifay et al., 
2023; Anderson et al., 1961). Up to now, more than 500,000 cases have 
been diagnosed, the actual number of cases is higher, as numerous in
stances may evade diagnosis or be misdiagnosed owing to the resem
blance of clinical manifestations to other febrile diseases caused by 
co-circulating arboviruses (such as dengue, West Nile, yellow fever, 
Zika, chikungunya, Guama) (Culquichicón et al., 2017; Acrani et al., 
2015). The high rate of underreporting of OROV has caused people to 
overlook the dangers, creating a huge potential for subsequent out
breaks and epidemics. The virus is transmitted to humans through the 
bite of infected Culicoides paraensis midges, which is the medium of 
transmission between people that found in forested areas and around 
water bodies (Romero-Alvarez et al. 2018; Feitoza et al., 2023). Once 
infected with OROV, people will experience periodic outbreaks of acute 
febrile illness, characterized by symptoms such as fever, headache, 
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muscle pain, and joint pain (Vernal et al., 2019; Parra Barrera et al. 
2023). An interesting fact is that symptoms can reappear one or two 
weeks after recovery in about 60 % of the patients. Additionally, there 
are reports of patients that showed hemorrhagic symptoms or neuro
logical complications associated with OROV detection (Bastos Mde 
et al., 2012; Mourãão et al., 2009). There is currently no specific treat
ment or vaccine available for OROV, and the best approach is to manage 
the symptoms and provide supportive care (Sakkas et al., 2018). In 
recent years, there has been increasing interest in the development of a 
vaccine for OROV. Several research groups have been working on 
developing candidate vaccines using different approaches, including 
inactivated virus, live attenuated virus, and recombinant protein-based 
vaccines (Files et al., 2022). These vaccines have shown promising re
sults in preclinical studies, and some have even advanced to clinical 
trials. 

The potential of OROV for geographic spread, increasing the likeli
hood of its emergence in new areas, underscores its importance on an 
international public health scale. OROV will attract a lot of attention in 
the future due to frequent outbreaks of dengue-like symptoms such as 
fever and headache in the Americas (Sessions et al., 2023). This study 
provides a detailed interpretation of OROV from the perspectives of 
structural biology, epidemiology, and immunology, and offers an update 
on the current knowledge regarding the progress of OROV vaccine. 

2. Epidemiology 

The historical epidemiology of Oropouche fever underscores the 
impact of human-induced environmental and climatic changes on the 
spread and prevalence of hosts and vectors. OROV was first isolated a 
febrile patient in Trinidad, a forest worker (Anderson et al., 1961). 
During this incident, neutralizing antibodies were also detected in 
several other forest workers and in local monkey populations (Files 
et al., 2022). Five years later, OROV was isolated from mosquitoes in 
Trinidad and from a sloth and mosquito species in Brazil, both near a 
forested area during highway construction. The first recorded OROV 
fever outbreak occurred in Belém, a city in the most populous state of 
Para, known for its rainforests and the Amazon River, infecting 
approximately 11,000 people in1961 (Watts et al., 1997). During the 
same time period, seven outbreaks of OROV fever were reported in 
urban centers in Pará State, infecting around 30,000 people. From 1980 
to 2005, sporadic cases or self-limited outbreaks were reported in the 
Brazilian Amazon regions, mainly in small villages, indicating potential 
silent circulation of the virus (Baisley et al., 1998). During the 2000s, 
OROV fever spread to other northern and northeastern Brazilian states 
and was first isolated from monkey species in southeastern Brazil, 
demonstrating OROV’s potential to spread to new hosts and areas. In 
recent years, sporadic cases of OROV have been reported in 
non-endemic areas of Brazil. Interestingly, OROV was also detected in 
the Metropolitan region of Salvador, Bahia, located in the Northeast 
region of Brazil, specifically in serum, saliva, and urine samples from 
patients presenting with arbovirus infection symptoms. Furthermore, 
none of OROV-positive subjects in the report visited the documented 
OROV circulating areas in the month preceding symptom onset, 
providing evidence for the autochthonous circulation of the virus in 
non-endemic areas (Fonseca et al., 2020). In 2016, the first OROV fever 
case outside the Amazon region was reported, raising concerns about the 
occurrence of OROV fever out of the Amazon region. The broad distri
bution of the primary vector, coupled with anthropogenic environ
mental disturbances and extensive human and animal traveling, 
accentuate the potential for OROV to emerge in other territories 
(Rodrigues et al., 2011). The common features of the affected areas were 
the tropical climate, high frequency of rains, similar activities of the 
residents, unplanned urbanization, and very poor living standards. In 
2020, a remote rainforest village in French Guiana witnessed an 
outbreak of a dengue-like syndrome. Of the 41 patients who developed 
symptoms, 23 (82.1 %) of the 28 tested were positive for OROV by PCR 

