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Oropouche virus (OROV) is an arbovirus endemic to the Amazon region
since the 1950s that re-emerged in late 2023, causing a major epidemic
across Central and South America. Here we investigated the transmission
dynamics of the 2023-2024 epidemic in Manaus City (Amazonas state,

Brazil), amajor metropolitan hub in the Amazon, and estimated OROV
infections across Latin America and the Caribbean. OROV re-emergence
inManaus resulted in anincrease of IgG seroprevalence from11.4% in
November 2023 to 25.7% in November 2024. The neutralizing capacity of
OROV-specificlgG antibodies from individuals collected before and after
there-emergence demonstrated a median plaque reduction neutralization
test 50% titer of 640 against both the historical and contemporary OROV
isolates. A historical reconstruction of OROV circulation in Manaus
indicated a continuous low-level transmission with two major outbreaks of
comparable seasonality and magnitude in1980-1981and 2023-2024. We
estimate approximately 336,000 OROV infections in the Amazon region
under ascenario of continuous endemic transmission without major
outbreaks and over 9.4 million OROV infections during major outbreaks
from1960 to 2025. Collectively, our findings provide acomprehensive
assessment of OROV transmission in Manaus and contribute to a better
understanding of the OROV burden.

Oropouchevirus (OROV)is aneglected arbovirus that has caused Oro-
pouche fever in Latin America and the Caribbean since the 1950s".
Oropouche feveris a febrile illness that is often mild and self-limited"’.
However, OROV infection in some patients can lead to central nerv-
ous system diseases (for example, meningitis and meningoencepha-
litis), maternal-fetal complications (for example, stillbirths and birth
defects) and death*, OROV is primarily transmitted to humans by the
bite of Culicoides paraensis midges, sometimes called ‘no-see-ums’in
enzooticand urban cycles'. Inthe enzootic cycle, pale-throated sloths
(Bradypustridactylus) and nonhuman primates can serve as host reser-
voirs'. As of October 2025, no antiviral drugs or vaccines are available
for the treatment or prevention of OROV infection.
OROVisclassifiedinto the species Orthobunyavirus oropoucheense
in the Orthobunyavirus genus of the Peribunyaviridae family®. Its
genome consists of three single-stranded, negative-sense RNA mole-
cules, designated as small, medium and large segments®. OROV can

undergo reassortment events when two related orthobunyaviruses
infect the same cell’. These events generate novel viral strains with
mixed genomic segments from both parent strains, such as those
described for Iquitos, Madre de Dios and Perddes viruses®'. Reas-
sortment is a key evolutionary mechanism because it increases viral
genetic diversity and may affect vector competence, immunogenicity
and disease severity".

Sincelate 2023, theincidence of Oropouche fever hasincreasedin
the Brazilian Amazonregion, with subsequent spread to all 26 Brazilian
states and the Federal District'>*. Between 2024 and 2025, autochtho-
nous OROV transmission has also been reported in Barbados, Bolivia,
Colombia, Cuba, the Dominican Republic, Ecuador, Guyana, Panama,
Peru and Venezuela' ™. In addition, travel-related cases have been
reported in Canada, the Cayman Islands, Germany, Italy, Spain and
the USA**?, This re-emergence of OROV has been associated with a
novel OROV reassortant that may have higher fitness and virulence
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Fig.1| Oropouche fever outbreak in Manaus, 2023-2024. a, The incidence

of Oropouche fever laboratory-confirmed cases per epidemiological week in
Manaus, Amazonas state, and Brazil, from epidemiological week 1 of 2014

(29 December to 4 January) to epidemiological week 52 of 2024 (22-28 December).
b, Theincidence of Oropouche fever in Brazilian municipalities with a population
of 2500,000 inhabitants (n = 29). ¢, The mean monthly Index P for OROV
transmission by C. paraensis between 2014 and 2024 in Amazonas state

during the wet season (December to May) compared to the dry season

(June to November) at the municipality level. The mean monthly Index P data
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for all months in Amazonas state are shown in Extended Data Fig. 1. Index P >1
indicates a suitable climate and Index P < 1indicates an unsuitable climate.

d, Odds ratios for the number of days suitable for OROV transmission (defined as
Index P >1) in each year from 2014 to 2023 compared to 2024 (the reference year).
The dots represent the odds ratio and bars indicate the 95% Cls. Brazilian states:
AM, Amazonas state; ES, Espirito Santo state; PA, Pard state; P, Piaui state;

RJ, Rio deJaneiro state; SP, Sao Paulo state. Shapefile in ¢ from the Institudo
Brasileiro de Georgrafia e Estatistica under a Creative Commons license

CCBY 4.0.

compared to previous OROV strains and may be able to evade anti-
body responses generated by prior OROV infections'>?2. Furthermore,
anthropogenic factors, including land use, land cover and human
mobility, are likely contributors to facilitated OROV re-emergence in
the Amazon region*, The combination of OROV-infected travelers,
widespread distribution of C. paraensis across the Americas and a
large, immunologically naive population may have contributed to
the establishment of OROV transmission beyond the Amazon region.

The Amazon region has approximately 47 million inhabitants
across Brazil, Peru, Colombia, Bolivia, Ecuador, French Guiana, Guy-
ana, Suriname and Venezuela. This region is characterized by a low
population density (ranging from 1.8 to 19 inhabitants per square
kilometer) and a high level of deforestation**. Manaus City (Amazonas
State, Brazil) is the largest metropolis in the Amazon, with a popula-
tion of approximately 2.27 million and a density of 181inhabitants per
square kilometer, and was the first major urban center affected by the
2023-2024 OROV re-emergence before its broader spread beyond
the Amazon Basin”. In this study, we combined epidemiological, eco-
logical, serological and serodynamic analyses to investigate OROV
transmission dynamics in Manaus and estimate the number of OROV
infectionsin Latin America and the Caribbean.

Results

Oropouche fever re-emergence in Manaus between

2023 and 2024

Between1)anuary 2014 and 31 December 2024, Manaus, the capital and
largest city of Amazonas state, reported 1,160 laboratory-confirmed
Oropouche fever cases to the Brazilian Ministry of Health (Fig. 1a).
The majority of these cases (96.3%, 1,117 0f 1,160) occurred between
1December 2023 and 30 June 2024. The cumulative incidence was
54.1cases per 100,000 inhabitants in Manaus, which was 12.7 times

higher than the cumulative Oropouche fever incidence at the national
level during the same period. Notably, Manaus exhibited the highest
cumulative OROV incidence among all Brazilian municipalities with
over 500,000 inhabitants (n = 29; Fig. 1b). We estimated the OROV
laboratory positivity ratein Manaus to be 12.2% (95% confidence interval
(CI)11.5-12.9%). This rate was estimated to be 1.2 times lower than across
Amazonas state (14.9%, 95% C114.5-15.4%) but 1.5 times higher than the
national average (8.3%, 95% CI 8.2-8.4%) (Extended Data Fig.1). The
median age of Oropouche fever cases in Manaus was 35 years (inter-
quartilerange 24-48 years) and 53.1% (616 0f 1,160) of cases were male.
To investigate the impact of climate on the OROV primary vector, we
examined the climate suitability (Index P) for C. paraensis between
January 2014 and December 2024 (Extended Data Table 1). We found
that Amazonas state has a climate suitable for C. paraensis throughout
theyear, with the highest suitability during the wet season from Decem-
ber to May (Index P > 6.53) and lowest during the dry season between
June and November (Index P > 2.94; Fig. 1c and Extended Data Fig. 2).
This period of high seasonal suitability in Manaus (December to May)
consistently overlaps with theincrease in Oropouche fever casesinlate
2023 and early 2024. However, we found that the number of days with
climate suitability for C. paraensisin 2023 and 2024 was not statisti-
cally higher than the 9 years preceding the re-emergence (Fig. 1d and
Extended Data Fig. 3).

