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Abstract

The Oropouche virus (OROV) is an emerging arbovirus grouped under Orthobunyavirus genus of
Peribunyaviridae family, first identified in Trinidad and Tobago in 1955, and re-emerged as a serious
public health concern in the Central and South Americas. Recently, numbers of OROV cases are on the
rise with the 2024 outbreak documenting over 12,000 cases across endemic and newly affected regions,
including first-time detections in Caribbean nations and imported cases in the United States, Canada,
and Italy. The OROV has caused over 5,00,000 cases globally, with substantial underreporting owing to
clinical similarities with Zika, chikungunya and dengue. The virus is mainly transmitted by midges viz.
Culicoides paraensis (Goeldi), though alternative vectors such as Culex quinquefasciatus Say and Aedes
serratus (Theobald) have also been identified. Clinical manifestations range from acute febrile illness
with biphasic fever in approximately 60% of cases to severe complications including haemorrhagic
symptoms along with neurological sequelae such as meningitis, encephalitis, and Guillain-Barre
syndrome. The virus exhibits complex transmission cycles (urban and sylvatic) and reassortment-
driven evolution. The evidence of vertical transmission has emerged, with documented cases of fetal
microcephaly, stillbirths, and congenital malformations. Pathogenesis involves modulation of host
innate immunity, particularly interferon responses. The virus demonstrates neuroinvasive potential
through blood-brain barrier penetration and has been shown to persist in various tissues. Diagnostic
challenges arise from non-specific clinical signs and limited access to specialized laboratory tests. At
present, no specific treatment or vaccines against the OROV are available and management limited
to supportive care. However, promising vaccine candidates such as live-attenuated, inactivated, and
recombinant protein-based platforms are undergoing preclinical and clinical evaluation, offering hope
for future preventive strategies against this neglected tropical disease.

Keywords: Oropouche Virus, Epidemiology, Vertical Transmission, Neurological Complications, Diagnosis, Vaccines
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INTRODUCTION

The Oropouche virus (OROV) is an
important emerging arbovirus in the genus
Orthobunyavirus under the order Bunyavirales
and family Peribunyaviridae. The OROV is
characterised by negative-sense, single-stranded
RNA genome encased in a spherical lipid sheath.
The virus was recognized in the year 1955
during an outbreak of febrile disease in Trinidad
and Tobago. Since then, the OROV has caused
numerous outbreaks in Central and South America,
particularly in Peru, Brazil and Panama.'? To date
more than 5,00,000 cases were reported globally,
though the actual number of cases might be higher
owing to under diagnosis and misdiagnosis, as
OROV symptoms often mimic other diseases
caused by arboviruses such as Zika, dengue, and
chikungunya.®#

Although Culicoides paraensis (Goeldi)
is recognized as the dominant vector for OROV in
forested and aquatic habitats, the epidemiological
landscape also involves Culicidae species.®
Notably, both Culex quinquefasciatus Say and

Aedes serratus (Theobald) have been identified
as secondary vectors for the virus.® Infection
with OROV typically results in acute febrile iliness
characterized by symptoms such as arthralgia,
fever, headache and myalgia. In approximately
60% of cases recurrent febrile illness is observed
in which symptoms may reappear during one
to two weeks after recovery, a phenomenon
known as biphasic fever. Severe cases may involve
hemorrhagic symptoms, such as epistaxis and
gingival bleeding, or neurological complications,
including meningitis and encephalitis and peri-
infectious Guillain-Barre syndrome.”® The OROV
has the ability to invade the nervous system in
animal models, providing critical insights into its
potential to cause neurological complications in
humans.® These conditions highlight the capacity
of the virus to cause significant neurological
damage, particularly in severe or complicated
infections.