or microneutralization. The symptoms of this syndrome were similar to 
those of dengue fever, the patients presented with high fever, severe 
headache, pain behind the eyes, muscle and joint pain, rash, and mild 
bleeding. This finding was significant as it documented the emergence of 
OROV in French Guiana (Gaillet et al., 2021). During 2019–2022, in
vestigators conducted health facility-based acute febrile illness (AFI) 
surveillance at four sites in Colombia (Cucuta, Cali, Villavicencio, Leti
cia). Phylogenetic analysis determined that at least two independent 
OROVs were introduced into Colombia (Ciuoderis et al., 2022). The 
associated results confirm OROV as a neglected pathogen and suggest 
increased surveillance to determine its burden as a cause of AFI in 
Colombia. 

Compared to other arboviruses that prevailed in Central and South 
American countries, OROV is maintained in nature through two trans
mission cycles: the urban cycle and the sylvatic cycle. The urban cycle, 
known for causing sudden outbreaks of disease, is thought to mainly 
involve the biting midge Culicoides paraensis (Pinheiro et al., 1981). 
OROV, being an arbovirus, relies primarily on its midge vector (Culi
coides paraensis) and certain mosquito vectors (Culex quinquefasciatus, 
Aedes aegypti, Ochlerotatus serratus) to maintain its urban cycle 
(Bonifay et al., 2023). The midge, a small fly with an average lifespan of 
20 to 30 days, plays a crucial role. Notably, pathogen transmission is 
solely the responsibility of adult, female midges. This is because only 
female vectors require blood meals to support their egg production and 
maturation. Due to its historical association with numerous large-scale 
epidemics of the disease, this midge species is widely acknowledged as 
the primary vector responsible for OROV transmission. Moreover, 
Culicoides midges are a global public health concern because they serve 
as known vectors for several other arboviruses, such as Equine en
cephalitis and the Schmallenberg virus. Approximately 96 % of these 
midge species feed on blood from humans and wild mammals. This is 
significant because in the urban cycle, OROV can be transmitted to in
dividuals susceptible to bites from infected vectors during blood meals. 
The Culex quinquefasciatus mosquito also plays a substantial role as an 
urban vector for OROV, particularly in tropical regions where it feeds on 
both humans and animals. To date, there have been no reported cases of 
human-to-human transmission of Oropouche fever. The main vertebrate 
hosts involved in the sylvatic cycle have not been fully identified, but 
there is evidence that wild birds, the three-toed sloth (Bradypus tri
dactylus), and certain species of New World non-human primates 
(NHP)-principally capuchin and howler monkeys-are involved (Til
ston-Lunel et al., 2015; Nunes et al., 2005; Sciancalepore et al., 2022). 
The epidemiological history of OROV fever demonstrates the role of 
human-induced environmental and climatic changes on hosts’ and 
vectors’ spread and disease prevalence. Moreover, considering that 
environmental and climate changes, and extensive animal and human 
population migration are a global phenomenon, it will not be surprising 
for OROV to spread outside South America in the near future. 