OROV seroprevalence in Manaus

To determine the seroprevalence of OROV infections in Manaus, we
conducted a cross-sectional seroepidemiological study using 2,055
routine blood donor samples. Samples were collected in three distinct
periods: November 2023 (n = 685),June 2024 (n = 685) and November
2024 (n=685). Of the total samples, 98.9% (n = 2,033) were from unique
individualsand1.1% (n = 22) represented repeat donors. The mean age
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Fig. 2| Detection of OROV-specific antibodies in Manaus between 2023 and
2024.a, OROV IgG seropositivity rate by sampling period. Seropositivity rates
are shown for three time points (November (Nov) 2023, June (Jun) 2024 and

Nov 2024) amongindividuals aged 16-69 years (n = 685 per period). The dots
represent observed seroprevalence and error bars indicate 95% Cls. b, OROV IgM
seropositivity rate by sampling period. Seropositivity rates are shown for three
time points among individuals aged 16-69 years: Nov 2023 (n = 683), Jun 2024
(n=504)and Nov 2024 (n = 685). The dots represent observed seroprevalence
and error barsindicate 95% Cls. ¢, The agreement between IgG ELISA and

FRNT (n = 630). The upper dashed line indicates the cutoff for IgG positive

group (years) Age group (years)

(>22 RU ml™), while the lower dashed line indicates IgG negative (<16 RUml ™)

as established by the manufacturers. The area between the two dashed lines
represents the borderline range (=16 to <22 RU ml™). d, Age-stratified OROV-
specificlgG seroprevalence in Manaus across three sampling periods: Nov 2023,
Jun 2024 and Nov 2024. The posterior distribution of the catalytic model fitted
seroprevalence for each age is represented as posterior mean (dark blue) and 95%
credibleintervals (shaded gray). The dots represent the observed seroprevalence
and bars indicate the 95% Cls. Seropositivity rates are shown for three time

points (Nov 2023, Jun 2024 and Nov 2024) among individuals aged 16-69 years
(n= 685 per period).

of participants was 36 years (interquartile range 26-44 years), with
males comprising 68.7% (1,412 0f 2,055) and females 31.3% (643 of 2,055)
of the samples. OROV IgG seroprevalence was 11.4% (78 of 685, 95% ClI
9.1-14.0%) in November 2023. This rate increased to 17.8% (122 of 685,
95% C115.0-20.9%) in June 2024 and reached 25.7% (176 of 685, 95% Cl
22.5-29.1%) by November 2024 (Fig. 2a). By contrast, the OROV IgM
seropositivity rate was 1.8% (12 of 683, 95% Cl 0.8-2.74) in November
2023,1.6% (8 of 504, 95% C10.5-2.68) in June 2024 and 1.8% (12 of 685,
95% C10.8-2.73) inNovember 2024 (Fig. 2b). To confirm the robustness
of the enzyme-linked immunosorbent assay (ELISA) used, a subset
of IgG ELISA-positive samples (n = 325), IgG ELISA-negative samples
(n=274)and allIgG ELISA-borderline samples (n = 31) were tested using
afocusreduction neutralization test (FRNT). The agreement between
the ELISA and FNRT was 97.8% (318/325) for IgG-positive samples and
98.5% (270/274) for IgG-negative samples. Furthermore, 77.4% (24 of 31)
ofthelgG-borderline samples from ELISA were confirmed as OROV posi-
tive by FRNT (Fig. 2c). Our age-stratified analysis of OROV IgG-positive
samples from November 2023 revealed thatindividuals aged =50 years
exhibited seroprevalence rates ranging from 21.3% (95% C113.5-30.9%)
t026.3% (95% C19.2-51.2%) compared to those aged <50 years with
seroprevalence rates ranging from 2.9% (95% CI 0.01-15.3%) to 11.3%
(95% C17.4-16.4%; Fig. 2d and Extended Data Table 2). However, this
age-dependent pattern was not observed in the serosurveys conducted
inJuly and November 2024, which were instead characterized by an
increasein seropositivity across all age groups (Fig. 2d). Therefore, the
dataindicate that mostindividuals (thatis, aged >50 years) who tested
seropositive for OROV in November 2023 were probably exposed to
the virusin a previous transmission outbreak.

OROV-specificantibodies before and after the 2023-2024
outbreak in Manaus

To further understand the dynamics of humoral OROV immunity, we
assessed the neutralizing capacity of OROV IgG and IgM antibodies
using the plaque reduction neutralization test 50% (PRNT,). We evalu-
ated their ability to neutralize two distinct OROV strains: the proto-
type BeAn19991isolate (1960) and the contemporary AMO0O88 isolate
(2024). A subset of samples from OROV IgG-positive individuals col-
lected before and after 2023-2024 was divided into two age groups:
>50 years old and <50 years old. In serum samples from IgG-positive
individuals from both age groups, we found PRNT, titer of 2640
against the BeAn19991 and AM0OO88 strains, both before and after
the 2023-2024 outbreak (Fig. 3a,b). No statistically significant dif-
ference in OROV IgG concentration (relative units (RU) per milliliter)
was observed between the two age groups either before or after the
outbreak (Fig. 3c). Then, we evaluated the neutralizing antibody capac-
ity of all OROV IgM-positive samples (n = 14) against both OROV strains
using PRNTj,. These samples exhibited amedian PRNT, titer of 2640
forthe AMOO88 isolate. By contrast, the same serum samples showed
PRNT,, titers below the detection limit (<20) against the BeAn19991
isolate (Fig. 3d). Among the 22 individuals with repeat blood donations,
we identified two who seroconverted from OROV IgG negative to IgG
positive, indicating a primary infection between sampling. Inaddition,
anincrease in OROV IgG concentration was observed in previously
IgG-positive individuals, and one of these individuals also had a posi-
tive [gM resultin their second donation (Fig. 3e). However, we did not
observe anyincreasein neutralizing capacity in OROV antibody-positive
samples (Extended Data Table 3).

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-026-04221-z

Reconstruction of major OROV outbreaks in Manaus
Toreconstruct the historical circulation of OROV and contextualize the
11.4% IgG seroprevalence measured in November 2023, we employed
aserodynamic approach. Based on a serocatalytic model assuming a
constanttransmission with asingle prior outbreak, fitted to our Novem-
ber 2023 serosurvey data, we estimated that Manaus experienced a
major OROV outbreak in mid-1976 (95% Bayesian credible interval:
1966-1978; Fig. 4a). To refine the resolution of our reconstruction,
we conducted an additional and retrospective cross-sectional sero-
survey between2015and 2016 in the general population from Manaus
(n=440 participants). This serosurvey found an OROV seroprevalence
of11.1% (49 0f 440, 95% C18.4-14.5%), with amedian PRNT, titer of 640
(interquartile range 200-640) for the BeAn19991 strain. Consistent
with our earlier findings, individuals >40 years old exhibited a sero-
prevalence of atleast19.1% (95% C15.5-4.2), while those <40 years old
showed aseroprevalence <6.1% (95% C10.7-20.2) (Fig. 4b). Next, using
the 2015-2016 serosurvey data in our serocatalytic model with the
same assumptions above, we estimated that a major OROV outbreak
occurredin Manaus around 1977 (95% Bayesian credible interval:1972-
1981; Fig. 4¢). Our estimate for outbreak reconstruction is supported
by historical records of a major OROV outbreak in Amazonas state in
1980, which affected Manaus between October 1980 and February
1981* (Extended Data Table 4). The previous study from that period
estimated OROV seroprevalence in the Manaus population before the
1980-1981outbreak at1.8% (9 0of 496), with 4.2% (21 0of 496) during the
serosurvey in December 0f1980, which subsequently rose to 14.9% (74
of 496) post-outbreak (May 1981)%. Collectively, our data indicate a
sustained butlower level of OROV transmissionin Manaus, with infec-
tions occurring predominantly during two major outbreaks (that is,
1980-1981 and 2023-2024) that exhibited comparable seasonality
and magnitude (Fig. 4d).

Number of OROV infections in Latin America and the Caribbean
To estimate the number of OROV infections in endemic Central and
South American countries, we compiled data from major OROV
outbreaks and seroepidemiological studies between 1961 and 2022
(Extended Data Table 4 and Supplementary Table 1). We identified 32
major OROV outbreaks documented in Brazil, Peru, French Guiana
and Panama, with 59.4% (19 of 32) occurring in Brazil (Fig. 5a). These
outbreaks were mostly restricted to the municipality or state level,
withamedian duration of 2 months (interquartile range 1-3 months).
Our analysis identified 187 OROV seroepidemiological studies,
predominantly performed in the 1970s (n = 43),2010s (n = 60) and
2020s (n=50). The serosurveys conducted in Brazil represent 39.0%
(73 0f 187) of these studies (Fig. 5b). Then, we categorized the seroep-
idemiological studies based on whether they were conducted before
or after amajor OROV outbreak (Supplementary Table1). We found a
significant difference in median OROV seroprevalence: 0.65% (inter-
quartile range 0.00-1.84%, n = 118) before outbreaks compared
to 16.7% (interquartile range 9.09-33.74%, n = 69) after outbreaks
(P<0.0001; Fig. 5¢). To estimate the number of OROV infections
in endemic areas (that is, Amazon Basin), we used the median and

interquartile range of seroprevalence from before outbreaks to
reflect ascenario of continuous endemic transmission. We estimated
336,570 OROV infections (with 75th percentile: 0.95 million OROV
infections) in the Amazon region in the current population, with
the highest numbers in Brazil and Peru (Fig. 5d). Using the median
and interquartile range of seroprevalence data from after OROV
outbreaks, we estimated a cumulative total of 9.4 million OROV infec-
tions (interquartile range 5.1-19.0 million) between 1960 and 2025
across Latin America and the Caribbean (Fig. 5e). Brazil accounted
for the majority of these infections, with an estimated 5.5 million
(interquartile range 3.0-11.1 million), followed by Cuba with
1.7 million (interquartile range 0.93-3.4 million) and Peru with
1.1 million (interquartile range 0.59-2.2 million) infections.