Serological evaluation of OROV-infected
patients has demonstrated the presence of specific
IgM and IgG antibodies via neutralization assays.
Furthermore, molecular detection of OROV RNA
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Table. Epidemiological data regarding Oropouche virus incidence across Pan America since 2024

No. Country name No. of OROV No. of OROV Death/
cases (2025%) cases (2024) Complications

(2025)
1 Brazil 11888 13785 5
2 Panama 501 16 1
3 Peru 330 1263 0
4 Cuba 28 626 4
5 Colombia 26 74 0
6 Canada 1 (Imported) 2 0
7 Chile 2 (Imported) - 0
8 Uruguay 3 (Imported) - 0
9 USA 1 (Imported) 108 0
10  Guyana 1 3 0
11  Venezuela 5 - 0
12 Barbados - 2 0
13 Bolivia - 356 0
14 Ecuador - 3 0
15 Cayman Island - 1 0
Total 12786 16239 10

*Indicates data up to 13 Aug 2025 (PAHO, 2025)

using quantitative reverse transcription PCR (RT-
gPCR) has revealed viral persistence in various
biological matrices including urine, plasma and
whole blood for up to 31 days following the initial
presentation of symptoms.2° Despite its significant
public health impact, no specific treatment and
licensed vaccines are available to date for OROV.
Management of the patients mainly focuses on
symptomatic relief and supportive care. However,
recent advances in vaccine development have
shown promising protection with live attenuated
virus, inactivated virus and recombinant protein-
based vaccines, which are undergoing preclinical
and clinical trials.™

Epidemiology

Since its discovery in 1955, multiple
epidemic waves of OROV transmission have
occurred across rural and urban landscapes
in Central and South America. A landmark
epidemiological event occurred in 1961 in
Belém, Brazil, where an estimated 11,000
individuals were infected. Taxonomically, OROV
belongs to the Simbu serogroup, a cluster of 25
viruses organized into two primary phylogenetic
lineages: subclade A, containing the Manzanilla
and Oropouche viruses, and subclade B, which

encompasses the Simbu, Akabane, Sathuperi,
Shamonda, and Shuni viruses.'>*3

In 2024, the Oropouche virus epidemic
landscape has significantly expanded worldwide
with the World Health Organization (WHO)
documenting more than 10,000 cases across both
endemic and newly affected regions. Notably, the
virus has been identified for the first time in several
Caribbean nations, including Barbados, Guyana,
and Cuba, with Cuba reporting its earliest outbreak
in May 2024.* Moreover, imported cases have
been detected in United States, demonstrating
that this geographic expansion has transcended
the Americas, i.e. 108 confirmed cases linked
to travel from Cuba, Canada, and ltaly have
been reported (Table).*>*® While WHO currently
evaluates the public health risk as high for affected
regions in the Americas, the global risk assessment
remains classified as low. The surveillance
data underscores the dynamic nature of OROV
transmission and highlights the significance of
enhanced monitoring, particularly due to the
capacity of OROV for geographic expansion
through travellers. The emergence in non-endemic
areas warrants heightened vigilance in clinical and
public health sectors to ensure timely detection
and OROV related response to potential outbreaks.
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A recent outbreak in non-endemic
regions, such as French Guiana and Colombia,
further highlights the potential of OROV to spread
beyond its traditional geographic range. In 2020,
an outbreak of dengue-like illness in French
Guiana was attributed to OROV, with 82% of
tested patients showing evidence of infection.
Similarly, phylogenetic analysis of OROV strains
from Colombia revealed at least two independent
introductions of the virus, underscoring the
importance for continuous surveillance and
mitigation strategies.?’ The timeline of the major
occurrence and detection of the OROV was
presented in Figure 1.

Viral genome

As a member of the Peribunyaviridae
family, OROV is classified under genus
Orthobunyavirus, which is part of the most
extensive group of RNA viruses, comprising over
170 different agents classified into 48 species
and 18 serogroups. The virion is morphologically
described as spherical in shape and measures
80-120 nm in diameter. The virion is composed
of segmented RNA, which is associated with a
ribonucleoprotein (RNP) core and is enveloped in
amembrane derived from the host cell membrane,
which is isolated during the budding process
(Figure 2).