3. Viral genome and replication 

OROV is an arbovirus belonging to the Peribunyaviridae family, 
Orthobunyavirus genus. Its structure, like that of other Peribunyaviridae 
family members, is characterized by a segmented, single-stranded RNA 
genome and several structural and non-structural proteins, each playing 
a crucial role in the virus’s lifecycle (Nunes et al., 2019). OROV genome 
consists of three segments of single-stranded RNA, designated as Large 
(L), Medium (M), and Small (S). The L segment encodes the RdRp, a 
crucial enzyme for the replication of the viral genome. This polymerase 
synthesizes new copies of the viral genome in the cytoplasm of the 
infected cell (Aquino et al., 2003). The M segment, besides encoding the 
glycoproteins Gn and Gc, also encodes a non-structural protein, NSm. 
This protein is believed to play a role in the virus’s assembly and 
budding process, although its exact function is not fully understood. The 
S segment encodes the nucleocapsid protein (N) and a non-structural 
protein (NSs) (Obijeski et al., 1976). The N protein forms the 
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nucleocapsid structure by interacting with the viral RNA, encapsulating 
and protecting the viral genome segments. This protein is abundant in 
the viral particle and plays a significant role in viral replication and 
transcription, maintaining the integrity of the viral genome (Murillo 
et al., 2018). The NSs protein, while not incorporated into the viral 
particle, is instrumental in counteracting the host’s antiviral response. 
This protein inhibits the host’s interferon response, a crucial component 
of the innate immune system, facilitating viral replication (Elliott. 2014; 
Tilston-Lunel et al., 2015). 

OROV is an enveloped, spherical virus, sized from 80 to 120 nm in 
diameter (Hellert et al., 2019). Its envelope is derived from the host cell 
membrane and is studded with spikes formed by two glycoproteins, Gn 
and Gc (Barbosa et al., 2023). These glycoproteins are integral to the 
structure and lifecycle of OROV, mediating the virus’s entry, assembly, 
and release from host cells. OROV glycoproteins exhibit complex to
pology. They are type I transmembrane proteins, signifying that they 
possess a single pass transmembrane domain with their N-terminus on 
the exterior of the cell or virion and their C-terminus on the interior 
(Dias et al., 2022). The glycoproteins are synthesized as a precursor 
polyprotein that is co-translationally inserted into the endoplasmic re
ticulum (ER). This precursor is then cleaved by host proteases to produce 
the mature Gn and Gc proteins, which are transported to the Golgi 
apparatus where they undergo further modifications and are assembled 
into virions. The secretion of OROV glycoproteins is a critical phase in 
the virus life cycle and necessitates specific cellular components. The 
glycoproteins are transported from the ER to the Golgi apparatus in 
COPII-coated vesicles, a process mediated by the interaction of the 
glycoproteins with the COPII coat proteins Sec 24 and Sec 23. Addi
tionally, the glycoproteins require the host protein ERGIC-53 for their 
transport from the ER to the Golgi. Once in the Golgi apparatus, the 
glycoproteins are packaged into virions and transported to the cell 
surface in vesicles for release (Aquinom et al., 2003; Barbosa et al., 
2023). 

OROV was isolated by inoculation in C6/36 and Vero cells, blindly 
transmitted for three generations, which showed significant cytopathic 
effects 5–7 days after inoculation in Vero cells (da Silva Ferreira et al. 
2020; Moreli et al., 2001). Meanwhile, OROV can also infect a variety of 
other cells and cause apoptosis, such as liver cells, HeLa cells, astrocytes, 
but it does not infect astroglial cells, which are also neural cells. During 
the process of neural system infection, OROV infects and engulfs neu
rons through the infection of small glial cells, inducing neuronal 
apoptosis. Although astrocytes are also activated, they do not participate 
in the process of neuronal damage (Santos et al., 2012; Castro et al., 
2022). Consequently, OROV also requires specific cellular components 
for its replication. The viral replication takes place in the cytoplasm of 
the infected cell, with the viral RdRp synthesizing new copies of the viral 
genome. The assembly and release of OROV are complex processes that 
are not wholly understood. It is believed that newly synthesized viral 

RNA and N protein interact in the cytoplasm to form nucleocapsids. 
These nucleocapsids then migrate to the plasma membrane, where they 
interact with the glycoproteins Gn and Gc, leading to the budding of new 
virus particles from the cell surface. The glycoproteins Gn and Gc are 
synthesized in the ER and undergo post-translational modifications in 
the Golgi apparatus before being transported to the plasma membrane, 
where they are incorporated into budding virions. OROV structure is 
further complicated by the presence of lipid rafts, microdomains in the 
host cell membrane enriched in cholesterol and sphingolipids (Files 
et al., 2022; Sakkas et al., 2018). These lipid rafts are believed to play a 
role in the assembly and budding of the virus, providing a platform for 
the concentration of viral proteins and the formation of new virus 
particles. 