Inequalities in surveillance capacity and healthcare
accessibility in OROV endemic areas

To understand the gap between reported cases and our estimated
number of OROV infections, we assessed both surveillance capacity
and healthcare accessibility in OROV-affected regions by examining his-
toricalendemic areasin the Amazon Basin and areas recently affected
by the 2024-2025 epidemic. We found that 77.8% (seven of nine) of
endemic OROV areas in the Amazon Basin have a median surveillance
capability index below the South American median of 0.22 (range O is
poor and 1is excellent), including Peru, Colombia and Bolivia, with a
median index ranging from 0.04 to 0.21 (Fig. 6a). Brazil and Ecuador
showed slightly higher indices of 0.25 (interquartile range 0.21-0.31)
and 0.24 (interquartile range 0.08-0.47), respectively. Conversely,
countries recently affected by OROV outbreaks in the Caribbeanhad a
higher medianindex ranging from 0.60 to 0.89 (Fig. 6a). Similarly, our
analysis of optimal travel time to healthcare facilities shows substantial
differences between endemic and recently affected areas. The median
optimaltravel timein OROV endemic areas is often long, with amedian
of14t022.5 hinPeru, Colombiaand Venezuela, and arange exceeding
24 h(Fig. 6b). By contrast, the median travel time in Caribbean countries
was less than10 min. The median travel time to healthcare was reduced
after the 2023-2025 outbreaks in Brazil and Ecuador, whichis probably
owingtothe geographical expansion of OROV to areas with faster travel
times (Fig. 6b). Collectively, these findings show that endemic areas
with continuous OROV transmission in the Amazon Basin have alower
surveillance capacity and limited healthcare accessibility, which prob-
ably contribute to the underreporting of OROV infections.

Discussion

This study provides acomprehensive assessment of the re-emergence
of Oropouche fever in Manaus and the Amazon Basin, which may be crit-
icaltounderstanding the nidus of the 2023-2025 OROV epidemic across
Latin Americaand the Caribbean. Our data show the 2023-2024 OROV
outbreakinManausledtoasignificantincreaseinIgG seroprevalence
from11.4% in November 2023 (pre-outbreak) to 25.7% in November 2024
(post-outbreak), whichis similar to areas affected by OROV outbreaks
in South America®. Notably, our historical reconstruction of OROV
circulation indicates that Manaus was affected by a major outbreak

Fig. 3| OROV antibody response before and after the 2023-2024 outbreak in
Manaus. a, Neutralization of OROV strains BeAn19991 (prototype) and AMO088
(contemporary) by PRNT,, in serum samples from OROV IgG-positive individuals
collected in November 2023 (pre-outbreak) fromindividuals aged 16-69 years
(left, <50 years old (n = 34) and right, >50 years old (n = 15)). b, Neutralization of
OROV strains by PRNT, in serum samples from OROV IgG-positive individuals
collected inJune and November 2024 (post-outbreak) from individuals aged
16-69 years (left, <50 years old (n = 48) and right, >50 years old (n = 22)). ¢, OROV-
specific IgG concentration (RU ml™) determined by ELISA in serum samples from
individuals <50 years (n = 53) and >50 years (n = 25) collected pre-outbreak (left)
and <50 years (n =257) and >50 years (n = 43) collected post-outbreak (right).
Thebarinthebox plots represents the median (middle line), the upper and lower

limits represent the 75th and 25th percentiles, and the lowest and highest values
within1.5% IQR from the first and third quartiles (whiskers). The dashed line
indicates the cutoff for IgG positivity (=22 RU ml™). Samples below the dashed
line were confirmed positive by FRNT. The Pvalues (P=0.2586 and P= 0.2227)
were calculated using the two-sided Wilcoxon rank sum test.d, PRNTj,
neutralization of OROV strains BeAn19991 and AMOO088 in serum samples from
IgM-positive individuals aged 16-69 years (n = 14) collected between November
2023 and November 2024. e, IgG concentrations (RU ml™) determined by ELISA
from 22 individuals (aged 16-69 years) with repeat blood donations, with IgM
detection status indicated. The dots represent individual patients. The dashed
line indicates the cutoff for IgG positivity (>22 RU mlI™). The lines connect the
ELISA results from the first and second samples of each individual subject.
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between late 1980 and early 1981, which was the first documented in
Amazonas state”, These two major outbreaks occurred 42 years apart
but shared a comparable seasonality with peaks between December
and April (wet season) and resulted in similar attack rates with 12.5%
in1980-1981 and 14.3% in 2023-2024. We hypothesize that Manaus,
thelargest city inthe Amazonregion, withits high population density
and substantial human mobility facilitated by the largest national and
international airport in the Amazon Basin, may have served as a hub
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Fig. 4| Reconstruction of Oropouche fever outbreaks in Manaus.

a, Posterior distribution of the attack rate and outbreak year from a serocatalytic
model, fitted to the November 2023 seroepidemiological data (n = 685).

The model assumes a constant transmission with a single prior outbreak before
November 2023. The dots represent the median of the posterior distribution
and lines represent the 95% credible intervals. b, Age-stratified OROV-specific
IgG seroprevalence in Manaus based on serosurvey data from 2015 t0 2016
(n=314), withindividuals aged 14-77 years. Data are represented as observed
seroprevalences (dots) with 95% Cls (bars). The posterior distribution of the
model fitted seroprevalence for each age is represented as posterior mean
(dark blue) and 95% credible intervals (gray ribbon). ¢, Posterior distribution of

the attack rate and outbreak year from the same serocatalytic model assuming
constant transmission with asingle prior outbreak before 2015, fitted to the
2015-2016 seroepidemiological data (n = 314). The dots represent the median
ofthe posterior distribution and lines represent the 95% credible intervals.

d, A conceptual representation of the reconstructed history of Oropouche fever
outbreaks in Manaus from 1980 to 2024. The figure integrates model predictions
with documented historical and recent outbreaks to visualize the temporal
dynamics of OROV transmission. Data from the 1980-1981 OROV outbreak in
Manaus were obtained from a previous study”. The dots represent the observed
seroprevalence and barsindicate the 95% Cls.

Our in vitro data indicate that OROV-specific IgG antibodies
from individuals previously infected in Manaus can efficiently neu-
tralize both the prototype OROV strain and the representative strain
that caused the 2023-2024 outbreak in Manaus. Despite the cur-
rently uncertain duration of OROV-specific IgG antibody responses,
our reconstruction of the 1980-1981 outbreak, combined with the
age-dependentinfection pattern observed before the recent outbreak
inManaus, suggests that OROV infection elicits a long-lived antibody
response. We also found that OROV-specific IgM antibodies have a
higher neutralizing capacity against OROV isolate, which aligns with
findings from an experimental mouse study that demonstrated that
IgM produced during primary infection is essential for controlling
OROV replication and preventing neurological disease®. However,
this higher IgM neutralizing capacity appears to be restricted to the
contemporary OROVisolate, whichis likely to be the OROV strain that
caused these infections.

We estimated that between 1960 and 2025, OROV caused around
9.4 million infections across the Americas. Our findings indicate that
the historical underreporting of OROV infections is probably owing
to, at least in part, low surveillance capacity and limited healthcare
access across countriesin the Amazon Basin. The cumulative number
of OROVinfectionsreported is substantially lower than the estimated
Smillion annual CHIKV infections in the Americas®, amajor arbovirus
that causes explosive outbreaks. These differences in the number of

infections for the two arboviral diseases appear linked to distinct trans-
mission dynamics, primarily driven by vector ecology. OROV is prob-
ably mainly transmitted by C. paraensis, whichis associated with high
moisture levels and found predominantly in forest and rural areas™.
Forinstance, our analysisindicates that wet season (December to May)
in Amazonas state exhibits higher climate suitability for C. paraensis,
whichis consistent with data from entomological fieldwork that dem-
onstrated that C. paraensisis predominantly abundant during the wet
season, specifically when temperatures range between 30 °C and 32 °C
andrelative air humidity is between 75% and 85%, compared to the dry
season in the Amazon region®. By contrast, CHIKV is transmitted by
Aedes aegyptiand, to some extent, by Aedes albopictus, both invasive
anthropophilic mosquito species in urban centers®. Consequently,
OROV appearsto have agreaterimpact onrural communities, whereas
CHIKV significantly affects overall public healthowing toalarger num-
ber of cases occurring in densely populated urban areas. In addition,
OROVinfectionis usually amild febrileillness, which contrasts with the
typically symptomatic and often debilitating disease caused by CHIKV
infection®*%, For instance, while the rate of symptomatic CHIKV infec-
tionsinthe Americasis estimated at 51% (ref. 39), itis plausible that the
proportion of asymptomatic or oligosymptomatic OROV infections is
similar to that of Zika virus and West Nile virus, which is estimated to
be around 80% (refs. 15,40). Future studies are needed to investigate
the proportion of OROV asymptomatic cases.
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Fig. 5| Estimated number of OROV infections in Latin America and the
Caribbean. a, The spatiotemporal distribution of major OROV outbreaks
documented in Latin America between1961and 2020 (n =32).b, The
spatiotemporal distribution of OROV seroprevalence studies conducted in
Latin America and the Caribbean between 1961 and 2022 (n =187).c, OROV
seroprevalence inlocations before (n =118) and after documented outbreaks
(n=69). The box plots show the median (middle line), the 25th and 75th
percentiles (box) and the lowest and highest values within 1.5x IQR from the first
and third quartiles (whiskers). The Pvalue (P < 0.0001) was calculated using the
two-sided Wilcoxon rank sum test. d, The estimated number of OROV infections
inadministrative units (states, departments or provinces) located within the

Amazon region across nine South American countries based on a scenario of
continuous endemic transmission (that is, using seroprevalence data from
before major outbreaks). The bar represents the median value and the error

bars show the 75th percentile. e, The estimated number of cumulative OROV
infections in administrative units that had reported Oropouche fever outbreaks
inten Latin American and Caribbean countries and territories based on a scenario
including major outbreaks (that is, using seroprevalence data from after major
outbreaks). The bar represents the median and the error bars show the 25thand
75th percentiles. Shapefile inaand b from the Institudo Brasileiro de Georgrafiae
Estatistica under a Creative Commons license CC BY 4.0 and Epi Info, US Centers
for Disease Control and Prevention under a Creative Commons license CC0O 1.0.