Although high-resolution structural data
for OROQV is not yet available, studies of related
Orthobunyavirus suggest OROV virions are
approximately 90 nm in diameter with surface
projections formed by glycoprotein N (Gn) and
glycoprotein C (Gc). The Orthobunyavirus genome

possess a negative-sense, single-stranded RNA
divided into three segments, i.e. Large (L), Medium
(M), and Small (S) encoding six structural and non-
structural (NS) proteins. The L segment (~6,852
nucleotides) encodes for the RNA-dependent-RNA
polymerase (RdRp) required for synthesis of viral
RNA and transcription.?! The M segment (~4,385
nucleotides) produces a polyprotein precursor
cleaved into two structural glycoproteins viz. Gn
and Gc and non-structural protein encoded by the
M (medium) RNA segment (NSm) located between
them.*?! The Gn and Gc are type | transmembrane
proteins featuring N-terminal ectodomains
that undergo coordinated processing through
the host secretory pathway. The Gn contains a
small ectodomain (~200 amino acids) with one
putative glycosylation site, while Gc has a larger
ectodomain (~900 amino acids) predicted to be a
class Il fusion protein with 3-4 glycosylation sites.™
These glycoproteins form heterodimers in the
endoplasmic reticulum lumen and are transported
to Golgi apparatus for virion assembly, ultimately
creating distinctive trimeric spike structures on
the viral surface that mediate host cell attachment
and entry.?>%2 The NSm protein, though its exact
function remains unclear, may participate in viral
assembly and budding but appears dispensable
for replication based on reverse genetics studies.?*
The S segment (~946 nucleotides) encodes for
both the nucleocapsid protein primarily forms
the capsid and stabilizes the genome and the
non-structural NSs protein translated from an
alternative start site on the same mRNA. While
not incorporated into virions, NSs plays critical
roles in viral replication and immune evasion by
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Figure 1. Timeline of the major occurrences and detection of the Oropouche virus
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suppressing host interferon responses, particularly
through its C-terminal nine amino acids in OROV
(Figure 2).%

The viral replication process occurs in
the cytoplasm of the infected cell. In this process,
the RNA-dependent RNA polymerase enzyme
is responsible for viral replication. This enzyme
catalyzes the synthesis of viral genomic RNA.
These newly synthesized RNA strands are then
encapsidated by N proteins to form nucleocapsids.
These nucleocapsids then move to the cell
membrane and bind to the Gn and Gc proteins.
This process is facilitated by lipid rafts, which are
membrane microdomains containing sphingolipids
and cholesterol. These lipid rafts are considered
an essential platform for viral organization.**

The OROV strategically co-opts the
host cell’s endosomal sorting complex essential
for transport (ESCRT) machinery to execute
critical membrane remodelling events during
the budding process. Immunoprecipitation and
fluorescence microscopy studies revealed specific
recruitment of ESCRT components particularly
charged multivesicular body protein 6 (CHMP6)
to Golgi membranes upon OROV glycoprotein
expression.?® This represents a novel adaptation
of the conventional ESCRT-mediated budding
pathway, which typically functions at endosomal
membranes. Furthermore, the virus exploits
the host vesicular transport system by hijacking

Polymerase (L) Genomic RNA

Nucleoprotein (N)

encodes

encod‘els““> NSso N 0

encodes > - o 0 s O

Rab27a, a small GTPase that regulates membrane
trafficking. The OROV controls Rab27a-dependent
pathways to facilitate both intracellular transport
of viral components and subsequent release
of mature virions from infected cells. This
dual exploitation of ESCRT machinery and Rab
GTPase networks underscores the sophisticated
mechanisms OROV employs to ensure efficient
viral egress.”

Structural studies of related Oropouche
bunyavirus particles (OBVs) like Bunyamwera virus
reveal these surface glycoprotein spikes are formed
by N-terminal extensions of Gc and represent
primary targets for neutralizing antibodies, with
immunization of mice against these domains
inducing near-sterilizing immunity.?>?* Potential
reassortment processes are facilitated by this
genomic organization and structural architecture,
which also determines critical elements of viral
pathogenicity, host interactions, and antigenic
characteristics crucial for vaccine development
and diagnostics.