4. Reassortment and evolutionary analysis 

Sequences with all three segments complete and currently available 
worldwide were analyzed for homology and phylogenetic analysis 
(Table 1). For the 19 sequences, the L segment had the highest homology 
of 100 % and the lowest of 89.4 %, the M segment had between 82.9 % 
and 100 % homology, and the S segment 84.7 %− 100 %. According to 
the results of evolutionary analysis, all OROV were divided into two 
groups (Fig. 1). Most of the sequences of strains from Brazil and Ecuador 
in three segments were grouped together, however, the strains from 
Trinidad and Tobago were more distantly related to the sequences of 
strains from other countries. In contrast, the sequence of the S segment 
from Trinidad and Tobago is closer to that of Brazil and Haiti. The strains 
from Peru exhibited different phylogenetic relationships in various 
segments, particularly in the S segment where two Peruvian strains 
showed closer kinship with strains from Brazil and Ecuador. However, 
the opposite was observed in the L and M segments. It is probable that 
the geographically differentiated distribution and genetic recombina
tion of some segments result in reduced homology (Files et al., 2022; 
Gutierrez et al., 2020; Kilian et al., 2013). 

The segmented nature of OROV genome enhances the likelihood of 
genome reassortment events, a phenomenon that has been observed 
more generally in the bunyaviruses (Travassos da Rosa et al., 2017) and 
has been associated, in some cases, with a dramatic increase in disease 
severity, such as with Ngari virus, a reassortant between BUNV and Batai 
virus (Briese et al., 2006). Furthermore, reassortment appears to play an 
important role in the evolution and emergence of new viruses within 
OROV and related species, as has been described for the reassortant 
Perdoes virus (Tilston-Lunel et al., 2015) in Brazil, the Iquitos virus 
(IQTV) in Peru (Aguilar et al., 2011), and the Madre de Dios virus in 
Venezuela (Navarro et al., 2016). OROV genetic sequences remain 
scarce, with limited numbers. The existing genetic data exhibit a bias 
towards the shorter S segment, resulting in reduced phylogenetic reso
lution and an incomplete depiction of OROV evolution. The available 

Table 1 
Complete sequence characterisation of Oropouche viruses from different countries and regions.  

Virus Host Strain/code Location Isolation Reference 

OROV Bradypus 
tridactylus 

BeAn19991 Brazil Yes Aquino, V.H., et al. (2004) 

OROV Homo sapiens BeH759024BeH759021 Brazil Yes Tilston-Lunel et al. (2015)   
BeH759022BeH759025      
BeH759040BeH759529      
BeH759620BeH759146    

OROV Bradypus 
tridactylus 
Homo sapiens 
IFNAR-/- 

BeAn19991 
TRVL-9760 
TRVL9760 

Brazil 
Trinidad and 
Tobago 

Yes Acrani GO. et al. (2015) 

OROV Homo sapiens 
/ 

OROV/EC/Esmeraldas/057/2016 155/2016 171/2016 206/2016 210/ 
2016 087/2016 
VRL 16-SEP-2017 

Ecuador 
/ 

Yes Wise EL. et al. (2020); Emma L. et al. 
(2018) 
/ 

OROV Homo sapiens OV/Homo sapiens/Haiti-1/2014 Haiti Yes Elbadry MA., et al. (2021) 

"/": the relevant content was not mentioned in the literature. 
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sequences primarily represent viral diversity observed during human 
outbreaks, thus neglecting the dynamics of OROV in reservoir host 
species and vector populations. However, as sequencing technology 
advances swiftly, we will gain a comprehensive understanding of OROV 
propagation and genetic recombination. 

5. Pathophysiology and clinical disease 

After being bitten by an OROV-infected midge or mosquito, a 3–8- 
day incubation period precedes the onset of the disease (Sakkas et al., 
2018; Pinheiro;Travassos da Rosa. 1981). The patient, from whom the 
virus was first isolated (Melajo Forest, Trinidad, 1955), reported 
symptoms such as fever, backache, and cough without a sore throat in an 
illness that lasted three days with no recurring symptoms. In subse
quently documented cases, the most commonly reported symptom 
during acute disease is fever (~39 ◦C), often accompanied by 
headache/retro-orbital pain, malaise, myalgia, arthralgia, nausea, 
vomiting, and photo-phobia. Less frequent symptoms encompass a 
rubella-like rash, meningitis, encephalitis, dizziness, anorexia, and other 
systemic manifestations. Hemorrhagic phenomena, such as epistaxis, 
gingival bleeding, and petechiae, or gastrointestinal manifestations such 
as diarrhea, are even more infrequent (Vasconcelos et al., 2009; Alvar
ez-Falconi et al., 2010). 