This study has several limitations. First, our seroprevalence data
rely on convenience blood donor samples, which limits the generaliza-
tion of our seroprevalence and demographic findings to the broader
population. Second, OROV infections have probably been underesti-
mated in past years owing to variable healthcare-seeking behaviors,
absence of diagnostic capabilities and a limited OROV surveillance

system in many endemic areas. These factors may have contributed
to underreported incidence rates. In addition, further studies with
structured analysis using country-level diagnosis proxies are necessary
to determine underreporting of OROV infection cases. Third, our his-
torical reconstructionis based onaserocatalytic model with assump-
tions that may oversimplify the complex, long-term dynamics of OROV
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Fig. 6 | Surveillance capacity and healthcare accessibility in OROV-affected
regions. a,b, The model-predicted relative surveillance capacity index for
emerging acute viral infection diseases, focusing on historical endemic areas
inthe Amazon Basin collected pre-outbreak (a) and post-outbreak (b). Data are
represented as medians (dots) with interquartile range (bars). The dashed line in
arepresents the median surveillance capacity in the South American continent
(0.2246) and the dashed line in b represents the median surveillance capacity

in Latin America and the Caribbean (0.2337). The index ranges from O (lowest)
to1(highest), indicating surveillance capacity*. ¢,d, The optimal travel time
inhours for individuals with access to motorized transportation (for example,
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car and motorcycle) to healthcare facilities (for example, hospital or clinic)*,
focusing on areas recently affected by the 2024-2025 epidemic collected pre-
outbreak (c) and post-outbreak (d). Data are represented as medians (dots) with
interquartile range (bars). The dashed line in c represents the median travel time
to healthcare in South America (approximately 2 hand 10 min) and the dashed
lineind represents the median travel time to healthcare in Latin Americaand the
Caribbean (approximately 1 hand 53 min). Surveillance capacity and healthcare
accessibility data were extracted at the state, department or province level for
pre-outbreak and post-outbreak periods.

circulation. Finally, our estimate of OROV infections relied on available
cross-sectional seroprevalence studies, which were conducted using
varying protocols and assays. This heterogeneity in the datais also a
strength due tomultiple locations, years and laboratories. However, it
may also be affected by the potential sensitivity and specificity of assays
used, as well as false-positive results from other circulating orthobu-
nyaviruses in these communities, which could affect the accuracy of
our infection estimates.

In conclusion, our study provides important context about the
dynamics and drivers of OROV transmission in Manaus during the
early stage of the ongoing epidemic in South and Central America.
We showed that historical OROV transmission in the Amazon region
has been characterized by infrequent, short and limited outbreaks;
however, the long-termimpact of the OROV epidemic in newly affected
areas after 2024 remains to be further investigated. We also estimated
the cumulative number of OROV infections in Latin America and the
Caribbean. Thisinformation may help inform future studies and public
health strategies aimed at mitigating the effects of OROV outbreaks
and epidemics.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author con-
tributions and competing interests; and statements of data and code
availability are available at https://doi.org/10.1038/s41591-026-04221-z.

References

1. Travassos da Rosa, J. F. et al. Oropouche virus: clinical,
epidemiological, and molecular aspects of a neglected
orthobunyavirus. Am. J. Trop. Med. Hyg. 96, 1019-1030 (2017).

2. deSouza, W. M. et al. ICTV virus taxonomy profile: Peribunyaviridae
2024. J. Gen. Virol. https://doi.org/10.1099/jgv.0.002034 (2024).

3. delima, S.T.S. et al. Molecular epidemiology of Oropouche virus,
Ceara State, Brazil, 2024. Emerg. Infect. Dis. 31, 838-842 (2025).

4. das Neves Martins, F. E. et al. Newborns with microcephaly in
Brazil and potential vertical transmission of Oropouche virus:

a case series. Lancet Infect. Dis. 25, 155-165 (2025).

5. Bandeira, A. C. et al. Fatal Oropouche virus infections in
nonendemic region, Brazil, 2024. Emerg. Infect. Dis. 30,
2370-2374 (2024).

6. Hughes, H.R. et al. ICTV virus taxonomy profile: Peribunyaviridae.
J. Gen. Virol. 101, 1-2 (2020).

7. Tilston-Lunel, N. L. Oropouche virus: an emerging
orthobunyavirus. J. Gen. Virol. 105, 002027 (2024).

8. Aguilar, P. V. et al. Iquitos virus: a novel reassortant Orthobunyavirus
associated with human illness in Peru. PLoS Negl. Trop. Dis. 5, 1315
(201M).

9. Ladner, J. T. et al. Genomic and phylogenetic characterization
of viruses included in the Manzanilla and Oropouche species
complexes of the genus Orthobunyavirus, family Bunyaviridae.

J. Gen. Virol. 95,1055-1066 (2014).

10. Tilston-Lunel, N. L. et al. Genetic analysis of members of the
species Oropouche virus and identification of a novel M segment
sequence. J. Gen. Virol. 96, 1636-1650 (2015).

1. Briese, T., Bird, B., Kapoor, V., Nichol, S. T. & Lipkin, W. |. Batai
and Ngari viruses: M segment reassortment and association
with severe febrile disease outbreaks in East Africa. J. Virol. 80,
5627-5630 (2006).

12. Scachetti, G. C. et al. Re-emergence of Oropouche virus between
2023 and 2024 in Brazil: an observational epidemiological study.
Lancet Infect. Dis. 25, 166-175 (2025).

Nature Medicine


http://www.nature.com/naturemedicine
https://doi.org/10.1038/s41591-026-04221-z
https://doi.org/10.1099/jgv.0.002034

Article https://doi.org/10.1038/s41591-026-04221-z

13. Naveca, F. G. et al. Human outbreaks of a novel reassortant 30. Nunes, M. R. et al. Emergence and potential for spread of
Oropouche virus in the Brazilian Amazon region. Nat. Med. 30, Chikungunya virus in Brazil. BMC Med. 13, 102 (2015).
3509-3521(2024). 31. Faria, N.R. et al. Zika virus in the Americas: early epidemiological

14. Srivastava, S. et al. The emergence of oropouche fever: a potential and genetic findings. Science 352, 345-349 (2016).
new threat? New Microbes New Infect. 65, 101596 (2025). 32. de Souza, W. M. & Weaver, S. C. Effects of climate change and

15. McDonald, E. et al. Surveillance for West Nile virus disease— human activities on vector-borne diseases. Nat. Rev. Microbiol. 22,
United States, 2009-2018. Am. J. Transplant. 21,1959-1974 (2021). 476-491(2024).

16. Rodriguez-Morales, A. J. et al. Reemergence of Oropouche virus 33. Toledo-Teixeira, D. A. et al. MyD88 signalling in B cells
infection in Ecuador, 2024: vectors and cases. J. Infect. 91, 106544 and antibody responses during Oropouche virus-induced
(2025). neurological disease in mice. eBioMedicine 117, 105815 (2025).

17. Bello-Rodriguez, B. M., Vega-Jiménez, J., Cafete, R. & 34. Ribeiro Dos Santos, G. et al. Global burden of chikungunya virus
Rodriguez-Morales, A. J. Emergence of Oropouche virus infection infections and the potential benefit of vaccination campaigns.
in Matanzas, Cuba, 2024. J. Infect. 90, 106470 (2025). Nat. Med. 31, 2342-2349 (2025).

18. Cruz, C.D. et al. Co-circulation of 2 Oropouche virus lineages 35. Mellor, P.S., Boorman, J. & Baylis, M. Culicoides biting midges:
during outbreak, Amazon region of Peru, 2023-2024. Emerg. their role as arbovirus vectors. Annu. Rev. Entomol. 45, 307-340
Infect. Dis. 31, 879-881(2025). (2000).

19. Usuga, J. et al. Co-circulation of 2 Oropouche virus lineages, 36. Feitoza, L. H. M. et al. Influence of meteorological and seasonal
Amazon Basin, Colombia, 2024. Emerg. Infect. Dis. 30, 2375-2380 parameters on the activity of Culicoides paraensis (Diptera:
(2024). Ceratopogonidae), an annoying anthropophilic biting midge

20. Capobianchi, M. R., Castilletti, C. & Gobbi, F. G. Potential risks and putative vector of Oropouche Virus in Rondonia, Brazilian
of Oropouche virus importation into Europe. J. Travel Med. 31, Amazon. Acta Trop. 243, 106928 (2023).
taae109 (2024). 37. de Souza, W. M., Lecuit, M. & Weaver, S. C. Chikungunya virus and

21. Morrison, A. et al. Oropouche virus disease among US travelers— other emerging arthritogenic alphaviruses. Nat. Rev. Microbiol.
United States, 2024. MMWR Morb. Mortal. Wkly Rep. 73, 769-773 23, 585-601(2025).