Reassortment and evolutionary analysis

The segmented genome of OROV
facilitates RNA segments from several viral strains
to exchange during co-infection of a host cell in a
process known as reassortment. When multiple
viral strains co-infect a host, the segmented
structure of OROV’s tripartite genome allows for

Lipid envelope Gc Protein

Gn Protein

Figure 2. Schematic diagram of Oropouche virus showing a negative-sense, single-stranded RNA genome divided into
three segments, i.e. L (Large), M (Medium) and S (Small) encoding six structural and non-structural proteins. The L
segment (~6,852 nucleotides) encodes for RNA-dependent RNA polymerase (RdRp), M segment (~4,385 nucleotides)
produces two structural glycoproteins (Gn and Gc) and the non-structural NSm protein located between them
and the S segment (~946 nucleotides) encodes both the nucleocapsid (N) protein and non-structural NSs protein
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possible reassortment processes giving rise to
new viral strains. Novel viral variants with unique
genomic profiles with altered host range, improved
immune evasion skills, changed transmission
dynamics and increased virulence can be produced
by such genetic recombination. Emerging research
has documented the appearance of new reassorted
OROV strains that have been implicated in recent
regional outbreaks. These evolved variants
demonstrate concerning clinical characteristics,
including increased pathogenicity, capacity for
vertical transmission resulting into maternal-
fetal infections, congenital abnormalities and
increased transmission efficiency within human
populations.?®%

Phylogenetic analysis of OROV strains
from different regions reveals significant genetic
diversity, particularly in the S segment. For
example, strains from Ecuador and Brazil show
high homology in the L and M segments but
differ in the S segment, suggesting reassortment
events.'3% Related viruses have been seen to
reassort, including the Ngari virus which is a
reassortant between the Batai and Bunyamwera
viruses that causes severe haemorrhagic fever
in humans.3! Similarly, Madre de Dios virus in
Venezuela and Iquitos virus (IQTV) in Peru are
thought to have emerged through reassortment
events.?232 These findings highlight the potential
for OROV to evolve into a more pathogenic version
of itself and cause more severe disease.

Transmission

The OROV is naturally maintained in two
distinct cycles viz. urban cycle and sylvatic cycle
(Figure 3). The urban cycle involves Culicoides
paraensis biting midges, which feed on blood
of humans and transmit the virus into the blood
stream simultaneously.?* These biting midges
serve as competent vectors not only for OROV
but also for several other medically important
arboviruses including Akabane virus (AKAV),
bluetongue virus (BTV), bovine ephemeral fever
virus (BEFV), epizootic hemorrhagic disease
virus (EHDV), and African horse sickness virus
(AHSV).*>% The genus Culicoides comprises over
1,300 species worldwide, with approximately
13% remaining unclassified, and exhibits a broad
geographic distribution ranging from Argentina to
different parts of the northern United States for

C. Paraensis.®” Although C. paraensis, has distinct
diurnal activity peaks and behavioural plasticity
by biting both indoors and outdoors in shaded
areas, with increased activity during rainy seasons
and decreased activity during hot, dry ones, adult
Culicoides are primarily crepuscular in their biting
habits.® It has been hypothesized the virus can
also be transmitted by species of mosquitoes
such as Culex quinquefasciatus and Aedes
aegypti, though C. paraensis remains the primary
vector.?>383° Experimental studies have confirmed
that C. paraensis can effectively transmit OROV
biologically, demonstrating an 83% transmission
rate between infected and susceptible hamsters, as
well as between infected humans and susceptible
hamsters.*®

The sylvatic cycle involves wild animals
such as sloths (Bradypus tridactylus) and non-
human primates, which serve as reservoir hosts.
The fundamental function of the sylvatic cycle
is zoonotic maintenance among wild animal
reservoirs, which include non-human primates,
some avian hosts, and several mammalian species,
especially sloths.** Although serological evidence
points to possible viral circulation in these wildlife
groups, more research is necessary to confirm their
reservoir competence.