During the acute disease, viremia peaks on day 2 after the onset of 
clinical symptoms and gradually decreases over the next several days31 
(Cardoso et al., 2015). Elevated liver enzymes and leukopenia (values as 
low as 2000 leukocytes/mL) also manifest. In most individuals, the acute 
disease is relatively short, lasting from 2 to 7 days, but in some, 
particularly those with central nervous system involvement (meningitis 
and encephalitis), the disease can persist for 2–4 weeks and may include 

asthenia (loss of strength). 
Recurrence is associated with a range of symptoms, including fever, 

headache, myalgia, asthenia, dizziness, and meningitis. The mechanisms 
responsible for the recurring disease remain undefined. Once the patient 
eventually recovers, there are no reported long-term sequelae or ac
counts of additional recurrence events at a later date, and, although the 
disease can be severe, no cases of human fatality have been reported. 
Currently, it is unclear whether certain OROV genotypes are more likely 
to produce more severe or unusual symptoms (Tesh, 1994). 

6. Infection and immunity 

OROV can lead to systemic infection and an inflammatory response 
in the central nervous system (CNS). The virus is highly detectable in 
blood from the onset of infection and can progressively reach the neural 
routes (Chiang et al., 2021; Santos et al., 2014). The disease is systemic 
and can affect the CNS in severe cases, with the virus being detected in 
cerebrospinal fluid. Research is primarily focused on understanding the 
mechanism by which OROV infects the CNS. Experimental animals such 
as mice and hamsters have been used to study the infection (Ribeiro 
Amorim et al., 2020; Almeida et al., 2021). In some studies, animals 
inoculated with OROV developed systemic infection with neurological 
motor impairment and paralysis, suggesting hematogenous transmission 
to the brain and liver (da Silva Menegatto et al., 2023). 

The virus is thought to penetrate the blood-brain barrier (BBB) 
through a Trojan-horse mechanism, where the pathogen is carried 
through the bloodstream inside infected phagocytes, thereby going un
recognized to the target organs/tissues. Once inside, it can replicate, 
eluding any immune response and crossing any barriers such as the BBB. 
However, a neural route of brain invasion may also be involved due to 

Fig. 1. Phylogenetic tree of three segmentss of Oropouche Virus. A for L segments, B for M segments, C for S segments.  
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the observed viral accumulation within neurons (Bastos Mde et al., 
2012). Experimental infections in mice have demonstrated severe 
manifestations of encephalitis related to the extended spread of OROV 
through the brain parenchyma (Santos et al., 2014). Despite the severe 
CNS disease, histopathology was mild in the brain and spinal cord with 
little inflammation, indicating that replication in neurons may occur 
with relatively little functional impairment. The hepatotropic nature of 
OROV is described in several studies, though there are no reports on 
hepatitis manifestations in OROV fever patients (Almeida et al., 2021; 
Bastos et al., 2014). Spleen hyperplasia with the absence of OROV re
covery or antigen detection in the spleen has also been reported. 