(2024). 38. de Souza, W. M. et al. Chikungunya: a decade of burden in the

22. Scroggs, S. L. P. et al. Enhanced infection and transmission of the Americas. Lancet Reg. Health Am. 30, 100673 (2024).
2022-2024 Oropouche virus strain in the North American biting 39. Bustos Carrillo, F. et al. Epidemiological evidence for
midge Culicoides sonorensis. Sci. Rep. 15, 27368 (2025). lineage-specific differences in the risk of inapparent Chikungunya

23. Graf, T. et al. Expansion of Oropouche virus in non-endemic virus infection. J. Virol. https://doi.org/10.1128/JVI1.01622-18 (2019).
Brazilian regions: analysis of genomic characterisation and 40. Duffy, M. R. et al. Zika virus outbreak on Yap Island, Federated
ecological drivers. Lancet Infect. Dis. 25, 379-389 (2025). States of Micronesia. N. Engl. J. Med. 360, 2536-2543 (2009).

24. Lapola, D. M. et al. The drivers and impacts of Amazon forest 41. Lim, A. et al. The overlapping global distribution of dengue,
degradation. Science 379, eabp8622 (2023). Chikungunya, Zika and yellow fever. Nat. Commun. 16, 3418

25. Borborema, C. A. et al. [1st occurrence of outbreaks caused by (2025).

Oropouche virus in the State of Amazonas]. Rev. Inst. Med. Trop. 42. Weiss, D. J. et al. Global maps of travel time to healthcare
Sao Paulo 24,132-139 (1982). facilities. Nat. Med. 26, 1835-1838 (2020).

26. Fischer, C. et al. The spatiotemporal ecology of Oropouche virus
across Latin America: a multidisciplinary, laboratory-based, Publisher’s note Springer Nature remains neutral with regard to
modelling study. Lancet Infect. Dis. 25, 1020-1032 (2025). jurisdictional claims in published maps and institutional affiliations.

27. de Melo lani, F. C. et al. Travel-associated international spread of
Oropouche virus beyond the Amazon. J. Travel Med. 32, taaf018 Springer Nature or its licensor (e.g. a society or other partner) holds
(2025). exclusive rights to this article under a publishing agreement with

28. Tian, H. et al. Increasing airline travel may facilitate co-circulation  the author(s) or other rightsholder(s); author self-archiving of the
of multiple dengue virus serotypes in Asia. PLoS Negl. Trop. Dis. accepted manuscript version of this article is solely governed by the
11, e0005694 (2017). terms of such publishing agreement and applicable law.

29. Nunes, M. R. et al. Air travel is associated with intracontinental
spread of dengue virus serotypes 1-3 in Brazil. PLoS Negl. Trop. © The Author(s), under exclusive licence to Springer Nature America,
Dis. 8, €2769 (2014). Inc. 2026

Erika R. Manuli**®*"®, Xinyi Hua®*', Gabriel C. Scachetti®'®, Julia Forato**', Ingra M. Claro®, Geovana M. PereiraZ,

Livia Sacchetto®®, Oscar Cortes-Azuero®, Ana Carolina Bernardo’, Claudia F. Resende’, Natalia B. S. Bacarov’,

Ligia Capuani? Shirlene T. S. de Lima*®, Ronaldo de Jesus?, Rodrigo B. Kato ® %, Barbara B. Salgado®, Carolina M. L. Singh®,
Nadielle C. Pereira®, Renato S. Reis'®, Sérgio R. L. Albuquerque”, Richard Stanton® ', Vanderson S. Sampaio®,

Anal. Bento®", Marielton P. Cunha®?, Oliver Ratmann™, Nuno R. Faria?'®, Scott C. Weaver ® 7, Pritesh J. Lalwani®°,
Henrik Salje®°%, Allyson G. Costa", José Luiz Proenca-Modena®>?°//, Ester C. Sabino®'"'3?°/ -1 &

William M. de Souza ® “?*°

'Programa de Pds-Graduagédo em Doengas Infecciosas e Salde Global, Departamento de Infectologia e Medicina Tropical, Faculdade de Medicina,
Universidade de Sao Paulo, Sdo Paulo, Brazil. 2Instituto de Medicina Tropical, Faculdade de Medicina, Universidade de Sao Paulo, S&o Paulo,

Brazil. °Departamento de Pesquisa Clinica e Inovacdo em Sautde, Universidade Municipal de Sdo Caetano do Sul, So Paulo, Brazil. “Department

of Microbiology, Immunology, and Molecular Genetics, College of Medicine, University of Kentucky, Lexington, KY, USA. ®Department of Genetics,
Microbiology and Immunology, Institute of Biology, University of Campinas, Campinas, Brazil. ®Department of Genetics, University of Cambridge,
Cambridge, UK. ’EUROInstitute, EUROIMMUN Brasil, Sdo Caetano do Sul, Brazil. ®Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais,

Nature Medicine


http://www.nature.com/naturemedicine
https://doi.org/10.1128/JVI.01622-18
http://orcid.org/0000-0001-9368-1228
http://orcid.org/0000-0001-9716-6899
http://orcid.org/0000-0002-9046-1702
http://orcid.org/0000-0002-6799-1182
http://orcid.org/0000-0001-7728-007X
http://orcid.org/0000-0002-2102-631X
http://orcid.org/0000-0001-8016-8556
http://orcid.org/0000-0003-2996-0446
http://orcid.org/0000-0003-3626-4254
http://orcid.org/0000-0002-4996-3153
http://orcid.org/0000-0003-2623-5126
http://orcid.org/0000-0002-0025-8293

Article https://doi.org/10.1038/s41591-026-04221-z

Belo Horizonte, Brazil. °Instituto Lednidas e Maria Deane, Fiocruz Amazénia, Manaus, Brazil. °Instituto de Saude e Biotecnologia, Universidade Federal
do Amazonas, Coari, Brazil. "Instituto de Ciéncias Bioldgicas, Universidade Federal do Amazonas, Manaus, Brazil e Diretoria de Ensino e Pesquisa,
Fundacéo Hospitalar de Hematologia e Hemoterapia do Amazonas, Manaus, Brazil. ?Division of Infection and Immunity, Cardiff University School

of Medicine, University Hospital of Wales, Cardiff, UK. ®Instituto Todos Pela Satde, Sao Paulo, Brazil. “Department of Public and Ecosystem Health,
College of Veterinary Medicine, Cornell University, Ithaca, NY, USA. ®*Department of Mathematics, Imperial College London, London, UK. ®MRC Centre
for Global Infectious Disease Analysis, Department of Infectious Disease Epidemiology, School of Public Health, Imperial College London, London,

UK. "Department of Microbiology and Immunology, University of Texas Medical Branch, Galveston, TX, USA. ®Departamento de Patologia, Faculdade
de Medicina, Universidade de Sao Paulo, Sdo Paulo, Brazil. ®These authors contributed equally: Erika R. Manuli, Xinyi Hua, Gabriel C. Scachetti, Julia
Forato *°These authors jointly supervised this work: José Luiz Proenca-Modena, Ester C. Sabino, William M. de Souza. < e-mail: jlmodena@unicamp.br;
sabinoec@usp.br; wmdesouza@uky.edu

Nature Medicine


http://www.nature.com/naturemedicine
mailto:jlmodena@unicamp.br
mailto:sabinoec@usp.br
mailto:wmdesouza@uky.edu

Article

https://doi.org/10.1038/s41591-026-04221-z

Methods

Serosurvey design and population

We retrospectively tested anonymized serum samples from two dis-
tinct cohorts of Manaus residents. We did not perform aformal sample
size calculation for either cohort. The first cohort comprised residual
blood samples from Hemoterapia do Amazonas. We retrieved stored
residual laboratory screening samples from routine blood donors in
November 2023, June 2024 and November 2024. We selected 2,055
samples (685 x3 time points) from blood donors to geographically
represent Manaus by using the ZIP codes of blood donors. The second
cohort consisted of blood samples collected from Manaus residents
(general population, n =440 participants) between 2015 and 2016,
at which time no participants reported any symptoms. All donors
withrecorded age and sex were eligible for testing, both self-reported
and only age variables were analyzed. No participant compensation
was provided in this study. The ethics committee waived the require-
ment forinformed consent for the use of residual blood bank samples
(2023-2024). For the second cohort (2015-2016), written informed
consent was obtained from all adult participants and permission for
minorswas provided by their legally authorized representatives. Upon
arrival at the laboratory, blood samples from both cohorts were cen-
trifuged at 1,000g for 15 min to separate the serum, which was then
stored at -80 °C.