Anthropogenic environmental changes,
such as climate, deforestation, mining, agricultural
activities and expansion of urban areas coupled
with the adaptability of Culicoides species aid
in the shift from sylvatic to urban transmission
resulting in to increase in the risk of OROV
emergence in new areas. By increasing human-
vector contact, these ecological disruptions
have the potential to connect the two cycles
of transmission. Notably, there are no verified
instances of domestic animals being involved in
viral amplification or transmission, making humans
the only vertebrate hosts in the urban transmission
cycle.*? While some studies have hypothesized
potential amplification roles for domestic poultry,
empirical evidence supporting this hypothesis
remains lacking.

Vertical transmission

In addition to arthropod-borne
transmission, OROV exhibits the ability to spread
vertically.”* Recent studies have demonstrated that
the OROV can cross the placental barrier and lead to

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Agrawal et al | J Pure Appl Microbiol. 2026. https://doi.org/10.22207/JPAM.20.3.03

congenital infection and severe adverse pregnancy
complications.* These include miscarriage,
stillbirth, and congenital abnormalities,
particularly those affecting the central nervous
system (CNS), such as microcephaly.** This
pathogenic feature is similar to that of other
Simbu serogroup orthobunyaviruses that infect
ruminants congenitally.*® The identification of
replication-competent OROV in semen raises the
possibility of transmission risks comparable to
those described for the Zika virus, despite the fact
that no cases of transfusion-mediated or sexual
transmission have been observed.** However,
the epidemiological significance of such potential
transmission routes remains unconfirmed.

As of December 2024, Brazil has reported
three laboratory-confirmed cases of vertical
transmission leading to two stillbirths and one
congenital defect. Additionally, investigation of
15 fetal deaths, four cases of miscarriages and
five cases of congenital anomalies potentially
linked to OROV infection during pregnancy are
still being carried out.”® These findings highlight
the virus’s potential to cause significant perinatal
morbidity and similar to other arboviruses (e.g.
Zika), its tropism for the placenta and foetus,
raising concerns about its impact on pregnancy.
These observations reinforce the importance of
prenatal screening protocols in endemic regions
and advising pregnant individuals on preventive
measures against vector-borne transmission.

Wild birds, Rodents
Non-human primates (Callithrix penicillata)

FN o

Clinical disease

Following an incubation period of
typically three to eight days, clinical symptoms
like fever, muscle pain, headache and joint pain
appear. In extreme illness, the virus may result
in neurological problems like meningitis and
encephalitis or haemorrhagic symptoms including
epistaxis and gingival bleeding.>® Recurrence of
symptoms is common, with approximately 60%
of patients experiencing a second wave of fever
and other symptoms one to two weeks after
recovery.?>>! Additionally, cases of pregnancy
complications, including microcephaly, congenital
abnormalities and fetal death has also been
reported.>? Although the mechanisms causing
recurrent febrile sickness are unknown, they can
include an insufficient immune response or viral
persistence inimmune-privileged areas (Figure 4).

Pathogenesis

When pattern-recognition receptors
(PRRs) identify viral pathogen-associated molecular
patterns (PAMPs) during viral infections, the host
immune system is immediately activated. Toll-like
receptors (TLRs) and RIG-I like receptors (RLRs)
detects the OROV genome as a crucial PAMP, which
triggers the release of inflammatory and antiviral
cytokines. Research utilizing murine models
has shown that the innate immune response to
OROV is facilitated by the type | IFN pathway,
which includes interferon regulatory factors

Culicoides paraensis
Aedes serratus

-;\* \

- Sylvatic cycle Urban cycle w—
Culex quinquefasciatus .‘ \§ Culex quinquefasciatus % \’v'
Aedes serratus 6;6\’ Aedes serratus Humans
Humans Humans

\eadale/

Sloth
(Bradypus tridactylus)

(Men) (Fetus)