The host immune response to OROV infection is a crucial aspect in 
controlling and resolving the infection. The virus’s replication in host 
cells leads to the production of viral proteins that are recognized by the 
host’s immune system, triggering an immune response. The immune 
response to OROV infection involves both the innate and adaptive im
mune systems. The innate immune response serves as the first line of 
defense against OROV infection. Studies have shown that the innate 
immune response, characterized by the production of interferon and 
pro-inflammatory cytokines, is activated early in OROV infection (de 
Oliveira et al., 2019). The containment of viral replication relies heavily 
on the innate immune response to viral infections. At the onset of a viral 
infection, cellular intrinsic components, otherwise known as pattern 
recognition receptors (PRRs), identify pathogen-associated molecular 
patterns (PAMPs). This identification initiates signaling cascades that 
result in the production of several cytokines, with interferons (IFNs) 
being particularly crucial for the containment of viral replication. OROV 
negative genome, a significant PAMP, can be detected by either Toll-like 
receptors (TLR) located at the endosome membrane or RIG-like re
ceptors within the cytoplasm (Elliott, 2014; Haller et al., 2006). 
Antigen-presenting cells (APCs), which are highly expressed in the 
blood, play a vital role in recognizing PAMPs and triggering the IFN 
response via interferon-stimulated genes (ISGs). APCs also contribute 
significantly to the evolution of adaptive immunity (Abbas et al., 2005; 
Mellman, 2013). In a recent study, it is revealed that certain microRNAs, 
specifically miR-217 and miR-576–3p, act as proviral factors during 
Oropouche infection. MicroRNAs are small non-coding RNA molecules 
that function in RNA silencing and post-transcriptional regulation of 
gene expression. The study indicates that these specific microRNAs 
promote OROV infection, suggesting they might be manipulated by the 
virus to enhance its replication and survival. The proviral role of these 
microRNAs could be a strategy used by OROV to evade the host immune 
response, further complicating the immune response to the virus. 
Despite the host’s immune response, OROV has evolved various strate
gies to evade the immune system. For instance, the virus can modulate 
the host’s immune response by interfering with cytokine production or 
signaling, or by inhibiting the function of immune cells. The virus can 
also hide inside cells or form immune complexes with antibodies to 
evade the immune response. In addition to the immune system’s role, 
cellular host factors also play a vital role in OROV infection. A study 
revealed that the cellular host factor Lrp1 mediates OROV infection. 
Lrp1, or low-density lipoprotein receptor-related protein 1, is a multi
functional receptor involved in endocytosis and signal transduction. The 
study demonstrated that Lrp1 is essential for OROV entry into host cells, 
providing another potential target for therapeutic intervention 
(Schwarz et al., 2022). 

7. Vaccine development 

The recent outbreak of OROV around the world and the virus’s 
evolutionary dynamics in South America have underscored the urgent 
need for effective vaccines against OROV. The first preclinical study on 
OROV vaccines was based on an immunoinformatics analysis that 
identified several potential T and B cell epitopes within OROV M- 
segment polyprotein (Barbosa et al., 2023). These epitopes can stimulate 
an immune response against the virus, offering a promising strategy for 

vaccine development. 
Several strategies for vaccine development are being considered, 

including live attenuated, chemically inactivated, DNA-vectored, and 
protein-subunit immunization strategies (Ayers et al., 2022). One of the 
most promising candidates is a live attenuated vaccine that has shown 
efficacy in animal models. This vaccine is based on the attenuated OROV 
strain BeAn19991, which has been shown to provide protection against 
multiple strains of the virus. The vaccine was shown to be safe and 
immunogenic in a phase I clinical trial conducted in healthy volunteers. 
The vaccine was well-tolerated, and no serious adverse events were re
ported. The study also showed that the vaccine induced a robust immune 
response, with high levels of neutralizing antibodies detected in all 
vaccinated individuals. Furthermore, a recent study also explored the 
use of a replication-competent vesicular stomatitis virus (VSV) 
expressing OROV glycoproteins as a potential vaccine candidate (Stubbs 
et al., 2021). This candidate vaccine was shown to protect mice from 
wild-type challenge, demonstrating its potential for human use. Mean
while, the development of a reverse genetics system for OROV is ex
pected to significantly benefit vaccine development. This system allows 
for the manipulation of the virus’s genetic material, enabling the design 
of vaccines that can elicit a strong and specific immune response against 
OROV. Several strategies for attenuation have been explored, including 
the deletion of nonstructural proteins or specific regions within the 
untranslated regions (UTRs), interchanging UTRs between segments, 
exchanging coding regions of the M segment with related Orthobunya
viruses, and introducing mutations in the N (Adhikari et al., 2018). 
These approaches are designed to decrease the virulence of the virus 
while preserving its capacity to elicit an immune response. 