Inclusion and ethics statement

This study is the result of an equitable international collaboration
among research teams from Brazil, the USA and the UK. Our teams
have been contributing to understanding transmission dynamics and
virus-hostinteractions of arboviruses that cause diseases in humans,
combining genomics, data science and experimental virology to
understand, prevent and mitigate arboviral diseases. This research
was primarily conducted and led by Brazilian researchers, with contri-
butions frominternational researchersin serocatalytic modeling and
epidemiology. All international partners invited to collaborate with
this study have alongstanding history dedicated to strengtheninglocal
infrastructure, disseminating dataand sharing resources throughout
Latin America and the Caribbean. Furthermore, we are committed
to training, supporting and fostering the success of local scientists
across Latin America and the Caribbean by promoting ethical research
practices to reduce inequities.

Ethics approval

All procedures were conducted with the approval of the Ethics
Committees of the University of Sdo Paulo (approval number
73030523.6.1001.0068) and the Federal University of Amazonas
(approval numbers 5.876.612 and 6.629.451).

Oropouche fever laboratory-confirmed cases

We use individualized and de-identified clinical data on Oropouche
fever cases from Brazil. National epidemiological data of laboratory-
confirmed cases were obtained from the Brazilian Ministry of Health.
This dataset includes patient-level information on age, sex, state
and municipality residence, date of sample collection and diagnosis
method collected from1January 2014 to 31 December 2024. Sex data
were obtained through self-reporting, offering options for sex as male
or female. All cases included in this study were laboratory-confirmed
cases defined as a suspected patient with one positive laboratory
result for OROV, either by reverse-transcription quantitative poly-
merase chain reaction, immunoglobulin M (IgM) detection and/or
viralisolation (Vero and C6/36 cells). No cases defined by only clinical
epidemiological criteriawere included in this study.

Incidence and age-sex distribution
Incidence rates and age-sex distribution were calculated using
Brazilian national epidemiological data of laboratory-confirmed cases

and population data from the 2010 and 2022 Brazilian censuses, as
reported by the Brazilian Institute of Geography and Statistics***.
Annualtesting positivity rates were determined by dividing the number
of laboratory-confirmed cases by the total number of patients tested
for OROV at Manaus, Amazonas and Brazil. The 95% Cls were calculated
using the Clopper-Pearson exact method.

Oropouche transmission suitability index

We estimated the climate suitability for OROV transmission using a
previously published Index P measure®. Index P estimates the arboviral
transmission potential based on daily temperature and relative humid-
ity data within amechanistic climate-driven transmission model, which
employs a Bayesian Markov Chain Monte Carlo framework®. The model
incorporates daily temperature and relative humidity data, along with
seven normal prior distributions (each defined by adistinct meanand
standard deviation) of entomological and host parameters. In brief,
we obtained daily 2-m temperature and 2-m dewpoint temperature
between 1January 2014 and 31 December 2024, from the fifth gen-
eration of the European Centre for Medium-Range Weather Forecasts
global atmospheric reanalysis datasets**. We combined these datawith
ecological and entomological priors for C. paraensis documented in
the literature®*' (Extended Data Table 1). Next, we use the R pack-
age MVSE* to estimate daily transmission potential (Index P) for each
month from 2014 to 2024, aggregating it to a single mean value per
calendar month for all municipalities in Amazonas state (n = 62). We
also calculated the meanIndex P for the wet (December to May) and dry
(Juneto November) seasons by averaging the monthly values for each
seasonacross 62 municipalitiesin Amazonas state. Then, we combined
the mean Index P value for each calendar month and for the wet and
dry seasons with the municipality-level shapefile of Amazonas state to
generate the index P maps using the R package.

OROV-specificantibodies IgG and IgM detection ELISA

We used a commercial ELISA from Euroimmun Medizinische Diag-
nostika AG to detect OROV-specific IgG (EI 2771-9601 G) and IgM
(EI 2771-9601 M). Serum samples were analyzed at a1:100 dilution
using the automated EUROIMMUN Analyzer I. For IgG, we defined a
sample as positive if 222 RU ml™, negative if <16 RU mI™ and border-
line if the range was >16 to <22 RU ml™ following the instructions of
the manufacturers. For IgM, a sample was defined as positive if the
ratiowas >1.1, negative if <0.8 and borderline if the ratio was between
>0.8 and <1.1. We conducted the two-sided Wilcoxon rank sum test to
compare OROV-specific IgG concentration (RU ml™) determined by
ELISAinserumsamples fromindividuals aged <50 years and >50 years
collected pre-outbreak and post-outbreak. This nonparametric test
was used because observations were independent and the normality
of the data was not assumed.

FRNT for OROV

A FRNT was performed to detect the neutralizing antibodies against
OROV in human serumsamples, as previously described'. Briefly, sam-
ples were heatinactivated at 56 °C per 15 min, then diluted 1:10 in Dul-
becco’s modified Eagle medium (DMEM) and incubated for1hat37 °C
with2 x10° PFU ml™ of OROV AMO0O0SS8 isolate. Next, 100 plof the virus-
serum mixtures were added to 96-well plates containing Vero CCL-81
cells (ATTC) with 5 x 10* cells per well at 80% confluence and incubated
for1hat37 °Cwith5% CO,for viral adsorption. Subsequently, 125 pl of
DMEM with 0.75% carboxymethylcellulose and 5% fetal bovine serum
(FBS) were added to the wells and plates were incubated at 37 °C with
5% CO, for 48 h. Cells were then fixed with 70 pl of 8% paraformal-
dehyde for 1 h at 4 °C. After removing the paraformaldehyde, cells
were washed with phosphate-buffered saline (PBS) and blocked for
30 min with 150 pl of blotto. Following blocking, monolayers were
washed with Perm/Wash Buffer (PBS with 0.1% bovine serum albumin
and 0.1% Triton X-100) and incubated with a polyclonal anti-OROV
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antibody (VR-1228AF, ATTC) at a dilution of 1:1,000. After a second
wash, an anti-mouse IgG secondary antibody (AP124P, Sigma-Aldrich)
atadilution 2:1,000 was added. The assay was revealed with True-Blue
Peroxidase substrate (5510-0030, KPL) for 30 min after a final wash.
OROV neutralizing serumsamples were defined as those that promoted
at least a 50% reduction in focus formation compared to the positive
control. Cell lines were free of mycoplasma, confirmed by periodic test-
ing for contamination using the LookOut Mycoplasma PCR Detection
kit (MPOO035-1KT, Sigma-Aldrich).

Plaque reduction neutralization test for OROV

To compare the neutralizing antibody capacity of serum from previ-
ously infected individuals against OROV strains BeAn19991 (1960,
prototype) and AMO088 (2024, reassortment), we performed a PRNT;,
as previously described™**. Serum samples were heat inactivated at
56 °C per 15 min to inactivate the complement system. We then per-
formedserial dilutions and incubated each samplefor1hat37 °C with
asolution containing either 2 x 10° PFU ml™ of the BeAn19991 isolate
or 80 PFU ml™ of the AMOO88 isolate. The virus-serum mixtures were
added to preformed Vero CCL-81 cell monolayers and incubated for
1hat37°Cwith 5% CO,for viral adsorption. After removing the inocu-
lum, 1 ml of DMEM containing 0.75% carboxymethylcellulose and 5%
FBS was added to each well and the plates were incubated for 3 days
under the same conditions. The cells were then fixed with 500 pl of
8% paraformaldehyde for 1 h and stained with 1% methylene blue for
5 min. Plaque reduction was calculated as the percentage of plaques
counted compared to the positive control, based onthe average of two
technical duplicates. These values were then transformed to log,, and
subjected to a three-parameter nonlinear dose-response inhibition
regression test.

Comparison between ELISA and FNRT and ELISA

binding antibodies

To assess the agreement between the two anti-OROV IgG assays (EURO-
IMMUN and FRNT), we calculated the percentage of concordance by
dividing the total number of samples that tested positive or negative
in both assays by the total number of samples tested. The Wilcoxon
rank-sum test was used to compare the distributions of OROV-specific
IgG concentration (RU ml™) between the two age groups. The same test
was also employed to compare OROV seroprevalence distributionsin
locations before and after documented outbreaks.

Seroprevalence and reconstruction from previous

OROV outbreaks

We calculated the observed seroprevalence for each serosurvey by
dividing the number of positive cases by the total number of samples
tested. The 95% Cls were calculated using the Clopper—-Pearson exact
method. Next, we prepared individual seroepidemiological data (age,
serostatus and year of serosurvey) from four serosurveys (2015-2016,
November 2023, June 2024 and November 2024) to fit multiple sero-
catalytic models (that is, constant, piecewise, outbreak, constant
transmission with outbreak and independent) using the R package
Rsero®. Based on model performance metrics and inspection, we
identified the constant transmission with one outbreak model as the
best fit for all four serosurveys. From the model’s posterior distribu-
tion, we then extracted the median and 95% credible intervals for the
probable outbreak years and attack rates.