"& S~

Culicoides paraensis
Aedes serratus

Figure 3. Schematic representation of the dual-cycle (sylvatic and urban) transmission of Oropouche virus, illustrating
the intersection between animal reservoirs, insect vectors and the spillover into human populations
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(IRF3, IRF5, and IRF7), IFN-o./B receptors, and the
mitochondrial antiviral signalling protein (MAVS).>
The IRF5 has been identified as a crucial regulator
of type | IFN responses in peripheral tissues,
governing OROV and the related neurotropic
virus La Crosse virus (LACV), thus restricting
neuroinvasion. Further investigations using OROV
and lymphocytic choriomeningitis virus (LCMV)
infection models revealed that MAVS, IRF3, IRF7,
and IFNAR restrict viral replication and mitigate
liver damage.>* Bone marrow chimera experiments
highlighted the importance of IFN signalling in
non-myeloid cells, as Ifnar’ mice reconstituted
with wild-type hematopoietic cells still exhibited
high viral loads and liver injury, whereas wild-
type mice with Ifnar’ bone marrow remained
resistant. Additionally, IFN-B7 mice showed
partial susceptibility (17% lethality), while Ifnar”
mice suffered complete lethality, underscoring
the essential role of IFN-a in controlling OROV
infection. In vitro studies indicated a transient up
regulation of IFN-B mRNA within the first hour of
infection, followed by a sharp decline by 24 hours.

Type 11l IFN levels also increased significantly,
contributing to antiviral defence, whereas
type Il IFN (IFN-y) peaked in peripheral blood
mononuclear cells (PBMCs) at 24 hours before
slightly decreasing by 48 hours.> Low serum
IFN-y levels in OROV fever patients suggest its
immunomodulatory role in disease progression.>®

The neurotropic potential of OROV
has been confirmed by its isolation from the
cerebrospinal fluid (CSF) of infected patients.
Subcutaneous OROV injection caused CNS
invasion in neonatal BALB/c mice, and the virus
propagated from the periaqueductal gray to the
forebrain. Widespread brain infection and severe
encephalitis result from early infection of neural
pathways, most likely through retrograde axonal
transport, followed by penetration of the blood-
brain barrier.>® The OROV can also persist at low
levels in human immune cells (T cells, monocytes,
dendritic cells, and B cells), suggesting a potential
“Trojan horse” mechanism for entry into CNS to
get beyond the blood-brain barrier.’” After entering
the central nervous system, the virus can multiply

Symptoms Prevention and Mitigation Strategies
* Keep distance from mosquitoes, sloths, wild birds, non-
— Hes A human primates, rodents i}
Memngltls. » ‘ P _ . ,| * Need of specific vaccine against OROV /N
F_nf:ephfllitls — Glngl.val 1 1 | * Continuous monitoring and surveillance ( ’\;‘% |
Epistaxis —» bleeding ] 1 |+ Mass awareness programs N 4
Arthralgia ——» <«— Cough : : + Development of rapid diagnostics -
Fever — . Microcephaly 1 | | © Upgradation of healthcare facilities for the patients
1
Myalgia — - h“' )% __:
- %N . 3
: z = . : 2 Treatment ———
‘(f Vaccines under trial @kl €At
(=" OROV N

* Live attenuated vaccine - OROV strain BeAn19991

* Protein subunit vaccine - Recombinant OROV proteins
* DNA vectored vaccine - Plasmid DNA

* Vesicular stomatitis virus based vaccine

* Recombinant vesicular stomatitis virus (rvVSV) - OROV
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Fluid therapy
Multi-vitamins
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Figure 4. lllustration of the clinical signs of Oropouche virus detailing the progression of symptomatic manifestations
alongside current public health interventions. The illustration categorizes management into three pillars: evidence-
based prevention and mitigation techniques, current supportive treatment protocols, and the latest advancements
in experimental vaccine candidates currently undergoing clinical and preclinical trials
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in neurons, resulting in neurological disorders
such as encephalitis and meningitis. Once inside
the CNS, OROV replicates in neurons, causing
inflammation and potentially leading to long-
term neurological deficits. Mice experiments have
shown that OROV infection can result in severe
encephalitis, with glial cells and neurons hosting
viral replication.>®>°