The development of OROV vaccines may also be informed by at
tempts to develop vaccines against other members of the Simbu 
serogroup, such as Schmallenberg virus (SBV) (Afonso et al., 2014), Aino 
virus (Yeh et al., 2021), and Akabane virus (AKAV) (Ogawa et al., 2022). 
These viruses are important veterinary pathogens, and vaccines against 
them have been developed and approved for use in the European Union. 
These vaccines have been shown to reduce or prevent viremia in cattle 
and sheep, demonstrating their effectiveness (Bridgen et al., 2001; 
Kraatz et al., 2015). A candidate vaccine for SBV-AKAV, which is a 
bivalent protein-subunit comprising the N-termini of the Gc proteins 
from both SBV and AKAV, has been developed. This vaccine, expressed 
in HEK-293T cells and covalently linked, was administered subcutane
ously in two doses of 50 μg each, three weeks apart. It demonstrated 
protection against a cattle-passaged field strain of SBV, with animals 
showing no clinical symptoms or detectable viral RNA in blood or or
gans, and neutralizing antibody titers of at least 20 at the time of chal
lenge (Wernike et al., 2017). Additionally, two DNA-vectored vaccine 
candidates, encoding either N or the ectodomain of Gc, were shown to 
be protective in IFNAR− /− mice, preventing weight loss and reducing 
viremia compared to mock-vaccinated controls (Puntasecca et al., 
2021). Although neither vaccine candidate stimulated detectable 
neutralizing antibody, the N vaccine triggered high levels of 
SBV-specific binding antibody, and the Gc vaccine led to the prolifera
tion of SBV-specific CD8+ T cells. 

The development of a vaccine for OROV is a challenging task due to 
the genetic diversity of the virus and the need for a vaccine that provides 
broad protection against multiple strains. Currently, there are no 
licensed vaccines for OROV, but several vaccines are in development or 
have been tested in clinical trials, which will provide a promising 
theoretical basis for the prevention of Oropouche fever. 

8. Conclusion 

OROV is currently a major public health problem with geographical 
limitations, causing persistent endemicity and periodic outbreaks in 
much of South America. It has been a neglected disease due to its sim
ilarity in onset to arboviral diseases such as dengue fever. Therefore, 
information on the distribution, prevalence and incidence of the disease 
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in humans, animals and vector hosts is not well documented. However, 
its widespread prevalence and severe neurological complications have 
attracted extensive attention from researchers in recent years. Similar to 
other vector-borne diseases, the emergence and prevalence of OROV 
fever is the result of an ecological imbalance worldwide. This imbalance 
was largely a result of the rapid and massive movement of people and 
goods around the world, as well as global warming. Considering that 
environmental, climatic, and demographic changes are a global phe
nomenon, it is not surprising that OROV will spread beyond the Amer
icas in the near future. Due to the expansion of the epidemic range and 
the segmented nature of the genome, the likelihood of OROV genome 
reassortment events has significantly increased. This phenomenon is 
more commonly observed in Bunyaviruses and is associated with a rapid 
increase in disease severity in certain cases. Furthermore, reassortment 
appears to play an important role in the evolution and emergence of new 
viruses within OROV and related species, as has been described for the 
reassortant Perdoes virus in Brazil, the Iquitos virus (IQTV) in Peru, and 
the Madre de Dios virus in Venezuela. 

In conclusion, given the genetic diversity of the virus and the 
requirement for a vaccine that offers extensive protection against 
various strains, formulating a vaccine for OROV presents a significant 
challenge. Nevertheless, the use of immunoinformatics approaches, VSV 
chimeras, and reverse genetics systems offers promising strategies for 
vaccine development. Of course, further research is needed to optimize 
these vaccines and evaluate their efficacy and safety in human clinical 
trials. The development of an OROV vaccine will both have a significant 
impact on public health, especially in areas where the virus is endemic, 
and will facilitate the related development of vaccines for other viruses, 
laying a deep foundation for additional vaccine research for arboviruses. 
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Retrospective molecular investigation of Mayaro and Oropouche viruses at the 
human-animal interface in West-central Brazil, 2016-2018. PLoS One 17, e0277612. 
https://doi.org/10.1371/journal.pone.0277612. 

Elliott, R.M., 2014. Orthobunyaviruses: recent genetic and structural insights. Nat. Rev. 
Micro. 12, 673–685. https://doi.org/10.1038/nrmicro3332. 

Feitoza, L.H.M., de Carvalho, L.P.C., da Silva, L.R., Meireles, A.C.A., Rios, F.G.F., Silva, G. 
S., de Paulo, P.F.M., Pessoa, F.A.C., de Medeiros, J.F., Julião, G.R., 2023. Influence of 
meteorological and seasonal parameters on the activity of Culicoides paraensis 
(Diptera: ceratopogonidae), an annoying anthropophilic biting midge and putative 
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