Major OROV outbreaks

Toidentify major OROV outbreaks, we conducted asystematic search of
published literature and reports. Our searchincluded PubMed (search
term ‘Oropouche’ AND ‘outbreak’), Pan American Health Organization
(PAHO) website (search term ‘Oropouche’), ProMED (search term ‘Oro-
pouche’) and Google (search term ‘Oropouche’ AND ‘outbreak’) without
language restriction. We also consulted the Ministry of Health websites

when possible. For each country and territory, we search for evidence
ofamajor OROV outbreak, defined as a case series of Oropouche fever.
Evidence included detection of OROV via viral isolation, PCR, IgM or
seroprevalence studies (IgG or IgM) with a documented period of
increased cases. We considered outbreaks that occurred between 1960
and 2022, excluding single case reports. For each identified outbreak,
werecorded the location (municipality, state and national level), year
and durationin months”***7’(Extended Data Table 4). Outbreaks that
affected neighboring municipalities or states and overlapped in time
were considered tobe asingle event. The spatiotemporal distribution
of major OROV outbreaks was presented inamap and time series using
the R package.

OROV serosurveys

To compile seroepidemiological data, we conducted a systematic
search of published literature in PubMed and Google using the terms
‘Oropouche’, ‘serosurvey’, ‘epidemiology’ and ‘antibodies’ with no lan-
guagerestrictions. We defined a serosurvey site as a study conducted
within a distinct municipality in a specific year. If a municipality was
studiedinmultiple years, eachinstance was considered anindependent
seroepidemiological study. For each study, we recorded the location
(national and state level), number of positive samples, total samples
tested, positive rate, age range, assay type (for example, ELISA, PRNT
and hemagglutinationinhibition assay) and assay target (IgM and IgG
antibodies). We also categorized each serosurvey as either before or
after a documented major OROV outbreak®2326-343557:58,60,61,63,66,6776,78-91
(Supplementary Table 1). The spatiotemporal distribution of these
major outbreaks was then presented in a map and time series using
the R package. For serosurveys with an undetermined municipality,
we displayed the location at the centroid of the corresponding state.

Estimate the number of OROV infections

To estimate the number of OROV infections, we used the median and
interquartile range (25th and 75th percentiles) from seroprevalence
studies. We conducted this estimation under two scenarios: first, for
the continuous endemic OROV transmission scenario, we focused
on the Amazon Basin (historical OROV endemic areas) across Brazil,
Peru, Colombia, Bolivia, Ecuador, French Guiana, Guyana, Suriname
and Venezuela. We used the pre-outbreak seroprevalence range for
these locations, specifically the median and interquartile range. We
excluded the 25th percentile for this estimate because its value was
calculated as 0, indicating nontransmission. Second, for amajor OROV
outbreak scenario, we considered all locations identified with major
OROV outbreaks between 1960 and 2022, as well as locations with
documented autochthonous OROV outbreaks during the 2024-2025
epidemic in Latin America and the Caribbean. These were identified
fromPAHO reports and published articles, and we used state-level case
series owing toalack of available data at the municipal level. The esti-
mates were determined based on the median and interquartile range
of seroprevalence from post-outbreak sites in our literature review.
For population data, we used the municipality level for outbreaks in
Brazilwithanincidence of atleast 1(thatis,1case per 100,000 inhabit-
ants). For other countries, we obtained the state-level population data
fromtheir respective national censuses. We conducted the two-sided
Wilcoxon rank sum test to compare seroprevalence between the two
scenarios. This nonparametric test was used because observations were
independent and the normality of the data was not assumed.

Surveillance capacity and optimal travel time to

healthcare facilities

To examine the surveillance capacity and healthcare accessibility in
OROV endemic areas, we utilized raster files with model-predicted rela-
tive surveillance capability for emerging acute viral infectious disease
optimal travel time to healthcare facilities viamotorized transport, as
described elsewhere**2, Next, we obtained shapefiles for the studied
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areas from the Global Administrative Areas Database’” and the R pack-
age rnaturalearth®. We then harmonized the geographic coordinate
reference systemand projected the surveillance and travel time raster
files onto continental, national and subadministrative units (for exam-
ple, states/provinces). Finally, we extracted the median, 25th and 75th
percentiles for each of the described locations.

Statistics and reproducibility

Sample sizes were not predetermined by statistical power calculations.
Of the 440 total samples collected during the 2015-2016 serosur-
vey, 126 were excluded (115 seronegative and 11 seropositive) owing
to missing birth dates or age at the time of collection. These exclu-
sions were necessary for the implementation of the age-structured
serocatalytic models (Fig. 4b,c). No other data were excluded from
the analyses. A two-sided Wilcoxon rank-sum test was used to com-
pare OROV-specific IgG concentrations (RU ml™) between age groups
(<50 versus =50 years) across pre- and post-outbreak serum samples
(Fig.3c). Thissame approach was applied to assess differencesin OROV
seroprevalence across locations before and after documented out-
breaks (Fig. 5¢).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Allcodes and dataused to generate the figuresin thisarticle are publicly
availablevia GitHub at https://github.com/wmarciel/Oropouche-LAC.
We obtained shapefiles from the Brazilian Institute of Geography and
Statistics and the Centers for Disease Control and Prevention, respec-
tively. De-identified individual-level data from the Brazilian Ministry
of Health can be provided for research purposes after approval by a
committee on human experimentation (if applicable). These datacan
be obtained uponrequest tothe corresponding authors. The estimated
response time from the corresponding authors may be up to 3 weeks.
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Nature Medicine


http://www.nature.com/naturemedicine

Article https://doi.org/10.1038/s41591-026-04221-z

February March

¥

Lt

June

>l

September

et

November December

7 L

L

Index P D < D >1-2 D >2-3 . >3-4 . >4-5 . >5-6 . >6-8

Extended Data Fig. 2| Spatiotemporal variationin OROV transmission suitability in Amazonas state, Brazil. Mean monthly OROV transmission suitability
(Index P) for Culicoides paraensis from 2014 to 2024 at the municipality level in Amazonas state. Index P values of >1 indicate suitable climate conditions for
transmission, and values of <l indicate unsuitable conditions.

=

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-026-04221-z

>
Y N =
g 2 T

Suitability index - Index P

o
I

~

360

270

180

©
<

0

Number of suitable days (Index P >1) T3

[0 Dry season [l Wet season

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Year

Extended Data Fig. 3| OROV transmission suitability in Manaus City, Brazil.
A) Time series of average weekly index P from 2014 to 2025 in Manaus city,
Brazil. The dashed line shows that Index P > 1, which indicates a suitable climate
for OROV transmission by C. paraensis. B) The number of days suitable for

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Year

OROV transmission by C. paraensis per year from 2014 to 2024. The dashed line
indicates 6 months of suitable climate for OROV transmission by C. paraensis
for theyear.

Nature Medicine


http://www.nature.com/naturemedicine

Article https://doi.org/10.1038/s41591-026-04221-z

Extended Data Table 1| Prior distributions used in the MVSE package for estimating the OROV transmission potential via the
vector Clicoides paraensis midges. N/A

Parameter Mean Standard Distribution Ref.
deviation
Adult Culicoides lifespan 15 days 3 days Normal 36
Extrinsic incubation period 7 days 1 day Normal 48
Female Culicoides feeding frequency 0.25 times per day  0.05 times per day Normal 49
Human lifespan in Brazil 76.4 years old 2 years Normal 50
Intrinsic incubation period 9.7 days 1.43 days Normal 51
Human infectiousness period 3.2 days 0.36 days Normal 51
Human to vector probability of transmission 0.15% per bite 0.04% per bite Normal 52
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Extended Data Table 2 | Seroprevalence by age group for serosurveys conducted in Manaus during 2015 and 2016,
November 2023, June, and November 2024

Study Age group Mean Observed Lower  Upper
sample age seroprevalence 95% Cl  95% CI
November 2023 (n=685) 16-19 18.44 0.0294 0.0007  0.1533
20-29 24.26 0.0657 0.0305 0.1210
30-39 34.97 0.1132 0.0739  0.1638
40-49 44.12 0.1010 0.0616  0.1525
50-59 53.68 0.2128 0.1351  0.3093
60-69 62.05 0.2632 0.0915  0.5120
June 2024 (n=685) 16-19 18.66 0.1143 0.0320 0.2674
20-29 24.41 0.1648 0.1219  0.2154
30-39 34.80 0.1889 0.1345 0.2538
40-49 43.98 0.2044 0.1403  0.2817
50-59 54.41 0.1724 0.0859 0.2943
60-69 62.00 0.2143 0.0466  0.5080
November 2024 (n=685) 16-19 18.41 0.2500 0.1146  0.4341
20-29 24.55 0.2009 0.1510  0.2587
30-39 34.20 0.2865 0.2237  0.3560
40-49 44.25 0.2583 0.1906  0.3357
50-59 54.21 0.2879 0.1830 0.4125
60-69 62.13 0.6000 0.3229  0.8366
Manaus 2015-2016 (n=314*) 14-19 17.88 0.0606 0.0074  0.2023
20-29 24.61 0.0152 0.0004 0.0816
30-39 34.63 0.0526 0.0145 0.1293
40-49 44.22 0.2308 0.1353  0.3519
50-59 54.04 0.2292 0.1203  0.3731
60-69 63.62 0.1905 0.0545 0.4191
=70 74.40 0.2000 0.0051 0.7164

Footnote: Excluding 115 negative and 11 positive samples without age data.
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Extended Data Table 3 | PRNT,, titers in OROV antibody-positive samples against OROV AM0O088 isolate