Immunity against infection

The host defence mechanism for OROV
infection is governed by a two-partimmunological
principle that unites innate immunity with specific
immunity. The primary step of OROV infection
triggers an instant innate immunity response,
which is primarily exemplified by the production of
type linterferons (IFN) coupled with a subsequent
cascade of pro-inflammatory cytokines, which
are intended to control early viral titers. Despite
this, OROV has developed complex immune
evasive phenotypes. The virus can evade the host
immune system through modulation of cytokine
signaling pathways, leading to an impairment of
the functional capacity of key immune cells.5>¢°

Diagnostic methods

Oropouche virus induced fever
frequently goes undiagnosed due to its mild
clinical presentation and overlapping symptoms
with other arboviral infections like dengue, Zika,
chikungunya, malaria, leptospirosis or yellow
fever.®® Routine haematological analyses including
complete blood counts (CBC) have restricted
diagnostic accuracy, and findings like leukopenia
and elevated alanine transaminase (ALT) levels
are inconclusive and occur in other febrile
ilinesses. Examination of CSF in neuroinvasive
cases may reveal pleocytosis, altered glucose
levels, and elevated protein concentrations,
which are commonly observed in various viral
encephalitides, are not typical for OROV.®!
Serological interpretation is complicated by
potential cross-reactivity with antibodies against
related arboviruses, necessitating confirmatory
testing. Furthermore, it is imperative to develop
cell lines and animal models to study OROV
pathogenesis and host immune responses.
Although virus isolation in permissive cell cultures
is practicable, its value is restricted by protracted

downtime and capital-intensive protocols.®> The
primary diagnostic methods include:

Detection of OROV nucleic acid

Clinical samples might contain OROV
RNA, which can be identified using molecular
techniques like reverse transcription-polymerase
chain reaction (RT-PCR). The RT-PCR assays
focusing on M or S genomic segments have
become the most dependable means of identifying
OROV RNA in clinical specimens (e.g., blood, saliva,
and urine) during the acute phase.*%% Although
having a high specificity, the sensitivity of RT-PCR
assays can range depending on viral load and
sample quality. Early virus detection during the
acute stage of infection is made possible by this
highly specific approach.

Detection of OROV immunoglobulin M (IgM)

Serological testing is fundamental to
diagnosing OROV. Enzyme-linked immunosorbent
assay (ELISA) tests are used to identify IgM
antibodies, which are produced early in the
immunological response. Serum or CSF containing
OROV-specific IgM indicates a recent acute OROV
infection.

Detection of OROV neutralizing antibodies

In immunocompetent patients OROV-
specific neutralizing antibodies are identifiable
through plaque reduction neutralization tests
(PRNTs), and IgM seroconversion usually takes
place within the initial week after symptoms
begin. A conclusive diagnosis often requires
exhibiting a four-fold rise in neutralizing antibody
titers between paired acute and convalescent
serum samples.* When molecular testing is
either unavailable or inconclusive, this technique
is especially helpful for verifying OROV infection.
Because clinical signs of OROV are often non-
specificand resembles with other febrile diseases,
it is essential to train healthcare professionals in
distinguishing OROV from other clinically similar
arboviral diseases to enhance diagnostic accuracy.

At present, confirmatory testing for
OROV depends on specialized serological assays
that are not commercially accessible and the
tests are limited to reference laboratories such
as the United States Centers for Disease Control
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and usually conducted in collaboration with
state or territorial health departments (Figure
4). This limitation highlights the necessity for
greater accessibility to validated diagnostic tools
in endemic regions, in order to enable timely and
precise detection of ORQOV infections.®®

Vaccine development

Considering the pandemic potential of
the OROV, production of an OROV vaccine must be
of prime concern for global researchers and health
agencies (Figure 4). Several vaccine candidates
are under investigation including inactivated,
live attenuated and recombinant protein-based
vaccines. A live attenuated vaccine based on the
Belem, Ananindeua (BeAn19991) strain has shown
promising results in preclinical studies, inducing
robust immune responses in animal models.*¢”
Reverse genetics systems are being investigated for
the development of vaccines that generate robust
and specific immune response.®® One promising
candidate for vaccine development is a replicable
vesicular stomatitis virus (VSV) expressing OROV
glycoproteins which can elicit an immune response
in the host body. This vaccine has been shown to
protect mice from wild-type OROV challenge.®’
Additionally, Immunoinformatics approaches have
identified potential Band T cell epitopes within the
M-segment polyprotein of OROV, offering a crucial
strategy for vaccine development.?®

Treatment

At present, no approved antiviral
treatments are available for OROV infection.
Significant broad-spectrum antiviral action has
been demonstrated by acridone derivatives
against a variety of viruses such as RNA viruses
from the Flaviviridae and other DNA viruses
from the Herpesviridae family (Figure 4).
Specifically, acridone compounds FAC21 and
FAC22 have demonstrated potent inhibition of
OROV replication in vitro, achieving a 99.9%
reduction in viral yield through targeted interaction
with the viral endonuclease.® This enzymatic
target plays a critical role in the cap-snatching
mechanism characteristic of orthobunyaviruses,
representing a promising aspect for antiviral
intervention. Complementary studies have
identified natural compounds with anti-OROV

activity, including hop (Humulus lupulus L.) derived
constituents such as humulone, alpha acids,
beta acids, xanthohumol and flavonoids. These
bioactive molecules effectively suppressed OROV
replication during the early stages of infection
(12-48 hours post-infection) by interfering
with endonuclease function.” Furthermore,
computational and experimental analyses have
highlighted Wedelolactone (WDL) as a potential
inhibitor of OROV endonuclease, demonstrating
in silico binding affinity and subsequent in vitro
antiviral effects across multiple stages of viral
infection in mammalian cell models.” These
findings collectively underscore the therapeutic
potential of targeting the OROV endonuclease for
antiviral drug development.

Prevention and control

In absence of effective antiviral treatment
for OROV infection, preventive measures become
paramount (Figure 4). Furthermore, the absence of
alicensed vaccine complicates the efforts made in
order to control the OROV. Management strategies
depend on a threefold set of interventions: (1)
Protective measures aimed at individuals to
minimize skin exposure like wearing long-sleeved
clothes and long pants and installing window and
door screens to prevent vector entry into houses.
(2) Vector control initiatives designed to restrict
transmission. Reducing exposure to biting midges
and mosquitoes is the mainstay of preventive
interventions. Strategies for preventing the disease
comprises of utilizing insect repellent with N,N-
diethyl-meta-toluamide (DEET) or picradin as
their active ingredient. Eliminating standing water
sources, such as containers and puddles, where
biting midges and mosquitoes breed will also
obviate the disease. (3) Supportive treatment for
clinical symptoms.* Management of the disease
focuses on supportive care, including hydration,
pain relief, and monitoring for complications
such as neurological involvement. In severe
cases, hospitalization may be required to manage
symptoms and prevent long-term sequelae.
Efficient outbreak management can be achieved
with a decrease in the public health impact of
OROV infections if these measures are strictly
taken.
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CONCLUSION

Oropouche virus poses a significant public
health risk in South America with the high potential
to spread to new regions due to environmental and
climatic changes. The designing of a vaccine is
complicated by the virus’s segmented genome and
reassortment capabilities. However, advances in
immunoinformatics, reverse genetics, and vaccine
platforms offer promising strategies for preventing
OROV transmission. Continued research and
international collaboration are essential to
develop effective vaccines and control measures,
ultimately reducing the burden of Oropouche
fever worldwide. This review provides a detailed
explanation of OROV neuroinvasion, diagnostic
methods, treatment options, and preventive
strategies. It emphasizes the role of healthcare
providers in identifying and reporting cases as
well as the implementation of public health
measures such as vaccine development for proper
containment of the OROV.
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