Donation (PRNTs, titer)

Sample ID First Second
AMBD4503 40 640
AMBD7903 640 640
AMBD2203 640 640
AMBD6003 640 640
AMBD6503 Below LOD 320
AMBD9303 40 640

Footnote: LOD, limit of detection.
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Extended Data Table 4 | Major OROV outbreaks documented from 1961 to 2021

Outbreak No. | County State Location Year Month Length Ref.
Outbreak
1 Brazil Para Belém 1961 Feb to May 3 55-57
2 Brazil Para Braganca 1967 Mar to Jul 4 55,57
3 Brazil Para Belém 1968 Feb to Jul 5 55,57
4 Brazil Para Baiao 1972 Jun to Sep 3 55
5 Brazil Para Alter-do-Chédo 1975 Jul to Aug 1 55
5 Brazil Para ltupiranga 1975 May to Jun 1 55
5 Brazil Para Mojui dos Campos | 1975 Dec to Apr 4 fd
5 Brazil Para Belterra 1975 Apr to Jun 2 55
5 Brazil Para Santarém 1975 Apr to Jul 3 58
6 Brazil Para Tomé-Acu 1978 Jul to Sep 2 59
6 Brazil Para Quatro Bocas 1978 Jul to Sep 2 50
7 Brazil Para Belém 1979 Apr to Jun 2 57.60
7 Brazil Para Castanhal 1979 Jul 1 51
7 Brazil Para Capanema 1979 Jul 1 61
7 Brazil Para Caraparu 1979 Mar to Apr 1 o1
7 Brazil Para Abaetetuba 1979 Mar to Apr 1 61
7 Brazil Para Santa Izabel do 1979 Mar to Jun 3 61
Para
7 Brazil Para Benevides 1979 Mar to Jun 3 st
7 Brazil Para Ananindeua 1979 Nov 1 51
8 Brazil Amazonas Barcelos 1980 May to Jun 1 25
8 Brazil Para Belém 1980 Feb to Oct 8 57.60
8 Brazil Para Augusto Correa 1980 Mar to Aug 5 24
8 Brazil Para Braganca 1980 Mar to Aug 5 57
8 Brazil Para Abaetetuba 1980 Mar to Aug 5 57.60
8 Brazil Para Benfica 1980 Mar to Aug 5 57.60
8 Brazil Para Benevides 1980 Mar to Aug 5 57,60
8 Brazil Para Santa Izabel do 1980 Mar to Aug 5 57,60
Para
8 Brazil Para Castanhal 1980 Mar to Aug 5 57.60
8 Brazil Para Capanema 1980 Mar to Aug 5 57.60
8 Brazil Amapa Mazagao 1980 unk unk 57.60
8 Brazil Amazonas Manaus 1980- Oct to Mar 5 25
1981
9 Brazil Maranhdo Porto Franco 1987-88 | Dec to Mar 3 57.62
9 Brazil Maranhdo Estreito 1987-88 | Dec to Mar 2 63
10 Brazil Tocantins Tocantindpolis 1988-89 | Dec to Mar 2 57.62
11 Panama Panama Bejuco 1989 Sep 1 57
Oeste
11 Panama Panama Chame 1989 Sep 1 60
11 Panama Panama San Miguelito 1989 Sep 1 60
Province
11 Panama Panaméa Chilibre 1990 unk unk 60
Province
12 Brazil Rondénia Ouro Preto do 1991 Jan to Apr 3 57.62
Oeste
12 Brazil Rondénia Ariquiemes 1991 Jan to Apr 3 57.62
12 Brazil Para Santa Izabel do 1991 unk unk 57,64
Para
13 Peru Loreto lquitos 1992 Jan to Apr 3 60,65
14 Peru Madre de Dios | unk 1994 unk unk 7
15 Brazil Para Curionépolis 1994 Nov to Dec 1 64
16 Brazil Amazonas Novo Airdo 1996 Mar to May 2 57.63
17 Brazil Para Brasil Novo 1996 Jan to Feb 1 57
17 Brazil Para Vitéria do Xingu 1996 Jun to Jul 1 57
17 Brazil Para Oriximina 1996 Apr to May 1 57.63
17 Brazil Para Altamira 1996 Feb to Jun 4 63
17 Brazil Acre Xapuri 1996 Mar to Apr 1 5768
18 Peru Loreto lquitos 2002 unk unk Ll
19 Brazil Para Parauapebas 2003 Apr to May 1 67
20 Peru Loreto lquitos 2003 unk unk fd
21 Brazil Para Porto de Moz 2004 Jul to Aug 1 67
22 Peru Loreto lquitos 2004 unk unk Ll
23 Peru Loreto lquitos 2005 unk unk 66
24 Brazil Para Magalhdes Barata | 2006 Apr to Aug 4 Ll
24 Brazil Para Maracana 2006 Apr to Aug 4 68
25 Peru Loreto Iquitos 2006 unk unk Ll
25 Peru Loreto Iquitos 2007 unk unk 66
26 Brazil Amapa Mazagao 2009 Jun to Oct 4 7.69
27 Peru San Martin Tarapoto 2010 unk unk 7
27 Peru San Martin Bagazan 2010 May 1 m
28 Peru Cajamarca Casa Blanca 2011 unk unk 72
29 Peru Cusco Lares 2016 Jan to Mar 2 7
29 Peru Cusco Palma Real 2016 Jan to Mar 2 73
29 Peru Cusco Quellouno 2016 Jan to Mar 2 73
29 Peru Cusco Kimbiri 2016 Jan to Mar 2 73
29 Peru Cusco Quebrada Honda 2016 Jan to Mar 2 7
29 Peru Calca Yanalite 2016 Jan to Mar 2 73
29 Peru Cusco Yuveni 2016 Jan to Mar 2 73
29 Peru Cusco Echarate 2016 Jan to Mar 2 73
29 Peru Calca Lares 2016 Jan to Mar 2 73
29 Peru Cusco Pichari 2016 Jan to Mar 2 7
29 Peru Huénuco Huénuco 2016 Jan to Jul 6 7
29 Peru Madre de Dios | Puerto Maldonado | 2016 unk unk s
29 Peru Madre de Dios | unk 2015-16 Dec to Jan 1 s
30 Peru Piura Piura 2016 Feb to Jul 5 I
31 Brazil Para Santa Barbara do 2018 Jan to Feb 1 95
Para
32 French - Saul 2021 Aug to Sep 1 8
Guiana

Footnote: Abbreviation used: unk = unknown.
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We have provided all relevant data in the extended data tables. The data used to establish prior distributions for the MVSE package—which estimated OROV
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screening samples from routine blood donors in November 2023, June 2024, and November 2024. We selected 2,055
samples (685 x 3 time points) to geographically represent Manaus by using the ZIP codes of blood donors. The second cohort,
with 440 participants, consisted of blood samples collected from Manaus residents (general population) between 2015 and
2016, at which time no participants reported any symptoms.
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73030523.6.1001.0068) and the Federal University of Amazonas (approval numbers 5.876.612 and 6.629.451).
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Replication to reproduce the findings of this study are provided in the Extended Data Tables (S1, S3, S4, and S5). Individualized seroprevalence and
neutralizing antibody data will be made available on GitHub following manuscript acceptance. All positive samples from the initial screening
with the commercial EUROIMMUN ELISA kits for OROV-specific IgG (Cat. No. El 2771-9601G) and IgM (Cat. No. EI 2771-9601M) were later
confirmed by a gold-standard neutralizing antibody test, either the Focus Reduction Neutralization Test (FRNT) or the Plague Reduction
Neutralization Test (PRNT50). A subset of IgG ELISA-positive (n=376), 1gG ELISA-negative (n=274), and all IgG ELISA-borderline (n=31) samples
were also tested using an FRNT. The results were reliably reproducible. The agreement between the ELISA and the FRNT was 97.8% (318/325)
for 1gG-positive samples and 98.5% (270/274) for IgG-negative samples.

Randomization  Randomization did not apply to our study because it was a retrospective analysis of existing samples, and not an interventional study.
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Antibodies used Polyclonal anti-OROV antibody (Cat no. VR-1228AF, ATTC, USA) with dilution 1:1000 and anti-mouse 1gG secondary antibody (Cat no.
AP124P, Sigma-Aldrich, USA) with dilution 1:2000.

Validation Both commercial antibodies were validated by their manufacturers and were titrated in the lab to determine optimal concentration
for experimentation.

Eukaryotic cell lines
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Cell line source(s) Vero CCL81 cells (African green monkey, ATCC no. CCL81) were purchased from American Type Culture Collection (ATCC,
Manassas, VA).

Authentication Vero CCL81 cells were purchased from ATCC. According to ATCC's instructions, this cell line was authenticated using STR
profiling before being shipped to us.

Mycoplasma contamination We periodically tested all cell lines in our lab for mycoplasma contamination using commercial kits, such as the LookOut
Mycoplasma PCR Detection Kit (Sigma, MP0035-1KT). All cell lines used in this study were free of mycoplasma.

Commonly misidentified lines  No commonly used misidentified cell lines were used.
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